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AENY Linux ap 2 TR IR, AR S A . ARERH D NEEHEE AR
451, WAMIET X T conda . L M. W& NZ.

1.1 GNU/Linux Y4 Linux %&{71ht

Linux £ —MEERS, BaHFE Linux . GNU T.H. BRSPS 5
o Linux WERHXYE, §—4 Linux J#H Linux Torvald 475 . WM TTEHEER
GINAE. MR . BRI RS

o GNU THRZFHIT—LerriETIfE, WHRALBESCI: . AT SOA ., EHE . S5 %L
G, GNU T HAHE coreutils Z4-t A1 shell

o FIIEALE mEAEE 3, XWindow, KDE Fl GNOME £

o WEHERAESZ i T P2 i
Linux &47H—f 45 FIRPUANERS)y, Ty 228 . 3 WARATI S Ubuntu, Mint, CentOS

%,

1.2 %pliflk55 4%

Linux k4548 535 PC AN[FE, HPMEDAE SR, Hit, —WMiHE e e s
T B HRPERE R2 M SSH ilkRSs. SSH 244455 Y (Secure Shell) HfEIFR, &—
T2 ) X 28 AR A P, AT HENZE A ) I 28 v Ry I 2% iR 45 $ (e A i AR B AR

MR RE Mac £5¢, A[7E Terminal H{# ] ssh fiy4; WHE Windows 24, 7] %% Ubuntu
Linux &84, £ RGP EN ssh s Windows H 7 {81555 7 22 (1 H] SR SSH By 4
s DAL P A 4T A4 (Command line interface, CLI) 22 H., % I )& i il g5 4 Xshell
Ml PuTTY,

PA Xshell Jffil: B NI %4 Xshell, JH3) Xshell, RJ51EEE HE2E”, HE WL
IP. Sl A, RIA R

exit g Al A& Eth, Xshell Hra] B 67 IR H .

HIRERITRE A passwd BUUEREN, AR, B ASFT B AT


https://www.xshell.com/zh/xshell/
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SRS T X RSERLE
30(C): 2EBU(C):
- g -
PSHRIE BASHBIE
(st = % BEFSHRESEIRCEN,
LAWK ) s y BRUA @2, HTEA LR, MRAOELEE, B
SSH P -y SsH CELESE.
e P SsH = matr
SFTP SFTP APEU): ‘
TTTTTT #O20): 2 = TELNET HEP): [
RRRRRR RLOGIN
P O =0
wm = FEM): —
I EEENRS
# g
o e [
VT st it f
=5 LS EmEsmes(A) B8
Eo =4 B(
0 TRV 0 1w RBIL: 0 B &0
BR . R
=5 Teham =5
53 [ EFINagleBiZ(U) Lot
Hisiea Hisigst
Xt = XHER
X/YMODEM RS X/YMODE M
oooooo
ZZZZZZ M ®@am Olpva OIpve

[l 1.1: Xshell Rk 545, Z2MLMEES FHLIP, 505, AMEHERES S5, b
IEEi S s L (RHIETS

1.3 ¢ (shell)

Linux &89, %54 JJLF shell, f3%5 GNU bash. ash. zsh. {HEFTHREIAR shell Hf
& GNU Bash Shell, GNU bash shell E#24tX} Linux £2F& 1A H A1), /etc/passwd
X P2 RIES T A5 B E TP AR shell #2757

bash shell 77 /bin H3xT, @& PA[HATEF . 72— shell H24T /bin/bash K54
H—A~1 shell, ¥ shell \]PURE, 74K, W21 71 shell, exit fydn] HREH
R shell, J5ZETXHGSITH M.

ANJET bash shell FFEFFRZAMBA A, BOFRS ML, WELT /bin . /usr/bin |
/sbin B /usr/sbin . A] ] which <command> ZK— AN E . SNBSS HITSAE T
AR, XAPHFERRCH fork.

P4 (builtin) RNFFEMHFHFERHT, B shell (—45, AR type <
command> RAF M RENER .. WHMSPATHHEE TP, JCRTE R .

bash WE T F M, Al AMENM 2%, 7 man <command> KA & HA M H9F
FWRZBTURRT, FEeREH g B, AR less fiyd. 77T man Z4h, info
- WA AR AT S B S 5Tk A, —Man Q#R W DABEZ —help B —-help 30, F4T
EDf S B«

1.4 3¢k, Haebtks

pwd FTETYFI TAEH 5%

mkdir A H %

cd fE H R EFATYR, cd ~ REIFHE, cd .. R&ECHR.

tree <dirname> Ay AMPIRIEIZ I HRNA, +4-iE T

1s WR3Cf/BRAN#R. HH 1s 8RR

cp <source> <destination> H T & #l {4}, mv <source> <destination> H Tz
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W
&
o

7 X

—a | S FTA SR, AR RO
-1 | KigalEr

-h | PAGEERY T AU R SR
-S| #OUER/DMES

-t | RBUUNTEHE

7, WA T E 43X, tm <filename> FIFMIERSCIT. WK bk =3 MR XS 2 B4
Hk, MLLGEER - 04T

Ak, rmdir BT PAMNERZS H 5.
touch <filename> T4 &— 12 {4, touch -a <filename> W] B P SCA4- A4 ) ] 5

file fiy % Al AELH SCIFIA, cat gL A DAMERR 3T EISCAR SR TR %S, cat —n
SATHITS . less Qe —IR— PR B/ 3CAS, H AP R UEE.
tail iy A AT OO R JLATHI NS, BOAZ SR 10 47, ATPAE —n TR B 52

BARBITTEL
head iy W] ARG UG JUATIIN S, BOAR RS 10 47, ATDAGE T -n Bl gl
BARIFTEL

R SO AR A, 2 H sk R n) SO S B ) AT . SR PR

o REEER:: BRINTEOUT, BRSSO — AN BEEE . AR RSO A B X5, 245
— SR T A R RE R, — SO A BN T REEEREA IR 1O ORBES I 5%
TR AT R 8 K Sef . 2. Joiks 1 B 5k

o FRTHEEE QA AMRRRRBUR SO, OIS T AR TS | SO B B SR SCAS TS
o MufF SR B ANER, WESETh B AT NAE. MRS A S,
I o SCAA 5 Bl 0T 7 B A B A8 IR B2 . T 1s 2 R R4l

1n <file> <link> fIZH#4%E:, 1n -s <file> <link> BEAREERE:.

1.5

ps iy MM IEAR . BOAZAT ps YR SRS A H & T R JE T4 a0 P i itRe, 2
iR ID(PID) . asfrry & (TTY) KitREC A CPU INfE].

ps —ef MPATEA ARG Lis T A i RA RN (G R . Wgn -1 240, Nt E2(E
B

top Ar & AESLIN /R EE , top ar oM ARE £ E, HbBlrE.

kill <PID> FEMSZ IMFFE iR, (AR %I E TR,

df Ay -REAA A CHEE BT 0L, — B -h 280, Sl g

du Ay REEE M AT H RO, -b 28 S 3R, —c BaRIraEs)
SRR
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1.6 PRBEAS MG B SO

PRIGAR R BRI R A HUAE A 5T shell 4RI TAEMIRNIG R, EREG AT S A v5 1)
F. &JR/IEAZEXT shell TEFIFAA A M1 shell # 2T LR, HR#AS 7 HXHEE
fIT#Y shell a] I,

printenv Ay n 4T BTG 4 i Ae 5 S HAR, W] DAFT B4 € RO PAEE A2 4 printenv
HOME , tBnl DA s [T ENFRGAL &, Ul echo $HOME

set AT A /R IR &, JRilIEEAs & M H e Ry AE & .

W JREH e BBy, AR 4 S FEZ BN RER 244, 20 bash shell HEHE{EH
YE—AS PR A%, 51K command not found f§iR. AP HCHWAZ&EE L, Wal PA#EEE
$varname [IERCEIHH

WE ARG E B 7 o2 eV — D R a7 S PR S B A R ER s, i
export AF5EM. export DA, F shell H1ifAs mifAs A & 5m5L shell Hri4e f5As
i, BIEEFRIR export .

unset <varname> FTBAMIWRE ZE7FAEMRAFROTAS R, (8 ToUh I 2 SR BYAS it

— MR A A §2 PATH |, B LT HT#HTa SR r AR E %, SHES5
B o PRI 28 H SR I SO TR B 4600 R A2 B AT AT WUR B 2R MR P ANAL T PATH &
XHRT, FFEHG%N PATH R NE

By, %k shell Xk H 34T /etc/profile . ~/.bash_profile . ~/.bashrc . ~/.
bash_login fl ~/.profile /etc/profile &F Bz, ERIFEHIT, & T REHR
Bifg &, ~/.profile ¥fHTTIHMAT ~/ bashrc X, HEM—MNH P L@ Esh Uk
A SCZT PRI AE & . QNBK7E PATH Wi H g, BUE SN IAE A &, FRE 0k
~/.profile SC{f; HABMHE N HEEAE ~/ bashre BT, BOCHLE SO 2 B4y . 15
ML E S G AL AL, FEAMH source .bashre FRIEEAFE.

24 ] bash ay4 230 shell B, X4~ shell 248 R, shell, ‘B ALjjH] /etc/profile , Ifi
H &5 ~/ . bashre ,

3247 shell JIAH, RGEHINY shell 2 1E3L A shell, BRF4EK Y1 shell (255 .

1.7 SCPFBURR

i 1s -1 ERESMHEER, 5 2-10 NERFHER S BTE# (user) AR (3 07, #%
+ 5 + Pud7). FAERP (group) BFR (3 £, B + 5 + $d7). HAH (others) AR
(B, B+ 5 + PU7). - REBHIRITAE. X 9 NMEFFEFRCEREA .

chmod fip4 I T B MO . Zar A PR =

o NEHIE IR A \BERIECE A AR 3 6 BRI, IEEFRE Y =M R Y

BTG 1l =0\ GEH R T MR Ty R s A, A8 A AR TR T i S

. WHIXNEER: 7 rwx, 6: rw-, 5 r-x, 4: 1, 0: —,

o fFoFIRYE U, g, 0, a FIRBMNTE, 70BN user, group, others f all=u+g+o.

WERBATEEFRE, MENZ alle +, -, = 0 RN, AR «“ A+
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SERIBUR AT, HAB BT A A RAR MR AR v, w, x $67E .

1 $ 1s -1

2 total 4

3 -rw-r--r-- 1 leblc leb 5 Mar 14 21:54 test.txt
4

5 $ chmod 731 test.txt # NMH B FERTHEELK XHHER
6 $ 1s -1

7 total 4

8 -rwx-wx--x 1 leblc leb 5 Mar 14 21:54 test.txt
9

10 $ chmod u-x test.txt # F 5K FEEK LHEHER
11 ¢$ 1s -1

12 total 4

13 -rw--wx--x 1 leblc leb 5 Mar 14 21:54 test.txt

1.8 vim 4355S

vim & vi improved [W4HE, & UIRER K HE W SCARgidE e . vi % (a0
WA RIEE), BIRTFTIF vim, I vim 2T Ay =

1E vim AT, BA (g B vim. BA :q! WERENRE vim, XEEASHEEB
o

WERABERAE vim A TFEEl, PR esc BEPLR M Ar B,

AR, o1 HFEARARGK, SR IERCR B R --INSERT-- , RIW[IFER%A .

it esc MIRABIZGR L, MEHA v RS0, ZJERA (q B . WA[PAFIA g ,
RERFIER T . WRFERAERT E a2 T 30, WPATHE “HFh” Tike.

BT, AR s I, F AT

JEM AT, TR B, R EREEMEZ R, FlamA 2, i § sk
JehRE T8 2 17,

B a4 shift+g AR B SCAFRIFRETT

AT, —SEAR GRS AR

THX— RSN d md, BWATZHEYIMmS, B HEMER.

d MR SR A IH R, MRIHEAZS, MRS p a2 kRS2 6 R
2 )G, WATLAEH shift+p R MERDEARZ fi .

5 a A XL, Ry . ENRAEAEL, H2Use My viAs s T .

shift-+j &I 4 H47T5 FH—F7-

f AL IATNIE R, ehrEN A, B ; Al vim TR Bk EER (BT ).
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it TR ElfE

h B2 ) a] 2285 )

j BRIy ) n] T~ F%3))

k B b ) n] %3

L a7 1) [FEyEs)

0 AT

B HAFTH S — RS AT
$ FAITRE

crtl+F B page down 4 | [0 FEI L

ctrl4+B 8 page up EER PR

shift+G B RfE—AT

g #AE

0 TELHIAT PO IEAZEAT, HIEA AR
shift+o | AR HIFT EO7HEA AT, HIEEASRARIK
u iy £ AR
X b 53 224 54+
number x | MER B AR (F) THARGIT number A~F4F
g #AE
dd AR 4wl T
number dd | WA AT () JFURIJE T number 47
d$ IR 24 B AT AT R AT
do I 24 B AT R T E AT
dG I 24 B AT I SCPER I BA WA
d number G | MR 24 11 745 £ SCHFSR number 1A IR WA

/ 12 P MR ZREA SR PR BRI AR, R n WTDAEESE bR A BRATUAFIA

NIE v

AR vim JGEAR AR, AR HLY nano AT h, ELEMN nano ey RIWHE, #

FPRGERG HAEBR 7

conda j&— PP B T HAEWS 7 (EHLIEA TR PF 2, BRPFEORT, AR BRb i B .

BRI E R

4R 2 miniconda &AL M 1T, 1%E4% Linux Installer-Python 3.9-Miniconda3 Linux 64-bit,,
T, FEFIIRS 457 H % N (8{ B $E wget https://docs.conda.io/en/latest/miniconda

.html##linux-installers )

1.9

conda



https://docs.conda.io/en/latest/miniconda.html#linux-installers

V24

ﬁ%.——

% LINUX #1%

MGHEZRH 3 F T4 bash ./Miniconda3-py39 4.11.0-Linux-x86_64.sh
SERRRBE, R IENRITE Enter, #i1 [yes/no) MHIA no. %58
conda {7 A F :

0 N O Ot = W N

10

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

B R R kv

cd ~/miniconda3/bin
chmod u+x activate
source ./activate

I B 38 A Z 00 2 1Z B L (base)

H A A H =

H

3 o I 8 :

$ conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/
anaconda/pkgs/free/

$ conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/
anaconda/pkgs/main/

$ conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/
anaconda/cloud/conda-forge/

$ conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/

anaconda/cloud/bioconda/

$ conda config --add channels bioconda

$ conda config --add channels conda-forge
# QI HNITE

$ conda create -n <env_name>

# AR Tl

$ source activate <env_name>

# BRI, MR AR A Z WA CGRE )
$ conda deactivate

# Y

E=2T

$ conda search <software>

# W ES TR

$ conda install <software>

# %R FrcondaZ ¥k oy M
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1.10 Z¥mZWEME

A TR LB 02, FIHF— A&t 1 (terminal window), 7EHiH A4 . H
P SIENR X AIGE A E., BRI TE (session). TEIFERUE, WL S5HEAEZIT
R IEEE W FTHE O, X3 AR D, SR, SNtz 4
1k, NEAEHIBITE.

— BB Fie, SSH BSmfEait aAl, FTH— B H O s . X, Mgk
GEIRWTER , PRSI, 23R E—RPITI a0, B E—k SSH &iFE a4 1k
T, B R R T .

T RPGXAS A, AR TE S E 07 R 6 O RHR, STHIEARLE, e gkss
1T, SR NEFENER, Fikaid” ghe” HAn .

L2 %2 M4 (Terminal Multiplexer) SEE8 TiXA~ “fR45” Thee, &M% mE Har
#% Screen, Tmux. Byobu ., FHXENE Tmux,

tmux new -s <session-name> H]FE —MEEZLFRNIXTE, HHEAIITIES .

tmux detach FIRFYFTTES5H M08, 20 HHITIAES AT, BIEE S B

SRS e iER: .
tmux attach -t <session-name> HFE ACLHFIEN ST, WA P EELSES
REZE D

tmux kill-session -t <session-name> 0] T RIEFEAS3E, Y EE A BEREFELER,

tmux switch -t <session-name> ] E Y EIFEE 0, MM Y{A T H—Daihd.

tmux rename-session [l T EMZLSiE.

exit AR M4 HH Tmux % M.

AN, Tmux A LR O 82 D 54& (pane), B NMEASEIT AR G2

tmux split-window FFi&f LX) 4 A B RG4S, MARA0_E - i) 48 224 W
A

tmux select-pane -U A[XFHEARUIE] Ly tits, -D . -L . -R SR DIHEI T 7. &
WD M 45

AR Tmux PRGEDIEE, IR HEND, e DE A REER, WS 5Tk
BRI AR

L EPEN

[1] Z8¥% (Shotts, W. E. )., #f, & #ficd. (2013). linuz 447 KA. AR H AR
£t

2] # 5  (Blum, R.)., S HHI (Bresnahan, C.)., [, & B, (2016). linuz 44
(5 shell oAz k4 (5 3 B ed.). ARMEHH R

3] Tmux i ] B2

[4] ZE). Linux AEYMEBEORIERES 1 9F 30 A% Linux Ay, SR


https://github.com/tmux/tmux/wiki/Getting-Started
https://github.com/tmux/tmux/wiki/Getting-Started
https://www.ruanyifeng.com/blog/2019/10/tmux.html

5. vi Linux JERl

Ky

AN Linux FEEREFNE, GFFHA . g5ttband . RNk DA S SCAR A PR 52 H
TH sed . avk %, REMNFEENAFEHANARL 1, AR T XL S. test PAK
sed Fl awk R .

2.1 FEAHIA

2.1.1 Hello World
S AW

1 #!/bin/bash
2 #This is my first script.
3 echo 'Hello world!'#7¥ DL jnj: B

BARSE—ATHY w0t ZHFIREEH, KA Shebang, &5 RIRAE 2R G i ) A 432 il A A6~
shell, AN HAELY 4 AR NS —47, FF H I PAfEE bash shell SHAt shell. PATIZHIA
e H A, WUERHITEMARC 2R N2 PATH BREEACR , IATR B0 E AR

G 5 A — L85 A AR RIS N4 Tab S 4a0En] DAEMIARZ5H T vim
ik s, FEMm R A rsyntax on AFTIT.

echo fip ek I HEEFBr, echo i SCATFATH, —ATFESS, HIRAT 515X
SE o TERL, WREH SO EGES, WA RG] X E 4 HVEE . echo —n ATHGH AT
B A TAT o

2.1.2 {2

A, PR R DAE § RGN, HAPR 25 RS $ A, WG\ &
o

DM A RN, —EEEEARE. FSMEZEARE L k. AR ] 5850
(R lNitR

shell XFASBEAVE B YARAT, 2 HIBB]— DAL RN 2 3 e . IR
MRS EIEY RN, PARiRf#. shell AXpERMAR, HAZE N KRG FRFREE.
shell BU{EI, QTCRFIRAIE, —ARAE AT AR AL TR .
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B RIS R R, R m ARG, B,
R A A R (R 5 — A 1 BRI,

R R E, H—F 2T s + 355 $(<command>) , BB R TS
T OERL, AR FSMa OB I T Z RIAREA 2 .

$ # &A% which cpii# i fEALs ~1H 5K

1
2
3 $ 1s -1 $(which cp)

4 -rwxr-xr-x 1 root root 141528 Jan 18 2018 /bin/cp
)

6

7

$ 1s -1 which cp
-rwxr-xr-x 1 root root 141528 Jan 18 2018 /bin/cp

2.1.3  Hi g il e

A (stdin) . PR (stdout). FRuEsith (stderr) J2FRFESCH:, EAIFE shell i
I ER SO IR AT 4352 0. 1. 20 stdin — SRR R AL, 27 A IS 24 A . stdout, stderr
HEERbRE, AF. BFBEITMERS LS stdout, BUAERTERA L. FFis
e E B R G B Bk E] stderr, BRAMIE/RFERFAE L. WA T2, ARG 1) 31 HoAth ¢
o

stdout g )7l -

1 8§ 1s
2 0224 0302d 0307 0311 install skel X-y.svg
3 0228 0303 0310 0314 MyEMBOSS tutorial
4
5 $ 1s -1 ~ > 1s_output.txt # ¥ls#y# 1 = & 1 £|1s_output.txtH
6 $ 1s
7 0224 0302d 0307 0311 install MyEMBOSS tutorial
8 0228 0303 0310 0314 1s_output.txt skel X—y.8Vg
9
10 $ 1s / >> 1ls_output.txt
11 # F&E, >E XX ER H E 2 12 1s_output.txt,
12 # ARUTLESE, MARFNEELAR
stderr H g [a] 7R i :
$ 1s /03 2> ls_error.txt # FAHFHE/03X/MNE R, FNFAEHER
2 $ 1s
3 0224 0302d 0307 0311 install 1s_output.txt skel X-y.svg
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4 0228 0303 0310 0314 1s_error.txt MyEMBOSS tutorial

stdout FI stderr [A]H} g 0] :

1 $ 1s /03 &> 1s_output_and_error.txt

stdin HE [ R3] :

$ cat > new.txt # AR AT [ Elnew. txt, W LFF EAEFE IF
hello world!
“C

$ cat new.txt
hello world!

cat new.tx rand new.tx Ynew.txt F i |brand new.tx
$ cat txt > brand_ txt # ¥ txt 7 i F|brand _ txt

© 00 N O Ot = W N

$ cat brand new.txt
hello world!

—_
=]

BRILPASL, A —FhEE << BYNIRE A T E 1], HIEAR AN |

1 command << marker
2 data

3 marker

data /@& M T A TE MRS, marker NSCAKRIC (AT HAEAT A7 H3 410 SCARAR
id), TR AL TR ISR .
IR A EEE IR O T Shell HEAH., S 2 T 2T 5.

2.1.4 &l

EIE | APE R — A AR HE R 1R 75— A 2 HOARHEE A -
FETRE S RANESR, BENRZmA, BRI O A TR, SRR .

1 $ 1s . | sort | less
2 # £F W, MEHT, RFEAHE

ETEAT IR iy - SK B _E2 RINHRATE, FESE — e AR i R, SLBIgaA
A, A BT RSB G X
2.1.5 JBHMCES

shell HUBATHEEA A QBT8R AR & i) shell £ —MBHPIREH, B HPIREH 2
—A> 0-255 BYBAE, RAFAE 87 o (HEQERMRE, $7 (UURAY shell FrildTry &G — 4
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AR

RS — S %

RS | Hid

0 A ISR
1 — B A A i
2 AT Ay shell B4

126 AT HAT (A RR)

127 AR 4

128 TERRIPR 1S5

128+x | 5 Linux % x MXHEHEE R
130 ctrl+C 2 [k ans

255 TEH G FEZ A IR PR A

2.2 Hitgtbar %

2.2.1 ifigAgflitestmid
J&

if-then G54 H % il
FEAGEM AT

a2 B ELRAS, AR ] 0 HAAT then Z JERYANS:, H

if <commands>; then
<commands>

[elif <commands>; then

[else

1

2

3

4 <commands>. . .]
5

6 <command>. . .]
7

fi

test <expression> iy ARl R A EL R AAIRHPIRAS, HFAAhE, WakE 0 R
HPIRES

[expression] 4 test <expression> Z§/}.

HEEPERIBAT then Z M4 1f Jam MR ELRAS, MR RSB HHE,
FRA AT test Ay IR MRS

BT test A RECHIWIEAE . FAFR REAE. ITFZE N

IENZRR A VCBCEAE [[stringl~=regex]] , {1 stringl PUECIEN]FEIE regex iR [H]

[[expression]] SEbx b2 M BN test apd, APUH T LM FRIRN H .
RBOTEERAE (O, HARRTHRERAE 0 iR b E.,
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TR RBA HEBSAT
string VS
-n string KERKT 0
-7 string KEET 0
stringl==string2 | —FHAH%
stringl!=string2 | " FH A%
stringl\\ >string2 | HEFHF, stringl 7E string2 5
BRI RBA | HERAT
intl -eq int2 intl 5 int2 #H%E
intl -ne int2 intl 5 int2 AFHE
intl -le int2 intl /NTEEZET int2
intl -1t int2 intl /pT int2
intl -ge int2 intl KFEiEET int2
intl -gt int2 intl T int2
MR
X T test AR HZHEBEHEAF (AND,ORNOT) 43502 -a, -0, ! .
X 07 5 (0) WE#EzHFF (AND,ORNOT) Jpjilk &, ||, ! .
test HETHHAERF I shell HEVEATSSEL, KIKAE bash HG ek & U FAF R0

Tl B g oalEk. H 01, (O) MARE.

2.2.2 while. untilfliforifi)
while {ERIEEALER :

1 while commands; do
2 commands

3 domne

[FIRERT, TEIMA R SURSERIAT, IRMHT while FarSBIBHVRES GRERES
0 IFEATIRER) , PIULAKIR AT DAGE I test fivds

break ﬁ”ﬁ/v‘\ﬁfj HIEZSIIEZN (@Eﬁ ) °

continue fiy4 AP ARKEER (B3R F—RFIWT) .

until JEERRHEALEH

1 until commands; do
commands

3 done

TEIMA R XPEIAT, HOT until JFar 2 RIRBHPIRE (GRHREN 0 B LG .
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for WRMEMH ML, MEFRHIMIM C iEFRATH:

© 00 N O Ot ks W N

for (( expressionl; expression2; expression3 )); do
commands
done
#LEARENT
(( expressionl ))
while (( expression2 )); do
commands
(( expression3 ))

done

AT PAVA— ] B A RRORE Py oAt A -

S Ot e W N

#!/bin/bash

#simple counter: demo for C style of "for"

for (( i=0; i<5; i=i+1 )); do
echo $i

done

2.2.3 caseifity

case E— IS, HIAZEH N

© 00 N O Ot = W=

e e e e
= W N = O

case word in
patternl)
commandl

command?

commandN
pattern2)
commandl1

command?2

commandN
5

esac

2 case H— R A BB R REAFEEXS )T BB

14
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N, e MEENBGE S+, RILIRA YA I A BRI O

2.3 IEMEE X Sgrep

ENERA RS FRE, AT HRBSCARE, FTAEIEREE) 2 EEes .

ENZRIRAG —BITFAT, BT ICFE ANl FAT, JTCFAFA RS L.

o . EEUEETRT, (HAREAITHL.

o T BT

o $ REERAIERT.

o [0 PEREFAFEP AT —F/FE, JTTFE RS h R L H R RS L, H

ERFESHEAN ~ FREE, TP SHIRE AN - FRFREE .

e .- 7 kw0 O\ EIETER

IENZAAAH — @ WA, B POSIX HIE, B 1E Rk SE il 3 Ry AR IE ) =ik
. (BRE) ¥ RiENHEEX (ERE).

FEARFENZEKXSL BRE) HARIN - ¢, . . [0 . * HTFMF, ERE AT O . {3 .
7.+,

XA Gy, R ERE & XWICFAF, 5K grep B4l ol egrep B grep -E .
—SEICFERF AT A2 VLR R B, FRMPRELT
o * RERFFIRICALEITE 0-2 K.
o 7 FREMFFNHIHA TR Z LR, HIPCACRCER 0 IREL 1 K.
o + REMFFIRICALICR IR Z K.
o {3 DMEERBILEHITE, {n} ICEFTHMYITE n K, {n,n} EECHIEICE H I
n-m R Z[E, {n,} VCECHITE TR B n R, { o} PCECHTHEIY TR AR m k.
FHE— L0

1 ~\(7[[0-9] [0-9] [0-9]\)? [0-9] [0-9] [0-9]-[0-9] [0-9] [0-9] [0-9]$

2 # FHH KK KL ICE (onn) nnn-nnnn & nnn nnn-nnnn. $ALK T HFE S H XF
F I

[[:upper:]][[:upper:][:lower:] 1x*\.

# PRRAXKSEE—NGF (UMATFEHFL, UGFLEER)

# M WAFHEESRAR and *TFH and FRAALE XH . 5

# BB FRAR: ATFEF

# FNPETREARX: SWANFRRE—AZH, PEHTUNERANE TR

#

#

© 00 N O Ot = W

! FANFHEIRZAFTHABHAEER
10 # %X .0 Q&R
11

12 ~([[:alpha:11+ ?)+§ #ITH iy B =48 0B 9 — N2k 2 A FAF 4R iy AT




V3

13
14

%=% LINUX % 16

~\(?[[0-91{3}\)? [0-91{3}-[0-91{4}$ #5 & — %k A [F X

BRE S04 | FRA, (00T shell ST, 24515 .
rep 1 SR 5 TSR R B e HE

N4 JaE N FEIAECHTE) (global regular expression print ).

T IR

YEI | YiGE

W KNG

ORISR T

s PCRC 2 g 5 H 25 H

i A D LIS 444

fi AN R JRE 0 1) S 444
TERFNVCECAT 2 B b B A THE U N AT 5
2 S R I ) ST 44 i

— e

<

=le e —|o

A} 12HUMAN_CEA.FASTA JH/RAIR : figHutt FASTA SCPE I ra (5 84T

© 00 N O Ot ks W N

I N e T T e e e e e e
= O © 00 = O Ot e Wy = O

$ grep -E '~>CEA.*$' 12HUMAN CEA.FASTA # % —f¢ 7
>CEAM3_HUMAN | P40198 | J Luo 2020-07-29
>CEAM4 HUMAN | 075871 | J Luo 2020-07-29
>CEA19 HUMAN | Q7Z692 | J Luo 2020-07-29
>CEAM7 HUMAN | Q14002 | J Luo 2020-07-29
>CEA21 HUMAN | Q3KPIO | J Luo 2020-07-29
>CEA16_HUMAN | Q2WEN9 | J Luo 2020-07-29
>CEAM6 _HUMAN | P40199 | J Luo 2020-07-29
>CEAM8 HUMAN | P31997 | J Luo 2020-07-29
>CEA18_HUMAN | A8SMTB9 | J Luo 2020-07-29
>CEAM1_HUMAN | P13688 | J Luo 2020-07-29
>CEA20 HUMAN | Q6UY09 | J Luo 2020-07-29
>CEAM5_HUMAN | P06731 | J Luo 2020-07-29

$ grep -E '[0-91{4}-[0-91{2}-[0-91{2}$' 12HUMAN_CEA.FASTA # % — 7 7J;

>CEAM3_HUMAN | P40198 | J Luo 2020-07-29
>CEAM4 HUMAN | 075871 | J Luo 2020-07-29
>CEA19_HUMAN | Q7Z692 | J Luo 2020-07-29
>CEAM7_HUMAN | Q14002 | J Luo 2020-07-29
>CEA21 HUMAN | Q3KPIO | J Luo 2020-07-29
>CEA16_HUMAN | Q2WEN9 | J Luo 2020-07-29
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22 >CEAM6_HUMAN | P40199 | J Luo 2020-07-29
23 >CEAM8_HUMAN | P31997 | J Luo 2020-07-29
24 >CEA18_HUMAN | A8MTB9 | J Luo 2020-07-29
25 >CEAM1 HUMAN | P13688 | J Luo 2020-07-29
26 >CEA20_HUMAN | Q6UY09 | J Luo 2020-07-29
27 >CEAM5_HUMAN | P06731 | J Luo 2020-07-29

find fAEFGE ST BRI -regex BRI PAN ] 1E ZA .
Bl SR

$ find . -regex '.*["-_./0-9a-zA-Z].x'

./install/EMB0SS-6.6.0/m4/1t~obsolete.m4
./0314/worse$name. txt
./0314/bad name.txt

T = W N =

2.4 sedfllawvk

sed e —FPiALg AT (stream editor), ‘BT vim S50 H A Ay, 75 2AEALPE
Wl 2w BT TS SR LA — 2L SR S B SR
XET R, sed s S IATANH Feff:

A AT IR — TR
+ RARIFH G514 S L RUHR
A A R
A BCR L BRI

sed FRiEgs I IEMAAFTNE X, :

1 $ echo "This is a test" | sed 's/test/new test/'

2 This is a new test

T s %, FaERHRRIIN S A SUORFRF SRR LAY 26— SUAR 45 5
B

sed iR R Al 35 E XA, ¥ A sed options script file . -

sed HifEas A B U SCA SR EE , T2 RHE BUG BRI Aok BIbrER L, kY%L
TS IRPREF AR o

WAL sed AT EHATZA sed fiy S iy, FIMA] e &I, fySZ RIS 0HF, e
RKEMGZPAGRA MW, B dSAEMN B h 1T,
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IR KBZEBE sed s, RLRREHJEE|— B SCHF, A0 script.sed , TfiJE LA
—f IR EXT WY sed BIASCE.

1 § sed -f script.sed data.txt

gavk i avk FEfPHY GNU BUA, et T —Mhamfeif =, e nl DA SRR
SRR FAF R BV AR . (6 P S5 A0 A i JR AR & DA Bk Uk

gawk KSR IR CER, HREHAS U A

gwak FEJF I BA ] — XG5 RE L, AL E— WG S, W FrRian <

1 $ gawk '{print "Hello World!"}'

W, FEARER A (AL AT TR 4, gwak FEFP R SAERHES 4T E] Hello
World! , HEH T Ctrl-D [nfEf7 &k EOF F4F, BIZ Ik gavk #1517,

gawk 2 B3l AT i B By il — e g, BN EE T B B TR
TR, BRIA B BRI AT, NASHAIHIRAT . X 7B, $0 ARFHEA AR
17, $n RICAATHRYER n NEHRTFEL

BAEM AT B gavk T2 5%, HFFEAEM S Z A — S RI]5 gawk tH50Ff
FREPAEARRI SO, W -f $5E gawk A SO,

gawk A7 —LE G, 101 BEGIN SCE8Frl sl gawk FE3L AL B P T H 545 & AR
JPRIAS; T END HEFEAT RG] gavk FEBEABIEEHATH S8 @ iR AR

sed il gwak HABEMIBMRENR, Calt 7 “Linux Eal” P75, 5 REES% S0t
2] 45 19-22 3%,

R PEN

[1] #87% (Shotts, W. E. )., FEFh, & M. (2013). linur 447 KA. ANRMBEE H R
k.

2] i A (Blum, R.)., fig g7 (Bresnahan, C.)., [ 14, & K. (2016). linux 44
F shell Bk X A (45 3 7 od). N EMEHLHREAL.

3] BE#). Linux AYE B HARERSE 1 #F 30 A% Linux 4. SREETE L.



i AL A A 5Tk

REENFTFH) T AR T, B2 Needleman-Wunsch £ Smith-Waterman
HERTE, BENEHHE EMBOSS, BLAST #il HMMER %852 f T H 4 500, A2 4
A MRIE S — /N SE IR HE EOFTE B, 2.

3.1 HHOLPE S [R5

QR P A DT 5@ Rl — SR S A B Ry, W28 2 (B BA g . S8,
[T R e e |5 == A £13 I ) PN <1 I £ [ o P 12 2 TR P Sa et 7 DR Al P G B R e A
AR BN Z A . SRR =ERE, WA —Fh s —. AR H AR B

TEMRE Y, FAPERRARRME ] DU XTI (Hamming distance) SRffif. WPNEEK
PR Z AR PR B2 FR P A R A B AN R AN, R — AR R AR
Ty A AT ER T R SR I AT

RUOAERA SR FEAE, AP AT R AR 4K, DUBE R RS, TS I A S
R (Edit distance), JmfHiHE g2 18 TRE 2 DRI BERF— D FAF R ) — 4T
PR EERE A (Insertion). Ml (Deletion) 1% (Substitution),

FHARAPE R — Bl T s 2 sAFERE, REPTZRIT 51 50 ¢ 43 BT B A AR AR 2R B S AR A
B, 2 s At TR R IR ARAR (4, 5) A2l — R, QPR ARFS R E A ST
B WSTERT IR BCPAT TR i 4B .

i) EMBOSS #f4H-Gl) dotmatcher FEfyok il mifE K, X HIzTHYZ B H X, B
S HRESE X, SfrE L 3.1,

1 dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph png -goutfile
SLIT DROME W10T23 # %ﬁi&TﬁU{TT, -window 10 -threshold 23

2 dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph png -goutfile
SLIT_DROME_W24T20 -window 24 -threshold 20

3 dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph png -goutfile
SLIT DROME W38T20 -window 38 -threshold 20

4 dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph png -goutfile
SLIT_DROME_W38T30 -window 38 —-threshold 30

dotmatcher F2)FBRIAMEE ] THEshE 1 )5, —window $8%F T % I K/)N, —threshold
8 T8 O WA BIE. 2T ETEE (4,7) M ERETHRESH SR, 28 sisi - Sivw

19



K —

$=F Fok ARGk

20

5 it e ME— B, FARGEREA N B RN ZE 0 E, RA YU ERTEIE T W

BFA AR (6, 7) DU

BB 7 iR R B B TRt P38 B 1R/ N BB S 80 7 X s B T 7 A ) - 1
(HBFRBOR, RN, % 1N TR IO/ MALT , S5 RE I

Dotmatcher: fasta:SLIT-DROME.FASTA:SLIT-DROME vs fasta:...

(windowsize = 10, threshold = 23.00 11/04/22)

pores

. sosiy
. ’ A
v Yz
W . L
& A e
g s ,
=] L
= ey e
v / '///
593
I
"2

RN
~N

sto 1000
SLIT-DROME

(a) I =10, B{H =23

Dotmatcher: fasta:SLIT-DROME.FASTA:SLIT-DROME vs fasta:...
(windowsize = 38, thresheld = 20.00 11/04/22)

£y 7 77
S 3 ¥V

Ve

(c) BT =38, HfH =20

SUT-DROGME

SLIT-DROME

Dotmatcher: fasta::SLIT-DROME.FASTA:SLIT-DROME vs fasta:...

(windowsize = 24, thresheld = 20,00 11/G4/22)

P V% 24
s 4 s
oo Ny y
Ay y
P B
oy Y G
S S 2 . Vs - 7|
oY 9 Y ’
| F 77 1

sto 1000
SLIT-DROME

(b) #1 =24, F{E =20

Dotmatcher: fasta:SLIT-DROME.FASTA:SLIT-DROME vs fasta:...
(windowsize = 38, threshold = 30.00 11/G4/22)

NG
\BE A

L
Ve
//% Ve

Ve

AN
N
N

A
N

st 1000
SLIT-DROME

(d) 71 =38, HfE =30

3.1 i BT YA TR AR X I

3.2 415k

MTAEBEMSRITY, RAEZ S BB KW ERZ, BT RS, %

BH PG, RACRIFT B O TR, AR X A AN AR AT A2 BT

o,

TR XA 02 A A FAF XS B Ao 3T 20 I e fRT BRI, [N B2 A 2 i

XHY

Z SR SRR IE O, FT BN E DARE ETE R 7R, AR 507 41 LR A i ) wl 432
Z M98 (point accepted mutations, PAM) HiF4a X He s khP4: (block substitution matrix,

BLOSUM),



=% FIhaAT ARG A 21

3.2.1 w[§EzZ5E (PAM) Hifg

A7 AR MRl Dayhoff K[R8 PAM HFEMBAELZ 750 h S EL R I
WA R — AR AT Rad R, RS B DI IR S B R AR R ST, S A R el A g s
BA KR, HREERAARBE T 2R KA N FEIAR L. IRa B2k L, FRATHENT DAE AT A
XSS AR AL SRS W] T LR SR A O R T AR R

PWMm%EAX“T%xmﬁﬁﬂ”wmmﬁréﬁiﬁﬁﬁaﬁ%%%,%%wﬁ%
()57

PAM ¥ifii: BNEEARTY] s, t, HiH—RINI T2 SRR s BN t, #7E
100 MERIE KA — IR 54, WIFRIX 257 5UAEE 1 A~ PAM B,

—> PAM SRR LT :

FARAHRIELE 85% PA_EHIPRSF R IR)TH

RAEVCECH T 2 X, HeXt e SR HERR 2S5

PALCRTEE SRA R FEAARS ) i S ez B R 1) 5 4 5K -

TR b S B IR 4 A S TR i T K

AR EEIRIN AL %

TR AR IEAL R, 153 AR

RF IR R 75 28 F 3 TR

CRFRCRERE TR, AR @ — EEIR § RS IR DAZER ¢ i PR, IR AR
JE3kLA 10, HPF53] PAM iFE

© N o e W

3.2.2 XHHsHUM (BLOSUM)

BLOSUM HiFfEfy Henikoff SF# s, HJFBE HEFI 2575 LA b # 4 % 2 B0a i
BT
Henikoff 4¢4JF5% T Prosite $#li e iy KA EIRITH, LT 1961 MR, — DXk
JEM kST BRG] B AR ST ) X Gk 2 7 0 FEXTTE B BER b I X3, X RTT46
7 BLOSUM 4E M1 e
Rrag A e — @ MR e & R — 7 5
BT A K ) A B R B f
TR SRR B ¢
TR P LR I A% p
PTG AR B I EEAIR e
VIR G BTN ) B3R 5 S BB AR 1 LU fE 4
R ECAEER 2 AoRTEL, FeRA 2, HPF53] BLOSUM 4R/
BLOSUM % F¢ J5 ()07 287 ) R PR P DX B ) e /N2 SRR B

\‘.@P‘r’;@!\:’t—‘
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$=% Frkst ARGk 22
3.3 Rt RL

3.3.1 Zyids
o S ATorER%L, S(a,b) K a B b VEECHIASS; (Hifa@ s RE ), S(—,a) B S(a, —)
ARSI, XBEME S(—,a) = S(a, —) = —g, —g B=ZAF5)
o X PR, FrABRBIMNTRE, X TEAE 20 Fha AR
o 5=515983 8 S e A KN m [ FEAFER
o t=tyloty -t by AR n TR
o prefiz(s,i) FIORTFRAE s WKIEN « R 5, B prefiz(s,i) = 515253+ 5;
o prefiz(t,j) FRTIE ¢ KN j TS T, B prefic(t,j) = titats - - t;
o H: “HESHMREIENE, H m+ 147 (HEHR 0,1, ,m)nz + 1 5] (5N
0,1,---,n)
o Hi; FowilE H oo, N3 prefin(s,i) 5 prefiz(t, j) WRfEHAR5

3.3.2 Needleman-Wunsch 36 A

Needleman-Wunsch B35 T i &MRUEAL, B “SEZ B Bt B0 A — RV B B )
B, S EBZ I RR, BAKE, H52, TR TERN R, Haks®E
INFISER - It L, SR R 28 (R R ) e A AR A T4, AT SR AR I 06 I Ay e 12
fi#”

XUFHI LU TR BRI B H, AR, BT :

B WIIRETEI AR, R 0 17558 0 41, Bl Hoo =0, HApux e =
(AL Ea e

$ M IEHEEEA Hey, BVHSE prefin(s,i) 5 prefic(t, j) RIS, HT
B AR, IO (U RS, TS BB AR

Hi1;+S(si,—)
Hij=maxq Hij 1+ 5(=,1)) (3.1)
Hi -1+ 5(si,t))
TEVFREAS I, WRIETR Z sk S R W —FF (BULM) EEAR (ITHE. 56
A R, T =R N+ T ECETIMA S
B0 MR H WFEHCSREL, BH&CHTmEkE. R, sIiaraes
Z 5o Hpn WEERDEAL X IAR5
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3.3.3 —ABiT

R T #—21B Needleman-Wunsch YA, 3% 28— X IT 51 H XTI a7 B
B, HTAB R

o FTAFRREL St VLRSS K 1, 23084 H-1, FEHEDT4-H-2

o XIS s Jy GAAGACAA

o TFHXTFS) t ol CAGAAA

S, WA T RS AS A E-1, BILKEN b i BES S R
FEXE, 155028 —k.

(0 -1 -2 -3 -4 -5 —6

88, W prefiz(s,i) 5 prefic(t, j) BEAERISES, BlAxT Hiq:

Hy, + S(G, —)
Hyy =maxq Hyo+S(—,C) (3.2)
Hoo+ S(G,C)
H: Hoog=0, Hig=-1, Hyy =-1, S(G,—)=5(-,C)=-1, S(G,C)=-2, N,

-1+ (1)
Hi; =max{q —1+ (—1) = -2 (3.3)
0+ (—2)
R HIH AR H:

(0 -1 -2 -3 -4 -5 —6
1 -2
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F=F FHaTE ARG E 24

HER, T, AL EEHRMIEN, Hi, WET-2, HiL, fEX— S LI ix[E )
RN~ 1.
PRI AT Hio 1 Hoy T, MMM IE T S5 R

(0 -1 -2 -3 -4 -5 —6

[y, WALEWREE (§F3k) ICRIET H—4 m x n R

S N N e
e N N L
et ANTORET RN Re
et TN et Rt
SN NI N
et Tt K&t
N LN NN
T ORT Rt R RN

MATREIZE L, $IRER I, AT AR -

N
TN
NT
N
N
T
N
! N
X HI PSR IAR, RARTR L
B NN T IO T NN
s |G|A|A|G|A|C|A| A
t [C|A|-|G|A AlA
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BN NN N NN
s |[G|A|A|G|A|C|A|A
t |[C|-]A|G|A Al A

HEX5E R .

3.4 JRibeAt L
3.4.1 Smith-Waterman 36 A AR

e V0 B 2 0 A Dtk EEAH (BA R P A 0BT X, B AR SR AR 41 ) e £
PEPCAY TR, R e i e ML SR 2 Smith-Waterman 53k, BT EHER, RAHKSG
R EE X AL 5 4 5 B 2R 7 51

JRriB X RIAE G B (m+ 1) x (n+ 1) BN FE H , BH Ao S SO A T,
Hij (GG prefiz(s,i) WP IREE S prefiz(s, j) RIFTA TGP RO o RN Jayi
00 I S 6 S P B NN IR RSt IS 2

FORT R, Q2R A IR SE A 5O Y EEN 1 BT S80S0/ N T 0 1), B 5 it
KM fmH— B Rl b . B XA EAE, Smith-Waterman 53570 LA R LA .

F—P WIIHRBIE R, ST 0 475955 0 41, HUERTASE 0 7786 0 SIRYICEN 0.
Hip =0 RW, prefiz(s,i) SRER i SO RS 51158, BV I8 MR E AT
DR 3 2245 pre fia(s, j)

0
$ BB Hy, MTE-AIE, HSA 4 R, w5 aas s

0
H; ; = max Hicj +5(si, =) (3.4)
7 Hij1+ 5(—,1))
Hi_y -1+ S(si,t;)

ETHEAS, W EERT Bk B S @ M—Fp (BULA) BRARM (DT, 1
A BR), W TERESL: N« T EENNAS.

B MIEEA H MFERCRIEEL, 5. S&REARFRNZ,
SR XA BB LSS T AP AN AR . I, Rl s T BB R A0 M h AR 2 . PRI
[l R LA H R FHmoRmyoosR, FFPAMAE R &, 1— Bl 2815550 0 1)
JCE, MLz (AR ATE &3k 540, TR AT RS T, XA TE 1S a0 ) .
[FAERD, A HUXS A I AN ME—
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3.5 %oy
3.5.1 i srpen

HIARIFE A, XA 2 AR B E 7, X AP ZRUAR A BT 2 Ao 1) 40 50 .

TEAEIEAC AR, R TRAHE A S BT ST R EE , X R TR R R, Xt
BT R AR (H2, A SRR H AR 2 R, Az ARTEE H A [F A [+
W1, HIEESHE ASEREOL, Tl MR —L,

[ 7 25 S S AT DA R R -

wk)=9g-k, k=1,2,...
D—Fh S A A AL B AR Y A] R R -

wk)=go+ge-(k—1), k=1,2,...

Hrp, go ATTIZNITN0, g MR, TR g — MO Ae e, PRth i
S i o B

AR A A ALT A, AR R AR FO SRR ORI 2%, T Tl 25 Ay S 25 o
TR T B 4Ry BE X R

3.5.2 gt PRy Needleman-Wunsch 33k
517 S0 AR B ST 2 B I 4 ey O 75 A Bl = A Sh A H0 ) 4 B Ak 1 -

H(m+1)><(n+1)7 men7 E,xn
Jorpr,

o Hij Fontembimh s 5 t; XHfE (LRCsiE) i, prefiz(s,i) 5 prefiz(t, j) #
FEEERS 7

o Di; FoRTEscb N si SN 0E (WBR) 1, prefic(s,i) 5 prefixz(t, j) B
FEHXT 5

o F; FoRtEmcbm N — NS0 ¢ XE (A) B, prefiz(s,i) 5 prefiz(t, j) B
L XS4

MR EadE S, a5 AR e R

H’ifl,jfl +S<Si,tj> 1= 1,2,...,77’1,;
Hi,j = Imax Ei—l,j—l + S(Si, tj> j = 1, 2, e, Ny (35)
Fi1jo1+ S(s4,t5)
Hifl,j_go 22172,,771,
Ei,j = max Ei—l,j — Je ] - 07 ]-7 <,y (36)

Fi—l,j — Y%
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(3.7)

C,m;
1

i=0,1,

J=12,

2 s ad AR ROy ik
Hi,j—l — Yo
Ei,jfl — Yo
Fz‘,j—1 — Je
= 7 TR TR, AU G SR 38 5 ) b

F; ; = max
BT

ﬁj\t[:xq‘ﬂyﬁﬁ‘j : maX{Hm,na Em,na Fm,n} ° E#ﬂ Hj‘/‘A

ML, TR BT “BRER
%75 3CHk

[1] Mount D. W. (2008). Comparison of the PAM and BLOSUM Amino Acid Substitution

04 kS

EISN

11 2% A7 S 411 AR 2 SRl LU X SR R AR & R U R i = A HE A R A
—AS 0 I, [T =AM B OCR I A SRR AR R ], X AR

Matrices. CSH protocols, 2008, pdb.ip59.
2] K, & FiE4E. (2011). A 835w meagiiit Fa iS50, HER
3] i (2010). At £MFR 0¥ kb A, BleE .
[4] B3 (Jones, N. C. )., IgR4H (Pevzner, P. A. )., & FF K. (2007). £ 41

AL
. AT A - BE 24 A
[5] VFHEAE. (2008). A1 85 THAERFE AT
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EMBOSS Gentle Tutorial' f#]H Val Curwen FIHAth AIRE, ¥AEH David Martin 4
o BESNMA—A A AT, 5158850 EMBOSS, FraleAar 1 TrE .

AL EMBOSS Gentle Tutorial b, M 7 SRR RAR > NE, HasdT 7T
i, ANt AR g e SO 5 T .

SCRYIRARE B E ) SCEP RS PR A 72 T — 28 2R

JE SRS BB SR T

Introduction to Sequence Analysis using EMBOSS

This document was generated using the LaTeX2HTML translator Version 98.1p1
release (March 2nd, 1998) Copyright © 1993, 1994, 1995, 1996, 1997, Nikos Drakos,
Computer Based Learning Unit, University of Leeds.

The command line arguments were: latex2html -no math -html version 3.2,
math -t EMBOSS tutorial -split +1 emboss_tutorial.tex. The translation
was initiated by Gary Williams on 2003-04-29

AT F RS S AEPITE LR ZL B A7 91 . AEUITUE LR Z0 5T mRNA 7
4, AIREAE NCBL Rk

4.1 By T A A IR %

4.1.1 Pyl

£ 1988 4F, PR EGCG THIAA & ERFDLTF I GCG $2 -
J&. EGCG A ER/NIEIERISE, /NMIGIKRH EMBnet Jz EMBnet DS,

EGCG 7% Sanger G SN TG S5 SCHs ARG 1 HE A0 1 B3 ity 1 210 20 #e
AR B . BRI R 2y 150 ANl il EMBnet [€ ¢k 5519 10000 A A P fit 1wl
fE. ZIHIRE TET GCG HAFETRESE B IR -

TSR, BEEMT GCG PR E AT AT, ok —at il
SCF ARG BRI XE . (L, BT EGCG JT A& I IR %E TRl — 4B AR P Akt
Xig 4 K EMBOSS 5 H A .

"SI (2]
"S5 30 3]
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https://www.ncbi.nlm.nih.gov/nuccore/U23808.2
https://www.ncbi.nlm.nih.gov/nuccore/L07770.1
https://www.ncbi.nlm.nih.gov/nuccore/L07770.1
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4.1.2 fl2x EMBOSS?

Wk I 43 1 2 W 2 I IR AE £33 (The European Molecular Biology Open Software Suite,
EMBOSS) &— %1, HHWFFRRESIT, B 5 R E X (i
EMBnet) 75K

ZEHAT B A g B, TR AR M 4 B FAE R i AR E  (transparent re-

trieval ),
AN, EsEER EAE T — R E IR, SRV HARR A S RO KA A
&, SRR AR R R Bl 1.
EMBOSS 4 24 5 7T 751 40 Bk (A0 A0 TR A To a8 B Ao 7— 4~k . EMBOSS
RIS 12 R T RSE 1) Rk AR L by s 35
EMBOSS #4-4 BA7 a0 45 -
o PRAL—ATERAF T THRE (Hid 150 FHE)
o R FILOEME (AJAX Al NUCLEUS)
o BT HALR A IR
o SRR FF A AT INZE R E ] EMBOSS
o SIRNHAR DT R A E A EMBOSS FE
o WEFITARIE W Unix &, 35 Linux, Digital Unix, Irix } Solaris
e EMBOSS HipRfs 3 150 MR (HEA), BT EA DU A R X ey
R
o JPHILERE
o TERCE IR P U R P
o EPRFEE, UREED T
o RIKFIIIRE I
o BIRFFIIE 0T, B0 CpG By % 5E
o TRIERAANY) R R R P51 5
o /NEIHR ST AT
o TERREZFHIEE P s 45 & P SRR
o T ] AR Je s LA
« WX
RIEZ 56T EMBOSS #f5 B P HIEMBOSS 11,

4.1.3 wossname: 55—/ EMBOSS W H]
firf i) EMBOSS F2/7#E Unix ay47 EIFIRETT. AT H— M RE B4 —L8

HLAli#E . EMBOSS SEHI#2)Y wossname 74— M & iy EMBOSS I H%1%.

*Z2 30k (1


http://emboss.sourceforge.net/
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$ wossname

Find programs by keywords in their short description

Text to search for, or blank to list all programs: protein
SEARCH FOR 'PROTEIN'

antigenic Find antigenic sites in proteins

S O = W N

backtranambig Back-translate a protein sequence to ambiguous
nucleotide sequence

7 backtranseq Back-translate a protein sequence to a nucleotide

sequence

cathparse Generate DCF file from raw CATH files

10 topo Draw an image of a transmembrane protein
11 tranalign Generate an alignment of nucleic coding regions from
aligned proteins

12 wordcount Count and extract unique words in molecular sequence(s)

X —fp SRR Bl EMBOSS F2IF 24 FK, A0 E SR A TR SORY
fRZ EMBOSS &7 A AL Z Ihaetkngbhin /% S50, — okt &n] DUl e 7
ARG —opt BRI H H B/m X B B, wis R X ke .

$ wossname -opt

Find programs by keywords in their short description

Text to search for, or blank to list all programs: protein
Use the expanded group names [N]:

Match all words in the search string [Y]: N

Show keywords with program documentation [N]: N

Tool metadata output file [stdout]: myfile

Format the output for HTML [N]: Y

© 0 N O Ot s W N

Output only the group names [N]:

—_
S

Output an alphabetic list of programs [N]: Y

PR SR Z BRI, 5355 N RZ R ERIAE, /R DA return 62 ERIAE,
AT DA A AR TR ZE M

FIABAER S UE, 4 wossname Hij i —A4> HTML A&z S0 myfile , FRP IR
BRI HES

m#ris 2| g EMBOSS #2J7r9%13%, JH3) wossname JE R HEEAEAT(E, #% T return,
AR F WIS IR MR B, X SR AR DI AE 4. TR BIAREE R 4. A REAE 2 dnfuf
X Se R e A—Asopng? ($E7: A -opt )

WERARAEATATT EMBOSS #2745 JE I -help AR%5, WKFF ZIZAR T BB IR A A AR
B . Bilan:
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1 $ wossname -help

2 Find programs by keywords in their short description

3 Version: EMB0SS:6.6.0.0

4

5) Standard (Mandatory) qualifiers:

6 [-search] string Enter a word or words here and a

7 case-independent search for it will be
made

8 in the one-line documentation, group
names

9 and keywords of all of the EMBOSS
programs.

10 If no keyword is specified, all
programs

11 will be listed. (Any string)

12

13 Additional (Optional) qualifiers:

14 —explode boolean [N] The groups that EMBOSS applications

15 belong to have two forms, exploded and
not

16 exploded. The exploded group names are
more

17 numerous and often vaguely phrased than
the

18 non-exploded ones. The exploded names
are

19 formed from definitions of the group
names

20 that start like NAME1:NAME2 and which
are

21 then expanded into many combinations of
the

o names as: 'NAME1', 'NAME2', 'NAME1
NAME2',

23 NAME2 NAME1'. The non-expanded names
are

24 simply like: 'NAME1 NAME2'.

25
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26

27

28

29

30

31

32

33

34

35

36

37

38

-gui boolean [N] This option is intended to help
those

who are designing Graphical User
Interfaces

to the EMBOSS applications. Some
EMBOSS

programs are inappropriate for
running in a

GUI, these include other menu
programs and

interactive editors. This option
allows you

to only report those programs that
can be

run from a GUI

General qualifiers:
-help boolean Report command line options and
exit. More

information on associated and
general

qualifiers can be found with -help

-verbose

4.1.4 +tmf:EMBOSS FJJ}

EMBOSS M RZAmmIRR, B IR, S80S AL ARSI E, AT pA

2

Bsh, EMBOSS AW ERFM tim .

$ tfm wossname
Display full documentation for an application

wossSname

Wiki

The master copies of EMBOSS documentation are available at

http://emboss.open-bio.org/wiki/Appdocs on the EMBOSS Wiki.
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10 Please help by correcting and extending the Wiki pages.
11

12 Function

13

14 Find programs by keywords in their short description
15

16 Description

17

18 - .« . . ..

4.2 LbBRA

BABRET, AT G BB AR ER R FRP S . 2458, BN JFET
TARATARAREL BT 0 7 S ER 2 i . AR A EMBL 1 SwissProt BUfRH)741, {HIR
WA PAE A EMBOSS 204 SCA SR H 751

FATREM P EMBL W BRI F2T4R, HARHATE XL23808 A1 XLRHODOP; ‘EA]
Ay AEMITE (Xenopus laevis) WERLLTT B R AP FIAIXT V.Y cDNA ¥4,

PRAE 2 EMBOSS Iy ab 25 52 R AR B3 A ) 731 . EMBOSS A] A SCASCAEREE
JE, AT DAE BT OB R PR . ) F I S B 16 H -

4.2.1 Bl 51

EMBOSS F&f7 1] LA A P51 Bt o H i U 41, 2GS 2 DA databasezentry 1
FEXBEIH X%k USA (Uniform Sequence Address) . 2 KT USA fY(E 5
H[fE EMBOSS Mut E#RF]. /RATPAM] showdb R f77E BIFAT M VR i B4 1 Bt 2 o

4.2.1.1 showdb

showdb R/RARFTFEHLE 0] It A, X H T 1) EMBOSS ZEfr i B kLt

$ showdb
Display information on configured databases

# Name Type Comment

Taxonomy NCBI taxonomy

drcat Resource Data Resource Catalogue

chebi Obo Chemical Entities of Biological Interest
eco Obo Evidence code ontology

edam Obo EMBRACE Data and Methods ontology
edam_data Obo EMBRACE Data and Methods ontology (data)

=T BN N~ NS, S NGO N Ry
ot
)
>
o
]

—_
]
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11 edam_format Obo EMBRACE Data and Methods ontology (formats)

12 edam_identifier Obo  EMBRACE Data and Methods ontology (identifiers)
13 edam_operation Obo EMBRACE Data and Methods ontology (operations)
14 edam_topic Obo EMBRACE Data and Methods ontology (topics)

15 go Obo Gene Ontology

16 go_component 0Obo Gene Ontology (cellular components)

17 go_function 0Obo Gene Ontology (molecular functions)

18 go_process Obo Gene Ontology (biological processes)

19 pw Obo Pathways ontology

20 ro Obo Relations ontology

21 so Obo Sequence ontology

22 swo Obo Software ontology

showdb 4 HH—NEME, BREIEERSIR, WAERTVTH b E.
o ID FRUFRRT B E P — s i e 24 45 H L BilAN: embl :x13776
o Query AR ] ARR— AP GBI A H 2 FREE &, BIAN: swissprot:pax

* _human

« All ﬁwff?r‘;af?ﬁ IMTHERIE TR T 2 H , BN embl:
YRATLAE AR AT (BilA0, xirhodop) EiFE¥ER5 (BN, LO7770) >kijiH EMBL,

4.2.1.2 seqret

seqret PEA—FS, HAFHG W, Shr EAMT readseq 7E EMBOSS H 25414 .
Bl AE2 R M H EMBOSS £
AT RIS, B PERREUF S0 A W AT, RS SCR s 4B 2 75 T 3

$ seqret

Read and write (return) sequences

Input (gapped) sequence(s): embl:xlrhodop
Output sequence [xlrhop.fasta]:

# X EaF{E

T = W N

4.2.2 IR A RS

EMBOSS W] AN ST IEA TS B, GnRAEERE fasta SCUH4HR geg A& M0TE,
ATPABEH -

1 $ seqret xlrhodop_gene.fasta -outseq gcg::xlrhodop_gene.gcg
2 Read and write (return) sequences

3 $ seqret xlrhodop_gene.fasta -outseq xlrhodop_gene.gcg -osformat gcg
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4 Read and write (return) sequences

Ff GenBank &4 fasta 5K

1 $ seqret xlrhodop_gene.gb xlrhodop_gene.fasta

2 Read and write (return) sequences

4.2.3  RARTIFHNNEL
4.2.3.1 infoseq

infoseq Jje— M FIIRY USA, #F%. . F8 (BREER). KE. GC A
o (RT5) KAfiidrsc LR, AT HEEE LRFHIMER.

1 $ infoseq xlrhodop_mRNA.gb

2 Display basic information about sequences

3 USA Database Name Accession Type Length %
GC Organism Description
4 genbank: :x1lrhodop_mRNA.gb:XELRHODOP - XELRHODOP LO7770

N 1684 45.72 Xenopus laevis Xenopus laevis rhodopsin

mRNA, complete cds.

4.2.3.2 JEHHRE

PP B AU & 78, s TRZ SR8 RA RIEE (FERE) . BUANE I
M seqret , EMBOSS KA Z ) fEuk [0 A ik Le (5 o

N TR AR R e B H , ARFTAGE entret  (GRAREFA]) . B4 7T DA%
i .entret UM, WEMEHEE. EHELIRAIFH LT — N FIEHERI51 .

FPAVERF L2 A AT A R SRR I R ) D3k, FRATTAT LA showfeat Seff Hi—~if BLRY ]
AL .

$ showfeat xlrhodop_gene.gb
Display features of a sequence in pretty format

Output file [x1u23808.showfeat]:

$ cat x1u23808.showfeat

XLU23808

Xenopus laevis rhodopsin gene, complete cds.

| | 8914

|- > source

© 0 N O Ot s W N

—_
S
|
\4

misc_feature
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

> misc_feature
| > misc_feature
> misc_feature
> misc_feature
> misc_feature
> misc_feature
| ——> mRNA
|=> mRNA
|> mRNA
| => mRNA
| -—-> mRNA
|--> CDS
| -> CDS
| > CDS
|=> CDS
|> CDS

36

AR PSS T P IRHIE, AT (] seqret -feature . JLAMA LK
s 2R R

© 00 N O Ot s W N

— = = =
w N = O

14
15
16
17
18
19

$ seqret -feature xlrhodop_mRNA.gb
Read and write (return) sequences

output sequence(s) [xelrhodop.fasta]: xlrhodop mRNA.fasta

$ cat xlrhodop mRNA.gff

##tgff-version 3

##sequence-region XELRHODOP 1 1684

#!Date 2022-04-11

#!Type DNA

#!Source-version EMBOSS 6.6.0.0

XELRHODQOP EMBL databank_entry 1 1684 . +

ID=XELRHODOP.1;organism=Xenopus laevis;mol_type=mRNA;

db_xref=taxon:8355;tissue_type=retina;dev_stage=adult;tissue_lib=
lambda-ZAPII

XELRHODOP EMBL  CDS 110 1174 . + 0 I

D=XELRHODOP.2;note=gene accession number U23808;

codon_start=1;product=rhodopsin;protein_id=AAC42232.1;

translation=MNGTEGPNFYVPMSNKTGVVRSPFDY
PQYYLAEPWQYSALAAYMFLLILLGLPINFMTL
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20
21
22
23
24
25
26
27
28
29

FVTIQHKKLRTPLNYILLNLVFANHFMVLCGEFT
VIMYTSMHGYFIFGQTGCYIEGFFATLGGEVAL
WSLVVLAVERYMVVCKPMANFRFGENHAIMGVA
FTWIMALSCAAPPLFGWSRYIPEGMQCSCGVDY
YTLKPEVNNESFVIYMFIVHFTIPLIVIFFCYG
RLLCTVKEAAAQQQESATTQKAEKEVTRMVVIM
VVFFLICWVPYAYVAFYIFTHQGSNFGPVEMTV
PAFFAKSSATYNPVIYIVLNKQFRNCLITTLCC
GKNPFGDEDGSSAATSKTEASSVSSSQVSPA

30 XELRHODOP

31 XELRHODOP

1224-15

EMBL  sequence_feature 189 1684 . +
ID=XELRHODOP. 3;note=sequenced from clone pX0P71
EMBL  sequence_variant 1224 1224 . +

ID=XELRHODOP.4;note=clone pXOP5 contained deletion from bp
34

SCPEH

37

X LA GFF (i FRHEAS ) A% QR BRI A4 H 215112 AR T DATE EM-
BOSS Wl |1 il 8 2 R TAMEMERIE R - 0 T HCRRAERS S 44, TR 2
seqret -feature MHRIIANRFREST. LEFATIHRAELA EMBL #52fR774E rhodop. features

© 00 I O Ot = W N

e e e e e e e T
o J O Ot = W N = O

$ seqret -feature xlrhodop mRNA.gb -offormat embl -ofname

xlrhodop_mRNA.features

Read and write (return) sequences

output sequence(s) [xelrhodop.fasta]: xlrhodop mRNA.fasta

$ cat xlrhodop_mRNA.features

FH
FH
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

Key

source

CDS

Location/Qualifiers

1..1684

/organism="Xenopus laevis"
/mol_type="mRNA"
/db_xref="taxon:8355"
/tissue_type="retina"
/dev_stage="adult"
/tissue_lib="lambda-ZAPII"

110..1174

/note="gene accession number U23808"
/codon_start=1

/product="rhodopsin"




21

22

23

24

25

26

27

28

29
30

$%v9% EMBOSS #4+a.

FT /protein_id="AAC42232.1"
FT /translation="

MNGTEGPNFYVPMSNKTGVVRSPFDYPQYYLAEPWQYSALAAYMF
FT

LLILLGLPINFMTLFVTIQHKKLRTPLNYILLNLVFANHFMVLCGFTVTMYTSMHGYFI
FT

FGQTGCYIEGFFATLGGEVALWSLVVLAVERYMVVCKPMANFRFGENHATIMGVAFTWIM
FT

ALSCAAPPLFGWSRYIPEGMQCSCGVDYYTLKPEVNNESFVIYMFIVHFTIPLIVIFFC
FT

YGRLLCTVKEAAAQQQESATTQKAEKEVTRMVVIMVVFFLICWVPYAYVAFYIFTHQGS
FT

NFGPVFMTVPAFFAKSSAIYNPVIYIVLNKQFRNCLITTLCCGKNPFGDEDGSSAATSK
FT TEASSVSSSQVSPA"

FT misc feature 189..1684

FT /note="sequenced from clone pXOP71"

FT variation 1224

FT /note="clone pXOP5 contained deletion from bp

1224-1534"

4.2.3.3 WER)FEHEEK A

coderet H[HZH mRNA JP41. HifSIXPa1 . B E A By s ARG S X 41 o

T = W N =

10
11

$ coderet xlrhodop_mRNA.gb

Extract CDS, mRNA and translations from feature tables

Output file [xelrhodop.coderet]:

Coding nucleotide output sequence(s) (optional) [xelrhodop.cds]:

Messenger RNA nucleotide output sequence(s) (optional) [xelrhodop.mrna
1

Translated coding protein output sequence(s) (optional) [xelrhodop.
prot] :

Non-coding nucleotide output sequence(s) (optional) [xelrhodop.
noncoding] :

Warning: No sequences written to output file 'xelrhodop.mrna'

$ 1s
xelrhodop.cds xelrhodop.coderet xelrhodop.mrna xelrhodop.noncoding

xelrhodop.prot xlrhodop_mRNA.gb

38
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extractfeat JEHUISENTH .

1 $ extractfeat xlrhodop_gene.gb xlrhodop_gene.CDS -type "CDS"
2 Extract features from sequence(s)
3
4 $ cat xlrhodop_gene.CDS
5 >XLU23808_5470_5830 [CDS] Xenopus laevis rhodopsin gene, complete cds.
6 atgaacggaacagaaggtccaaatttttatgtccccatgtccaacaaaactggggtggta
7 cgaagcccattcgattaccctcagtattacttagcagagecatggecaatattcageactg
8 gctgcttacatgttcctgetcatcctgettgggttaccaatcaacttcatgaccttgttt
9
10 >XLU23808_8210_8338 [CDS] Xenopus laevis rhodopsin gene, complete cds.
11 ttccgtaactgcttgatcaccaccctgtgetgtggaaagaatccattecggtgatgaagat
12 ggctcctctgeagecacctccaagacagaagettcttetgtctecttccagecaggtgtet
13 cctgcataa
revseq P AN SR HANT A .
1 $ revseq xlrhodop mRNA.fasta
2 Reverse and complement a nucleotide sequence
output sequence(s) [xelrhodop.rev]: xlrhodop mRNA.rev.fasta
msbar X751 JEATREHLIEAE o
1 $ msbar xlrhodop mRNA.fasta xlrhodop mRNA.mut.fasta
2 Mutate a sequence
3 Number of times to perform the mutation operations [1]: 100
4 Point mutation operations
) 0 : None
6 1 : Any of the following
7 2 : Insertions
8 3 : Deletions
9 4 : Changes
10 5 : Duplications
11 6 : Moves
12 Types of point mutations to perform [0]: 1
13 Block mutation operations
14 0 : None
15 : Any of the following
16

—_
EN|

1
2 : Insertions
3

: Deletions

39
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18 4 : Changes
19 5 : Duplications
20 6 : Moves

21 Types of block mutations to perform [0]: 1

22 Codon mutation operations

23 0 : None

24 1 : Any of the following
25 2 : Insertiomns

26 3 : Deletions

27 4 : Changes

28 5 : Duplications

29 6 : Moves

30 Types of codon mutations to perform [0]: 1

A R R RO

1 $ dottup xlrhodop mRNA.mut.fasta xlrhodop mRNA.fasta -graph png -
goutfile mut_out -gtitle 'xlrhodop_mRNA.mut vs xlrhodop mRNA' -word
5
2 Display a wordmatch dotplot of two sequences

3 Created mut_out.l1.png

xlrhodop - mRNA.mMut vs xirhedop-mRNA

Mon 11 Apr 2022 21:28:3¢

HELRHODOP
=
2
|

T <y =
501 1001 18501

HELRHODOP

K 4.1: msbar FEHLEA T,

4.2.3.4 JpHIdl Bt

wordcount £l compseq Zt 14 FH H PR
freak fll geecee 74T GC i, FHIZ HIEIR.
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1 $ freak xlrhodop_mRNA.fasta -letters "GC" -plot Y -graph png -window
100 -step 10
2 Generate residue/base frequency table or plot

3 Created freak.l.png

XKELRHODOP

Frem 1 to 1684, ResiduestGC Window: 100 Step:10
T T T T T T T T

Frequency

. P S TR NN
S00 1000 1500
Position

& 4.2: XELRHODOP J#3)1) GC 431fi

4.2.3.5 CpG Einu

cpgplot FEfF il DNA F5+H#) CpG 5.
PAN o IMLZLEE R 7 73 R A

$ cpgplot Z84721.FASTA

Identify and plot CpG islands in nucleotide sequence(s)
Window size [100]: 5000°H

Error: Invalid integer value '500'

Window size [100]: 500

Minimum length of an island [200]: 500

Minimum observed/expected [0.6]: 0.65

Minimum percentage [50.]: 55

Output file [z84721.cpgplot]:

© 00 N O Ot ks W N

—_
e}

Graph type [png]:

—_
—_

Features output [z84721.gff]:

—_
[\)

Created cpgplot.l.png

4.2.3.6  HE)FHIFHHR
palindrome F-#Kifii i Bt M SC4EH, einverted TR KM EFEHE .

41
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Obeerved vs Expected

< f
@ f
o o H
MRS
. o f
A =4
o < f
ik R:
=
< d \ \ \ \ 1 \ \ \ \ 1 . . . . 1
<o 1 z 3 4 .
Base numter (=107}
Parcentags
aF
& 2t
T
5 2
L
S
= L L L L 1 L L L L 1 L L L L 1
a 1 2 3 4 4
Base number (2107

Putative Islands

Threshold
00020406081.0
UARN R RN RN LA

z 4 4
Bass Murnbsr {2107}
Kl 4.3 N o MZLEHERE CpG BgiR.

4.2.3.7 #W1aPr

cusp i TG ALIR T 51 i) 64 P i~ F AT AU B
chip T IEAREH T4 (ENC), ENC BUIN, B 1 (6 b e .

4.3 WN)FH| LX)

ARATRRXTIPIHRIER . AEFATEE RS —Fh i) — D EECH: M AR —
ANER—H L ORGSR . A HEXHR AT A A ARHES % HES T DA
IR AL Z A FOR TR Z Ak o S U B SR die 3 AR A, ARG DI AR IR Z AL . 2
ZmR, FFIHEAH =KT5k-

o SrBUE: KNI RN (—AREREMNTDER R E) KIKSH 1

ST R BOW L, SR A EHUR Y B 585

o IiRA)R LRIk FE5 I8 A I DU SE B P81 2 18] GAR 14 die i 70 B

o IRARIRIREERISEIL: JEOREAFIRTARMIE, A0, AFETBOTRRE, HiEEE

T

4.3.1 xR

P 51 8] e e EDUL A R e (o R e I o e 8 2R A Al B S oo ) DXt A
TRFRIR 2 .
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dottup A& fr Al 2 il KA -

1 $ dottup xlrhodop_gene.gb xlrhodop mRNA.gb -graph png -goutfile
dottup_out -gtitle 'xlrhodop_gene vs xlrhodop mRNA' -word 10

2 Display a wordmatch dotplot of two sequences

3 Created dottup_out.l.png

xIrhodop-gene vs xlrhodop-mRNA

Men 11 Apr 2022 21:G0:04

sool — |
/

7001 — : -

gool — -
- so01 —
(=3
xx
Lt
ol
=1
= 4001 —

w0 —

o001 —

1601 —

1 T T T
501 1001 1501

HELRHODOPF

Al 4.4 AR SE R N P81 cDNA FRail i) i o

X 2B BLZARRIEA P 58 L VE R AT DX Ik, XK B AT DAE R 5 B gk, XAER
EAEMTUEI LB 5 NAMNE T, PR AR BB SO 93 sl 02 56 B 5L R 7 2] il
cDNA F41,

AN T S B I T R . dottup BT Z AIARSHAPChC . IR
ERAFFH s e 7 XIS cDNA P51 5E 4 Veht, AT AR FER, BT
IR ZAR R BV . X4 1 T — M EEE T R .

MR BGPTSR L2105 cDNA JE8 5805678 (Bilhnsk B /NRAIEELL ) #Ef7IT
fiL, 2N ASHERKTERILEL, FHN %8RS K.

FEEEEA G RAUERTHEA P AE R A, RATREM AR FEINRRT .

TR AR SR O TR R R PR R SR T A R, B A A] BLAST 22k
1) THMBHE R R R BP9, 22 S PATAHF A0 o) e AR a1 .

79 ORI 15 S W B A SEUREUR DA™ A ey 0 B0 g =X HE R A4 e 271 WA T
Rt VEEC Y 43 B m B VERC R 40 8o, NI @ . I T ARER U iy 1
FEEEA OB AT PR R VT E /B ECVE 43 7 58, T8 & F 100 2 1 53 B A 7 D740 A P B AT A
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O3B B HE SO (R Z EE R 2 (B AR LI, T AS 2 18 BT /] — M A T 040
BEE I RS, S Fh AR S FN ) &4 PR MR MR AL g AE R, A THE Fext
g AR, FFE—EHINISEL.
DT BN A2 Z 80, SN raaRM, HENzEaUR RN .
dotmatcher A& HBFH 4l A FE R, LSS =5 1 7.

4.3.2 needledbfr4Jabbxt

G R O TEREA R B HER AP B HEXS O Bl e KRR A HIUERY P81 b
Xof 4 45 T 1Y) P20 R 25 2 70 SR SRR X Sl AR it ] Bt /M. EMBOSS #21¢
needle J2 4R lLATH) Needleman-Wunsch FIR— 508 BRITRZM™ MR, LAY
SR, 1217 needle ATRERTRAENT.

1 $ needle xlrhodop_gene.gb xlrhodop mRNA.gb -gapo 10 -gape 0.5 -outfile
xlrhodop.needle

2 Needleman-Wunsch global alignment of two sequences

BRI DA 5 IR, A4 LR AR A, AT 91K B2 B
K, IR K 2L,

R R, AT AT A MRSE GT-AG S5HII i 5 B (4.
needle MELAIER XKLL, [T K% IR BE R S5 IR, B T IOFT 40 I Tl A %1
HRBEBT AL estogenome FLFEXTIA — T THIFT AT, ATOLERFHOHON 1 7/ 4h 2
TR

4.3.3 waterdbfr R EEX}

water ffiff] Smith-Waterman 8y (O THEHEE, AR HEISLE) Kt B 75—
A A HAMFE S B REB T . BISE T T A A R S A m AT 4. a5 A R A 5 4 F ek
PR . R — AR ER) EMBOSS HX SO

1 $ water xlrhodop_gene.gb xlrhodop mRNA.gb -gapo 10 -gape 0.5 -outfile
xlrhodop.water

2 Smith-Waterman local alignment of sequences

EMBOSS A& HA U7 L XAE - stretcher (£RIHNARF) Al matcher (JRiH
HEATFRT ) o BAIIAE needle Fl water AREETTZ], Izt TH L L,
supermatcher J& AR K T A SRR L XS 80, FERYA SR L St RIR A %4
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4.4 EHA P

ARATIGA G — B T] F T E R RS Y EMBOSS 5. TR, NIl i s
U3 EE X vt mT DA 2 4 A s 74 b

4.4.1 %% ORF

X /NN G285 cDNA P AN E A ¥4l EMBOSS #2217, BRI 454 (1 T
M — A RER P, FENALF I A& /SN TR R AR Sy o it G i SR
HBITEZ ] P cDNA 5. B, HAIFHEEEITRFIEAE (ORF). ] EMBOSS
FEf¥ plotort AlDATREE B/ Ahnl i 7 aU iy ORF 221fi

4.4.1.1 plotorf

1 $ plotorf xlrhodop mRNA.fasta -graph png -goutfile plotorf
2 Plot potential open reading frames in a nucleotide sequence

3 Created plotorf.l.png

NS S R IR A0 T A 7 5 b i TR HE 4316 <
J I ORF 1645 — A2 rh . KGT4 100 RiFI5S 1200 . WARIEFIREAOR B
FEUARIZER LS, T EMBOSS 2 getort .

4.4.1.2 getorf

1 $ getorf -options

2 Find and extract open reading frames (ORFs)

3 Input nucleotide sequence(s): xlrhodop mRNA.fasta

4 Genetic codes

b} 0 : Standard

6 1 : Standard (with alternative initiation codons)
7 2 : Vertebrate Mitochondrial

8 3 : Yeast Mitochondrial

9

10 22 : Scenedesmus obliquus

11 23 : Thraustochytrium Mitochondrial

12 Code to use [0]:

13 Minimum nucleotide size of ORF to report [30]:

14 Maximum nucleotide size of ORF to report [1000000] :

15 Type of sequence to output

16 0 : Translation of regions between STOP codons
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17 1 : Translation of regions between START and STOP codons
18 2 : Nucleic sequences between STOP codons

19 3 : Nucleic sequences between START and STOP codons

20 4 : Nucleotides flanking START codons

21 5 : Nucleotides flanking initial STOP codons

22 6 : Nucleotides flanking ending STOP codons

23 Type of output [0]: 3

24 protein output sequence(s) [107770.orf]:

25 (class) leblc@bbt:~/tutorial$ cat 107770.orf

26 >L07770.1_1 [138 - 200] Xenopus laevis rhodopsin mRNA, complete cds

27 ATGTCCCCATGTCCAACAAAACTGGGGTGGTACGAAGCCCATTCGATTACCCTCAGTATT

28 ACT

29

30 >L07770.1_7 [110 - 1171] Xenopus laevis rhodopsin mRNA, complete cds

31 ATGAACGGAACAGAAGGTCCAAATTTTTATGTCCCCATGTCCAACAAAACTGGGGTGGTA

32

33 CTGTGCTGTGGAAAGAATCCATTCGGTGATGAAGATGGCTCCTCTGCAGCCACCTCCAAG

34 ACAGAAGCTTCTTCTGTCTCTTCCAGCCAGGTGTCTCCTGCA

35 >L07770.1_8 [1098 - 1271] Xenopus laevis rhodopsin mRNA, complete cds

36 ATGAAGATGGCTCCTCTGCAGCCACCTCCAAGACAGAAGCTTCTTCTGTCTCTTCCAGCC

37 AGGTGTCTCCTGCATAAGAGCTTCACCAGGGCTGTCTCAGGGTCCGCTGCCTCACACAAT

38 TCCCATCACTTAAGCCCTGTCTACTTGTTGCGAAGGCAAAGAATTCCACAGTTT

39

40 >L07770.1_29 [71 - 36] (REVERSE SENSE) Xenopus laevis rhodopsin mRNA,
complete cds

41 ATGCCTTCTGTGTTTCTTTTTTGCCCAAAGGATCCC

R, X BAT DA EAR IR AR B Fe 91 e B A [A] A W i 5t A2 i K% ( Genetic codes ),
Al PAIERE i BB ( Type of sequence to output ). X HLHXS P41 ke i 5% i 1Al
2L B T A RO R RS T i Y Nucleic sequences between START and STOP
codons ,
plotorf {UfL@* getorf iR [Hl{E B K —EIEAL IR . TU\FH plotorf fHEE A A A fE
() FFTBCEERSAE T e X O ME ) B R e/ MK BEREATRR M, X BE RS LE A s 7 S5 A
A ELLE . M 1) 107770 orf HIRJDAEH], HAKR ORF JHEAT 110 fi7, £ kT 1171 fii,

4.4.1.3 1ifth ORF Bkt

sixpack i IEFEF EAMEILTT 6 25751, HH4a it 6 4 ORF Frdmfidnd & AL .
showorf iy tH BEAGHE 731 AT . Z B TR F 1) -
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4.4.2 TR

BITAIA 25 >] DA% T cDNA [R5 S ZRiERg X, IUZE T DA transeq SR i3
W PSR — 2 T .

R 1kistr, XEAHSE -sbegin Al -send , HTH8EFH) Y — B X AE
FEIA . XH, FA1HEE x1rhodop. fasta HHIRATIA R 2wt DIk i — BB A -

1 $ transeq xlrhodop_mRNA.fasta -sbegin 110 -send 1171 -outseq xlrhodop.
pep

Translate nucleic acid sequences

$ cat xlrhodop.pep

>XELRHODOP_1 Xenopus laevis rhodopsin mRNA, complete cds.
MNGTEGPNFYVPMSNKTGVVRSPFDYPQYYLAEPWQYSALAAYMFLLILLGLPINFMTLF
VTIQHKKLRTPLNYILLNLVFANHFMVLCGFTVTMYTSMHGYFIFGQTGCYIEGFFATLG
GEVALWSLVVLAVERYMVVCKPMANFRFGENHAIMGVAFTWIMALSCAAPPLFGWSRYIP
EGMQCSCGVDYYTLKPEVNNESFVIYMFIVHFTIPLIVIFFCYGRLLCTVKEAAAQQQES
ATTQKAEKEVTRMVVIMVVFFLICWVPYAYVAFYIFTHQGSNFGPVFMTVPAFFAKSSAI
YNPVIYIVLNKQFRNCLITTLCCGKNPFGDEDGSSAATSKTEASSVSSSQVSPA

© 00 I O Ot = W

[ S—
= O

4.4.3 ZhEKITM

DNA P g el T 4FF e S IS5 ? X — 08 B 32 B IR RS | 2 & A, o
TR ST o XA S — MR IR MER e — e AR E P&, X245 0 T4y
W R EE RS — . MWFSN N A =R, RZIHT AN Fp2eal:

o BN —ANEHEESLWMYLEEAY, I ERE A RS iR

o UG XM, M TN = YRR HE I R N ) 2R g5

ETAURBA R AR A RS ), RS EARTEEARAT 6T 8 4514 1) Je 5
P, R, SRR 29N B T M E A TS b S —Or T, ARG A HE R R
NG T A 2 AW a2 B VS B B R s X — T AN & TR 5 2 A S5 F AR DL ) 2
HZEHB TN . iz, EEA Y YR AE L 2 v DATS B X Ak 4, XS4 Rl
TR B Hbs AR S5 A T A ik

A, B AP MRS A B S W Ay R i TR 2 A A, e SRR
AR gy . RE RS AR AL 2 E T, mFE HGMP (1) PIX, PAK Dundee
K2E1 Jpred, (MAEWIFE £1EF8)

HHIKA, EMBOSS WH —HEEM M EEIAG R, A Tafr Edi Sk “Hal” 1
ik, ETRERIMPTEE. 8 RENE—5 HEi7E EMBOSS fa] g i TH..
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4.4.3.1 pepinfo

pepinfo /A KEHMIETAIEE KN, Mk, Tk, Hmss).

REAYTL I IR BRI S IR e, 28 K R e A A

49

FERENL trun, A

pepinfo RMZMHEIL, Hitaff Kyte-Doolittle SRR M IFAl— i 2 fE 9 oKk
W% 1 BRSBTS RSB I . MER RIS ERE D) B iy, B

WAEBIKE, 2 WAL A 232K Y

$ pepinfo xlrhodop.pep

Graph type [png]:
Output file [xelrhodop_1.pepinfo]:
Created pepinfo.l.png

S Ot e W

Created pepinfo.2.png

Plot amino acid properties of a protein sequence in parallel.
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Hydropathy plot of residues 1 to 354 of sequence XELRHODOP-1 using Kyte & Doaolittle hydropathy parame
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4.4.3.2 garnierfiill " Zi&kiiy

garnier & T E A i — k458517 Garnier Osguthorpe Robson 2.3 (GOR T) 1y5EH .
Bl A B A5 A LA N R G R ERE EMBOSS #4530, Garnier J7iEAR
BN MR T , (HAERZEC T AEu: EARE S 1R

1 $ garnier xlrhodop_mRNA.fasta

2 Predict protein secondary structure using GOR method
3 Output report [xelrhodop.garnier]:

4

5 $ cat xelrhodop.garnier

6 #H##HHEH R R

7 # Program: garnier

8 # Rundate: Mon 11 Apr 2022 22:25:17

9 # Commandline: garnier

10 # [-sequence] xlrhodop mRNA.fasta

11 # Report_format: tagseq

12 # Report_file: xelrhodop.garnier

13 HHEHEHEHEHEEEE AR

14

15 #=======================================

16 #

17 # Sequence: XELRHODOP from: 1 to: 1684

18 # HitCount: 256

19 #

20 # DCH = 0, DCS =0

21 #

22 # Please cite:

23 # Garnier, Osguthorpe and Robson (1978) J. Mol. Biol. 120:97-120
24 #

25 #

26 #=======================================

27

28 10 .20 .30 .40 . 50
29 ggtagaacagcttcagttgggatcacaggcttctagggatcctttgggea
30 helix H
31 sheet Bl slslle G EIEE EREE
32 turns T ITTT ITTTTT ITTTT TTTITI ITTT
33 coil CCCC C CcC
34 60 . 70 . 80 . 90 . 100
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35 aaaaagaaacacagaaggcattctttctatacaagaaaggactttataga
36 helix HHHHHHHHHHHHHH HHHHHHHHH

37 sheet E E EEEEE

38 turns I'TTTTT TTTTTTT TTT TTTT

39 coil

40 . 110 . 120 . 130 . 140 . 150

41 gctgctaccatgaacggaacagaaggtccaaatttttatgtccccatgtce
42 helix H

43 sheet FEEE il EEEEHEE

44 turns TTTTT TTTTTTTT ITTTTI I'TTTTTTTTTTTTTTT

45 coil

46

4.4.3.3  tmap Fi PN X I

pepinfo [JZHRE/RTE x1rhodop.pep HFAE T AN FEHUK I Ik, XLk AN o2
PEIEIKIIE? al ] EMBOSS #2)7 tmap SRAGHR XM AT HE

$ tmap xlrhodop.pep

Predict and plot transmembrane segments in protein sequences
Graph type [png]l:

Output report [xlrhodop.tmap]:

Ot = W N =

Created tmap.l1l.png

Bt tmap i 730 x1rhodop. tmap , ETTIINAY 7 AR HE Y 5 B DRI ) 7 1407
MMEEFS . 45GHIE pepinfo ML, ATDAMEIITEX N E B Rl BESA 7 s IR
JEXK . XG5 B SHIRMIE, 1Eh—Fh GPCR, ARMTIEMEL TS 7 RIS AF
HEEH.

4.4.4 LA E ERO Bk PR

pepstat %%if 20 ﬁ#éi%%ﬁﬁﬂjﬂﬂégiﬁggo
wordcount ML B E A A1 A H BB
antigenic A PTG P E 7

fuzzpro A F-JKJFHIBLIAK

4.5 B HrHIZ eI LERE

X—FRE I AR BLAST 5 FASTA #RNA, ROFENTH AR EMBOSS f—&kr,
AT N R M St X AR Ss . AR, Kl PRI F O AR W (R R R A Y A
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Trmap
O C T -
<+ L _
|
I:!' |
NI P f
I' Z h h i :I:‘ I|
N 4 | ! o,
I * o LN
LI o o R
I W [ L
i 1 [ !
& oo Y
1 v f \ -
w0 | -
ja]
o
- = 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 —
-]
Q 100 200 300

Fesidue number

[ 4.8: Fiiil] x1rhodop.pep JFAIIHYES X I

i AE— TP EIEE R R PSR, A5 bR BRI 25 T 51 ) -

o e RAE B RS RA R AP SR E R, PARIAR

TRRE?

o WEREA, ABAMPACRIE B PS5 R FNE B 5 P51 fcr L

WERFAT AT AR E 5 C RN E R 5k 2, 50T DASHE W R 28 1 o O S8 28 1
AILFER L, tn] AYE e E SUA i & 0 e (HARIEE S td RN, SO%/E 4
Iple? QPRI E R, AT A E RS S A ML TIRE. SR, A B
Sho —AZINBITRE R, 5 -FUSERREA 50% MFES—HtS 70% mESIHI
P “HEAAERMITE, BHAEEEARE: HEEE PR SRR ETE SIS ER
AR s X T 2L & B AR R B R R R IR S B T 4 G R P ATAE T R Z HOR il
B, ATATTT S T AR A AR LI Rk o

R P A ARE A RE S NP EHR ARG R R, BB AT AR
EMBOSS Hiy 8 2 R, e AR AT SRS HE -

4.5.1 BHAPLAC

eI OLN, BRI AL AT DRIE— L8R E Y 48807 B0 BN (FF— /DB,
HEMTER-—RIEREE PAAE) gilBl. flin, EREF GXGXXG, fLRE—1 GTP
GiE iR FE— P4 E AT Rl B IL R
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4.5.1.1 patmatmotifsPbfrRi %S

EMBOSS )7 patmatmotifs i i} —Fpii=Ci8 T 53k, 4 EME Q7o h &Rk E
PROSITE ##fi/% (1 Geneva K2£f#) Dr. Amos Bairoch #4#) g X AFHRELT

PROSITE & —/MNEHAZRBEMEEIRA LI E, ERTXFE—-FEE: EORAREZHE
B, AR E T HIP IS 0 B A BRI KR T . B T4 S0 R T sl 8 T 25 44 30
8 HA AR BE I LR B LR A2 .

FE G N prosite.dat Ml prosite.doc 3CfF (Fakihl), FHEHARH * Figfr
prosextract . {H{NR EMBOSS H3EH CV&%E1, 1T RSl FIAURA 2 1) A 8

$ prosextract
Process the PROSITE motif database for use by patmatmotifs
PROSITE database directory [.]:

$ patmatmotifs xlrhodop.pep -outfile xlrhodop.patmatmotifs

Scan a protein sequence with motifs from the PROSITE database

$ cat xlrhodop.patmatmotifs
S e S e e S e

© 00 N O Ot ks W N

—_
e}

Program: patmatmotifs

Rundate: Sun 10 Apr 2022 15:27:06

[ S—y
N

Commandline: patmatmotifs

—_ =
=~ W

-outfile xlrhodop.patmatmotifs

—_
ot

#
#
#
# [-sequence] xlrhodop.pep
#
# Report_format: dbmotif

#

—_
(@)

Report_file: xlrhodop.patmatmotifs
S s L i

—_ =
o

NN =
=]
H

Sequence: LO7770.1_1 from: 1 to: 354
HitCount: 2

DN
[\

[\)
i~

Full: No

[N}
ot

Prune: Yes
Data_file: /rdl/home/leblc/miniconda3/envs/class/bin/../share/EMBOSS
/data/PROSITE/prosite.lines

DO
w
H OHF OH H O HF H OH

DO
D

27 #
28



https://ftp.expasy.org/databases/prosite/
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30 Length = 17

31 Start = position 123 of sequence
32 End = position 139 of sequence
33

34 Motif = G_PROTEIN_RECEP_F1_1

35

36 TLGGEVALWSLVVLAVERYMVVCKPMA

37 I |

38 123 139

39

40 Length = 17

41 Start = position 290 of sequence
42 End = position 306 of sequence
43

44 Motif = OPSIN

45

46 PVFMTVPAFFAKSSAIYNPVIYIVLNK

47 I I

48 290 306

XA, FATE 23 e RnE 1T ARSI SR LD PI6E . SRR R R BERY & 3 T
U1, patmatmotifs 43 LR IBIFRETE AR KRBT T ] 6

4.5.1.2 KA

Vi EMBOSS BRI #h& e A (it . B4R T ek st kSRR oI T, Jsg
Fm ARSI, TR REMHI 2T PR B ETR SRR, A -rfornat #Y
R

1 $ patmatmotifs xlrhodop.pep -outfile xlrhodop.patmatmotifs -rformat
listfile

2 Scan a protein sequence with motifs from the PROSITE database

3

4 $ cat xlrhodop.patmatmotifs

O HHHHHEH S

6 # Program: patmatmotifs
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7 # Rundate: Sun 10 Apr 2022 15:34:03

8 # Commandline: patmatmotifs

9 # [-sequence] xlrhodop.pep

10 # -outfile xlrhodop.patmatmotifs

11 # -rformat2 listfile

12 # Report_format: listfile

13 # Report_file: xlrhodop.patmatmotifs

14 et S

15

16 #=======================================

17 #

18 # Sequence: fasta::xlrhodop.pep:L07770.1 1 from: 1 to: 354

19 # HitCount: 2

20 #

21 # Full: No

22 # Prune: Yes

23 # Data_file: /rdl/home/leblc/miniconda3/envs/class/bin/../share/EMBOSS
/data/PROSITE/prosite.lines

24 #

25 #=======================================

26

27 fasta::xlrhodop.pep:L07770.1_1[123:139]
28 fasta::xlrhodop.pep:L07770.1_1[290:306]
29

I
I

M T2t TPy 1B S, WM 7 A seqret BHGXILETH . HABR AT S XS
% EMBOSS M 11,

4.5.2 HIAAIREL

PRINTS J&—~& I RETEE A AR e, i —Seae iy . Rl RSy i 7 21 3R
B GEIR . DAIERA AR VEC BT AH R 81 (“H8807) BIF51, LsRsE VL. 4N
ORGSR AR SUH RN IER, 0 SR PERC.

4.5.2.1 pscan EHRERANIEE

i EMBOSS H#2{itf#) pscan F2/F# R PRINTS $¥8 )% .
TEE N8 prints4t_1.dat SO (P ML), FFAEHAFI H 5 T 1217 printsextract


http://ftp.ebi.ac.uk/pub/databases/prints/P41.1/

$%v9% EMBOSS #4+a.

o {HAIR EMBOSS HAEH O %30, ATAES BRI ALRA 21 )L

$ printsextract
Extract data from PRINTS database for use by pscan
PRINTS database file: prints4l_1.dat

$ pscan xlrhodop.pep -outfile xlrhodop.pscan

Minimum number of elements per fingerprint [2]:

Maximum number of elements per fingerprint [20]:

© 00 N O Ot ks W N

—_
=}

$ cat xlrhodop.pscan
CLASS 1

[ S—y
N

Fingerprints with all elements in order

—_ =
=~ W

Fingerprint RHODOPSIN Elements 6
Accession number PRO0579

—_ =
S Ot

Rhodopsin signature
Element 1 Threshold 80% Score 100%
Start position 3 Length 19
Element 2 Threshold 767, Score 94,
Start position 22 Length 17
Element 3 Threshold 53% Score 90%
Start position 85 Length 17
Element 4 Threshold 71% Score 100%
Start position 191 Length 17
Element 5 Threshold 56% Score 97%
Start position 271 Length 19
Element 6 Threshold 81% Score 95%
Start position 319 Length 14

W W N NN DN NN NN NN = ==
_ O © 00 N O Ot e W NNk, O © o3

CLASS 2

w
[\

All elements match but not all in the correct order

(OV]
w

Scan protein sequence(s) with fingerprints from the PRINTS database

ZERRR, XHMPAE TR RRIR, X2 A A .

57
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4.5.3  ZIFH15

ZEE TR AR T A I R o AP EE TR Z2F= T S 30Wr
AR RALE H o0 Al sk R8T 79 5 3G 7 91 25 2 [ i IRl R 5 365 B 3 38 77 31
M) RN =458 AT PCR MSERHIRG | YRS %: oMb,

BIATHIZ P LSRR 2 — 42 clustalw, EMBOSS H—4> clustal #1171, emma clustal
(fAI50 emma ), BB RN HEXT A —21HH 7 51 FR QI 2 P 51 LexT . Bk n] AAE il —
HPRIE, Bos FT AR R R X R .

NG SN a7 WO p 1B B <) i) S o g W RS o6 &2 31112 0 RIAS = 273 S i
KBS AR R B A K, (EAPIR B JE— e

clustal FHR4 it Lxt. HOXF SRR PTA SR BT 51 B s LRI 4, 7244 L
XIFAN R . SR AT PARFIZAE S T — ek R ) e 90 B HooS e 9 e 7 bt . BN J  i)
BT AT AT 2 A B 370 1) JsotsF Bt ) 7 B FR R SE B o e 28 1) LU Xl 1t — R 51 W i 1)
BT HEXT RSN 1Y, 3% 28 35 ORBOR [R] ) P 2 A, B2 I e 90 S e i 4
XPEER . 2R AR AT R LA AR O B, BATTRHE A SR TR 75 B A R A

TR IATZ IR .

4.5.3.1  emma A7 LFHILER
(O /N AT T 7 R T

$ emma

Multiple sequence alignment (ClustalW wrapper)
Input (gapped) sequence(s): 9HUMAN HB.FASTA
(aligned) output sequence set [hbaz_human.aln]:

Dendrogram (tree file) from clustalw output file [hbaz_human.dnd]:

CLUSTAL 2.1 Multiple Sequence Alignments

© 00 N O Ot ks W N~

Sequence type explicitly set to Protein

—_
@)

Sequence format is Pearson
Sequence 1: HBAZ HUMAN 142 aa
Sequence 2: HBM_HUMAN 141 aa

—_ = =
wWw N =

—_
=~

Sequence 9: HBE HUMAN 147 aa

—
Ot

Start of Pairwise alignments

—_
(=

Aligning. ..

—_ =
(O N |

Sequences (1:2) Aligned. Score: 47

—_
Ne)

Sequences (1:3) Aligned. Score: 59
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20

21

22 Sequences (7:8) Aligned. Score: 99
23 Sequences (7:9) Aligned. Score: 80
24 Sequences (8:9) Aligned. Score: 79
25 Guide tree file created: [00013467C]
26

27 There are 8 groups

28 Start of Multiple Alignment

29

30 Aligning...

31 Group 1: Sequences: 2 Score:2044
32 Group 2: Sequences: 3 Score:1205
33

34 Group 8: Sequences: 9 Score:903
35 Alignment Score 16402

36

37 GCG-Alignment file created [00013467B]

AWiEFR— T LA fasta MU R Y LRI 4S

1 >HBA_HUMAN

2 -MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF——---- DLSHGS
3 AQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAH
4 LPAEFTPAVHASLDKFLASVSTVLTSKYR

5 >HBAT_HUMAN

6 -MALSAEDRALVRALWKKLGSNVGVYTTEALERTFLAFPATKTYFSHL------ DLSPGS
7 SQVRAHGQKVADALSLAVERLDDLPHALSALSHLHACQLRVDPASFQLLGHCLLVTLARH
8 YPGDFSPALQASLDKFLSHVISALVSEYR

9

10 >HBE_HUMAN

11 MVHFTAEEKAAVTSLWSKMN--VEEAGGEALGRLLVVYPWTQRFFDSFGNLSSPSAILGN
12 PKVKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHVDPENFKLLGNVMVIILATH
13 FGKEFTPEVQAAWQKLVSAVAIALAHKYH

emma ;&R LR, BT BRI A 4055 2 W — K
emma [WE5RIFAKE LB LR, PEH prettyplot SREIFHLE/REER

4.5.3.2 prettyplot K Z)FH LR
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$ prettyplot hbaz_human.aln
Draw a sequence alignment with pretty formatting

Graph type [png]:

=W NN =

Created prettyplot.l.png

Pretty plot of hbaz-human.aln

Men 11 Apr 2022 21:G8:20

HEA:HUMAN C ENOAEATH FPHF— 47
HEAT-HUMAN AL S TEALH W FISHL—— 47
HEAZ-HUMAN SICTK LLETETHE ¥ FPHE—— 47
HEM-HUMAN — ——MLSlap FIRAEILLOR ¥ FIEHL—— 46
HEE-HUMAN CTPE EMEGEALGR FESEG 48
HED-HUMAN LTIE CGEALGR FESFG 48
HEGT-HUMAN S s ;_G? FOSFG 48
HEGZ-HUMAN E CGETCGR FOSFG 48
HEE-HUMAN E EnSEEALGR FOSEG 48
HEA:HUMAN GK T] H CARHRTOR a3
HEAT-HUMAN G M= LCD CHa o R 43
HEAZ-HUMAN e 8V G0A VST DD CHa Y TR 43
HEM-HLMAN e GlAJ: B CHa LR 82
HEE-HUMAN GKK ng HLD CHCDKL 4B
HED-HUMAN GK a|FSIoE AH LD CHEDKLH 93
HEGT-HUMAN GK DA [RHLOD CHEDKLH 48
HEGZ-HUMAN GK LGOA [KHLDD CHEDKLH 48
HEE-HUMAN GK EFGDA | KD [HEDKLH 48
HEA:HUMAN MR COSFCCTVTC IF RYR 142
HEAT-HUMAN  WDPAS FOLLGHECOVTIC R 1432
HEAZ-HUMAN VD N_K__[SI CLwTIC 3} R 1432
HEM-HUMAN  VDPANFEICLLQCERY VL 3 5 147
HEE-HUMAN DPEMFRELLGNV VOV L E 147
HED-HUMAN DPEMFRELLGNY CVCW L E ¥H 147
HEGT-HUMAN WDPENFKLCLGHY Ly L E ¥H 147
HEGZ-HUMAN WDPENFKLCLGHY CVTVL E ¥H 147
HEE-HUMAN DPEMFKLLGNY L E KvH 147

—plurality 4.5 —collision —box —noboxcal —colbyconsensus

K 4.9: 9 M ANIMLLEFZ FF Xt . —BURBAR ML RN, MRRRE S 0RR.

4.5.3.3 HAbZ)FHI LA
edialign R4/ X REBEERT RS 5 ¥E, 6 G F40EA R A IR R X, .

1 $ edialign 12HUMAN CEA.FASTA 12HUMAN_CEA.EDIA 12HUMAN_CEA.ALN

2 Local multiple alignment of sequences

4.5.4 %5

i (Profile analysis) J@&—FhRAL 741 B HEE S5 FATI DI BESR KA SR, A b2 —Fb
AT A M A 5 5 51 14 P 51 BU AT ¥

XA LR SRVRRET 515 AR U S G AT SR AR EE X, [ IR o R R 22 42K
LLEE 1 i S B R A X 4

JE TR “HE" BT I E ST — R AR Z Fp o Lxt, ARG 2 5 91 LR
HH B4R L2 A R O B S AT BB (EL N 2 (2 30 (AU A
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IXAFAETR AW (Profile) . T —ANiE, Fri 75 BAH U BEIE DAX AR i g - il
M) Smith-Waterman 5835 R85 81 7 51 FIFEAE R ISR T LA
4.5.4.1 prophecy M % LEXfp G %

EMBOSS ##J% prophecy H] PAM —Z & X4 —11%, T PA hbaz_human.aln
YERBER B

$ prophecy hbaz human.aln
Create frequency matrix or profile from a multiple alignment
Profile type
F : Frequency
G : Gribskov
H : Henikoff
Select type [F]l: g

Scoring matrix [Epprofile]:

© 00 N O Ot ks W N

Enter a name for the profile [mymatrix]: HB_sequences

—_
e}

Gap opening penalty [3.0]:

—_
—_

Gap extension penalty [0.3]:

—
[\)

Output file [hbaz_human.prophecy]:

4.5.4.2 prophet JEJ-iEiEfTLEX}

FTAA] prophet , #:T prophecy A4S, K HBA_MOUSE.FASTA x| A JFRAY ML &
F2H.

$ prophet HBA_MOUSE.FASTA

Scan one or more sequences with a Gribskov or Henikoff profile
Profile or weight matrix file: hbaz_human.prophecy

Gap opening coefficient [1.0]:

Gap extension coefficient [1.0]:

Output alignment [hba_mouse.prophet]:

$ cat hba_mouse.prophet
HHHHHHHHFHH SR HH R HH SRS H SR RS R R H SR H

© o0 N O Ot s W N

—_
S

# Program: prophet
# Rundate: Sun 10 Apr 2022 16:59:34

[ G —y
N

# Commandline: prophet
# [-sequence] HBA_MOUSE.FASTA

—_ =
= W

# -infile hbaz_human.prophecy



$%v9% EMBOSS #4+a.

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37

38
39

40
41

42
43

44
45

46
47

# Align format: simple

# Report_file: hba_mouse.prophet
B T L e L IR Lt e P e PR

Matrix:

Length:
Identity:

Gaps:

Score:

H OHF OHF O H OHF OH O H OH OH O HF O H H O H

HB_sequences

50

HBA_MOUSE
47

HB_sequences
100

HBA_MOUSE
93

HB_sequences

149

HBA_MOUSE
142

149

Similarity:

Aligned_sequences: 2
1: HB_sequences

2: HBA_MOUSE
EBLOSUM62

71/149 (47.7%)
92/149 (61.7%)

7/149 ( 4.7%)

1340.43

1 MMHLTAEEKAAVTALWGKVNAHVDEAGGEALGRLLVVYPWTQRFFDSFGN

1 MV-LSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHF--

51 LSSPDAIMGNPKVKAHGKKVLTALGDAVKHLDDLKGAFSQLSELHCDKLH

48 ----DVSHGSAQVKGHGKKVADALASAAGHLDDLPGALSALSDLHAHKLR

101 VDPENFKLLGNVLVVVLAAHFGKEFTPEVQAAWQKFVAGVASALASKYH

R B 0 R S S O I S e I [ B [ B I IO B
94 VDPVNFKLLSHCLLVTLASHHPADFTPAVHASLDKFLASVSTVLTSKYR
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| 8% HBA MOUSE 5 9HBA HUMAN #4 3R 55— 8k, « RFRESTIIE e,
—ANGRIG T ) () FERT AT R S 0 454 i 2 Rk e A FH A DR DX

L EPEN

[1] Rice, P., Longden, I., & Bleasby, A. (2000). EMBOSS: the European Molecular Biology
Open Software Suite. Trends in genetics : TIG, 16(6), 276-277.

[2] EMBOSS Tutorial(Online)

3] #5191, (2021) EMBOSS 5PE0 5 HTET I FISC0. 4015 8% (01),1-25.

(4] % #57997.(2021).EMBOSS Fil EMBnet. % 4515 8.2 (04),223-231.


http://emboss.sourceforge.net/docs/emboss_tutorial/emboss_tutorial.html

5 hii BLAST JBEY 0k

BLAST & ZEA /B b X 8 2 T A (Basic Local Alignment Search Tool) (455 , /& Smith-
Waterman B¥ER 5 & ML

BLAST () BAn @ PGP o e, B A AR . HHE RSO0 R SR S = 1) e
X, T R AR R Y B o R i B 8 (Maximal Segment Pair Score, MSP Score),
MSP WFrE 2 BB} (High-score Segment Pair, HSP).,

KREG N AL AW IR SCHR, &40 BLAST Jr3 = Gevt; g FE2 58 B
Bil5, Ui BLAST Wyja &M sas fear 24T T dT T BLAST ¥ . A=
B2 =5 P R EA T

X—TERNE, RSP EMEZREheE, HIET AR 3 Lt

BLAST #9326 805 57 Ae W, LM A2 R0t, ER g Em S A g1Ema. 7
R—ie AW B AR RIZ, TR ERT, SRAAFL: TG T L AR,
B R AR PR AT A TR {2, RIS, KB AT, o FARL, &
KA BRI, R LARESF LA [10], mAFX Doyl £428,

5.1 BLAST: 1990 4

1990 4, David J. Lipman Z£7E Journal of Molecular Biology VA Basic Local Alignment
Search Tool Jj Ik K3 BLAST, &t T —Ffii | L7 M R, & BLAST
FA) B SRR

5.1.1 Jk A5k

5B =B TR i F A X 57 (Needleman-Wunsch 5 Smith-Waterman 83¥E) (7] &%
F—HE=WINe ), HIEA L BRAERIE S, TS TR O T B M A B A
HEXT o

BATT R EAS BAR R f/ IME PN L 91 2 TR R e AR 55, BB e AL 7 91 2 R 1)
PRI X SRR B AE T IR RIME . BT B S5 SR AE 4 2 13T 0 B~ —E 2
A -

SR, PUATRERTHESORRR T, X TR KA R &2 A AT THY .

Je R A F (Heuristic Algorithms) 2 AR T HALABEIETT 1, BRI L H w25,
TERT 2 4 T 45 AR B R v A TR, % TAT P AR —E . SULE R —Fh S

64



% %% BLAST &35 L5 65

R kA, R R C 28 2 B Xnym/ N A, ks 75k
BT
R R & B R L3S FASTP: %05 YA SCARIE I AN 7 91 2 18] i — S0tk 5 4>
(identities) 4R H RFBFHRMERI GX—Ed AR AHE TES T, — ki 2R g e pH A,
PRISCANTE SRR ), 1 PR i S8 DRI ATM Y (similarities) FEATINY CRIEST A o

BAR, EFINEM B M E R RN B, BRI s, R
Pt

5.1.2 KN Bt (MSP) ik

FeABE R AR R — o2 W R e vk (MR )m k), X EA Ry r B -
cDNA J7| H & 5 EF A JRFICEE, 4% rE H B S SAERRR O S L (FIAnEHEALR)
A IRy B AR AT -

AR ) B il B — TS AP A 4, BLAST @A f6i4h. {H HMMER. fik
ZROHRAG S, IO B R B AR

SRR ES), JE LG SCH P A2 PAM-120 JERE, SchafipfErb, JERE] DA ik
.

FE IR — Lo

« JPI B (sequence segment) §— Bt KE R RS HFREE

o TANSERIT I B LU B0 R — A LU R AR U T 2 B9 A . (5T 49 el o P4
iE )

o IRV BOM (MSP ) 52 A7 41 3t I RE S5 BE 1 Bowt v 4 fe e %« MSP
A SR A B s, i MSP Al ARAE K.

o S P B A B R R L AR UL R e H A T 4
B, FRM1E B MR Ry BEXE (local maximal segment pair) o

BLAST w[UR AT 1350 55 T — cutoff Fif7 i MSP.

MSP score HTT5 W] DA S AN VAR LR Ve Rl N iR ok, 5 MSP B9 B UIE L.
MSP ERMIHZ—2, T8 BLAST &R, CACERME TEGER YT IR T
MSP Score Fiit @E AN %, B iizs s . MSP BRI A Z 2, X TEMT 4%
WEERIE T

5.1.3 MSP Score yPesdifliit

TE— R P PR R — AP I R IR, SR ER e AR, BASKRZ (1
WHECEBL T ). M Y4EE—4 MSP Score [ cutoff, S, iXFEERUEREIH) HIRPA 52
WP AR Tl SHE

[ EENE o) 2271 I ST g T N Vo B VN 562 2R (S RE DS 22 R I 5 o O =
IR SEWFIA — LAl EY 2 BRI R AR, REHA—E 2R



% %% BLAST &35 L5 66

T IHEE A 2R R, BLAST (1 3 BRI 2 e — [l B 3RI% (word pair)
Ew, RS KT EME (threshold) T WK R w WIRX}, FEIKFHK hit. KI5, T
B hit mHEAYRE, REHLERBET A Score > S B

AR, Tk, —4 Score > S W BATEE A W RET & — A Score > T Wyia&t. irY
L, A T RE R ENEAE I FIET S o E 2 R 3En4R 2 hit £, I8 BEIE R
ATHFIE] . T WA 2% X 7 T ) T4

5.1.4 BLAST (11

1000 4F-% it BLAST, LA St
o RIS, AR

o BRI  REN O T A hits

o YRR hits, FEVBATIT cutoff MRS H BOM
OSBRI DNA RIZE TP SR A LR, R e

5.1.4.1 ET1WUTE4 BLAST Step 1: Zg%tin) &

— AP AT AR5 I w X AR 20, I E G Q. (FEE BT I w —
FCHL 3) MR 20 FhE BRI AL A HED] , R 54 A 1Y w-mer (mer {975 X4 monomerie
unit, HRETT, w-mer RFRFHIH w ANHKRARNK ), ICXNMESH A.

HATE, WANZIESIRE PR A Pryprain. Ktk BLAST Bk e mys— 4T
SYFERE (4 PAM-120), M A dikh, GBS Q R —MRHGEXT, H Bz x5
=TT AW, BAES H.

H yi@mmiidk, F—2RTEHR H P8R ER, XRKKED TIiHER.
PAF H WidHe, faEEkniith, alATEL MRS A A 4 5 RS2 8. X B P i)t -
1L REATHR, —AQ Fa4id q, £ A VRA GG ? A Theay, AARFFH ¢ &
FLREET AT, ¢ 5AFHE, AREHS. 128, ToRERITH4ERE, Rk
WYFEMEILER ST IR, 04T ¢ — ¢ 09T AT UK T BE T, ARST R IR A S0 % L agHE L.
2. wAe T BiZ4efTahE 2 a9 BE R 4918 Q BEMTENK = £i9/7 7 A H x50

5.1.4.2 ZEUES] BLAST Step 2: %%

) A BB AE— P R B — N i B, X AR

Tr— Bk w =4, FAPEREAFBEE]—A [1,201] B, — MR g —
AN 201 = 160000 FHRERAR TR, X MRERANSANTTEAZ M. BWE
i NICER PAECE AP A e 1 A B TR O SR . R, BdE PR 0 RN TEI R
FEIXT I hits, (RO EZIXFEIEMR, B2 EH)

HET HHAER IR Bl (deterministic finite automaton), 4552k, K2R
53] 500,000 B /TP, WAL MBEERITEIIE, B, AX481EES% E IR, BRCE,
& . (2018). AR A #hMFZit. HTRH KA. .
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5.1.4.3 EWM)FE4 BLAST Step 3: Hits 1fEfi

Hits SE{HAY H AR 4R MSP . FSEMUEXURR, (H4 7 20miE], 25— 7 1] it fi
FECEAD BRI B — KRR LAS , AR 20k AR YRR MSP A
PR, LIS S A )G 8 TR i I o S

5.1.4.4 DNA )5 BLAST %55k 2 At

DNA ¥4 BLAST 1 w Al DARARAE R, — Mgl 12,

DNA A %a e n] DAKE 4 MEHIRIESEUE 1 A byte Hr, DA byte Sy AR Bk 4 vl
PABRE 4 £, BLASHEE S 2,000,000 Bt/ Fh. DNA JF52 5 BRI, A )y 2 s
AR BT B O (R ), PR A 2R T 3% TR 3R

TEAR A A0 A1) Py S R P I, R e 2 0 HE A7 IR 28 H B BOR O Ty ],
AP )2 P PR R 2] . PRI B AR R, B S R A EE PR TR, A
I 7 5 B L B R TS, 2 SRR D] S IR 1 5k 237 B 3] o

5.1.5 fiijx BLAST (18
5.1.5.1 BLAST {EBENLTH_ L #80

MSP Score GEiH REMEH NS S HHE: K M Ao MPNKEESHH m Flon 1Y
FPAIE RS, 8 — R TR T S 1 BO OS2

1—e (5.1)

Hr y = Kmne ™
W2, B c DEFEZAELR B, BN BEFRTESET S iR

c—1

1—e?y % (5.2)

1=0

HHARX (5.2), ELE2A0 BRSPS gk o, AR — A X
PTG AL (5.1) BIBRIE.

RUSTE A GRS, 58— p — value < 0.001 ff) MSP 2RFE M. SR H—%
JPAE R — ML E 10000 575 BAE FERE, AUOUZFEPLHL, BiafA 10 W2 457Fr) MSP
Pk E . EHAK (5.1), FTRARFEIERER MSP Score i /£ 2RI 45 5K A HIA H IR 45 R X
57t

BLAST SEYAMAHEE S IR 5 — DK w 1, T KT T B9iEx i i Bokt
BBLGRBENGE , 3BT — A e AR 7 BV AL S ik AR i e oy e il i A B e 45
—AME R S MR BOAE S — AT K TET T Wi (el @), ¢ Wn] AR
& BLAST Zmg%—A~ X IEr) MSP .

— PR, g NAZFEBHHO T MSP Score. MSP 0 7 B BT #8423 — 4>
limiting distribution (BE4570), WM MSP KEESHAT gt R . Bk, —4> MSP



% %% BLAST &35 L5 68

B, BT EE T T T agiEXt; Bl MSP Score S [, ¢ (AEEHIRER)
BRI, BSLIR A R SRR R R R

5.1.5.2 &R MBIESE

i B HTA ik ) BLAST =ANPR, 25 = Frfsnyist(a] 5 hits ZeAMbig i, i hits 2%
FIEMMT w AT

BRI SNBSS, HAb AR, K2 hits BH 5 w G, 2t EHE
e X w B, BRI RMRG K TEAE MSP ffE Bt , X554y BLAST 7E5
“HH R B2, w KRR, —Jrm, Fraienyiag 20 4, R2 R,
HR, AN RIGIE, P RN S AR RO . SRR — AR S ], [F]I
WIMNAFTR . SRR, ST EOAFPIHEER, ik 4.

B{E T Bfik, BLAST 43Hi#y MSP Score fliiT#BfERf, (E[R] N &3 MBEIAR AT IR ] .
HAbid, SEA “RidR” BNIAIR T, SEGR IR N, KB hits B, S
S = A PR W ) ORI N o BIE 8 A7 A R ABUE A T I T A ASUA

RS EYA /0T, BLAST MBI A 52 2 i K 22

cNW
20w
Horp, W R iaReiagt, N @BAERENIUN (CAEREEEOTE), a,b, c 2.
A TR TR R, S AR TR, SR =R T hits BEEME AR W
b T WM FR G, FEE ) P o BER 3G i £t 34 .
SR, T ERABRTAHES, BB 17 (X2EMIUTS) ESE) , #E—
A BRATR BB S 4R Rl PR AT S ) o
BLAST FERf[RIFAERABE EAR AU, I 5.1,

aW 4 bN +

5.1.5.3 BLAST {ERJRFES] iy

TERFES AL AT . Y2y 9080 PEAR R A 45 2R n] BE L T Ay 4 B IR . LA
e, RATEFS LR B A S AT G iatad AR it it o

IR RE A B (4 -

o —MRAWKEFAZI T — DR R,

o RASHEATAN DX & A AR A 2R S Y

o PIPRAA SRR KA

M, RGN, FAERAHS . BLAST 7EESCEIR LR RS T B,
HAB T Z Rk, Bl FASTP, A Rpy s, HER— M EeEg.

5.2 BLAST: 1997 4

1997 4%, [A]—HIBA (Stephen F. Altschul /EAliR/ER) &3 T4 M BLAST, SCEDA
Gapped BLAST and PSI-BLAST: a new generation of protein database search programs “Ajji
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Table 2
The central processing unit time required to execute
BLAST as a function of the approximate probability
q of missing an MSP with score S

9 (%) CPU time (s)
2 39 25 17 12
b 25 17 12 9

10 17 12 90 7

20 12 9 1 5

S8 44 55 70 90

p-value 1-0 08 001 10~

Times are for searching the PIR database (Release 23-0) witha
random query sequence of length 250 using a SUN4-2580. CPU,
central processing unit.

4 5.1: BLAST IR RIEREERANAET . ¢ AR T Z3E4T20 0 S 1 MSP (R, p-value fUF
TREERMGET BEE, S KT hits FEMUSHY cutoff. Jy TRATRERID MSP BEK, Wb
FHETTSRINTRI A ACHT . FELRTER ¢ 8, cutoff S WAHME, SRS VLT, FEPRITE]
b,

KFAE Nucleic Acids Research, %} BLAST {EH T EZ#, I % T PSI-BLAST.,

5.2.1 Wikdanik

R TR, ST AR hits AOARIE.

MHETE 2 MR —ASE AT AR T o, IEEf . X BRI AE T K aE I
BRLRFTA]

B = (PR Ay, "two-hit” method) J&: QISR 410 BN E Sl K AR 3
Mg, HREIBE/ANT A, MR, BAR, XFAEOR/D TR ZEAP hits B9ECH , 2 TR
)5 AFLR] I 18 B T R R

H T AMEX R IR, BN T H, PATRIS 2R hits.

5.2.2 {4k aE

F—H BLAST HABAAMS ARG S, HItS R —HBrrsh B, eNanslS
I FIIERT, AAREBRAER (BREERGHZEREFN).

AL AR AR A~ HSP By B oA Sy, WIAEH R AT — AV Fa Ry,
SRR Sy AR A BFI P — Ry 22, PARIER L% e 50 &7
PIA S JEB—UHEA, BE R 721 s A SR 2%

IR 23 AL AR R, (B PRIE R E R 2 R AL, X 55— BLAST —
FEo XAHHOMRFESE], (HE M TREEHFIME FAZ, Hith ] A .

LML, XA BB X R
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5.2.3 SRS E

XS AR 1997 4F SRk AR 1, fE BLAST BB @ i, 255000 B 2 M m e
GERT

5.2.3.1 H—bsM 5k S

s —h BLAST By, sy VBN HOX o —ANREXTTT 20, X AT 20 e B A e
5E o
RGPS, B — MR E PP B i @R A (L E R PLH B, —
N EEREMRAAT AL EAL B I RET AR, & Pro ZORPIAFEYLRR S BEA T LR Y B3 e TAH
&l

> PPisij <0
2
250 Py iy, HEIS A DA DS E N K #FiR A, F54 X454 (nominal score) S
Ry —4k454) (normalized score)(S’).

AS —In K e
/_—: -
5= In2 10g2<K)

XA, TR RGeS — IR T, S RICA ALY, S BYERALA bit.

FEIC: X HLR bit B s AR B & A TS ARG AL bit, ENISCA BE R,
E i T ENTEAE T B AR ORI 75 SRR, SOy A . fFRIRTHZE, KFFPA
ARSI BRI FFh 4340 (Score) PRDABALE nat, TAPRELA 2 SRR X R R B 43 B30 DA BAA37
bit, XHE s TRRIRECH 2, HILRAN bit, B2 NA R BRS04k (1], [12],

5.2.3.2 E fii

RPN m, n BFAIEATIEXE (0 m > n 28RN, EX—4
HSP ) E H:
mn

E:F

E W SOE, BEDLIREEY, H—ef K %1 S M, ART 245 HSP (¥, HSP 4
By O

MR —DEARER, n AEIRER KN (PUREFOTR) .

FAREDER: S = logy(™2), FEILF AT N TR EN E H, —NEkfiy HSP
T2 ENE

DUFEE LI AAER [EZS B BLAST 58k %ar, HR2S8 A fl K FH{ERHE. %45
[¥) BLAST XfNZH0Ch A\ Ky ZEASHUY BLAST XS HCH A K,
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5.2.3.3 P {ii
PARAE AR, P {EE SUNTESEERENLA RN, —AN R0 X5 A /N 24 mifs

ARHORREE , SE L, FR ARG 2 TG LR A L B (9 3 TR S — o AR
WA RN, P Y5 E MR

E? E3  E°
P=l—e¢et=—p_—_ 4+ _ 2 ...
¢ 5t T T
HRBEIR: o =30 o
B — (—E)"
P—l_Z; n!
E? FE3 FA
—1-(1-B+= = += _
( T 6 T )
E?2 FE3 FA
— - 4= _
2 6 T

R, AW P 5 E A TR BRI HAR R R P = 0.05 i, B = 0.051293,

5.2.4 #%{¢ BLAST

H7al Profile MR VA RHZMARMN TR, WdE— NP Profile F4EA, THETE
— MR E P RN, RPN, HEW &M, R,

L E R M5 BLAST (Position-Specific Tterated BLAST) %0 JEAEZ K56 @ 38463
1) PR LU AR K, AR I — MO E R T T 45 R, SRR 35 4 + 1 ey &R
e, DAL BLAST F i) PAM 5 BLOSUM 254 4.

PSI-BLAST 5% ["JRY 378 F AL, BOARE R, SR HPREFR 2y R SRR

5.3 VLB Bl 1R PR 5 A P

HIPTRER, BN HR . S28 AT AR A BB R 4G SO, (R AR ) 3L B
], FREHEFEM LR BF i) . AT R, AR BLAST RiER.

BRI B R AT, HARBRA AL, WS, 2
WA PR BE SR IE B T, XA SRR G B ZR B S . B AT R B
JE TR B

BLAST R385 &M AR BIAE seed-and-extend (1 & Ff 1~ FI-ZE i) SFmg .

BLAST 9 i) @5 s _b @ — N JRiB Hux )8, 2% FEn ™ i 15 B 451 -

1 Query Sequence (& F7%) :
2 GACAGC



% %% BLAST &35 L5 72

Database Sequence( H #F#(#E %) :
ACGGATTCCATAT

Scoring Scheme (3] 4K # ) :
Match:1

4
5
6
7
8
9 Mismatch:-1

10 Gap Insertion:-1

URFA IO =T A Smith-Waterman 53k, S56 EIbFT /050, 15 BRI
i [, KR A2 A 5.2 BIZER.
ordi (2 73) B Rl XA -

GA
GA

CA
CA

AC-G
ACAG

© 0 N O Ot s W N

—_
S

ACGG
ACAG

—_
—_

XFRV IR 5.2 Hif) 4 F521 4k

LR BUS S U RER LT, (HANSE == frifiny, HE R AR —korny, Y (FdkE
FERKE x Zf K ) BUEE . Smith-Waterman 32558 TR Hf 4 MG HE 1732, BLAST
MG ETFAR I o B2 3X B aifer {5 ) BLAST > 5485 EB HL XTI ?

BLAST Fri 208K (8 NGS texf THWH) f2idi# 5] (Indexation).,

I, WERAVREEN—AFLF RIS (K 5.3(a)) Has A B, AR AT BER I .
SR A ) B N AR E RS (B 5.3(b)),  HARBY RN N A TCIEHE B i i N2 id
TARFFPRE A .

HAARARSRAG Vi B — 05| (8 5.3(c)), IRXIFEMNaRRRE 7. R
PR BRFHES Y, HLARE TR B H I DA

PFEI F] BLAST, 52 b, BLAST W@fedrfil, AT 2 ARMEBdRE,
TR0 b-mer ANy “HAIR]”, k2 “FFHL7 drigiadc, X B 3. A 2 B,
A RFANHRAERT |, FrOARE 200 T A Binn) A B3R, A T BRI EmM R .

TR R A s R AR R4 ACGGATTCCATAT |, IRAE AR i g 3-mer, 4%t
EGIE




$EF BLAST Ri25 %%

o o » O r» O

2 —— 1
0 1 1 1
0 0 0 2

0 0 0

1 (1] 1]
AN

0 2 — 1

NG

0 1 1
AR

0 1 1]

2 m— 1 0

|

1 1 1]

&l 5.2: FRUERY Smith-Waterman JE3 X455, £0 64 M3 H 1T B R0 L X .

Al \ .
TR
AT _—

ot - HmE !::I.-:

NAEE

oo |sanRsuan

(a)

==
A+ anel L) — TALEH) - £868)
NREN; AKEX); humenistln, ABENH);
. 16E; NUESE)

bs >l|
Py
@ St joined e bard
100 A RIRe
o] adj BEEH:
Whﬂm
stk //a corsejoke B

in 1989. X EME

wn
‘skin very much. A3 T
CEL]

exactly

. and how to blackmail us. ANERAHRTRELEL
Z‘:;mun:zm#. immﬁ&ﬁ?ﬁlﬁ#-’!—iﬂnkﬂ.
HueprATHEE R, RARANEIAT SF AN
[d3astrfrkerfn] ;ﬂﬁ&iﬁ.ﬁ; #Ha~

£ justify(v. RS- RIEHET)
=Tam=% justification to investigate the issuc. BREERHES
gaxAEntF.
Frikwansiln. R, R34, A% EHEE
(@ The frequency of mining accidents lusnudllydaﬂuled. over the
past 20 years. FRE GRS ELEH20 S eEHERT.
Favth:] “-?Eﬁli_‘ﬁfﬁi?ﬁﬂ?ﬁﬁﬁﬁﬁﬁfu et
ik HEHAWKRIGE
BBAT: ou( )+ law{ 32) > BHERTE - B BHE
@ The outlaw bas been cavght. EFEHHAKT o

reniam] n. 8 o —“—"V"_;
@ Uranium is a radioactive element. s RAE
[oithandl n Bk, #E

@ Lily wil leam shorthand next week. #17 F P&
ST i SiSE Ok Fdisios] » e 1630 s
B BBiRtz: dis( RFF ) + cour( FF cur, #)Fse > SR
- i

B discourse on/upon #3#, €E

(b)

FEETS

abandon /147
abbreviation /3
abide /5
abnormal /32
abolish /178
abort /13
abortion /126
abreast /15
abrupt /326
absence /337
absorb /313
abstract /9
absurd /288
abundance /61
abundant /255
abuse /68
academic /255

achievement /300 affix /49
acid /303 afflict /192
acknowledge /121 afford /4
acquaint /329 affoat /52
acquaintance /153 aftermath /63
acquire /280 agent /227
activate /79 aggravate /79
acupuncture /30 aggregate /155
acute /10 aggressive /55
adapt /66 agitate /64
addict /337 agony /110
addition /275 agrecable /34
additional /86 aid /26
adequate /103 aide /72
adhere /267 ail /75
adjacent /108 airbome /85
adjoin /228 sivcondioning /289
adjust /67 aisle /281
administration /69 akin /86
admit /164 alarm /152
adolescent /209 album /333
adopt /283 alcohol /114
adore /248 ale /95
advantage /299 alert /113
advent /38 alien /124
adversary /39 align /97
adverse /130 allege /133
advocate /203 allergic /107
aerial /215 alleviate /44
aesthetic /102 alliance /314
affection /69 allocate /146
affiliate /65 allot /119
affirm /264 allowance /27

& 5.3: —ARATRYELAARRC A, B, AT, &Gl

(c)

alloy /125
allude /122
allure /131
almighty /134
aloft /141

alter /137
alternate /307
altenative /98
amass /144
ambiguous /199

ambitious /109
amend /120
amiable /154
‘ammunition / 147
amplify /118
analogue /156
analogy /123
analyze /55
ancestor /310
ancient /280
anecdote /165
anguish /166
animate /169
annex /174
annoy /80
annual /193
anonymous /176
antagonism /175
antenna /185
antibiotic /186
anticipate /189
antonym /197



% %% BLAST &35 L5 74

1 Database Sequence( H f7%(4 %) :
2 ACGGATTCCATAT

3

4 Fp3-mer, FHAFREMNNAE (HF) , EAHL1LA:
5 ACG............. 1

6 CGG............ 2

7 GGA........... 3

8 GAT.......... 4

9 ATT......... 5

10 TTC........ 6

11 TCC....... 7

12 CCA...... 8

13 CAT..... 9

14 ATA....10

15 TAT...11

FATERF AW FFIIRI3H 3-mer:

1 Query Sequence(# /7 7%|) :

2 GACAGC

3

4 #ia3-mer, FHRAMNEE (HF) , FALLA:
9 GAC............. 1

6 ACA............ 2

7 CAG........... 3

8 AGC.......... 4

RPN T 3-mer SEHREFIIIR A 3-mer FEAT RS, AR FTEIFT 40,
BT 53

B 4 x 11 = 44 A-a%F, X B EE 21X (HSSP,High Scoring Segments Pairs) [ [&
R 1, WX 44 ASEXH, FFEm DS 6 4>, FERETH * fri.

20 B R A i

“ERT R MREEN AL, BLAST J3AMMAET - FROTHAE A W& W Jaii Lot b
HALE w5 b

B, RS ENAER “FhF (seed), FEIHMHTFHRRHRXS, K 5.4, HE, b
AT T 6 D ialxd, HIEICH 4 DR, Xt a?. EBEAT 1 AT
3HRH 2 AN TEXT EE M . RS 1997 AEAR BLAST (iR ay 3k, Fh+ 1 Fifh
T 3 ERRAPR A, MAZGE, WS 2 FRpT 4 FEA R, RATIREA 2B
fF DA 07 A ) Rl X

ARG, AT 4 ADFpFARIEATIER . BRI 2% AR Smith-Waterman 53,



75

% A% BLAST J232 558k

A C G GATTTCCATA AT

Seed 1

=)

& 5.4: LA HSSP fEAh T, BT 5415

5.5 FB T 1 YRR



% %% BLAST &35 L5 76

% 5.1 AR, IR AT 0 R T )
(4

GAC (1) | ACA (2) | CAG (3) | AGC (4)
ACG (1) | -3 1* -1 1
GG (2) | -3 3 1* 1
GGA (3) | -1 -1 -3 -1
GAT (4) | 1* -3 1 -3
ATT (5) |-3 1 -3 1
TTC (6) | -3 -3 -3 -1
TCC (7) |-1 -3 -3 1
CCA (8) |-3 1* 1 -3
CAT (9) |-1 -3 1* -3
ATA (10) | -3 1* 3 -1
TAT (11) | -1 -3 1 -3

7 5.2 mar ik s

B 3-mer | JPBIAR | B AR
GAT 1 4
ACG 2 1
CCA 2 8
ATA 2 10
CGG 3 2
CAT 3 9

XHREE T — M E0E 1, W SR B B - B T I s, mEpE 2k, (B
5.5)

PARP 1 BSEMA ] A B 0 FFhas, i R YR, B2 ilUE i B
S ERTE BT AERR R . IR R T Ll e Ty e, R B R T A B B 1,
JEARIZE R

HoAd A1 r AR, EAEERZ, 6 4 DT IRA R E (18] 5.6), X
i E A ME T EH AR IERS, RIS 2 X ) B 2 R AR

R 5.7, K bR S S B AT A5 B0 B SRR BT, Xt 2is Tk BLAST J5iR
PIAEEIR, 26 EEE W] DAKRF T Smith-Waterman AR ZERAE— AR 75 ETHEXAS
AR Bl B, BLAST I A2 i, (HxE RS A, SRt SRS 50y i
Ji.

TE—W BLAST #FR, A=1EZESH: K (Word Length), &4ria %R (E (HSSP
Threshold)., ZEff 5 B4 %k i8i{E (Extension Threshold). ‘BA1H & L E&AEATFI_E L 40
T XBEHEERE, EAHE, EEaEnSiE XEE.

SPrEY BLAST FEfpamlbt BBl 2, WK 5.8 Fn, GFEXFHI AL, #EkkE



7

%A F BLAST R¥2 5 %8

w ¢+ ® N v O

v ¥ ® N ~|o

nw * ® N | O

(a)

K 5.6: Fl T2, 3. 4 EEM, A BIXFE (a). (b). ()

5.7 TEARARILE (b)) O R et (F)



% 5% BLAST Js32 538k

78

SR Br. MR . FK hits, 1] R SFIIRIIERR . AR EEE ] AR S5 SO

8],

[14], [15]. [16].
Scanning
et 5 More N
e i sequence?
Y Trace-back
Read query +
l Find word
matches
Read options v Calculate improved
L1, | score and
il Gap free insertions/deletions
extensions
Mask query '
I Gapped
extensions
Build lookup l
table
N
l Y
le———| Save hits

Kl 5.8: —¥& BLAST [WSEPrizf i, 51HZ% 3k (8]

5.4 AHL BLAST 52k

blast filt4ds: 2.12.0, %% H bioconda

5.4.1 Bl ity I sl i

(AT NCBI TR E @@ a8 e, X .
update_blastdb.pl --showall A[PAFETE Frfy fE T A B IE, XLBIEER & LS
#NCBI Bt o

1
2
3
4
)
6
7
8
9

$ update_blastdb.pl --showall
Connected to AWS
16S_ribosomal RNA

18S_fungal sequences

refseq_select_prot

refseq_select_rna

split-cdd

swissprot



https://www.ncbi.nlm.nih.gov/books/NBK62345/#blast_ftp_site.The_blastdb_subdirectory

% %% BLAST &35 L5 79

10 taxdb
11 tsa_nr

12 tsa_nt

WA B & BRI, 10 swissprot, FIBEAT:

update_blastdb.pl --decompress swissprot

$ mkdir swissprot

$ cd swissprot/

$ update_blastdb.pl --decompress swissprot
Connected to AWS

$ 1s

S O e W N =

swissprot.pdb swissprot.phr swissprot.pin swissprot.pog swissprot.pos
swissprot.pot swissprot.ppd swissprot.ppi swissprot.psq swissprot.

ptf swissprot.pto taxdb.btd taxdb.bti

WRI A A C AR & %, BIaneE ] LEB ik 55 #% £f¢ 12HUMAN_CEA.FASTA
S

$ makeblastdb -in 12HUMAN CEA.FASTA -out 12human_cea -dbtype prot

1
2
3
4 Building a new DB, current time: 05/07/2022 19:14:57

5 New DB name: /rdil/home/leblc/tutorial/ch7/12human_cea

6 New DB title: 12HUMAN_CEA.FASTA

7 Sequence type: Protein

8 Keep MBits: T

9 Maximum file size: 1000000000B

10 Adding sequences from FASTA; added 12 sequences in 0.000636101 seconds

TR U5 24 T H S MBI . nebire BB SCMF:

# the path where BLAST databases are installed
[BLAST]
BLASTDB=/rd1/home/leblc/tutorial/ch7/swissprot
BLASTDB=/rd1/home/leblc/tutorial/ch7/12human cea

N

B G blast BRI IE# #2080 % .



% 5% BLAST Js32 538k

5.4.2 Dblastp fll blastn

blastp J&HTFIIRREH TR, —EHHASESIHT:

eI 7 X

-query e 72 A7 5

-db Fia o ol FH B

-out fa et b4, IR ER N txt, xls
-evalue Fi8 7 AT 32 1 e e IR BH A0 2

—outfmt i 5 i A =X

-word_size E TSP IR N

-matrix BRE T HE

~query_loc i AR 7 9 h A R B
~subject e 0 R AT IR 1 S 9 SO (SR A PR )
-subject_loc T E WAL P ) SCIF RS 1
-max_target_seqs | F§EBRER T B RIRNTIIEH

1 $ blastp -query HBA_HUMAN.FASTA -db swissprot -out HBA_SW.TXT -evalue
0.01 -outfmt 7 -word_size 3 -matrix PAM250
2 $ less HBA_SW.TXT
fia SO
1 # BLASTP 2.12.0+
2 # Query: HBA _HUMAN - P69905, Hemoglobin subunit alpha, HBA1l; J Luo,
2016-08-21
# Database: swissprot
# Fields: query acc.ver, subject acc.ver, % identity, alignment length
, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score
# 500 hits found
6 HBA_HUMAN P69905.2 100.000 142 O 0 1 142
142 6.67e-82 229
7 HBA_HUMAN P06635.2 97.887 142 3 0 1 142
142 3.17e-81 227
8 HBA_HUMAN P01923.1 99.291 141 1 0 2 142
141 6.73e-81 226
9 HBA_HUMAN Q9TS35.2 98.592 142 2 0 1 142
142 1.09e-80 226
10 HBA_HUMAN P63107.2 97.183 142 4 0 1 142

30



% %% BLAST &35 L5 81

1 142 2.26e-80 225
11 HBA_HUMAN P01924.1 97.872 141 3 0 2 142
1 141 2.48e-80 225
12 HBA_HUMAN P67817.2 96.479 142 5 0 1 142
142 3.23e-80 225
13 HBA_HUMAN P01928.2 95.775 142 6 0 1 142
142 4.01e-80 225
14 HBA_HUMAN P01926.2 96.479 142 5 0 1 142
142 4.39e-80 224
15 HBA_HUMAN P01929.1 96.454 141 5 0 2 142
1 141 8.64e-80 224
16 HBA_HUMAN Q9TS34.2 96.479 142 5 0 1 142
142 1.22e-79 223
17 HBA_HUMAN P18972.1 97.163 141 4 0 2 142
1 141 1.77e-79 223
18 HBA_HUMAN P21767.1 97.163 141 4 0 2 142
141 2.15e-79 223
19

LERFRMNAEEA D HIER T EFINL, AARFa4, —8UEaat, ARE, #RAL
RAH , BIGE A, ERFIRIRALR, ARSI Z IR, HisesEe0 A, Hirrsl
ZAbpind, BREHEMEEHE (E-value), $770 (bit Bf7).

WHIANE, BCE AR E-value KFEARIAEERIA, A IRLAMBIEAR 6 E 1 45 R 1
PREER K

VOB /DT B R SR I, H el ek il 2 ek 8, X [z 1997 fit BLAST
LAt .

FRAE H O R 12human_cea FPAH):

1 $ blastp -query CEAM5_HUMAN.FASTA -db 12human_cea -out CEA_CEA.txt -
evalue 0.01 -outfmt 7

ARy

# BLASTP 2.12.0+
# Query: CEAM5 HUMAN PO6731 Human CEAS5 IgC:145-675, J Luo, 2021-11-15

# Database: 12human cea

N R

# Fields: query acc.ver, subject acc.ver, % identity, alignment length
, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score

5 # 38 hits found




%57 %F BLAST 325 %%k
6 CEAM5_HUMAN  CEAM5_HUMAN  99.858 702 1 0 1 702
1 702 0.0 1428
7 CEAM5_HUMAN  CEAM1_HUMAN  72.600 427 112 2 1 422
1 427 0.0 614
8 CEAM5_HUMAN  CEAM1_HUMAN 61.736 311 115 2 284 591
107 416 8.78e-123 367
9 CEAM5_HUMAN  CEAM1_HUMAN  64.953 214 74 1 462 675
107 319 1.24e-84 267
10 CEAM5_HUMAN  CEAM1_HUMAN  24.234 359 223 16 375 702
104 444 6.89e-11 54.3
11 CEAM5_HUMAN  CEAM6_HUMAN  83.901 323 52 0 1 323
1 323 0.0 558
12 CEAM5_HUMAN  CEAM6_HUMAN 66.390 241 78 2 462 702
107 344 2.03e-97 295
13 CEAM5_HUMAN  CEAM6_HUMAN 69.266 218 66 1 284 501
107 323 1.20e-96 293
14 CEAM5_HUMAN  CEAM8_HUMAN 76.752 314 73 0 5 318
5 318 4.57e-173 489
15
16 CEAM5_HUMAN  CEA18_HUMAN 30.120 166 105 6 505 662
141 303 3.81le-11 54.7
17 CEAM5_HUMAN  CEA19_HUMAN 30.357 112 75 3 16 124
13 124 2.12e-12 57.8
18 # BLAST processed 1 queries

R, AR IR AR DUR 12 4%, blastp Ak T 38 AR, XAREFAYIL
T, BLAST 2—FJsEBrexs, BRI E H TR 2 B2 [ AR AR 45 H4 48 .
HEPETT, AT AR E R CEA g4l B0 CEAS W, 55 35-144 Syn[ 48
R e sk iR 45 (Tg-like V-type), FRHATHLRE:

1 $ blastp -query CEAM5_HUMAN.FASTA -db 12human_cea -out CEA5_35-144 CEA
.txt -evalue 0.01 -outfmt 7 -query_loc 35-144

SER A BRI

# BLASTP 2.12.0+
# Query: CEAM5 HUMAN P06731 Human CEA5 IgC:145-675, J Luo, 2021-11-15

# Database: 12human cea

N N

# Fields: query acc.ver, subject acc.ver, % identity, alignment length

, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue

82

HA



% 5% BLAST Js32 538k

, bit score

5 # 12 hits found

6 CEAM5_HUMAN  CEAM5_HUMAN  100.000 110 O 0 35 144
35 144 3.22e-77 231

7 CEAM5_HUMAN  CEAM6_HUMAN 89.091 110 12 0 35 144
35 144 6.08e-71 206

8 CEAM5_HUMAN  CEAM1_HUMAN 89.091 110 12 0 35 144
35 144 5.62e-70 208

9 CEAM5_HUMAN  CEAM3_HUMAN 86.239 109 15 0 35 143
35 143 1.39e-67 194

10 CEAM5_HUMAN  CEAM8_HUMAN 71.560 109 31 0 35 143
35 143 4.71e-55 165

11 CEAM5_HUMAN  CEAM7_HUMAN 66.355 107 35 1 38 143
38 144 5.71e-49 147

12 CEAM5_HUMAN  CEAM4_HUMAN 46.729 107 57 0 35 141
35 141 2.09e-32 104

13 CEAM5_HUMAN CEA21_HUMAN  50.943 106 52 0 36 141
36 141 5.50e-32 104

14 CEAM5_HUMAN CEA16_HUMAN 35.514 107 69 0 35 141
21 127 6.90e-21 75.9

15 CEAM5_HUMAN CEA16_HUMAN 37.624 101 61 1 42 142
325 423 1.30e-18 69.7

16 CEAM5_HUMAN CEA18_HUMAN  34.043 94 60 2 47 140
41 132 2.06e-13 54.7

17 CEAM5_HUMAN CEA19 HUMAN 27.103 107 72 3 36 140
34 136 2.19e-10 45.8

18 # BLAST processed 1 queries

WAL, B -subject Belil ] ASERE — 78 SO IR0 AR AR x 4% -

1 $ blastp —query CEAM5_HUMAN.FASTA -subject CEAM7_HUMAN.FASTA -out
CEA5_CEA7.txt -evalue 0.01 -outfmt 7 -query_loc 35-144
2 $ less CEA5 CEA7.txt

# BLASTP 2.12.0+
# Query: CEAM5_HUMAN P06731 Human CEA5 IgC:145-675, J Luo, 2021-11-15
# Database: User specified sequence set (Input: CEAM7_HUMAN.FASTA)

N N

# Fields: query acc.ver, subject acc.ver, % identity, alignment length

, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue




% %% BLAST &35 L5

, bit score

5 # 1 hits found

6 CEAM5 HUMAN CEAM7_HUMAN 66.355 107 35 1 38 143
38 144 3.23e-50 147

7 # BLAST processed 1 queries

5.4.3 psiblast

84

psiblast A DAiEACHLEFT BLAST 2%, -comp_based_stats #ENif§E profile 114050

R AL IE TR -

1 $ psiblast -query HBA_HUMAN.FASTA -db swissprot -evalue 0.0001 -outfmt
7 -out HBA_psi SW.txt -num_iterations 2 -comp_based_stats O

ZERUNT

1 # PSIBLAST 2.12.0+

2 # Iteration: 1

3 # Query: HBA_HUMAN - P69905, Hemoglobin subunit alpha, HBA1l; J Luo,
2016-08-21

4 # Database: swissprot

# Fields: query acc.ver, subject acc.ver, ) identity, alignment length

, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score

# 550 hits found

HBA_HUMAN P69905.2 100.000 142 O 0 1 142
142 1.80e-100 286

8 HBA_HUMAN P01923.1 99.291 141 1 0 2 142
1 141 2.89e-99 283

9 HBA_HUMAN Q9TS35.2 98.592 142 2 0 1 142
142 6.03e-99 283

10

FHHICEACHY blastp , KA Hits 2.
blastn MHIRFIRRIZIRITFIE, HMIES plastp KA/, Tx_fﬂlﬂﬁﬂ{t
EHBE b, MREER, ENTREOAERDAMR . W AT ERETFH, X,

5.4.4 blastx . tblastn fll tblastx

BMNSGH NEF)G BLAST (translated BLAST), =&KX Hl%E:
DXHLREA — AN, A SR R AL B

I3



% 7% BLAST 2725 35k

BF | W | M | G
bhastx | B | g | TR 6 KA PR,
B 0 SRR R R S e
thlastn’ | el | pagn | DROBHRRRS 6 AR RINE TS,
IV S R B 1 T
hlast | | b | LD S RIER R 6 S R
TSI TR

85

PEA—m =, A BTSRRI E RS (R SRR, X =P 7 i
AT HUREHS 1 A AEAE S /KPR BT K P I LA E N AEURY. blastx Al tblastn 7
AT R EIR ) B SRAS X, 0 n] T AG I 4 6 DX P A RS A . tblastx BEAE A HIELE
R BRSO T, A S RN AT X, HF H 2 R H 1K tblastx
M T 20T 6 x 6 1K blastp , HILHAITREBRK.
MR A TR SR T SPL3 A BRI RIS, A tblastn R TORESRH
TSI, HARRE 7 ol A 0T

1 $ tblastn -query 17SPL_ARATH.FASTA -subject ZMTF_CDS.FASTA -out
SPL_tblastn_ZMTF.txt —-outfmt 7

2 $ less SPL_tblastn_ ZMTF.txt
SRR :

1 # TBLASTN 2.12.0+

2 # Query: SPL1_ARATH

3 # Database: User specified sequence set (Input: ZMTF_CDS.FASTA)

4 # Fields: query acc.ver, subject acc.ver, % identity, alignment length
, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score

5 # 6 hits found

6 SPL1_ARATH PTZm00605.1  68.919 74 23 0 106 179
727 948 2.77e-29 117

7 SPL1_ARATH PTZm00608.1  68.919 74 23 0 106 179
549 328 7.84e-29 117

8 SPL1_ARATH PTZm00607.1  64.583 48 17 0 106 153
1279 1422  6.34e-16 76.6

9 SPL1_ARATH PTZm00606.1  41.333 75 40 1 74 148
546 758 7.92e-14 67.8

10 SPL1_ARATH PTZm00562.1  34.426 61 35 3 707 766
1539 1369 3.3 26.2

11 SPL1_ARATH PTZm00177.1  37.500 32 20 0 293 324




% #% BLAST R¥2 L5 38k 36

240 145 9.6 24.6

12 # TBLASTN 2.12.0+

13 # Query: SPL2_ARATH

14 # Database: User specified sequence set (Input: ZMTF_CDS.FASTA)

15 # Fields: query acc.ver, subject acc.ver, % identity, alignment length
, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score

16 # 8 hits found

17 SPL2_ARATH PTZm00608.1  40.996 261 111 7 104 346
738 31 7.38e-46 161

18 SPL2_ARATH PTZm00605.1  40.613 261 112 7 104 346
538 1245 1.88e-45 158

19 SPL2_ARATH PTZm00606.1  54.545 110 47 2 103 211
435 758 1.46e-29 110

20 SPL2_ARATH PTZm00607.1  53.509 114 49 2 104 216
1090 1422 1.71e-28 112

21 SPL2_ARATH PTZm00060.1  26.866 67 39 2 211 277
1215 1045 0.23 28.5

22 SPL2_ARATH PTZm00636.1  28.571 35 25 0 7 41
58 162 1.8 25.8

23 SPL2_ARATH PTZm00154.1 34.615 26 17 0 244 269
747 670 5.5 24.3

24 SPL2_ARATH PTZm00166.1  38.710 31 19 0 301 331
436 528 8.1 23.9

25

26

5.4.5 PHI-BLAST %Y deltablast

PHI-BLAST (Pattern-Hit Initiated BLAST, #iz{48 F-#2 44 BLAST) 4 1F Wk 2 P e
55 Ve JE ) R R L S £

L ERNEBFY] S M—MIENFRA P if, PHI-BLAST #f @) d HA & P i
HAE P ﬁ%lﬁ’ﬂﬂﬁﬂﬂl'ﬁ SRR E T, (HEEA IENREE, TP A?WJF/ATET%@?WE'?

- EE R A4S R GE 2 AL =25 . 1 PHI-BLAST £R4IE 73 H A0 S A —
[ EE Lﬁ%%ﬁﬁ,\ﬁﬁﬁﬁ"]ﬁﬁ%f?o

DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST, 53 855 i 3
At EI A BLAST) i A 54 200 FT 40 35 (Position Specific Scoring Matrix, PSSM)
BRED RTINS, 5 PSI-BLAST Rili[F L.



% %% BLAST &35 L5 87

DELTA-BLAST 5412 NCBI CDD(NCBI Conserved Domains Database) ¥z PSSM,
1M JE 3T i PSSM Sk A 40 e 18 22

DELTA-BLAST faillze2x [ U4 i) REUE 5 PSI-BLAST MY, HEATEEMN, #HE
B

il deltablast FFEJe R CDD-Delta, ZHHRIER/INA 1.5G, ARG # =S E], X
HEA TR, WkAElT. BN A—MICTE T ahdRil=]" rik:

5.4.6 17 EITEZNRS5 -remote

— LB R T IR S AR R SO T B RE T BRI, JCEARHETT, IBA T AR
-remote M, £ NCBI fR454s LHUTIE R, I H AL -5 A 2 1 A [ o
i

1 $ blastp -query HBA_HUMAN.FASTA -db swissprot -out HBA_blastp_remote.

txt -outfmt 7 -remote

KATESR T A, F3EIHLE RN

1 # BLASTP 2.6.0+
2 # Query: HBA_HUMAN - P69905, Hemoglobin subunit alpha, HBA1l; J Luo,
2016-08-21
# RID: 7CYEGRJKO16
# Database: swissprot
# Fields: query acc.ver, subject acc.ver, % identity, alignment length
, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue
, bit score

# 500 hits found

7 HBA_HUMAN P69905.2 100.000 142 O 0 1 142
142 1.94e-100 286
8 HBA_HUMAN P01923.1 99.291 141 1 0 2 142
141 1.04e-98 282
9 HBA_HUMAN Q9TS35.2 98.592 142 2 0 1 142
142 2.33e-98 281
10 HBA_HUMAN P06635.2 97.887 142 3 0 1 142
1 142 3.49e-98 281
11

T AMGEET, W28 1% 5 ] RERR 2—Lems Ay E], RIS RIT L2 T —17 RID ,
BOEMRTNL A, 2 MESITIERA S (Request ID).
“HZERUE” deltablast YT :



https://ftp.ncbi.nlm.nih.gov/blast/db/

% %% BLAST &35 L5 88

1 $ deltablast -query HBA_HUMAN.FASTA -db swissprot -evalue 0.01 -outfmt
7 -out HBA delta remote.txt -remote
2 $ less HBA delta _remote.txt

G

1 # DELTABLAST 2.12.0+
2 # Query: HBA HUMAN - P69905, Hemoglobin subunit alpha, HBA1l; J Luo,
2016-08-21
3 # RID: 7CY34N52013
# Database: swissprot
# Fields: query acc.ver, subject acc.ver, % identity, alignment length

, mismatches, gap opens, q. start, q. end, s. start, s. end, evalue

, bit score
# 1000 hits found
HBA HUMAN P81024.1 61.702 141 54 0 2 142
1 141 4 .50e-57 177
8 HBA_HUMAN P08257.1 59.574 141 57 0 2 142
141 4.65e-57 177
9 HBA_ HUMAN P68059.1 60.993 141 55 0 2 142
141 1.73e-56 175
10 HBA_HUMAN P02001.1 59.574 141 57 0 2 142
141 2.18e-56 175
11 HBA_HUMAN QOXSN3.3 85.211 142 21 0 1 142
1 142 2.59e-56 175

5.5 frZk BLAST sgik

ZAHEHARAL THEZk BLAST, Hrr NCBI BLAST s M, D) 9 T H AR IR R

NCBI BLAST #£fitfjHow to BLAST Guide J22:>J7E4E BLAST Ay fETE S -

HAh, The new BLAST results page /144 7 4ifu[fi#isc NCBI BLAST #9455 - HI B
JETRIIRE .
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6.1 i FIMM F:fl

6.1.1 Ik B

it (Profile) Jg— P EZEXEARIFAM S, EARSAILEE (BBE. Flm. HEiol. #
%), SCHFRRESR & (B, 1),

AR, PR — R R A 5 A s A S RRHE R STl A . B
WL, W THE— D2 A A AL E R TR IR O, R IR A X
R AGE VT BRSO B RE RIS Y BRSO — MR RIS (5, i
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%% HMMER R32ZL5 5k 91

BT, &R, e, U2 E BLAST, #ARGHEA A, FHaEslE
B ERTT /AT BRI ARG 25, AR C AT A T RS FEOR IR R, X
SEAT AR B E Y, FEEiE . (Hi i EA—HE, BT R m Y/ —F—H
(%) (ad hoc). F&IL/RATFAEEL (HMM) 4 profile JyyEERft T HIE 4.

6.1.2 % HMM

IR TR AT AL (Profile HMM) J&—ZRRRBAL, BEE T MHRIFIIEG T
e AR T R AR B (— AN Z PR ) o 3% HMM X f—A2 51 Hr 4l R g,
AR T XS IR T PP B IR PRATREE . AT 6.2,

X — R — L B AE R B s A A LA E R LR AR R . A [F] FH
ML P2 [l PR A N 583, profile MM i (57 BEAROHST P B 25 (290 20 AR AR, X T 4yl
S T A ERESEIE O, B, FROTARAZANME, H AR EA @ B2 05 70 MU A
HIEE NI SRR LI .

Start with a multiple -

seqg2 SCG--F
sequence alignment seg3 NCGg \
seqd TCG-WQ  gejetion
.' 123 1’4 5
Insertions / deletions can N W
be modelled ; kit E E
‘ S C G Y Q
: ; =0 e
Occupancy and amino acid Cf—‘ 1 o MK A
frequency at each position in o VN VY __
the alignment are encoded 01 D2y +D3/\ {04 @
..' 2 Qi (e 13> (L4 15
Profile created - > S N A

Bl 6.2: &Ry AE AR IR Al KA

WEFTR, A= FIRAS:

o PEERIRES (M) MRS R AEIZALCE EEERR IR ORI/ MY
FRARRITS)

o RS (1) FEAMREH LA A A A 5, PN ATBEAE AL A AR KA A
o MERIRE (D): MERIRESARED B SFAE &, PV LEMER ARG, T
BRA IR Z T — M

A IMRRAIRA THES O E BTSRRI, ARAEZ P A1 EERS

TS B 1) o kA (B ) B R 2 B] R O (R Al T



%% HMMER R32ZL5 5k 92

6.1.3 ZAEnk
6.1.3.1 —Uefif&

B /R ] A (HMM) S T I PP AR Y, i h — A BR gt iy = - B e s R pL AR
BT RS BEAUTZ1, B AR A A0, AR 7= A W8 I B AL 5 470 F el

FrA A RERPIRES Q = {q1, 2, s aw}s FPATRERPILI V' = {v1, vz, ,om}e

B ) E AR B R AEAR PRSI FE IR RASITA 1 = (i, 42, - -+ i)

FEASRASAE AU, ph ™ A LI B FEAILE SRR F 51 O = (01,09, -+, 00)

RS R R E SUH -

A = laij]nen, HF ay = Plisy = gjlic=q), i=1,2,--- ,N;j=1,2,--- N

SR TR 55 o i Sy -

B = [b;(k)]wunr, A bi(k) = Ploy=wiliv=¢q;), k=12 M;j=12--- N,

VIR M B SN s 7= (m), Hfpm= Pl =¢),i=1,2,--- ,N.

Bt Th R AT R W e AS 1ol i RASEE RS . AR A B e, PRt HMM A A
Fnh A= (A, B, 7).,

6.1.3.2 HMM LA )8

L AR B R SER A = (A, B,7) FIFS O = (o1,00,--- ,0r), WHEAEZ
BN TS O B P(OIN). RATEImEE . JEmEEmd. (BE—
HMM, 58 8ds e i — %075, BRI iiZeHEy , st s, BT
REAR XY™ Ay, HETTFIWTA] BE 23R4k ok HZ &R, %Y1 hmmsearch )

2. FJ M EHWFS O = (01,00, -+ ,0r), AL\ = (A, B,m) WS4, #i15
TEALAL MU PSR P(O|N) ke R Baum-Welch Bk, (5205 B«
AR B AR, ST T hmmbuild )

3. WM E (RS ie) « 4R A = (A, B, ) IS O = (01,09, ,or), 3K
X5 e W 781 S5 AR P(T1O) e KRIPRASIFAN T = (in, 40, - s ip) o SRAYEFFILE A
. (RE—&F5, MTRA HMM AR KT, XA s
e, M B, RIAHWZ EMM o] DURRRZ)T 5, 2R FIWriz)e ) AR 1
HMM CERA S5, XFW T hmmscan )

6.1.3.3 HMM pi T 50t

FAS IR -
L. ARG 2 75 X 45 A @7 Profile Fath [ORLRY (24> i)/ )
2. M Ja B HMM 323 —4pE et 73773, Py 412 15 s 1l HMM AR
RN (BRI A el a1 )
X EB B R E, FrA rBERIREN Q = {M, 1, D, start,end}, FirA n]EHTIL
Vv ={AC D EFGHI K LMN,PQ R,ST,V,WY},



%% HMMER Ja52 5 53, 93

B R BLREE T DAE R P2 L iz, IRES L, M start FRUG, RO DAE AR 1k
B {M,I, D} PR3 2k M wE, WARIE AR RAE RS VR R — A~ FEE; 24
Ve T B, LIRS f R SR AL 0 4 Ryt IR e i s 243 D B, B AR E) ;X
B, HEEF end RE.

A AR P ARSI T AIFS) O, HeXFEsR, A ER— MRS . EE
A, syl O.

TCAE 2 T A A 2 A 8, JCie /2 hmmscan 382 hmmsearch , ¥JEEZ H A7
% /profile HMM [ LLXTZER, X R2FE A EATERSARE] T, R RBUN )R .

6.2 A HMMER

6.2 )37~ SCHEE HMMER project fGitHub T HIZREL . UniProtKB/Swiss-Prot FASTA
BEFAE LEB A3 H SR, HMMER fiiAs: 3.3.2 (Nov 2020).,

6.2.1 HMMER ZRf:-tur okt

A4 i

hmmbuild WAZFHIRT, Hy profile
hmmalign fiH profile =24k — 2 F 4 LX)
hmmsearch e S5 e i % profile
hmmscan 1t profile £¥s )18 £ 151
hmmpress A hmmscan {fE£ profile £

phmmer TEJF B R 1 P8 R AN P )
jackhmmer 1R HUE B P8 R 750
nhmmer 1E DNA J¥51| #4823 DNA &% H

nhmmscan 1t DNA profile (4% 1182 DNA 77
hmmfetch M profile CAHFEL profile(s)

hmmstat BR— profile j(ﬁ:ﬁ/ﬂéﬁﬁ‘ﬁﬁ%
hmmemit M1 profile qjﬁiﬂ%%)?ﬁ ]
hmmlogo M—A> profile A AR SR E BRI

hmmconvert | FEAR[AIAY profile SCAFAE R b #4744k
makehmmerdb | #E£F—~ nhmmer — & &

6.2.2 hmmsearch J{]—/ profile $## & — A E 5%

6.2.2.1 hmmbuild ft—A~ profile

A XSO, REF sto , .aln IR,


https://github.com/EddyRivasLab/hmmer/tree/master/tutorial

%% HMMER R32ZL5 5k

1 $ cat globins4.sto

2

3 # STOCKHOLM 1.0

4

5 HBB HUMAN ........ VHLTPEEKSAVTALWGKV. . ..
NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGKKVL

6 HBA HUMAN ......... VLSPADKTNVKAAWGKVGA . . HAGEYGAEALERMFLSFPTTKTYFPHF .
DLS..... HGSAQVKGHGKKVA

7 MYG_PHYCA ......... VLSEGEWQLVLHVWAKVEA. .

DVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASEDLKKHGVTVL
8 GLB5_PETMA PIVDTGSVAPLSAAEKTKIRSAWAPVYS..
TYETSGVDILVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAERII

10 HBB_HUMAN GAFSDGLAHL...D..NLKGTFATLSELHCDKL. .
HVDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANAL

11 HBA_HUMAN DALTNAVAHV...D..DMPNALSALSDLHAHKL..
RVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVL

12 MYG_PHYCA TALGAILKK....K.GHHEAELKPLAQSHATKH. .
KIPIKYLEFISEAITHVLHSRHPGDFGADAQGAMNKALELFRKDI

13 GLB5_PETMA NAVNDAVASM. .DDTEKMSMKLRDLSGKHAKSF . .QVDPQYFKVLAAVIADTVAAG
......... DAGFEKLMSMICILL

14

15 HBB_HUMAN AHKYH......

16 HBA_HUMAN TSKYR......

17 MYG_PHYCA AAKYKELGYQG

18 GLB5_PETMA RSAY.......

19 //

e E i profile {444, globins4.hmm :

$ hmmbuild globins4.hmm globins4.sto

w

# hmmbuild :: profile HMM construction from multiple sequence
alignments

# HMMER 3.3.2 (Nov 2020); http://hmmer.org/

# Copyright (C) 2020 Howard Hughes Medical Institute.

# Freely distributed under the BSD open source license.

N o ot A~




V24

% 5%

\,

10

11
12
13

14
15
16

% HMMER Jz32 5 £ 8

# input alignment file: globins4.sto

# output HMM file: globins4.hmm

# __________________________________
# idx name nseq alen mlen eff nseq re/pos description

# _____________________________________________________

1 globins4 4 171 149 0.96 0.589

# CPU time: 0.10u 0.00s 00:00:00.10 Elapsed: 00:00:00.10

o 315 AR S PR -

« nseq f{3K globinsd.sto &—1> 4 JKFHIZTH1 HXT
FEXHCEE alen J2& 171
A 74 (consensus) K mlen & 149

r?ylj 29
o re/pos MFAF AL B HYAHRHFE

6.2.2.2 hmmsearch J{|—/~ profile {482 751 8

WR BRIV R, B2 IR BRI A B X EE 2 o X L A uniprot_sprot
fasta . XHEZEN T HH.

1
2

$ hmmsearch globins4.hmm uniprot_sprot.fasta > globins4.search.out

$ less globins4.search.out

ARy

T = W N =

(=]

# hmmsearch :: search profile(s) against a sequence database
# HMMER 3.3.2 (Nov 2020); http://hmmer.org/

# Copyright (C) 2020 Howard Hughes Medical Institute.

# Freely distributed under the BSD open source license.

# __________________________________

H

query HMM file: globins4.hmm

E =S

target sequence database: uniprot_sprot.fasta

95

KA RUTS eff_nseq o 0.96, XFLRE 4 FFHNZEIARFHIML, U2 AR



%% HMMER R¥2 5 33k

10 Query: globins4 [M=149]

11 Scores for complete sequences (score includes all domains):

12 —--- full sequence --- --- best 1 domain --- -#dom-

13 E-value score bias E-value score bias exp N Sequence

Description

14 W - s s me s s e s o e

15 4.9e-65 223.2 0.1 5.5e-65 223.0 0.1 1.0 1 splP02024|
HBB_GORGO Hemoglobin subunit beta 0S=Gorilla gor

16 6.9e-65 222.7 0.1 7.6e-65 222.6 0.1 1.0 1 splP68871]|
HBB_HUMAN Hemoglobin subunit beta 0S=Homo sapien

17 6.9e-65 222.7 0.1 7.6e-65 222.6 0.1 1.0 1 splP68872|
HBB_PANPA Hemoglobin subunit beta 0S=Pan paniscu

18 6.9e-65 222.7 0.1 7.6e-65 222.6 0.1 1.0 1 splP68873|
HBB_PANTR Hemoglobin subunit beta 0S=Pan troglod

19

20

MR, WAl AGE A G Phdead iy S/ N— LB R Bl e, B R ELARFA

1 $ hmmbuild fn3.hmm fn3.sto

$ hmmsearch fn3.hmm 7LESS DROME > fn3.search.out

S RIDELE RN RS E SN e
i

$ cat fn3.search.out

hmmsearch :: search profile(s) against a sequence database
HMMER 3.3.2 (Nov 2020); http://hmmer.org/
Copyright (C) 2020 Howard Hughes Medical Institute.

Freely distributed under the BSD open source license.

N O Ot = W N
H OHF H H

+H*

# query HMM file: fn3.hmm
# target sequence database: TLESS_DROME
10 # - ------=--=- = - = - - = - - - - == == - === =------

SRy ACSBATIRET, F A SO
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%% HMMER R32ZL5 5k 97

S Ot e W N

Query: fn3 [M=85]

Accession: PF00041.20

Description: Fibronectin type III domain

Scores for complete sequences (score includes all domains):
-—— full sequence —— -—-—- best 1 domain --- -#dom-
E-value score bias E-value score bias exp N Sequence

Description

5.6e-57 176.4 0.9 2.3e-16 46.2 0.9 9.8 9 T7LESS_DROME

RecName: Full=Protein sevenless; EC=2.7

sy FIEWETR, i E-value WNEIKHE, B/l (B2 0) HHERTTH, DA

Rfeh BLAST f WA i

o 3 1-3 % HiRETS)
— E-value : score HMHI4H EmMBRIHEZ R NEONE, @EEENER,
— /T 1077 RIVIIACH B3 [EARHERME, E-value R/ MKIIEHE 1) KD,
PPN EHES Y Sl NG DN YR
— score : SEHEJTHIY log-odds 434K, score HYRV/ING AU T Hdi R )N
— bias: score MfWZE, HAMUEKRINY score By A 75 2R
o 5 4-6 7] HRFH h— M R R S5, E-value | score . bias WY SR,
JSAAI T, B TR U — A b, BUII 1R K
— R full sequence fil best 1 domain {Y) E-value ¥R E WG, Z)FF AR v
A2 i) profile HY[R]JEH)
— R full sequence %, {H best 1 domain [ E-value N EFRIE, %74
FIRERE— AN 2 G5 AL I R YR )

. 55 7-8 41
— exp : HARTPHI PSR AL, X2 HMMER M8t &Em), A48
—E R

= N e E)E, HMMER S phe e 252 2 R 25 F ki £ 5
— XSRS R, (B AARFPS e m A, e IR %

[N

Domain annotation for each sequence (and alignments):
>> 7TLESS_DROME RecName: Full=Protein sevenless; EC=2.7.10.1;
# score bias c-Evalue i-Evalue hmmfrom hmm to alifrom ali to

envfrom env to acc




98

%% HMMER J372 5 £ 3%
5 172 -1.9 0.0 0.24 0.24 60 72 .. 396 408 ..
395 410 .. 0.87
6 2! 41.9 0.0 b5.1le-15 b5.1le-15 2 83 .. 440 520 ..
439 521 .. 0.95
7 3! 15.1 0.0 1.2¢e-06 1.2e-06 14 84 .. 838 913 ..
827 914 .. 0.74
8 4 ! 4.6 0.0 0.0022 0.0022 6 36 .. 1206 1236 ..
1203 1251 .. 0.83
9 5! 22,1 0.0 7.6e-09 7.6e-09 13 79 .. 1313 1380 ..
1305 1384 .. 0.82
10 67 0.4 0.0 0.045 0.045 57 72 .. 1754 1769 ..
1742 1769 .. 0.88
11 71! 46.2 0.9 2.3e-16 2.3e-16 1 82 [. 1800 1888 ..
1800 1891 .. 0.91
12 8! 21.0 0.0 1.7e-08 1.7e-08 5 74 .. 1904 1967 ..
1901 1977 .. 0.90
13 9 ! 8.9 0.0 9.8e-05 9.8e-05 1 85 [1] 1994 2107 ..
1994 2107 .. 0.81
By XHEATFI SR . TLESS_DROME HA & — 45551, Hid s 9 gk
ok

« 7 5 UMK

#h o P, AEEIRPS R R BN, IR R
b ARSI A S AR S5 Sk (L

« score il bias (W& LG5 i AR, X AL IR
* c-Evalue : Z&ff E-value, SJoRilgHAnroR—ErRETFIIN, FIHEE 25

)

o i-Evalue : Ji57 E-value, WNMAZEEHIEME—BCRA & RO 45 H L,
XABI T, P Evalue 84 K50, RO RMEIRE PO 1 670 — B,

i-Evalue 2% RIR[HIERIPENE, WA Z A i-Evalue BFAILHIEL, AW LA

c-Evalue FHARLEAIL 2 W HY L5 I,

e hmmfrom . hmm to F5H JFIFRHLNTAE profile HH 11 f
o alifrom . ali to #§H JRBHXTHE B br e 5 Hidit ik A

e envfrom . env to §HETHIAE HARFA LEMIITERE, HIuE HAE

o acc : AUFE T HOR_ERY H AR 2 AR R -1 I Bl

R

TER

A ) S 2

QU W N =

Alignments for each domain:
== domain 1 score: —1.9 bits; conditional E—value: 0.24
EESSSTTEEEEEE CS
fn3 60 ltgLkpgteYevr 72
I+ L p+t+Y++r
7TLESS_DROME 396 LEALIPYTQYRFR 408
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®

%% HMMER R32ZL5 5k

6789*xx*x*xx98 PP

99

9 == domain 8 score: 21.0 bits; conditional E—value: 1.7e—08
0 EEEEEEESSSEEEEEEE—CSSSSSTECEEEEEEEETTSSSTEEEEEEESTCSEEEEESSSTTEEEEEEEE CS
1 fn3 5 nlsvtevtstsltvsWtppedgngpitgYeveyrpknegeewneitvpgtttsvtltgLkpgteYevrVq 74
2 Hl+ e +++sl+++W ++4p+ + ++etr++ et +++v g++t ++++ L+p t+Y++r+
3] 7TLESS__DROME 1904 ELQLLELGPYSLSLTWAGT———PDPLGSLQLECRSSAEQ———LRRNVAGNHTKMVVEPLQPRTRYQCRLL 1967
4 688999 sk sk sk sk sk sk sk sk sk sk kL . Dokskosk sk sk skok ok ok ok k ok G5 5L L Tokskoskok sk sokok soskokok ok kkok ko k ok x x9985 PP
5
6 == domain 9 score: 8.9 bits; conditional E—value: 9.8e—05
7 TSBCEEEEEEESSSEEEEEEE—CSSSSSTECEEEEEEEETTSSS....iiiiiiiiiiiieenns TEEEEEEESTCS.EEEEESSSTTEE CS
8 fn3 1 saPsnlsvtevtstsltvsWtppedgngpitgYeveyrpknege...........coocoeviinni. ewneitvpgttt.svtltgLkpgte 68
9 s+P+ ++++ + + ++v+EWet + +4+4pi Y+te +4+++  et++ + +tt+ s++++ L+ ++
20 7TLESS_DROME 1994
SQPGKPQLEHIAEEVFRVTWTAARGNGAPIALYNLEALQARSDIrrrrrrrrrnsggsleqlpwaeepvvvEDQWLDFCNTTEISCIVKSLHSSRL
2089
21 689999 sk sk sk sk sk sk sk sk ks sk sk sk sk ok k k99 Dok sk sk k k x x ) BBB66666883888888888888RB77TTTTTTTTTTTTTTTTTT7T7388888888888 PP
22
23 EEEEEEEEETTE.EEEEE CS
24 fn3 69 YevrVqgavnggg.egpes 85
25 +rV+a++ + +gp+s
26 7TLESS_DROME 2090 LLFRVRARSLEHgWGPYS 2107
27 888888888544477665 PP
SISy - A B B S U5 SR A LeXs, DA domian8 SAfi:
s 14— = S0 Sefe —=
o 1 AiTRMEAGE, 55 =H—E
/5 — . N3
o 55247 ZIPHIHTERE
o 55 347 W profile B FH (consensus)
o 55447 WP ERT IO FRACERITED, + RFZREA TR log-
odds K545k
Sips — . —
o 55547 HWFS
—. /= > 7 > S
o 55617 WEREN GRS, 9 3K 85%-95%, DA
1 Internal pipeline statistics summary:
2 _____________________________________
3 Query model(s): 1 (85 nodes)
4 Target sequences: 1 (2554 residues searched)
5 Passed MSV filter: 1 (1); expected 0.0 (0.02)
6 Passed bias filter: 1 (1); expected 0.0 (0.02)
7 Passed Vit filter: 1 (1); expected 0.0 (0.001)
& Passed Fwd filter: 1 (1); expected 0.0 (1e-05)
9 Initial search space (Z): 1 [actual number of targets]
10 Domain search space (domZ): 1 [number of targets reported
over threshold]
11 # CPU time: 0.00u 0.00s 00:00:00.00 Elapsed: 00:00:00.00
12 # Mc/sec: 49.19
13 //
14 [ok]
15 (class) leblc@bbt:~/tutorial/ch6$



%% HMMER R32ZL5 5k 100

FNsy: —RRAGIT RS, ERAMRRH Ml A FREIAE N, &IGHEHIT
FCFPR A . AR, DR B B P2 e e 2 BR AR Y 91

6.2.3  phmmer YA FIRFHIIER S RSB0 %

phmmer FHEI( BLASTP 8¢ FASTA, /R {5 f (A i i 8 B 5021 SR 51 4d)s
RS, AR EHRAL profile U

A b, HMMER FENES A EAS PSR T profile, Xl (i B Jo K YT 70 M
(BLOSUMG62) HIFi 73 ZH0H 5«

1 ¢ phmmer HBB_HUMAN uniprot_sprot.fasta > HBB_HUMAN.phmmer.out

Hig A% 0 5 hmmsearch 3|5 %8, X B AFEL.

6.2.4 jackhmmer JEf7iE{UHIEEIRIEER

jackhmmer LfEE(L PSI-BLAST, JHJ BN i) 3 A1k ACHBR &R P 91 Bt o

HAR—RR RS [ phmmer |, FF G5 —SEPLRIEUR . X LEARPER R, M —1 2
FPAILERs, BT E—A profile, % profile P T5 "R RE—FPoIEda e, R
Z[A] hmmsearch o FrHYLTIR NPOREREAR , WHIFH profile, AREER, WILIEES, HE
TeFAGIEF A ICAC T, s AR R AERRE (BRI 5, DA -N SHE) .

XHBEE THE -E 0.001 fl -—noali , PAREGHH KZ RIS,

1 $ jackhmmer -E 0.001 --noali -N 6 HBB_HUMAN uniprot_sprot.fasta >
HBB_HUMAN. jackhmmer.outdir

i ZR UL A hmmsearch fiy tHAPRPE G, HAFAET, 26 50445 H AT
KA+ RAERREACP AR, - ACGREARR BT R RN
B-UOEMEE R G oh — RS, FHE LA, & URMA.

1 $ grep -E "~0@@.*$" HBB_HUMAN. jackhmmer.out | less

1 @@ New targets included: 954

2 @@ New alignment includes: 955 subseqs (was 1), including original

query

3 @0 Continuing to next round.

4 @@

5 @@ Round: 2

6 @@ Included in MSA: 955 subsequences (query + 954 subseqs from 954
targets)

7 0@ Model size: 146 positions

8 @@
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HMMER J&32 5 s g%

New targets included: 154
New alignment includes: 1111 subseqs (was 955), including original

query
Continuing to next round.

Round: 3
Included in MSA: 1111 subsequences (query + 1110 subseqs from
1108 targets)

Model size: 146 positions

New targets included: 58
New alignment includes: 1170 subseqs (was 1111), including original

query
Continuing to next round.

Round: 4
Included in MSA: 1170 subsequences (query + 1169 subseqs from
1166 targets)

Model size: 146 positions

New targets included: O

New alignment includes: 1170 subseqgs (was 1170), including original

query

CONVERGED (in 4 rounds).

101

BEE R AWTEAT, % 5 R NEL Tk HFsl 7, gk, RIS A E T
-N 6,

6.2.5

H—A 151 E —4> profile %4

H profile X RJFIIEARE, HIEHRE 5EMRY profile #HXMFH], fERAMTE. H
JPH) A ZR profile Hdin ., HPEEXZTH SR, B E T eE TWF— S5 sk -
Y profile (4% 145 Pfam. SMART & TIGRFams.,

6.2.5.1 &t profile E¥ft): ik

profile £ EHEZ > profile SXPF G, BERTASER— WG &, WAIDAER G
ZIPHIR SO, e — PR .



%% HMMER R325 55 102

HzE /N profile it :

$ hmmbuild globins4.hmm globins4.sto >/dev/null
$ hmmbuild fn3.hmm fn3.sto >/dev/null
$ hmmbuild Pkinase.hmm Pkinase.sto >/dev/null

$ cat globins4.hmm fn3.hmm Pkinase.hmm > minifam

=W NN =

KA profile e, HI4N Plam, MR T2 Pfam-A.seed HATHE! profile Hd)E, #F
FEFAGHS, X B EARIGAL 55 R R ST IR, ST B0 hom SO

6.2.5.2  hmmpress X P ICPFEATIRGHIZ 5 1%
PO AE, AT PGEAL R, e U AT T He R AR T | ]

$ hmmpress minifam

Working... done.

Pressed and indexed 3 HMMs (3 names and 2 accessions).
Models pressed into binary file: minifam.h3m

SSI index for binary model file: minifam.h3i

Profiles (MSV part) pressed into: minifam.h3f

O N O Ot ks W N

Profiles (remainder) pressed into: minifam.h3p

IEHERIZR G585

6.2.5.3 hmmscan {#% profile §¥it)%E

TRl 7TLESS_DROME 22— 32 (R BRI Mg, FLA fibronectin type I11 Z5H380HI 2 11 9l
SR
minifam profile Z{#EZECL S T £n3 . Pkinase fll globins4 [ profile,

1 $ hmmscan minifam 7LESS DROME > 7LESS DROME.hmmscan.minifam.out

ZER A X5 hmmsearch 250, ZEHIHET, BIMWHRCEMNFINALR T profile,
HEEENE, HMMER 7£ iJr% HOR T BENLRIAEEE . IR BEARIE R AR iy 4R
BATHIEE SR8 WSR3, FFEHE ——seed &

6.2.5.4 hmmstat Zijl profile Edd A5 R

$ hmmstat minifam

1
2
3 # hmmstat :: display summary statistics for a profile file
4 # HMMER 3.3.2 (Nov 2020); http://hmmer.org/


http://ftp.ebi.ac.uk/pub/databases/Pfam/

%% HMMER R32ZL5 5k 103
5 # Copyright (C) 2020 Howard Hughes Medical Institute.
6 # Freely distributed under the BSD open source license.
A e e e
8 #
9 # idx name accession nseq eff_nseq M relent info
p relE compKL
00 #-----————-----
11 1 globins4 - 4 0.96 149 0.59 0.59
0.52 0.03
12 2 fn3 PF00041.20 98 12.20 85 0.67 0.64
0.60 0.04
13 3 Pkinase PF00069.24 38 2.57 259 0.59 0.57
0.50 0.02
IR A H B SON
o idx: 5
e mname : profile 4 FR
« accession: Eif%s
« nseq : profile fM % E A XS K
« eff_nseq: profile M Z /A “HRUFH” B LLXTHAGEINY , A X 2281 AR

6.2.6 % DNA F5i

e profile SC{F, 1M )5 nhmmer ] profile #2Z& XMW ) DNA 75150484 .

M DAIEA SRR TR profile fYR/

HMMER ¥ AP B e s st (A n] T DNA PR profile #52. 1/59%

nhmmer [JIfjHEZE{L] hmmsearch , nhmmscan 3 HEJS{] hmmscan .

X BB, MADEL.sto Jg

dna_target.fa 42 A 1 SHu @ik BRI K BN 330Kb DNA J741.

6.2.6.1

hmmbuild fJ¥t profile

—_

$ hmmbuild MADE1.hmm MADE1l.sto

# hmmbuild ::

alignments

# HMMER 3.3.2 (Nov 2020); http://hmmer.org/

profile HMM construction from multiple sequence

100 A MADEL # ot 2 ¢ 51 et i



%% HMMER R32ZL5 5k 104

# Copyright (C) 2020 Howard Hughes Medical Institute.
# Freely distributed under the BSD open source license.
A e e e
8 # input alignment file: MADE1.sto
# output HMM file: MADE1 . hmm
10 # - ------=--=-=--= - - = - - - - - - - === -=------
11
12 # idx name nseq alen mlen W eff nseq re/pos
description
3 #=-----—-—-—------"—""""""" " ————
14 1 MADE1 100 304 80 278 4.23 0.708 MADE1 (
MAriner Derived Element 1), a TcMar-Mariner DNA transposon
15
16 # CPU time: 0.02u 0.00s 00:00:00.02 Elapsed: 00:00:00.02

6.2.6.2 nhmmer Jf] profile 4 DNA J550 %%

1 ¢ nhmmer MADE1l.hmm dna_target.fa > MADE1l.nhmmer.out

gy P 2R B A% 24 D] hmmsearch .

6.3 frzk HMMER

EBI-EMBL ff HMMER e AR S5 4% L, I M O
] P2 RS

LAG/TES R

UniProtKB AT E F PG
Swiss-Prot NITH¥ . WA HRE
PDB HATEHE B,

AR AR EATI, RS 2R,
2 HMMER Web [t 2Ri\ 5615
Ensembl Genomes ] E R YRR & T

Reference Proteomes

A1 Profile HMM $j#i g -
T4 HMMER By%m AA%:


https://www.ebi.ac.uk/Tools/hmmer/

%% HMMER R32ZL5 5k 105

# EMBLEBI & Senices 52 Research A Traming @ Aboutus  Q EMBL-EBI i Hinxton ~

® HMMER
[

Biosequence analysis using profile hidden Markov Models

Clll  Search Results  Sofiware Help About Contact

Quick search

Paste in your sequence or use the example @ The HMMER web server: fast and sensitive homology searches. This site has
been designed to provide near interae
with intuitive and interactive result:

ches for most queries, coupled

@ Reference Proleomes O UniProtkB O SwissProt  © Pfam

m

Altemative search options

K 6.3: HMMER & 51 T H.,

Kl e T
Pfam RAE AR FRES, HMMER Web (2RI %7
TIGRFAMS | Sy A @ SIFERE M BT i A2
PIRSF Feflt UniProtKB f 4 JF 5 B R A
(3] REES2 PN

phmmer AR R EEIRT 5 ((UF5)8 FASTA)

hmmscan | BANEFRZEERTH ([UFF)8 FASTA)

jackhmmer | BN FRERIR)TH ([UFHE FASTA). 275 X SCHF. profile HMM
hmmsearch | Z 75 EEXT 0. profile HMM

PR B e R A S SR (3], R AR5, HMMER Web #9451 7R
B, SEREATSEIZ RG], BRI S

L EPEN

[1] EBL ¢ Plam Bt 22 A1 Fe o PB4 i) ) 45 0

[2] HMMER Web Server Online Docs

[3] HMMER Software Userguide

[4] HMMER: Fast and sensitive sequence similarity searches

[5] Eddy, S. R. (1998). Profile hidden Markov models. Bioinformatics (Oxzford, England),
14(9), 755-763.

(6] ZEfi. (2010). Hit 2 5 k5 2 WL WK IRAL

7] B, Linu A9 BHOR SR, SR


https://www.ebi.ac.uk/training/online/courses/pfam-creating-protein-families/what-are-profile-hidden-markov-models-hmms/
https://hmmer-web-docs.readthedocs.io/en/latest/index.html
http://eddylab.org/software/hmmer/Userguide.pdf
https://www.youtube.com/watch?v=jxowB-Xen_8

$-L# InterPro

AE/ 4 InterPro Fdha g K HAE R TH InterProScan, iX—F K NAE SN EEL 5 M,
BRI

7.1 EERbRIA

AU R =R TR R (family ), @ERZEMIE (domain), HAKF
HIHERAE (sequence feature),
o EAMAKG: —HAARFEIMGEFRRER R, B0 RAHKHIIEE. FHIR S
BT FIGRH 2 S i Y -
— BFEE (super family)
— iR (family)
— WHKWE (subfamily) (M EZETF, BARES K RBWHET)
o ZERIER: R T RERE R I A T AR S T RE BR T, MR TR E A EAE R
i SR E A
o JPHURHE: T8 B LR e i A R A, PINTEMERLR . SO0 sk et
B BEFH; AETEME, FFOREE R (CARE LN EER, BN a1
SEFIE
BEFFRR (protein signature) 48 T8 B KA THE M BIEAL, B E %R
A, AR RZ AR T
o # (patterns) : T —LLfRFAYFIRFE, WHIEM KK X FR, PROSITE
e TR B
o % (profiles) : 2P ATGETH RO ZEL TR HBIRE, FHEd0 iU A fURF 57
PEFTAHRE, CDD. HAMAP, PROSITE £ profile 42 .
o $54L (fingerprints): 2 P9 XSS ZNRSFIFLELY , T P40 i profile,
BARM I — 840, PRINTS i 2 — Moz .
o FRE/RATREA (HMMs): Q> NAZE 4 Frik, HMM 252 4 His R ge iRy, wf
DA 2R P A REARRRAE , 25 AR ARIE G . Pfam. SMART. TIGRFAM. PIRSF,
PANTHER. SFLD. Superfamily fil Gene3D #RizH 7 HMM,
& TR 1 b RS A —SEAR L P S Y FEXS TR A i, 1) AR s = e 2,
AW AR g A SRS W AR ARG AR Ak o AL R e ) Il 28 ] TR N 1 o
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aiTe PR AN PER AN R & bR, B AR AN T B

7.2 InterPro 5 InterProScan

Interpro J&— M, ‘B2 P e o i &R 1 b IR Aok, THIRIT A, 1B
FAO7 AT )2 ] BE R TR A, B & IS I T RE (2 M . EMBL-EBI N#FRH] InterPro
KA BRE UniProtKB iy H 741, InterPro 8 13 NG EHEE, BN AR I
A EERR, FWIAWT:

o CATH-Gene3D (Class-Architecture-Topology /fold-Homologous superfamily-Gene3D):
CATH J&xf PDB " Z5# 5328, Gene3D fif ] CATH B R FIN 2 38751 5
PERYEE T, | UCL 4kdr

« CDD (Conserved Domains Database, {5 &5 I E R 2 ): 2 g5 FoThHEERE,
NCBI Z3p— A ZEtididinde , AT 3D G5t R0 7 51)-2544- 2 R Z TRl % 2

o HAMAP (High-quality Automated and Manual Annotation of Proteins, /& i &1 H
BT H BT TR SEEFAI R EAERER S, B SIB 4P

« MobiDB Lite: & 15t PN7EJC /7 DRI R

o PANTHER (Protein ANalysis THrough Evolutionary Relationships, & itk 7 &
IHT): N LR AN 73 A I REM K KRR SR KIGE £y, th USC 44

o Pfam: RZH WLE B 451507 2 77 51 OIS By /R ] RSBV G 2, B EMBL-EBI
Y4

o PIRSF (Protein Information Resource SuperFamily classification system, PIR # 5%
DERG): —AEAMNEFRER RGN Z ZRTF IR Mg, R T 2KEH
SR GE R 3 9 &, B Georgetown University Medical Centre ZE

o PRINTS: & HRI58E )%, University of Manchester 24/

o Prosite: FHEZEME. FEMREALAEHEE, S T RIX L E H Ry
i, Hh SIB 44

o SFLD (Structure-Function Linkage Database, Z5t4-IHEHE REIRE): B 202
Bolls, PR E RS SRS R E AL DD REAN R, i UCSE 4ip

o SMART (Simple Modular Architecture Research Tool, f&j BfsiEeH AT T H): i5if%
A AR ZERI TR ARSI 04, B EMBL-EBI 247

« SUPERFAMILY: £ T i M4ty 1) profile FRH /RA] RFALZE, University
of Bristol 43

« TIGRFAMs: NTHERYEE A EEE %, iR Rn AR (HMM) | £)751
Hoxf. R, th NCBI 4

InterPro [#%)/8 BE AT BA Tl B G A [W] 0 1 80 e P ) 85 11 4540, IFHEIREE AR I &5
HE SIEEA AR E AR IR AT —A InterPro Z5H . WAl fiE, HIBABSBHFAHZ
AR 2R K 2R BIBNS A AR IRERR I, TR BT ISR, G4 4%
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HA . R TErfEs. SCRREEEA GO & H, R4 ftdRr UniProt, ENZYME Al PDBe
MEEHE. B 7.1 B/R T InterPro BYREASSEHY -

SIGNATURE BIOLOGICAL  pyevBER DATABASES
METHOD  ENTITY

Profile
HMMs

X
o I e | .. o.
B O o= UniProt o
Superfamilies Gene3D | FAMILY ® ..
<
®
Pfam
e SR, G S
[ () [
" TIGRFAM | PIRSF SFLD PANTHER
Domain

&
Families ?
proties | " [N nal i INTERPRO )
Protein Data Bank in Europe

- GENEONTOLOGY
Unifying Biology

Kl 7.1: InterPro (45 7 1) ARG

SR
Patterns Features S~
&sites Patterns
e (<
Composition Intrinsic ;
Prediction Disorder MobiDB

InterPro K K IE I ZK IR . DIRERIFHIR AT REIZEHE , HE R T4 X, W
ANRE TS (Bans oh 1 B s iR A ) «

InterProScan J&—> InterPro #2& T H., $#{it FASTA #&:3C{4, InterProScan RFE4
B PAUCES, I A FIE U H 458 . InterProScan ) H AR & W11 & R HFH )
WIREs K% T )& «

7.3 AHL InterProScan

7.3.1  BRPFRAAHR R

InterPro Ft#EEAR K, HWILFHAEAETE InterProScan # {41, W[4 conda Z¢3E Inter-
ProScan k4, 555, biwm FRATE N EEIRER %, Al DA .
A A RS B E AT InterProScan M B s A @ REERE, I 2liEtTe

$ In -s /rdil/home/public/interproscan-5.51-85.0
$ 1s
interproscan-5.51-85.0

$ ./interproscan-5.51-85.0/interproscan.sh
Java version 11 is required to run InterProScan.
Detected version 1.8.0_152-release

Please install the correct version.

© 0 N O Ot ks W N
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10 $ java -version

11 openjdk version "1.8.0_312"

12 OpenJDK Runtime Environment (build 1.8.0_312-8u312-b07-Oubuntul~18.04-
b07)

13 OpenJDK 64-Bit Server VM (build 25.312-b07, mixed mode)

HEE, ZRAR InterProScan T2 Java 11, ffEdeIpik: conda BI@UHIIAEE, FH4ent
MW H] openjdk:

$ conda create -n iprscan python=3.7
$ conda install openjdk=11.0.13

$ java -version

openjdk version "11.0.13" 2021-10-19

OpenJDK Runtime Environment JBR-11.0.13.7-1751.21-jcef (build
11.0.13+7-b1751.21)

7 OpenJDK 64-Bit Server VM JBR-11.0.13.7-1751.21-jcef (build 11.0.13+7-

b1751.21, mixed mode)

S Ot e W N

PRI InterProScan, JEZWLatTFFR I fEr, WACTESEOE L. A
. RBEEER T

1 (iprscan) leblc@bbt:~/iprscan$ ./interproscan-5.51-85.0/interproscan.
sh
2 23/05/2022 21:53:04:757 Welcome to InterProScan-5.51-85.0
23/05/2022 21:53:04:765 Running InterProScan v5 in STANDALONE mode. ..
on Linux
4 usage: java -XX:+UseParallelGC -XX:ParallelGCThreads=2 -XX:+
AggressiveOpts -XX:+UseFastAccessorMethods -Xms128M

) -Xmx2048M -jar interproscan-5.jar

6

7

8 Please give us your feedback by sending an email to

9

10 interhelp@ebi.ac.uk

11

12 -appl,--applications <ANALYSES> Optional, comma
separated list of analyses. If this option

13 is not set, ALL

analyses will
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be run.
14  -b,--output-file-base <OUTPUT-FILE-BASE> Optional, base
output filename (relative or absolute path).
15 Note that this
option, the --

output-dir (-d)
option and the

16 --outfile (-o)
option are
mutually
exclusive. The

17 appropriate file
extension for
the output
format(s) will
be

18 appended
automatically.
By default the
input file path

/name
19 will be used.
20
21 -T,--tempdir <TEMP-DIR> Optional, specify
temporary file directory (relative or
22 absolute path).
The default
location is
temp/ .
23 -verbose,--verbose Optional, display
more verbose log output
24  -version,--version Optional, display
version number
25 -vl,--verbose-level <VERBOSE-LEVEL> Optional, display
verbose log output at level specified.
26 -vtsv,--output-tsv-version Optional, includes
a TSV version file along with any TSV
27 output (when TSV

output
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requested)
28 Copyright © EMBL European Bioinformatics Institute, Hinxton, Cambridge
, UK. (http://www.ebi.ac.uk) The InterProScan
29 software itself is provided under the Apache License, Version 2.0 (
http://www.apache.org/licenses/LICENSE-2.0.html) .
30 Third party components (e.g. member database binaries and models) are
subject to separate licensing - please see the

31 individual member database websites for details.

32

33 Available analyses:

34 TIGRFAM (15.0) : TIGRFAMs are protein families

based on hidden Markov models (HMMs).

35

36 MobiDBLite (2.0) : Prediction of intrinsically

disordered regions in proteins.

37 PIRSF (3.10) : The PIRSF concept is used as a
guiding principle to provide comprehensive and

non-overlapping clustering of UniProtKB
sequences into a hierarchical order to reflect
their evolutionary relationships.

38

39 Deactivated analyses:

40 TMHMM (2.0c) : Analysis TMHMM is deactivated,
because the resources expected at the
following paths do not exist: bin/tmhmm/2.0c/
decodeanhmm, data/tmhmm/2.0c/TMHMM2.0c.model

41

42 Phobius (1.01) : Analysis Phobius is deactivated,

because the resources expected at the
following paths do not exist: bin/phobius
/1.01/phobius.pl

43 (iprscan) leblc@bbt:~/iprscan$

7.3.2 BB ETT

1 $ interproscan-5.51-85.0/interproscan.sh -i interproscan-5.51-85.0/
test_all_appl.fasta -f tsv -dp
2 24/05/2022 13:19:35:514 Welcome to InterProScan-5.51-85.0
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w

24/05/2022 13:19:35:517 Running InterProScan v5 in STANDALONE mode. ..
on Linux
4 24/05/2022 13:19:45:921 RunID: bbt_20220524_131945460_717v
24/05/2022 13:20:01:093 Loading file /rdl/home/leblc/iprscan/
interproscan-5.51-85.0/test_all_appl.fasta
24/05/2022 13:20:01:094 Running the following analyses:
[CDD-3.18,Coils-2.2.1,Gene3D-4.3.0,Hamap-2020_05,MobiDBLite-2.0,
PANTHER-15.0,Pfam-33.1,PIRSF-3.10,PIRSR-2021_02,PRINTS-42.0,
ProSitePatterns-2019 11,ProSiteProfiles-2019 11,SFLD-4,SMART-7.1,
SUPERFAMILY-1.75,TIGRFAM-15.0]
8 Pre-calculated match lookup service DISABLED. Please wait for match
calculations to complete...
9 24/05/2022 13:20:35:702 267 completed
10 24/05/2022 13:21:12:937 52%, completed
11 24/05/2022 13:22:27:049 75% completed
12 24/05/2022 13:30:41:603 92%, completed
13 24/05/2022 13:31:00:143 100% done: InterProScan analyses completed
14
15 $ 1s
16 interproscan-5.51-85.0 temp test_all_appl.fasta.tsv

WEH, EMTELEEDR T 11 7348, interproscan [ HEARFEN AT,

N T ERA R XA ), interproscan BRiAJFE T Precalculated match lookup (41T
FVCHCE ) RS . InterProScan [H4r#r@ st i TFAIRg, Kk, RIFERER P r=E
R ZE R . XM, InterProScan FEULEIAR )75 5 2 et B A M)F 5 R MDS5 {H,
SRIE R TS R VLR IR Sy . WRZF o Seidifid, Wnl EEm hEimgR (o
FRRGEITER) s WRZF IR A ERS T, Wisfr—k &R

interproscan FRIAEAAYE EBI #E & RIS, (HH WA A AR A T A
o MK ATSETT B VLR A kS, T -dp/—disable-precalc #£Mi, LHAYIZTTHL
] TiX—E, TFHZRE .

1 $ interproscan-5.51-85.0/interproscan.sh -i interproscan-5.51-85.0/
test_all_appl.fasta -f tsv

24/05/2022 13:37:10:362 Welcome to InterProScan-5.51-85.0
4 24/05/2022 13:37:10:371 Running InterProScan v5 in STANDALONE mode. ..
on Linux
5 24/05/2022 13:37:23:661 RunID: bbt_20220524_133723317_hhnj
24/05/2022 13:37:38:386 Loading file /rdl/home/leblc/iprscan/
interproscan-5.51-85.0/test_all appl.fasta
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10
11

12

13
14
15
16

17
18

19

20
21

22

23
24
25
26
27
28
29
30
31
32

24/05/2022 13:37:38:392 Running the following analyses:

[CDD-3.18,C0ils-2.2.1,Gene3D-4.3.0,Hamap-2020_05,MobiDBLite-2.0,
PANTHER-15.0,Pfam-33.1,PIRSF-3.10,PIRSR-2021_02,PRINTS-42.0,
ProSitePatterns-2019 11,ProSiteProfiles-2019_11,SFLD-4,SMART-7.1,
SUPERFAMILY-1.75,TIGRFAM-15.0]

Available matches will be retrieved from the pre-calculated match

lookup service.

Matches for any sequences that are not represented in the lookup
service will be calculated locally.

2022-05-24 13:37:44,947 [Thread-6] [uk.ac.ebi.interpro.scan.business.
sequence .BerkeleyPrecalculatedProteinlLookup:748] WARN -

The version of InterProScan you are using is 5.51-85.0

The version of the lookup service you are using is 5.55-88.0

As the data in these versions is not the same, you cannot use this
match lookup service.

InterProScan will now run locally

If you would like to use the match lookup service, you have the
following options:

i) Download the newest version of InterProScanb5 from our FTP site by
following the instructions on:
https://www.ebi.ac.uk/interpro/interproscan.html

ii) Download the match lookup service for your version of InterProScan

from our FTP site and install it locally.
You will then need to edit the following property in your
configuration file to point to your local installation:

precalculated.match.lookup.service.url=

In the meantime, the analysis will continue to run locally.

24/05/2022 13:38:15:489 25% completed
24/05/2022 13:39:00:380 50% completed
24/05/2022 13:40:07:681 75} completed
24/05/2022 13:48:08:760 90% completed
24/05/2022 13:48:21:841 100% done: InterProScan analyses completed
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A2 5.55-88.00 A AMCUGBATUN SRR A M TS5 U, #ERTZY 11 434
iRy ¥ -
1. N EH AR InterProScan,
2. FEAFE 4 BIAA InterProScan [ FE T 2RSS, HEASMEIE S, DA HiRE 45
B EBI 24t M55 .
THRTHTEE T HOOUE, RN

7.3.3 Wik
WNJCZHLEAT interproscan. sh irfTEIRYFEF, interproscan A7 ARZ I, T IHFFLE
79

b=

TEI ik
-dp / —disable-precalc | {FHTFCITEERMRS, X&FE InterProScan j217451%
T EAR AT, SEbs B AR e AR, nTRATRE 13 N
-appl / --applications | HEEHH—NEAN GESHIE); Kfae W R ST
P AR R AR B R, FF B A N R 55
-i / --input feE i A S, FASTA %=X
-goterms / --goterms EHANE GO R 1h)
i d th SO B AR NSO 44 (basename) , %A
BROA M, BHLE, N -o f5& i scit
-t / --seqtype e A FFIRE, B ERITAE, HFERESH
fee Skt (FHEE 2, B 0),

PRiAH TSV, XML, GFF3, JSON
-pa / --pathways JE PR 7 P 8 o 3 R )

-b / --output-file-base

-f / --formats

7.3.4 FiRA

Mg UL FE TSV (Tab-separated values, {ilZRAF 0 Ma{E), XML(A[Y BARCIE S, Ex-
tensible Markup Language), JSON, GFF3(Generic Feature Format Version 3, 1 F4FEA%

53 ). Hrfr, XML, JSON ff B FH, EAEEEREMAR:; GFF3 lEEENEE: TSV
B
7.3.4.1 TSV KX

TSV gyt SRR 13-15 81, DA 5.2.3 HrEdz Bl i B, 5tk

1 UPIOOO4FABBC5 92e4b89dd86£8ab828f57121f647d460 257 PRINTS PR0O1914
Neurotrophin-3 signature 81 95 2.0E-26 T 24-05-2022
IPRO15578 Neurotrophin-3
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2 UPIOOO04FABBC5 92e4b89dd86f8ab828f57121£f6d7d460 257 Pfam PF00243
Nerve growth factor family 145 254 7.7E-52 T 24-05-2022
IPR002072 Nerve growth factor-related
3 UPIOOO04FABBC5 92e4b89dd86f8ab828£f57121£6d7d460 257 PANTHER

PTHR11589 NERVE GROWTH FACTOR NGF -RELATED 1 257 5.6E
-150 T 24-05-2022 IPR020408 Nerve growth factor-
like

5 | %H %5

1 | EEERS UPI0004FABBC5

2 | ¥%) MD5 {H 92e4b89dd86f8ab828f57121{6d7d460

3| FPAIKEE 257

4 | AprRE (BdinE) PRINTS

5 | FRiFESES (Signature accession ) PR01914

6 | FRiRHAR Neurotrophin-3 signature

7| BIRALA 81

8 | ZIkAvE 95

9 SR evalue, 2.0E-26
AN TE R B R P VT S AN )

10 [ RES, PERCHYEAR T

11| A7 AR H Y 24-05-2022

12 | InterPro {FE-5 55 IPR0O15578

13 | InterPro JRE-Hiiid Neurotrophin-3

14 | GO R, WREM T -goterms I | -

15 | JEEKERE, WREA T --pathvays JEI | -

7.3.4.2 GFF3 &R

GFF3 A5 0 F & B AR AR, B e AP A DC FE [ 3 21 T 4 2 1 A &
o, s T N R E A B S S LPE R FASTA FPa1). 7 fil:

N
B

1 ##gff-version 3
2 ##tfeature-ontology http://song.cvs.sourceforge.net/viewvc/song/
ontology/sofa.obo?revision=1.269
##interproscan-version 5.51-85.0
##sequence-region UPIO004FABBCS5 1 257
UPIO004FABBCS . polypeptide 1 257 . 1
ID=UPIO004FABBC5;md5=92e4b89dd86£8ab828£57121£6d47d460
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6 UPIOOO4FABBC5 Gene3D protein_match 139 257 8.2E-53 +
date=24-05-2022; Target=UPI0004FABBC5 139 257;ID=match$1_139_257;
Name=G3DSA:2.10.90.10;status=T;Dbxref="InterPro:IPR029034"

UPIOO04FABBC5 SUPERFAMILY protein_match 137 253 3.76E-51
+ . date=24-05-2022;Target=UPIO004FABBC5 137 253;ID=
match$12 137 253;Name=SSF57501;status=T;Dbxref="InterPro:IPR029034"
9 ##sequence-region UPIOO02EOD40B 1 370

10 UPIOO02EOD40B . polypeptide 1 370 . +
ID=UPIO002EOD40B;md5=f91cb3cf61f2d7c7f5aaf6ea04e07868
11 UPIOO02EOD40B ProSitePatterns protein_match 54 62 . +

date=24-05-2022; Target=UPI0002EOD40B 54 62;ID=match$13_54_62

;signature_desc=Asparaginase / glutaminase active site signature
1. ;Name=PS00144;status=T;Dbxref="InterPro:IPR020827"

12

13 ##FASTA

14 >031533

15 MGNYLSVAVELVCGLGILFIILKLLGKTQFSQITPFDFISALILGELVGNAVYDHEIKIK

16 EITFASLLWGVLIYIIEFITQKMKSSRKFLEGEPNIVIRKGELQYKVMKKNKIDINQLQS

17 LLRQAGSFSIQEVEYAILETNGMVSVLPKSDFDKPTNKDLQIPSKSVSLPITLIIDGEIV

18 RDNLKEAGVDEQWLKQELKKKNIDKTEDVLFAEWHKNKPLYTVTYEQSRST

19 >UPIO000167F57

20 MKAQGETEESEKLSKMSSLLERLHAKFNQNRPWSETIKLVRQVMEKRVVMSSGGHQHLVS

21 CLETLQKALKVTSLPAMTDRLESIARQNGLGSHLSASGTECYITSDMFYVEVQLDPAGQL

g

#HHEASTA FROMELE T IINA E B FUFS . ####sequence-region MU EMRES], B
I 32

¥ | 4H B+

1 | %) ID UPI0004FABBC5
2 | RUE Gene3D

3| ERERA protein match

4 | ERAGHLE 139

5 | &Ik 257

6 | 4rEL, ANE S EEE FETHE R R | 8.2E-53

7| #EEE (IE kR SUEE) +

8 | phase(fOWHFHEZEAL R CDS my1TiE H )

9 | B date=24-05-2022...
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7.3.4.3 JSON #& MM g Jgg 7

JSON # B AAE G EH I3, (H EBLIR{L 7Oy p W iR TR 5] 7.2-7.5 )& JSON
LM EDVEZN PR

Your InterProScan Search Results @

Your InterProScan search results are shown below. Searches may take varying times to complete. You can navigate to other pages and once the search is finished, you will

ive a notification. The results will be available for 7 days.
£k F AR JSONSCAEF §

Alternatively, you can import the results of an InterProScan run (in JSON format) into this page in order to view your search results interactively.
e Import ‘ E
fear All

B¢ ST NAvE Y crente

No data available

B 7.2: AEHZLHEAL A% JSON S0, BARPURIRAA G, B BL, gt “OK”,

InterProScan FHe

about to load the analysis of 5 sequences with InterProScan version 5.51-85.0

© Mismatched Version
InterProScar

s release of InterPro and some of the data
ol

might hav

K 7.3 FEGUHZLHEAL B JSON SO, BEARGERIAA G, (A5 BAL, #EE “OK”,

7.3.5 HxXBiEts

1_i¢.HBA HUMAN . FASTA =47 interproscan :

$ cd iprscan/
2 $ ./interproscan-5.51-85.0/interproscan.sh -i HBA_HUMAN.FASTA -goterms
-pathways -dp
24/05/2022 15:36:50:247 Welcome to InterProScan-5.51-85.0
24/05/2022 15:36:50:251 Running InterProScan v5 in STANDALONE mode. ..
on Linux
5 24/05/2022 15:37:00:591 RunID: bbt_20220524 153700090 kml j
24/05/2022 15:37:16:514 Loading file /rdl/home/leblc/iprscan/HBA_HUMAN
.FASTA



https://www.ebi.ac.uk/interpro/result/InterProScan/#table

Bl 7.4 PR E AR AR, AR FASTA SUPFEE 5 741,

INTERPRO

') InterPro

Home  »Search  » Browse [EELEONIS

ification of protein famili

Release notes.

Download  » Help > About

Alternatively, you can import the results of an InterProScan run (in JSON format) into this page in order to view your search results interactively.

1-50f 5 results.

ST Re

imported_file-test_all_appl fasta json-5

imported_file-test_all_appl fasta json-4

imported_file-test_all_appl fasta json-3

imported_file-test_all_appl.fasta.json-2

imported_file-test_all_appl.fasta.json-1

UPIO004FABBC5,

(’ InterPro  Classification of protein families

* Search - Agsults

© Mismatched Version

InterProScan version:| 5.51-85.8

‘Some links might not work &3 the results are from a previous release of InterPro

Ralease notes

Import

SV nave

UPI00043D6473

031533

UPI0000167F57

UPI0002E0D40B

UPI0004FABBCS

Download | » Help

Title UPIONMFABBCS &

Job 1D @ imported file-test_all_applfastajson-1 @
Length amina acids

Action []

Status + imported file

Protein family membership

= [@ Nerve growth factor-like (PRO20,
& neurctrophin-3 aFR

015578

Entry matches to this protein @

24 seconds ago

24 seconds ago

24 seconds ago

24 seconds ago

24 seconds ago

ClearAll v

and some of the data might have been delsted or changad in the current versien

& o ) E) b 30 B 5 R 2 B B
U 257
™ 20
T T OW ¥ T T W T = T ETEI
- Eamily
1PROISETE
FRDiSid
FTHRTISE0SR
1PRAZ0408
PTHRTISE
FRSF01783
= Domain
1PRON2072
FED0243
SMOD1A0
PRI
~ Homalogous Superamily
N 23054
S 3 0.9010
= Conserved Site
-_ EEAR
240
- Unintegrated
S e

= Predicions.

GO terms
Biological Process

Nare

K 7.5:

Molecular Function

neurstrophin receptor binding {(&0:0005165) «
signalinz receptor binding (G0:0005102) 1

Cellular Component

Hare

Cail 1)

FE)S, WREAEZ InterProScan —FEARTESE .

118

BESIr i 5 NahR,
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7 24/05/2022 15:37:16:515 Running the following analyses:

8 [CDD-3.18,Co0ils-2.2.1,Gene3D-4.3.0,Hamap-2020_05,MobiDBLite-2.0,
PANTHER-15.0,Pfam-33.1,PIRSF-3.10,PIRSR-2021 02,PRINTS-42.0,
ProSitePatterns-2019 11,ProSiteProfiles-2019 11,SFLD-4,SMART-7.1,
SUPERFAMILY-1.75,TIGRFAM-15.0]

9 Pre-calculated match lookup service DISABLED. Please wait for match
calculations to complete...

10 24/05/2022 15:37:36:183 25%, completed

11 24/05/2022 15:37:54:073 517, completed

12 24/05/2022 15:39:20:223 75% completed

13 24/05/2022 15:39:39:260 907 completed

14 24/05/2022 15:39:55:692 100% done: InterProScan analyses completed

Rffii 1Y) HBA_HUMAN.FASTA. json N#F|AHY, & ANAT BTN, @45 H s
Kl 7.6-7.10,

” InterPro Classification of protein families

Sl Releasenotes  Download | » Help > About

8 Result/ InterProscan  Imported File-HBA HUMAN.FASTA Json-1/ overviow 13X 2 52 N ] TSON ST

InterProScan Search Result
L]

Using data stored in your browser

Mismatched Version %722 InterProScanhii4s 5 2 {i InterPro${ i i A A — £
InterProScan version: [ 5.51-85.0 |

Some links might not work as the results are from a previous release of InterPro[ 85.6 | and some of the data might have been deleted or changed in the current version
[88.0]

Title HBA_HUMAN ra Ef LﬁJJ)’ Z/‘IJ g
JobID @ imported_file-HBA_HUMAN.FASTA json-1 [ “’ %ID
Length 142 amino acids ﬁ»ﬁﬂﬁﬁ‘@”ﬁ}i
Action u
Status + imported file
K 7.6: Ak
0. b, o

7.4 AFZk InterProScan

EBLI-EMBL ¥f InterProScan il AE o5 4% F, RIT5 M IO AELR IR

MR 0I5, A% R H AT B ILIARS . GO R pathway 2 a4 3¢
PR EESE A, A 238 BB J00 E RA AN G R T

3P4 HBA JydEA7 R BUAR InterPro #58, REHR SAMML R . M ITERILF—2, [
A AR, X ARELT InterPro Bl se R TIPAIRY, FRAFAI . whse i Hh [
U

N E B R UniProt 424t 1451 InterPro RYFERE, MAEMCMEH RN, W EH%
ENLF| InterPro £cH, %t HUMAN HBA #9011


https://www.ebi.ac.uk/interpro/search/sequence/
https://www.uniprot.org/uniprot/P69905#family_and_domains

%%% INTERPRO

InterPro  Classification of protein families

»Search  »Browse [EEECESWSM Relcascnotes  Download  » Help  » About

A/ Result / InterProScan / Imported File-HBA HUMAN.FASTA.Json-1/ Entry / InterPro

oerior [ e

This protein matches these entries: E‘zﬁ"\'g ﬁiﬁ’? ﬁ'J U E"] InterPro% H

1-50f 5entries matching InterPro® = v

1PRO09050  Globin-like_sf InterPro

1PRO02338  Haemoglobin_a-typ InterPro
e = = e e =

1PRO00971  Globin InterPro
c_______________________________________________________J
1PR002339  Haemoglobin_pi InterPro S0 100
L] - -_— -_—
1PRO12292  Globin/Proto InterPro S0 100
K 7.7 2k H
GO terms G0%% [
Biological Process /{7 %% it 3 Molecular Function )1~ I} fi Cellular Component 4[] it 21 43
« oxygen transport (G0:0015671) 1 + heme binding (G0:0020037) 4 « hemoglobin complex (GO:0005833) 4

« oxygen binding (G0:0019825)
« iron ion binding (G0:0005506)

K 7.8: GO 4&H.

[P InterPro  Cassification of protein familes

Home  » Search > Browse RUISTIS  Releasenotes  Download > Help » About

Protein family membership & [ Z (5 B
+ & Hemoglobin, alpha-type aprooz23se) THI 1 28 1 J5i 3% JE

E Hemoglobin, pi (1PR002339)

HiZEARILACH % H

Entry matches to this protein @

R S S—— R

Y 142
"

LY AEARSAARARARARNRACAINLNRIRALENNNYLNENE RSN

1PRO02338

B T UBOKYE GEAK-: Bk InterProdk H X
. ]}

« Domain 4 FA 3K

+ Homologous Superfamily |7 YR A0 ER X &

e IR S P
PRI ELX 7 procers

1PRO00971
PFO0042
501033

1PRO09050
SSF46458

» Urintegrated A HE A7

Kl 7.9 EEREEEE .

1PRO12292
G3DSA1.10.490.10

PTHR1I442
PTHR11442:5F79

120



%%% INTERPRO

&) interpro

- Browss | s Resulls | Relassnolss | Downlosd | » Hep | » About

@ searn saaence

Search InterPro

e bpree bydominwentecure

Sequence, in FASTA format

(complte ornot -

' et InterProscan.

Chosetie | Exampe protein sequence

Advanced options

Clear

el This service is part of the ELIXIR infrastructure
(G

Kl 7.10: FEZk InterProScan HL] .

(P InterPro  Classficatio n families

Home * Saarch + Browse QECCTUCNN  foleasenotes | Download » Help

{ Result | InterProScan | Iprscant-R20220524-092618-0800-91203392-P2m | Queniiew

m Eowiss 5 sequence

InterProScan Search Result

a@

Title HBA_HUMAN - PE3305, Hemoglobin subunit zlpha. HBAT: J Luo. 2016-08-21 s
Job ID @ iprscanS-R20220524-092618-0800-91203392-p2m

Length 142 amino acids

Action L]

Status + finished

Expires @ Tus May 312022

Protein family membership
= @ Hamogisbin, slphz-type (erozzin
A Hemoglobin, pi 1FRODZI13)

. . o
Entry matches to this protein @
i) ) ) ) ) ) E) ] E) b
y
P 0
- N . I scl == J =g g ss LS 3 =8 ==
- Family
1PRO02138
[ = = ) A 3 FRICGE12
L S— E——
u - nm LI | - L]
L - nm B m - = -
+ Domain
1PRO00ST
A PFOO42
(ST

~ Homalogaus Superfamily

= Unintegrated

FTHRTA
FTHRIIAA25FTS
GO terms
Biological Process Molecular Function Cellular Compaonent
* oygen tranaport (GO:0D1B67L) = heme binding (G0:0020037) » = hemaoglobin complex (G0:0008838) i

= iron ion binding (G0:0005506} &
® oxygen binding (GO:001982E]

K 7.11: HBA W 7182455,

121



%% INTERPRO 122

CEPEN

[1] Blum, M., Chang, H. Y., Chuguransky, S., Grego, T., Kandasaamy, S., Mitchell, A.,
Nuka, G., Paysan-Lafosse, T., Qureshi, M., Raj, S., Richardson, L., Salazar, G. A., Williams,
L., Bork, P., Bridge, A., Gough, J., Haft, D. H., Letunic, 1., Marchler-Bauer, A., Mi, H., -
Finn, R. D. (2021). The InterPro protein families and domains database: 20 years on. Nucleic
acids research, 49(D1), D344-D354.

2] Jones, P., Binns, D., Chang, H. Y., Fraser, M., Li, W., McAnulla, C., McWilliam, H.,
Maslen, J., Mitchell, A., Nuka, G., Pesseat, S., Quinn, A. F., Sangrador-Vegas, A., Scheremet-
jew, M., Yong, S. Y., Lopez, R., & Hunter, S. (2014). InterProScan 5: genome-scale protein
function classification. Bioinformatics (Ozxford, England), 30(9), 1236—1240.

[3] InterProScan Documentation

[4] InterPro Quick Tour

[5] ZH). Linux AEYE BEOREERA. PREZS].


https://interproscan-docs.readthedocs.io/en/latest/index.html
https://www.ebi.ac.uk/training/online/courses/interpro-quick-tour/

BT Web kY5 MySQL ¥)B

X —FRRBEY, LA ABC WubtER BT, A — BT ALSGE Y, Bl /2 an el AR
— MR M B, PAK MySQL A&

8.1 WALy

BIRATVA AP, WYEEE (U Chrome) RFAMRS AR IE—ATEK, MG, RE5H
FEmIS, BISAN AL S— S W A SCIE, SRR TR et TR M
RERZTE I L

HR IOV U SO AR LR, AR 4 B
« BISCAHRIZIER (Hypertoxt Markup Language, HTML) SCfF, ST HA L
5.

o Z&FERFE (Cascading Style Sheet, CSS) 4, LM TAHF.
o Javascript SUPF, PSS EC A

o Assets (ELFENW™), FAHSHIE, Blan—ikE A

T RN

8.2 HMWAbIdIES (HTML)
8.2.1 HTML fFmy&E#

HTML U P sitf58, sefigit. R WA Tk M ot g s M aii il =
(HTML A@—1mfES ). i, HTML 2 —RIHREN & 1.
g AR HTML SCfF, R E AN &

1 <!DOCTYPE html>

2 <html>

3 <head>

4 <title>Test Page</title>
b </head>

6 <body>

7 <h1>Heading!</h1>

123
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8 <p>Paragraph!</p>
9 </body>
10 </html>

 <IDOCTYPE html> jg—/NrEHH, 1kl Yads REUEHTHY HTML ARifEMFREX A~ M 1

o <html> Fl </html> B—XIFr%E, kA HTML SCRYHHR (root).,

o <head> Fll </head> J&HBIRERT, X AR 8] W] AFEM 0T ) T8l (meta-
data) . JCECIRAFEM TTRIARE . B4, XUbg. MREEE LS.

o <title>Test Page</title> J& Ul HIAREIFRZERT, XN R%E 2 8] 1Y 42 1% M 0T i bm it
BRI RS T E AR E R sk, HTML SCRY 18 TARZS 2 AMR A TR 2 3
A, XHL, “Test Page” i XA

s <body> Fil </body> J& TARIRZERT, IXPHAFREEZ [H]E %M 0T HY AR P2

o <hi> Fl </h1> F—RHREHREXS, X AR T — bRl

o <p> Fll </p> BEVEITREXT, XRE A T Bg .

8.2.2 FRZEMILE
HTML i S b 4

<html></html> | HTML SCE4#R
<head></head> | SKFAREE, FEECH KM SCRI
<body></body> | I A4r%

<hl></hl> — R Fpd

<h2></h2> TRARME, A E B NHFRE <h6>< /h6>
<p></p> Bk s

<div></div> 1 H e AR

<span></span> | il HFTIN XIR%E

HTML T SCAR A AR 2 4 -

<b></b> iERZ NN
<code></code> | THEMALHS LA
<em></em> SR SO
<i></i> FHARSCA

sk, HTML pgiERasaon: <t—— 38 -—> o BRI ESEN a2, Hid
MRS AU S L B A

PIZANRLAG, ST B — . RA a4l T HTML? HARIREE, Mits
(elements), #R&EITCHM—HBAY
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FATA—BIE TR A

Opening tag Closing tag

—L

<p=lly cat 1s very grumpy=/p>

Content

Element
K 8.1 — A EI%ICE

— IR F LR -

L. HIhPr% (Opening tag) : WETTRWAIR (KGN p), HRTS. NTSHraH.

FORTCR N I IR B T REAE A b BB th BT 46

2. G5ipR% (Closing tag): SHFMATRAAML, HRHAETCRA IS T MRFL. X

FRNEICRIG R TEARGI P M B IEFE LA R . P28 R S RILE S SR RS

R, IXATRER AR SRR RIS R

3. W% (Content): JERIYNZS, ABIhe i Am)SCARAS .

4. JTHR (Element): JFIAbRE. RS NEMS G, R —DEBEINITE.

TR STTREWARE, Hi—N& T Ea LS/ Y& T, fla, <p>My cat is <
strong>very</strong> grumpy.</p> .

)& <p>My cat is <strong>very grumpy.</p></strong> ;&4inl, FE NRENITE
WA IERIRYZU, A& TR RERR /2 X (B8 HIRFSEm Uik, W& T RBEZERD) .

8.2.3 @M

LRI AAENE, JBIEAE T RTIURN—MHOME R, XEEA S AN BN A
e, ESBY HETE N L.

R TCE JE ] DAL I AR ) A, AN <a href="http://www.ncbi.nlm.nih.gov
/">NCBI</a> . iXH"a” By 2 (anchor), HEBHEEAYUIEEH href JRIESCHL.

HE: B S TR A N EM RN %A 24%, B AR E M S5, )8
PEMEL XG5t H

EILTCE A EPE T DASCIIE A S, IR 0T SR R, Bl
f: <img src="./gif/abcs.gif"alt="abc0"width="280"height="210"align="bottom"> ,
HIEICE ARAIR L AT H UG — N AR B2 1 JE N AR B AR A, N BT R AR
NARFERCR, AR PAR N A ITR -

2] BMDN Web Docs
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8.2.4 Ki#

FBEmH e, IR EAEM A 2e—Le ], Bl ABC Mk A X il

What we learn
We'll learn, step by step, the ABCs of:

How to find literature papers from PubMed efficiently

How to search databases such as UniProt and RefSeq in an Advance mode

How to align your DNA and protein sequences

How to make a good Blast search to obtain your results with less false positive and false negative
How to analyze your own DNA or protein sequences with various tools

How to construct a phylogenetic tree for a set of sequences at your hand

How to predict the three dimensional structure of your favorite protein

K 8.2: ABC F i #i/&l

SR 430 7 £ P A 2

© 00 I O Ot = W=

10
11
12
13
14
15

16
17
18

19
20
21

22
23

<b>What we learn</b>

<p>We'll learn, step by step, the ABCs of:</p>

<ul>

<1li>

How to find literature papers from PubMed efficiently

</1i>

<1li>

How to search databases such as UniProt and RefSeq in an Advance
mode

</1li>

<1li>

How to align your DNA and protein sequences

</1i>

<li>

How to make a good Blast search to obtain your results with less
false positive and false negative

</1i>

<li>

How to analyze your own DNA or protein sequences with various
tools

</1i>

<li>

How to construct a phylogenetic tree for a set of sequences at
your hand

</1i>

<1li>
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24 How to predict the three dimensional structure of your favorite
protein

25 </1i>

26 </ul>

XH, <ul></ul> Z2—XERICFHIFE (unordered list) fIFR2E, Hr, &—A518%H
(list item) HRRE B TE <1i></1i> H,

TSR A E S AN P43 (ordered list), JUA]HRE <ul></ul> Bl <ol></o0l> .

PRATSEI—AN 8 X H1FE (definition list) :

1 <b>{R¥EF B4 ?</b>
2 <dl>
3 <dt>iF EHLA e </dt>
<dd># Al Linux 4 44T 1E</dd>
<dt>4 M 5 B ¥ AL </de>
<dd>JF7 7| tb %t . BLAST., HMMER. InterPro</dd>
<dt>E T I B W& gE</de>
<dd>RNA-seq#(iE DT A2 . ChIP-seq¥ B AT A2 . IR B & </dd>
<dt>¥ £</dt>
10 <d>RA X B ERE, HE5 FZHE T #</dd>
11 </d1>

© 00 N O Ot

FORATE (BAEA CSS):

RigFIHtA?

THERE
HuiLinuxds$ TR
a7/l EI=E 5=t
RIS, BLAST, HMMER, InterPro
HTImBRREE
RNA-seqEHBESHTRIE. ChIP-seqiEOHTimE. BRI
=2
FEMEBEEIN, BERFFRTN

Kl 8.3: 5 XA KR

8.2.5

B/ X (block section) 547P43X (inline section) 431 <div></div> fil <span></
span> SEHH .
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[ BAS S 1 e i fa o HTML SO, R el , $f—Fbn B Bag i) —4
Bear R

1 <!DOCTYPE html>

2 <html>

3 <head>

4 <title>Test Page</title>
3 </head>

6 <body>

7 <div>

8 <h1>Heading!</h1>
9 <p>Paragraph!</p>
10 </div>

11 </body>

12 </html>

WYEEHTIF ARG, R, AR s . B5EPs b, FROTERAS T — 8. XA
BAATAIE N, AR BRI, Hid e CSS SeiF, R fire2eif k. SJL
FRITBERY, (EABAEARAT I AR B, AU BRI — Rk, & Y ize R 2 5 .

8.3 JRAFEA# (CSS)

8.3.1 CSS 55+

CSS M GBI, 2 M s AR UG . Be—E M DA HTML BT
R R I RN (rule set), 2—RINFHAIERE S

HTML SCPER %R FAME—4~ CSS UM H O, f 2k aBPs, 40 ABC Mg
7€ <link rel="stylesheet"href="./css/abc.css"type="text/css"> .

HE href JEIERINE, WU M GBI CSS SRR,

FNIAYIHTE—A style UM, FEHHHIE—A> style.css 30, HNAEN:

1 div {

2 color: red;

3 font-family: Arial;
4 font-size: 24pt;

5 }

(A7, TIRAE L /NIRRT G HTML SIS HHOA <link rel="stylesheet"
href="./style/style.css"/> .

XFE, WEASHTH HTML SCPAG , FRRFE BB <div></div> GREIHER A8 R,
Arial 2K, 24pt KI)N.
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FATREURE— T X B A :

o div @ AR, FEEXMEE HEHE .

e color : JE (property), $§a oMl HAE, EXEEHE, TS 5T

. FHERIN,

o red : JEVEMME (value),

e color: red; : JEMAIBMAMELLN 4% (declaration).

— 4 R B O, R B AR AR — A . BN (R TR
o) RSB RTE S B RN BB E SRRt SR s T . e
ASHEINEE L] 735 R4 PR B A B I

CSS Wir A Z R, i B, X A 2R, AR U@ i (general),
A SR 2R (special) .

TR ARG, JEPERSIEE T — TR (element), (HEEEAFIL ] ATEE—13K (class),
g4 ID JgtE, BeE— M7 (inline style).

M- B e, HEp2: ok, 2K, ID JEbE. 1TFE.

TR B RIS 78 55 L eI AR, FRATT SR A BT HTML R B /E AR -

HTML SRR, ¥, FEESA 3 A, Hss 1 AP ek, % 2 MdsE T
HZEk info , 25 3 P48 E TH ID 25 unique .

1 <!DOCTYPE html>

2 <html>

3 <head>

4 <title>Test Page</title>

) <meta charset="UTF-8">

6 <link rel="stylesheet" href="./style.css" />
7 </head>

8 <body>

9 <h1>Heading!</h1>

10 <div>Paragraph!</div>

11 <div class="info">Info</div>

12 <div classs="info" id="unique">Test</div>
13 </body>

14 </html>

RN, CE style.css X, WA :

div {
color: red;
font-family: Arial;
font-size: 24pt;
b

Ot = W N =
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6

7 .info {

8 color: blue;

9 font-family: Arial;
10 font-size: 24pt;

11 7

12

13 #unique {

14 color: green;

15  font-family: Arial;
16 font-size: 24pt;

17 3

WYEg T HTML 307, 2Rk
Heading!

Paragraph!
Info
Test

K 8.4: CSS ™

KHL, CSS SCfe LT 3 BN, 43X T div JGE . info &, Al unique ID.

HES, HTML A — g — Sl div oK, B, B, HRE
o1 CSS ST e — AR E S, ROk, 5 AR class="info" , I, H
[l 522 CSS U s —. ASRUARAY ], (H i T4 T2y M SE s R iA, R,
PR RRNER AR Z AL, PASERT info ZRAGHIMISENIE, SRR iE k. SH=1BEAPE
P, BJET info 2, HXHA ID unique . W[PAFH|, CSS CAHHIEE = A HIMNGER2 £
Xf unique ID Y, 1M HA2HmAFIRRY, IGXABRIAEACR s =SR2 3, R ar (.

fE—A HTML 3cffp, WA MREZICRIET —2K, B cRWAIVETRZE: B4
ID #RLAEM—To /Y, Wi, —4 ID HAEX N —1ItR, — iR BmE RaEX
—~ 1D,

Hi T ID R4k, W2 1D #ErE i AU ARG 44aL, MEDAE B, R, fedr Ul
MR ERE
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A4 HTML JoE A BN, i0—Z458 <hi>Heading!</h1> , fRAJPATE CSS i
78 15 X SRR

<div> Hl <span> A FINFEXR, WPAH &4,

CSS g LM ke :

1 .classname {
2 propertyl: valuel;
3 property2: value2;
4 }

CSS e ID HyAE:
1 #id {
) propertyl: valuel;
3 property2: value2;
4 }

CSS HEgHRER] /+ Al «/ W, FERER I NA S baas 200, (HIE MR (AT
AP FRANERL, CSS RIERATRE, WA // HTERE. (A2 CiEF)
CSS il DAE S AE R, T2

:root{

--primary: #396dff;
-—grey: #ETLTLT;
—--white: #fff;

1

)

3

4

5 }
6 .navTitle{

7 color:var(--primary) ;
8 font-size: 20px;

9 margin: O;

10 font-weight: normal;
11 2

rroot FRIFBCA MALMICREEEIEERE, HIgoh 1 AARMFAE. CSS YA & DA
XL - IF3k, IS PA var (—-varName) RYJEIM . XAGIT- b A FoE XFE, XA
A DB R RN B G, BT .

8.3.2 xitHfiR—U. ABC 1 hpi

CSS ETE/EMZ ——nsM iR, s, HTML 2HER & T, CSS MFEZEHX
So & AT i
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8.3.2.1 Hunymyk
—AHBRE B 4R, XA T R

padding : Wi, FZEENEA (WB%) M2,
border : :‘d_J_TE, %fﬁ%ﬁ‘]ﬂﬁﬁ%zﬂio
margin : AR, FEIGETERINRII A .

Kl 8.5: HffifE

BeAt, A — L A 1 -

width @ JERHTEE

background-color : JGE NN MEEE T B4,
color : JLRWEA (HHZXA) WPl
text-shadow : “HICE NI CAN B E [HR
display : WEITEMEREN (BH)

8.3.2.2 HTML bZEFEN

AL ABC U CSS X (abe.css ) BOAHI, MECEMITHBIT

1 body{

%

font-family: Verdana,Arial,sans-serif;

28| HMDN Web Docs


https://developer.mozilla.org/
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color: #333333;
line-height: 1.166;
margin: Opx;

padding: Opx;

N O Ot = W

b

AR R SO AR AR BTMNATIRE TR . BOATRBIE. o bR B U
A DAE—BE BT Wt EO7 (i), XS Muld R R BB T %, ATDARRRRIEA] .
margin Il padding JJIE N Opt FIRE A BCE AL A S

a:link, a:visited, a:hover {
color: #006699;

text-decoration: none;

a:hover {

text-decoration: underline;

b

AR E T AR, Hid alink FKRVIDHUEERE, a:visited AFEH
CLi Mt 558, ashover FRARESH LATEER:, a:active fCFRIETERL S eESE:.

U AERE s . U B I sEEE E SChTRIE @, A IR
SCAME R

5 A HUNERNS AR B I P B I T R 28 . 2Rk E, USR] TR RUR .

Applied Bioinformatics Course

ABC @ Peopl Docs @ Databases @ Tools

] 8.6: B}, FFRIEE(5LE People L

hil, h2, h3, h4, h5, h6 {
font-family: Verdana, Arial,sans-serif;
margin: Opx;

padding: Opx;

hi{
font-family: Verdana,Arial,sans-serif;

font-size: 120%;

1
2
3
4
5 }
6
7
8
9


https://htmlcolorcodes.com/zh/yanse-xuanze-qi/
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10 color: #334d55;
11 3}

12

13 h2{

14 font-size: 114Y%;
15 color: #006699;
16 %

17

18 h3{

19 font-size: 100%;
20 color: #334d55;
21 %

22

23 h4{

24 font-size: 100%;
25 font-weight: normal;
26 color: #333333;
27 '}

28

29 hb{

30 font-size: 100%;
31 color: #334d55;
32 %

IR E T RS, BREIREA AR EE . KN, BEFR MR
BXT PR R E X font-family: Verdana, Arial,sans-serif; , iXH G =Fppik, 24N
ki s N NS S Sy S 27 NI NPT o S 155 25 NN ST S N | B2 S 7 Ay S
¥, MIFZEREG S, LK "Tines New Roman" .

XA RADALETUA, BIAnsE AN il AR RO @ AR, BEAS— M
ML L45E T R TR R .

ul{
list-style-type: square;

list-style-type: disc;

1
2
3
4
5 ul ul{
6
7
8
9

ul ul ul{
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10 list-style-type: none;
11 7

KBS E T ISR E O PRI, BB FAIR, St — ALy
PNFEAENFE BT INIRISGEH o XHEE—RIFHNRZH AT LI BARIL, 56 HATL
R SR, =B PR,

1 label{

2 font: bold 100% Verdana, Arial,sans-serif;
3 color: #334d55;

4 %

XHE T <label> JURAYEME:, HTML i) <label> JUERFRARN I F I H 5470
R, — S <input> JUEAKHK.

8.3.2.3 FrimFEL
ABC £ T ID ekt e Amrea, PR EATEE M.
1 #masthead {
2 margin: O;
3 padding: 10px Opx;
4 border-bottom: 1px solid #cccccc;
5) width: 100%;
6
7
8 #mastbottom {
9 margin: 0;
10 padding: 10px Opx;
11 border-top: 1px solid #cccccc;
12 width: 100%;
13 %
14
15 #navBar {
16 margin: 0 0 0 79%;
17  padding: Opx;
18  background-color: #eeececee;
19 border-left: 1px solid #ccc;
20 border-bottom: 1px solid #ccc;
21 }
22
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23 #content {

24 float: left;

25 width: 100%;

26 margin: O;

27  padding: 0 3% 0 O;
28 }

USRI A2 il T 0TSk DUMIRHR. S, AN s .

HE, WK padding B margin JEMERAG 4 ME, 45N 4 BigNdiE, WA,
bR

B2, IR padding B{ margin JEHEACA 2 MHE, HB—MEFMR “ LA Bk
(LF?FHI_J); B AMETR LA T BIEE, A XTER.

BT X U2 T ID SRR fe e ny, RIAE—4 HTML e H g h—Jo —Hiiz
_Aw—»\o

8.3.2.4 BIHFER
ABC MTHARZIIE, CSS i endE TR,

1 #siteName{

2 margin: Opx;

3 padding: Opx Opx 10px 10px;

4 }

)

6 #pageName{

7 padding: Opx Opx 10px 10px;

8 }

9

10 #globalNav{

11 color: #cccccc;

12 padding: Opx Opx Opx 10px;

13 white-space: nowrap;

14 3

15

16 /*white-sapce: nowrap /& EHAHAT, BRLEBHEEF DA Z N, Saie
RRE-—THET, iAa®fT, XLEZLETH, ﬁ@Tﬁé\ﬁ%fﬁifﬁﬁ%{
B 4x/

17

18 #globalNav img{

19 display: block;
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20 }

21

22 #globalNav a {

23 font-size: 90%;

24 padding: Opx 4px Opx Opx;
25 }

26

27 #breadCrumb{

28 font-size: 80%;

29 padding: 5px Opx 5px 10px;
30 vertical-align: baseline

31 }

AN EEFE B4 “Applied Bioinformatics Course” [FE . 26 AN 4SS &
DU ARER, (HIX— ID P RAEIER SURIGE o 265 =S HNSEE E 4R St “ABC
| People | Docs | Databases | Tools | PDB | UniProt | ExPASy | EBI | NCBI | BIGD ” Kt
, X—#FHE head . html FRHE]. HPUHNALEE globalNav ID HrA img JLEIT)
FEIe SERAHINEESEE globalNav ID gl (8E8) Mk,

BN INSE LR AR, $8E RS (bread crumb) SHTAIFE. CHEMRETEY AL
PEORGHE AP, XIS/ AR AR E A TRARI I 16 450 5 P e B DARE Sk i . mI A
IR T, FEATAERAR i S L2 T . e A RiA R a P —5% “BIZEWEK”, #%
XERMT T RTOREL LT, HRX—FAFFAREA, s BT LR A TIRE,
THIAE U A DT 7 9l R AR R R

8.3.2.5 RIEFEIHRAEMIFEX

X — LR R A 2 )RR, ) ID g AR, 08 ID AR T TE
ARBEIZH L. B, FekfEdnie — MRS, A EAE HTML pEny sk 8
class=classname , B[ JI3EMH, NHIFZEANE ABC Ml CSS SUIFH LAk

.feature{
padding: Opx Opx 10px 10px;

font-size: 80%;

.feature h3{
padding: 10px Opx 5px Opx;

text-align: center;
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10

11 .feature img{

12 float: right;

13 padding: Opx 10px Opx Opx;
14 margin: 10px 5px 10px bpx;
15 }

16

17 .story{

18 clear: both;

19 padding: 5px Opx Opx 10px;
20 font-size: 80%;

21 %}

22

23 .story p{

24 padding: Opx Opx 5px Opx;
25 %}

feature ZEEH T ABC W T 2N A, X B —PMHNFE & T HARMHEBG 565 A
MEESEE T Hp = br@ingig X, BHES S = H0NERE THP R A X, s
ARSI FE, 140 ABC £ FIE A .

story RAEM T E], KRECSCF— B E R . SB DU S HNARH & T HHRAR
clear: both; i TIEENITR T, TEXH, FEEW story P SCFASHE
FRHE SBIAFNERE E T story KBkt RIWHIR.

NS A BE ) S S MR N4, 3235 T DATE R A JRAH X . (AR — 422, |
TAWIERNG . AWES, ABC W ILA LA A AR, A 245 v DA
b ABC W) CSS 3L

8.4 MWyiid:. ABC 1wy PHP

8.4.1 Web JFEE AR GY

268 15 T 4253 LB B, TN AT % 7 A — TR ER A 4

o BRYIHIR AR —A HTML 30, RBER/RFES A S 1738 R s shSser,
javascript VK, B RERS S VI AR AT S L LS, O TR BT T 4K, CSS
RiaiitE. 2, — RN, B @R, BRI T2 . RERY M L R 5TE
A

o 1993 4, ST SEBLE P R ST vin BRACEL, A 41 (Common Gateway
Interface, CGI) B, B LT Web 5555 SN FHIFE ¥ 2 18] W38 fF 32 D ARTE . Web

5l HZ% 30k (1]
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MR55 it CGL SATANTAEY , iEANTFE P Web 3SR WA AR ish & N ZE. CGI
I EEREIET 2 Perl, HUrEMFEEOMENETYWE CGI )7, CGI #friz
ek 554 L
o JaK, AT HEEFHAL Web WIHINE, HEEPATHEE, AMTEZREERMNE
WA AIbRIC. SISNE (BBF) B AR (HTML) Hr, $0f7 56 5 R ] 450 Y
#v. PHP HE&E T HPMzhASNE, LS HTML RS, X244 18 Web JiJl]
HEZL AR . CSS dE ANy sl HTML Aneieatl, MiSTEA S 49, ASP.net,
Java servlets )& T 112,
o N TAYEIZ S Web W, 8- E-45Hl#E (Model-View-Controler, MVC) &5
BeFIA Web Frk, Ho S0, R BATRERR 6, 20 A, LI Fid il a8 =8B o). 15
YA BT BT 5L 55 2 A X R AR A BE v, MELE SRR HTML R, 54
i ST B 17 SR B AT R P (R A ] o Xt o AR, R IEE A1 Django
(37T Python IR 45 im4Fe) . Ruby on Rails.,
o SPFACHERLLA Angular]S SRR, 22— DFEN B NIB1TIY Javascript HEZE, FHAIK
T4 E R IR 55 v D AE (A8 PEER Node.js), HHTH] T RITABAR M) — L6 & - MVC,
Btk (HTML-CSS A HLA ) .
A DS B IR V] R A KRB, R LR RS I R

8.4.2 SRR MG

(A R R EIA IR M, FE (T, ®45) LAY . XMorEEAR
HERE, APAEZEMNE. Hg, XA RSZE-—iES, FlankesraiiKH%E
BhEAREERCGE, RINAEHIEE B,

WSSk b, IR SR IR A & I A A B4 T DA ey
SAOHRHE RIS AR FTHugo.

Hugo J&—/M o J7 G IOBASAA AU, MR TR, (Lt
il 3L hugo(hugo.exe) BV AT EAA A B EHES DU .

U . 5T DA ILHTRES] GitHub, I GitHub Pages 1. S, %
Q) iE—~44 N username.github.io ff3)FE, HH username Z{RKAY GitHub 44 . SR)5HF
WU S R, R, Bl S RIAT 5] username.github.io SKEAF AR M 1T .

SR, BT ARBT A R, GitHub A FE R H AR 7 3

EEFh R R NAEMAS, W WordPress, XK RSGINGEF T, (HFF2 0 M uk5 1
KRS fw S 44 DA R AT

SHPUMITEBCN LR, BECT5 HTML, CSS. Javascript 34, #fE7R] @ GitHub
Pages K 1fi. &6 T AT EAIE R . AFEM AL ER S, Fldn ABC F:5, ABC
TR NERASR Y, , RD, WYESE SRR 2 —A HTML 3o, PHP st rid
HRAENR 55 Ltk T .

ST SR IR 55w A, BIANGE AT Django HEZE, W DA H & RN U J5 G ERALEE.
AR . [FEH, RN SE R 55 45 S 54


https://gohugo.io/
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AR EEE AT DA Dl — R B AR, Google RTPARARIIATA .

8.4.3 ABC T:mmgityy PHP g

X BICAER TR i PHP 15 S WYL, 2 EREAEMEE ABC i nY
% A4 PHP By 7=
XF PHP WyERHHNE, 7T PAZ% W3school AR (1 3¢) {PHP Manual (in English). 2
2 3CHR (7]
e —F, LAMP, 4i5H Linux-Apache-MySQL-PHP, J&—2 I RIz47 803 M i
HR55#5 0 B R (BAR) o ABC 3 TOREU P @ X AN ik . o,
o Linux #/ERSE, H—-_HIANH.
« Apache jZ Web [R5, idabs HTTP iR gtk 55 .
« MySQL @%dllE, nRAra (E B AS T A 77 sNa 7 .
« PHP RHIET, HT @S (X — I BAENR S midT, SEKEH
HTML 4.
LAMP EA MA 53 R, Linux A THARGON . # T R1)ZUZ Apache F1 MySQL,
I L2 PHP. B% PHP 4 X FRTIE, WilhddRnz, H PHP AT Apache Hi,
e 55 e sl G i 55 (40 Apache B Nginx J5), FEXFM Y NZE SR HCE. index.
html = index.php , IS 1P sk el A PEAT U, Xk A SO RVl Bl il Yo AT
XHPA ABC F 1Y index.php B, FATEAM—LENE, DOREIGEREEARL

1 <!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 Transitional//EN" "http
://www.w3.org/TR/html4/loose.dtd">

2 <html>

3

4 <head>

5 <meta http-equiv="Content-Type" content="text/html; charset=GB2312"
>

6 <title>abc</title>

7 <link rel="stylesheet" href="./css/abc.css" type="text/css">

8 <style type="text/css">

9 </style>

10 </head>

11

12 <body>

13 <?php include './ssi/topO.html'; ?>

14

15 <div id="content">

16 <div class="feature">



https://www.w3school.com.cn/php/index.asp
https://www.php.net/manual/en/index.php
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17 <img src="./gif/abcs.gif" alt="abc0" width="280" height="210
" align="bottom">

18 <p>

19 <b>Welcome to ABC - the Applied Bioinformatics Course!</

b>

20 </p>

21

22 <\--H K HK-—>

23

24 <b>What we learn</b>

25 <p>

26 We'll learn, step by step, the ABCs of:

27 </p>

28 <ul>

29 Q--F G| K E H >

30 </ul>

31 And lots more!

32 </div>

33

34 <div class="story">

35 <h3>How we learn </h3>

36 <\ --BEE B K->

37 </div>

38

39 <div class="story">

40 <h3>What you need before the course</h3>

41 <ul>

42 < --FEH| B EH-->

43 </ul>

44 </div>

45 <div class="story">

46 <h3>What you gain from the course</h3>

47 <\—-FBg Br ik -—>

48 </div>

49 </div>

20

ol <?php include './ssi/bottom.html'; 7>

52 <?php include './ssi/foot.html'; 7>

53 </body>
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54

</html>
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HAKHE TR (body ), HHH 4 A~ER5, iXH, PHP include #H/A) X RHUHE & 3L
TEAER TG SCA /A5 /FRic, FEEHIBME A include 848 SCE . B BE G 7EL KU 5|
MAHFERY PHP, HTML {304
o <?php include './ssi/topO.html'; ?> : X—H35IH T top0.html X , Xi&

ABC Fip) s,

e <div id="content"> : X ¥ ENAB, WH CSS U #tcontent ML, X

— R N ALE 4 AN
— <div class="feature"> : Xkﬂﬂﬁﬂlﬁﬁﬁ}¥o

— <div class="story"> : /¥ NE.
— <div class="story"> : ¥ .

— <div class="story"> : /I BEK,

o <?php include './ssi/bottom.html'; ?> : 5|f] bottom.html ({4, XS

Y=

o <7php include './ssi/foot.html'; ?> : 5| foot.html {4, X+&T1 .

X H ssi Hpm o L2 Server Side Include,
TS top0.html S,

1
2
3
4
)
6
7
8
9

10
11
12
13
14
15
16

<div id="masthead">
<h1l id="siteName">Applied Bioinformatics Course </h1>
<div id="globalNav">
<a href="./index.php">ABC</a> |
<a href="./people.php">People</a> |
<a href="./literatures.php">Docs</a> |
<a href="./databases.php">Databases</a> |
<a href="./tools.php">Tools</a> |
<a href="http://www.rcsb.org/">PDB</a> |
<a href="http://www.uniprot.org/">UniProt</a> |
<a href="http://www.expasy.org/">ExPASy</a> |
<a href="http://www.ebi.ac.uk/">EBI</a> |
<a href="https://www.ncbi.nlm.nih.gov/">NCBI</a> |
<a href="http://bigd.big.ac.cn/">BIGD</a>
</div>

</div>

KR,

e <hl id="siteName">Applied Bioinformatics Course </h1> : —Zi#rii (Applied

Bioinformatics course), ZFnBi-E4S ID, FE CSS FG %Y HHE ) £E
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o <div id="globalNav"> : I, Hff (A 4k Mifs, tFh 11 DPAS L MR ke,
B4 1D, 18 CSS Ao X A ML 4E .
bottom.html CAFHNEUF :

1 <div id="siteInfo">

2 <a href="./about.php">About</a> |

3 <a href="./practices.php">Practices</a> |
4 <a href="./projects.php">Projects</a> |

) <a href="./talks.php">Talks</a> |

6 <a href="./seminars.php">Seminars</a> |

7 <a href="./manuals.php">Manuals</a>

8 </div>

HE—A, HAGZIKHE RSN, O3 6 MARL RS, A4 ID,
1E CSS HAg X M i AR 4E
foot.html AU :

16 August 2022,
<a href="./jcl.php">J Luo</a>,
<a href="http://www.cbi.pku.edu.cn/">CBI</a>,

N

<a href="http://www.pku.edu.cn/">PKU</a>, Beijing, China

AE—ERSCR (MR JE SR R]) FI= AR (980 M IUEE A . U KA
Yifa B ET . U REFET),

2 IR AT A L ) LA T TR, 40 People TURY, TUE. IEECEMUES. TR SR,
EIHANE, Bl <div id="content"> PR HLHIHIF L T .

HF 37 (index.php ) 5 People T1 (people.php ) 20, it content X4~
ID A A A

2, HATVIZC A T T ABC ERRYEARLH , I HEESE T EduE—A/ N £ 00 /4
ANFETT

HE—HE, B ABC MuiHFAE 2, WL SREK LMD AEEMHILE, H2E
FEHNE (MEAOFRHASTEL R REBRRNE.) FIEAWDIL, Ca2 B8,
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Applied Bioinformatics Course

NCBI | EBI | ExPASY | CBI | Weblab | Mord]
Main | Welcome

Welcome to ABC - the web site of Applied Bioinformatics Course for wet lab biologists. We'll
GETS learn, step by step, the ABCs of:
outline . . :
Samples « how to access the various bioinformatics resources on the Internet
Exercises « how to query and search the biological databases
D(’fW"‘Nd « how to use the bioinformatics tools to play with your own DNA and protein sequences
:e erences « how to predict the three dimensional structure of your favorite protein

xam

« how to draw a nice tree for the bunch of sequences at your hand
« And lots more!

The course will be run in the practice room with a PC for each of you. You will learn from the
very beginning, how to use the computer and dozens of bioinformatics packages, to help you
with all these tasks, through hands-on practice. What you need before you come to this
course:

Notice (8-12-2005)
We will get familiar
jwith WebLab for
'sequence analysis
lusing sample data,
lsuch as MDR sequence
ffor Dot plot, PPF-1 for
[Transmembrane
prediction,
neuraminidase for
secondary structure
prediction, CEA for
peptide wheel, etc.

* A desktop PC or laptop hooked to the Internet

« Good background of molecular biology

« Ability to read and write in English

* At least another 6 hours to stick on the Internet doing homework of the course

Don't expect to become a bioinformatics expert, but you will get something done if you study
hard. And you'll get a good feeling at the end of the cours

Half day on the Web, saves you half month in the lab!

Last modified: Thu, 8 Dec 2005, JC Luo, Center of Bioinformatics, Peking University

Applied B formatics Course
ABC | CBI | Weblab | SRS | PDB | UniProt | ExPASy | EBI | NCBI | Amos Link
search
Welcome [g0
Welcome to ABC - the web site of Applied Bioinformatics Course. Outline
We'll learn, step by step, the ABCs of: oo
= How to access various bioinformatics resources on the Manuals
Internet
- How to query and search biological databases B
= How to use bioinformatics tools to analyze your own DNA or Projects
protein sequences Pea post-floral gene
« How to predict the three dimensional structure of your
favorite protein Fugu cosmid
= How to draw a nice tree for the bunch of sequences at your Beoglhi

hand

Carcinoembryonic ant
Antifungal peptide
Metallothionein

SBP TF factor
Literatures

EBI 2CAN

Molecular of the month
Protein Spotlight

NCBI Primer

Protein Modelling
PubMed Tutorial

And lots more!
How we learn

We will run the course in a training room. Each student will have a PC with either Linux or Windows installed. We
start with introducing the international bioinformatics resources around the world, for example, NCBI and EBL.
We then use the WebLab bioinformatics platform developed by CBI, to get familiar with dozens of bioinformatics
tools through hands-on practice. We will do a lot of exercises for sequence alignment, database similarity search,
motif finding, gene prediction, as well as phylogenetic tree construction and molecular modeling. Finally, we will
focus on several profects to solve real biological problems. You are also encouraged to bring your own problems
to discuss and, hopefully, to solve during the course! Please read the article Teaching the ABC of Bioinformatics
[POF] to know more about this course

What you need before the course

= A desktop PC or laptop hooked to the lntemet PDB Tutortal
« Good background of molecular biolog, Databases
~ Ablity to read and wite In English D
« At least another 6 hours to stick on the Internet doing homework of the course
Sequence
What you gain from the course [Fineton
Don't expect to become a bioinformatics expert, but you will know Structure
Tools

Half day on the Web, saves you half month in the lab! e D

Database search
Protein modeling
Phylogeny
Exams

CAAS 2011 PhD course Form

About | Notice 3 Luo, CBI, PKU

Applied Bioinformatics Course

ABC | CBI | Weblab | MRS | SRS | PDB | ExPASy | EBI | NCBI | Amos Link
search
Welcome =
Welcame to ABC - the web it of Appied Bionformatics Course outline
We'll learn, step by step, the ABCs e —
* How 10 access vrious bionformalicsresources on the Exercises
Inter :
< Howto query and search biological databases Erpjects
© How to use bioinformatics tools to analyze your own DNA or Pea post-floral gene
protein sequences e
How to predict the three dimensional structure of your
favorite prot Hemoglobin

e
How to draw a nice tree for the bunch of sequences at your Carcinoembryonic antigen
hand

Antifungal peptide
Metallothionein
SBP TF factor

And lots more!

How we learn

We will run the course i a training room (see the above picture). Each student will have a P bot Literatures
and Windows installed. We start with simple Linux commands and the WebLab b\omforma(vcs p\atform developed EBI 2CAN

by CBI, to get familiar with dozens of bioinformatics tools through hands-on practice. We will do a lot of exercises EMBER

o Seduencs alignment. databacs simitarty search: Mt inding. gene pradition. o5 well 35 phylogendtic et

construction and molecular modeling. Finally, we will focus on several projects to Solve real biological problems. NCBI Primer

You are also encouraged to bring your own problems to discuss and, hopefully, to solve during the course! Protein Modelling

PubMed Tutorial
What you need before the course

PDB Tutorial
7 Adesitop pC or laptop hooked tothe Internt SPDBV Tutorial
+ Good background of molecular bioog
- Ability to read and write in En Databases
LA et hethar & o t SRk on the Tntemet doing homework of the course Genome
What you gain from the course Sequence
Function
Don't expect to become a bioinformatics expert, but you will know G
Half day on the Web, saves you half month in the labt Tools

Sequence analysis
Database search
Protein modeling
Phylogeny

Exams

About | Notice

Applied Bioinformatics Course

ABC | Tools | Databases | Literature | Weblab | CBI | PDB | UniProt | ExPASy | EBI

NCBI

Welcome
Welcome to ABC - the web site of Applied Bioinformatics Course. We'll learn, step by step, the ABCs of

= How to access various bioinformatics resources on the Internet.

How to query and search biological databases.
How to use bioinformatics tools to analyze your own DNA or protein sequences.
How to construct a phylogenetic tree for the bunch of sequences at your hand.
= How to predict the three dimensional structure of your favorite protein

And lots morel

How we learn

We will run the course in a training room. Each student will have a PC connected into the Internet. We start with introducing the international
bioinformatics resources around the world, for example, NCBI and EBI. We then use the WebLab bioinformatics platform developed by CEI, to get
familiar with dozens of bioinformatics tools through hands-on practice. We will o a lot of exercises for sequence alignment, database similarity search)
motif finding, gene prediction, as well as phylogenetic tree construction and molecular modeling. Finally, we will focus on several projects to solve real
biological problems. You are éncouraged to bring your own problems to discuss and, hopefully, to solve during the course! Please read the article
Teaching the ABC of Bioinformatics [PDF] to know more about this course.

What you need before the course

A desktop PC or laptop hooked to the Internet
= Good background of biochemistry and molecular biology - you may try the pretest [English, Chinese] to see how good at it you are.
= Abllity to read in English such as the contents of this page.
« At least three hours every week to have group discussions and to stick on the Internet to do exercises and homework assignments,
What you gain from the course
Don't expect to become a bioinformatics expert at the end of the course, but you will know:

Half day on the Web, saves you half month in the lab!

About | Outline | Notice | Exercises | Projects | Homeworks | Exams | Talks

19 June 2014, J Luo, CBI, PKU, Beijing, China

Seminars | Manuals | MOM

K 8.7 ABC Emmpis. £ &,
F8H 30 H; AT,

2005 4F 12 H 8 H; £ L,
2014 4 6 H 19 H. YT HBMEYZEE

2008 4£ 6 H 20 H; AT, 2011


https://web.archive.org/
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8.5 Javascript 4\

BT #EE], HTML+CSS A PASEIL-—NERSMuG, HIANRERE T H Sl . JavaScript i PASZEL
X

JavaScript({##5 JS) j&—FHERI\ N 1T N MG iE S, AR ZEIM 5 F Web [ %
M. JS 5 Java WHTAKR

AT ATEDN G 284 i 5 04T IS R4S, #E Chrome W YE#SH, 4% Ctrl + Shift + J #J P4
TS &

8.5.1 BIiRMIRLSTAF

JS A T E AR R AL
?ﬁ IR
o BH
o FAFH, TS, WS ERFH
o null B, &AMH, FTPAMEH nulls BORES — NS &
o REXAL, FEIEATRE
JS M EAE HAF L HE
o BHUEHESF: + -+ /
o WRGERFEAF: M === K& == /T <; KT > /NTET <=; KTHT >=
Jsm&?u//ﬂ%
IS BHATIE TR LA S 45 R .
JS B

8.5.1.1 g RN &

BT RE AR R, AR AR, I = XA R T

1 let myBoolean = true;
2 let myNumber = 12;
3 let myString = "Hello World!";
4
5 myBoolean = false;
6 myNumber = -5.6;
7 myString = "";
N TR A, ATRAE SRR, FEEARRBIY:

1 const answerTolLife = 6.148;

2 answerTolLife = 42 // %%
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AR RO E SO R, MR, T A null JFas— AR

let firstName; //Fk @ X KA
firstName = "Albert" //F{F &

firstName = null; //B 2T &

RNEGH var AFEHAE &

8.5.1.2 HyiiArEsL

A AT A B R 4 28 P ) S5 R R A I AR P IR AR M, 2RLIT Python Y print | JS
il console.log() *RF3CAHm B 2= 5 .

alert () A li— M & NARYSI ALEM, ] I debug.

8.5.2  ZRAFRITATA

IS ZEAFE B (M EFRER?) -

© 0 N O Ot s W N

if (hour < 12){
console.log("Good morning!");
}else if (hour < 16){
console.log("Good afternoon!");
Yelse if (hour < 20){
console.log("Good evening!");
}elsed{
console.log("Good night!");
}

IS PEIREER 7 B

Ot = W N =

let z=1;

while (2<1000) {
Z = z*2;
console.log(z);

b

BERURBI (B2 %)) -

Ol = W N

const pets = ["cat", "dog", "guinea pig", "bird"];
for (let i=0;i< pets.length; i++){
const phrase = "I love my " + petsl[i];

console.log(phrase) ;

146
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8.5.3 A%, MIHeRE. BEFEE

JS W pRB EEAR LN (parameters)=> { body }; . FANTAPAHRE — BB 1 ($%
RSB AR E) -

147

1
2
3
4
)
6

const celsiusToFahrenheit = tempC => {
const tempF = tempC * 1.8 + 32;

return tempF;

console.log(celsiusToFahrenheit(10);) //50

IS R EOT ABAE BIIRFEV R —Rh SRR AL 2k, B R X ey -

© 00 N O Ot = W N

[ S—y
= O

const addTwo = x =>{

return x+2;

const modifyArray = (array, callback) => {
for (let i=0; i < array.length; i++){
array[i] = callback(arrayl[i]);

+
let myArray = [5,10,15,20];
modifyArray(myArray, addTwo); //[7,12,17,22]

Hrp, addTwo ;2 ER%L, 1M addTwo(x) ;2 addTwo BRECLA x N AR HYIREI{H .
modifyArray FFEMH “ NS R RE, A NREME, X T SR

=
o

© 0 N O Ot ks W N

const modifyArray = (array, callback) => {
for (let i=0; i < array.length; i++){
array[i] = callback(arrayl[i]);

+

let myArray = [5,10,15,20];

modifyArray (myArray, x =>{
return x+2;

) //17,12,17,22]

YA R BB S REACE R BRI, NG RE S A — e RS i, 2 n] RA
HAZQEI T, e LR N 44 pR A

IS B — R AR, BN, ENTRA L AL (S BRI

), Bl
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AN IR A RIS -
1 let pets = ["cat", "dog", "guinea pig", "bird"];
2 console.log(pets([3]); //"bird"
3 pets[2] = "hamster";
4 pets.pop(); // remove from the end
5 pets.push("rabbit"); //add to the end

map () J5 3K 0] DAKRF— Al i s & ] 2 — R Py AR, Bilin:

1 let myArray = [1,2,3,4,5];
2 let modifiedArray = myArray.map(x => x*3);
3 // modifiedarray === [3,6,9,12,15]

filter O JyiA T AKFIHSZR PAF G &R R Sk ORI — sk

1 let values = [3,-6,9,-12,15];
2 let positiveValues = values.filter(x => x>0);

3 // modifiedarray === [3,9,15]

8.5.4 MZHRK
SRR EMENES, BNEERE ST, BN —AME

o AT DAY

—/~ myCar 2&:
1 const myCar = {
2 make : "Ford",
3 model: "Mustang",
4 year : 2005,
) color: "red"
6 3;

AT DA S i HH BRI R 2 J b -

1 console.log(myCar.model) ;

2 console.log(myCar["color"]);

AT PMEE A BRI A 5, BB, WRA G B —FT
AREE . BIGEPAS R BT A TR AERERRA ), (Bl e 5l e,
WIOLE, WOER] === FIBT, S SRR false o

— R DU Ry 5

SRR i
B b 7 e AR

1 let arr = [1,2,3];
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2 let copyArr = [...arr];
JS KyZE5 Python HI{L, EAFELIMF— MRS, BERSQIEIRIIIMAYSLHI . HIAIPA

Rectangle JENB, F7E H IRt al AR — AR IT R 2401

1 class Rectangle{

2 constructor(width, height){

3 this.width = width;

4 this.height = height;

5 }

6 }

7 const samllRect = new Rectangle(3,4);

8 const bigRect = new Rectangle(15,11);
SHIREIEM this f852, KT python i) self .
Rl AL S IE, B0 R KI5 B2 v Bl 40 & ARV S A

1 class Rectangle{

2 constructor(width, height){

3 this.width = width;

4 this.height = height;

> }

6 getArea = () => {

7 return this.width * this.height;

8 i

9 }

10 const samllRect = new Rectangle(3,4);

11 const bigRect = new Rectangle(15,11);

12 console.log(smallRect.getArea()); // 48

R 7 AT AR ZE 1 AT SE B B i

R, IS BEARTEIRN G585, HE2AE Web IR RV, 1§27 JavaScript —Dynamic

client-side scripting,

8.6 MySQL )b

8.6.1 B HIDCHEE

eI, B — 2l

B (database) RORAFAALMEIRI A S, @2 — P E—d30 . XEVZHER
DRI PR A B A I R SE (database management system, DBMS), J5# i QI RIHRIEL


https://developer.mozilla.org/en-US/docs/Learn/JavaScript
https://developer.mozilla.org/en-US/docs/Learn/JavaScript
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PaER TR

4 (table) JENChreE BRI STLIE . Bl i A2 — I ME— 14 7

Kl —PWEZAF (column) HRL, HAFIEA MBI (datatype) , B
SR T 1281 A ik 4 K o

1 (row) BEFR—MilTk, —ArAMERI— P EERALTR (record) . BATHA T
PAME—TR R E CIY—31, X— (41) IR T8 (primary key), F8RIIR—DRE AT
P IALASER AT DAL e, REHAT R AT A M R 8 (E, AR — A4
HH.

BGX (schema) 2 T Hs FEMIRRIM R SAFERIR R, & LT BdRAER e .

SQL, Hi&ikfb#ifnifi s (Structure Query Language) , 2% 11 K-S % i 5 10 i

8.6.2 MySQL Lzt

MySQL J&— A BB BUREE, 70 W& - R 55 45 o) «

B S o T T PR A SR A5 e, MR a5 e s o ELAR A B S 0
nlfig/2 MySQL Client, #f2if 7 . Web JFAIE S (U1 PHP) &%, 548kt MySQL DBMS.

22 MySQL iy a4 4h -

1 sudo apt install mysql-server # =7 Zrootil [}

ZEB 55 IR , MySQL # H 3h3h. MySQL 48 T— A5 197 F1i—— MySQL Client,
HATLUEE A EER MySQL A5 # 8t . HRX I, MySQL Server Al MySQL Client HJj2
AT« MySQL Client (1) rJ A THE /742 mysql , MySQL Server )R] #4727 & mysqld
- FATHEANZ Client,

BUEZERE , A A SF A

1 $ mysqladmin --version
2 # Byl 4R mysqladmin Ver 8.0.30-Oubuntu0.22.04.1 for Linux on x86_64
((Ubuntu))

IV, 1 9E R MySQL Client %33 MySQL fR%5#%, AT T @mag a4 (root B 7
A EA A )

$ sudo mysql
# LT 2
Welcome to the MySQL monitor. Commands end with ; or \g.

1

2

3

4 Your MySQL connection id is 9

5 Server version: 8.0.30-Oubuntu0.22.04.1 (Ubuntu)
6
7

Copyright (c) 2000, 2022, Oracle and/or its affiliates.
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9 Oracle is a registered trademark of Oracle Corporation and/or its

10 affiliates. Other names may be trademarks of their respective

11 owners.

12

13 Type 'help;' or '\h' for help. Type '\c' to clear the current input
statement.

14

15 mysql>

B RIEZEA MySQL Client, #EREEHR/ATEEATZ $ . 12 mysql> o 21T
AR

mysql> SHOW DATABASES;

1
)
3
4
5 | information_schema |
6 | mysql |
7 | performance_schema |
8 | sys |
9

10 4 rows in set (0.00 sec)

7E MySQL Client Htj A exit 3EH MySQL Client.
A root H RS :

1 sudo mysqladmin -u root password "YOUR_PASSWD"

PRRIEARS, i S A RS -

$ sudo mysql -u root -p

2 Enter password:

e i

1 mysql> CREATE USER 'leblc'@'localhost' IDENTIFIED BY 'my_passwd';

FETRUR GO P Leblc 32T 7 BRA SURIERIITABUR, (E I BETE IR 4538 A s
i)

1 mysql> GRANT ALL ON *.* TO 'leblc'@'localhost';

SRR, RIRTRAHT I P B O 8l 1, B B JoTR sudo FRATHEZUN AR :



%AF WEBFX%5 MYSQL #1% 152

1 $ mysql -u leblc -p

2 Enter password:

3 Welcome to the MySQL monitor. Commands end with ; or \g.

4 Your MySQL connection id is 18

5 Server version: 8.0.30-Oubuntu0.22.04.1 (Ubuntu)

6

7 Copyright (c) 2000, 2022, Oracle and/or its affiliates.

8

9 Oracle is a registered trademark of Oracle Corporation and/or its

10 affiliates. Other names may be trademarks of their respective

11 owners.

12

13 Type 'help;' or '\h' for help. Type '\c' to clear the current input
statement.

14

15 mysql>

8.6.3 MySQL %ida e #ift:

7 MySQL Client #, A \h W] AR SR . MySQL Client Hay S HRLAZSS 5 45

MySQL Client Z#54% FHFLER L—54ard, SCRrflRENM RS

MySQL R . BRI SIA AR KNG, HizdTHE Linux B MySQL ik 55 4%
B R X RN, AR R B2 X KNG .

FE SQL B HE PSR T . HIBCE TSI HE . FATa 0 H =5 2 950
G5 R, B NEREDS, 2RI R E A B T4 7 -

SQL 1A ANRE B SChR AT 5 M A 254

MySQL BATHRELA ## THiR, ## J5TH BN IER AN . Z2raRiECh:

/*
EBERNA
3 */

SHOW DATABASES 1] DAFY 24 Hij H PR BR i L A ) 85 e -

mysql> SHOW DATABASES;

| information_schema |
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6 | mysql |
7 | performance_schema |
8 | sys |
0 dommmommmemmemememe=e +

10 4 rows in set (0.00 sec)

SHOW DATABASES W] PAf# fl LIKE F4), W RfFAZoREdE%, U SHOW DATABASES
LIKE 'db%' fip® A R/nfrG A PRbA db FELmBda e, X B % PI/EHIZRLT Linux fr 474
(1) * JELAT . BB ERZ 0, S LRA .

IR BER EAR E S S MySQL B H Zh A&, WI2EE ANV E L. A6 8
ASHT R ZE ] T 78, CREATE DATABASE name_of database TG &4 |

mysql> CREATE DATABASE leb_students;
Query 0K, 1 row affected (0.04 sec)

mysql> SHOW DATABASES;

information schema |

© 0 N O Ot s W N
+
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+

leb_students |
mysql |

—_
—

performance_schema |

— —
[\ S

sys |

— =
= W
o
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+

rows in set (0.00 sec)

MySQL A FevFFElRl—FR 48 T B M- [ A AR EaR R, R, 6 — B P f
A5 UGBTI L 1A

BT EE X RS, BT oA {di ] IF NOT EXISTS 4], HJl CREATE DATABASE IF NOT EXISTS
leb_students ,

CREATE DATABASES A n[ & HAth /), U DEFAULT CHARACTER SET utf8 /)R] {5 EFEF
&, BOAH RGN TFAE . BB AP S SUEE, WaZigE N utfs .

MySQL &PV 28, T PAE M H e Bk — B A T84, USE Ay % mI AT
TERR I, SEPAEA [R50 e v ks -

1 mysql> USE leb_students
2 Database changed

H L Database changed, F/nEEEE H BT .
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8.6.4 MySQL K&k

et EF)S, SHOW TABLES nJ DARE/S B H i &ida % -

1
2

mysql> SHOW TABLES;
Empty set (0.00 sec)

154

AT IR NAA K R BEEE T — IO AN 2 — R E E, (HYmiEuR iz d
AR, Wi CREATE TABLE flJ#:

© 00 N O Ot = W N

—_
=]

mysql> CREATE TABLE groupl (No CHAR(4), Name CHAR(20), Year INT(4));
Query 0K, O rows affected, 1 warning (0.14 sec)

mysql> SHOW TABLES;

1 row in set (0.00 sec)

TS NINNA R FRE SR, W4, JEXBEZAZ. X R AEZHC AL
FHHT (FF). W4 (FFF) MAZED (0.
NEMIERZ, Wi DROP TABLE groupl , NWyERE, MIFULZUA TAAT LA HIRLIRA Bl
A 2

LRy groupl R BCAMLAT AL, R AR PR A LA

S O = W N

\]

10
11
12

mysql> INSERT INTO groupl (No, Name, Year)
-> VALUES

-> ("G1A", "RAO XC", 2020);

Query OK, 1 row affected (0.05 sec)

mysql> INSERT INTO groupl (No, Name, Year) VALUES ("GiB", "LIU PY",
2020) ;
Query OK, 1 row affected (0.03 sec)

mysql> INSERT INTO groupl (No, Name, Year) VALUES ("GiC", "LI S",
2019) ;
Query OK, 1 row affected (0.02 sec)

mysql> INSERT INTO groupl (No, Name, Year) VALUES ("GiD", "QIAN BY",
2019);
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13 Query 0K, 1 row affected (0.04 sec)

14

15 mysql> INSERT INTO groupl (No, Name, Year) VALUES ("G1D", 'LLLL',
2019);

16 Query 0K, 1 row affected (0.02 sec)

INSERT INTO fiy 7240 E B AR RIE S . SRRIIN S . ISR HIE. MySQL £
FHl VALUES 313 PR AR 3EL A B 36 v (5 30 . VALUES $3¢H045 52 M FE DS e 81 4%, R4
TARRAFN LR I BAER P UOT, HOLRUR, BMEERMESHEUE T, Bk W PAIE R
TAE,

A DA SELECT ke 2% 4t -

1 mysql> SELECT * FROM groupl; #E RE/N%K, *ZHEEAFRKZLE A5
Ot =————— e b= =T == +
3 | No | Name | Year |

4 +--=--- o to————- +
5 | G1A | RAO XC | 2020 |

6 | G1B | LIU PY | 2020 |

7 | GiC | LI S | 2019 |

8 | GID | QIAN BY | 2019 |
9 | GiD | LLLL | 2019 |
=== =c— === h== =T o= +
11 5 rows in set (0.00 sec)
12 mysql> SELECT No from groupl; # " I 7No7|
13 +-———-—- +

14 | No |

15 +-————-—- +

16 | G1A |

17 | GiB |

18 | GiC |

19 | G1D |
20 | G1D |
21 +-———-- +
22 5 rows in set (0.00 sec)

PRI — BN S, A AR, ARARFHA 4 #FY, HATFAE 7 LLLL .
R ABWFBAG R, A 7l , KBUREML, ERPWEE 5 1Rk, il
DELETE fiy &M BRA4FE 1947 -

1 mysql> DELETE FROM groupl WHERE Name="LLLL";
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© 00 N O Ot s W N

10
11
12
13

Query OK, 1 row affected (0.04 sec)
mysql> SELECT * from groupl;
o fo———————— o= +

| No | Name | Year |
e fmm——————— F———— +

| G1A | RAO XC | 2020 |

| GIB | LIU PY | 2020 |

| Gi1C | LI 8 | 2019 |

| GID | QIAN BY | 2019 |
e Fmmm Fm———— +

4 rows in set (0.00 sec)

156

iX B DELETE FROM $57& T MBSt MR, 11 WHERE F-H)45 & T 2EMIBR 1947 -

A WHERE 4], Zan > RmsReE—47.
ERE—BmHE G, R B &P QIAN BY [A2AREAMER, M2 2009 4E A4, HAE 2019

7

Rl AR XG50 4 A8 ) Year 25 H{EMCH 2001 |, UK MY fdH UPDATE 1541,

TR

© 00 N O Ot s W N -

e e e e
= W N = O

mysql> UPDATE groupl SET Year=2001 WHERE Name="(QIAN BY";
Query OK, 1 row affected (0.03 sec)
Rows matched: 1 Changed: 1 Warnings: O

mysql> SELECT * from groupl;

| G1A | RAO XC | 2020 |
| GIB | LIU PY | 2020 |
| GIC | LI S | 2019 |
| GID | QIAN BY | 2001 |

o Fommm et +

4 rows in set (0.00 sec)

X H. UPDATE il T2 HY3, SET $5¢ T 2 U {E S HrfERY %)), WHERE f-4i) 45 &
TEEWAAT. WA WHERE 4], %A R i —4TH) Year .
FIb, FA MySQL F¥ENHseHe, &M% PLE OFE MySQL Ol dimE . 4%
TP, B2 SQL IEMFEAR MySQL f#i fl 7k, W iiEES% 30k [4]. [5]. [6].
MySQL 7 PHP #4719 Web JF & H i % h) 1z, PHP JIATPAER: MySQL., &
WL BEdE. BRIFASSHARIH, FIART JIAGEAREY, A 240 7T DA
G5 %S00k [5], HACE YA PHP iESHSCEl, XHEATFE.
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CEPEN

[1] Web FFEBARITAE, FARKEL
[2] AT A~ A

[3] MDN Web Docs

[4] fR/REE (Forta, B.), XIHEEE, & £hg. (2009). mysql L4504 NEHBH H AL
[5] K EHME-MySQL #i%
(6] MySQL Documentation of ORACLE

[7] PHP iE55%

(8] B ). Linux Y5 BRSPS

9] REEE. Linux AEY1E S BRERMERAEIIAR N NS4,


https://onebyone.icu/archives/2788
https://segmentfault.com/a/1190000039837806
https://developer.mozilla.org/zh-CN/
https://www.runoob.com/mysql/mysql-tutorial.html
https://dev.mysql.com/doc/
https://www.php.net/manual/zh/langref.php

s RNA-seq I 550 Hr

T TR RNA Jil)y (RNA sequencing, RNA-seq) fE#Z#E /R RNA BIFFFEMIEL
B, AORFARRE SRR BRSBTS A 17 i B R A 1 AR SRS
RNA-seq” WATFHHLER”, ANHZIMHE.

ULAER, R TSR, AR I R AT R REE N TR
AR RE L2 il — r B R S 1. B, IR 2 HRST, BT 24 2] .

HRMEA AR R B BRI, A et sl s v, g~ — sk
JEPEARAR AR R AT ALY HEXFERIARR, AFRENG T —RIF . SOEMWESR, A
JESE A SRR AR B AR A R 2

AER S SRR B B LI, A B

9.1 F—fCllry

KALIR 3 50 2 1 e A S5 ¥ B Sanger 78 1975 AEHEN, FROA “HBEE” 1 1977 4%,
Maxam Fl Gilbert % B T4b2Evk, HIRA R FRRR 25002 1E T 4 Fhosi, (oK s
ICHY DNA 3T U1 RS B2 AR i e e e B B i B, 2B PR DK S 32 P4 . [A)4F
Sanger SEXTT “HNBEE" MR EEGE, 2T “ZIRyE”, BIDOSUBAEAL T = BEIR7E AL A7
EZERN, TG DA PSS UK Bt DNA JPAIA s, X2 — I F RoR A
JRFE,

F—AF (Next Generation Sequencing, NGS) Z2F%F5—CM)FFARME 1, RE
XS T AP T UE, (BB 4k i S0 PR T1E . 2006 4F, Genome Analyzer
(55— Solexa MFAX) b7, FijEF % T miEENFTY, R4, Dumina 5T Solexa.,
Mlumina/Solexa Ml 7 (PA R f&#% Mlumina Jj7) B 3A R B #5231 (bridge amplification )
MPEFFR AT 2 11 (cyclic reversible termination, CRT) il . Hlumina $EAE T S 03RS
T 2 1

9.1.1 BrX¥¥4
W 2 I ER: TRZ IEFRAMRA G (K 9.1 P BN AR B, BERA.
TP SCRERAE MR I S XL B E 5 B K, RS — S . S MEEh et )s, RIfs]—

YRS (1], (2]
PSSk (1]
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https://www.youtube.com/watch?v=fCd6B5HRaZ8&t=152s
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Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 ng)

Template
dNTPs

and
polymerase

Bridge amplification

& 9.1: #30 PCR /nE . 51AZ% 3T [4].

2R W EAEI P B R B ST R B, %SO R B AR i HE 37 i 55 TR 145 | R K-
CREMF=TRALNT ), SASEN S A BE R 83 LR SOE R B At = b7 2 4l PCR,
BEIRZ A B (cluster), —MEHEEMRE FIIA R RHAR R EEL 1 A B

#ra PCR (I e R [ e A 1 — AN AR = L, (RIS, A ) ) P B 0 Ry 280
Pk, AR Z s A _EAN L PR 3 el R A 18R T E

9.1.2 fHFhn¥iz

a2k (CRT) fUdE 3 MBI BMEFRBA. JOUIE . YVIBRTO YR M4
1RZEAT .

S REMAENFSWERM 1 MMEER, BT EREIERERNfAE, REHTT
VRIS 2 MEHETR

B BRARBIBARERR, YO, 0%,

H= VIR AWM SR TR R, RBRRZ I BRIk 3'-OH, PEAIRARI
A, HERT—IREBA

QAT AR 95 2R AT 2 1k — A R B, Tlumina 03 H T GBHRIC RS it 5 R
(dye-labelled modified nucleotides). N4 E R, ZLEFEFLE 3 OH &I IEEA] (3-0-F
AHE, 3-0-azidomethyl, 7] iR 7] Tris(2-carboxyethyl)phosphine (TCEP) Rk 3'-
OH), dye RFE T VYR, AN UFTR—B linker, MEFLIER TS =2 V1HI0
=

Mumina JFAERF RN FOEER AT 4 FPdukboy Aibmc 4 PR, BRI RAEA RS
#—ik 4 @B, WTHEFR.

9.1.3 Illumina M) F&

TIUAER, Hlumina #EH T2 RS0 NGS P&, ENTERM ERFE/NE, HX4%
AP BRI IET-G72 Genome Analyzer (GA), HEI# T2 R H BTN P75 14 HiSeq.
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o
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RNA-SEQ 5255 247

HN lllumina/Solexa

HN \lx'
o7 "NT
HO. 0. 0. .0
AN AN N /O«kk
-0 00 00 0

R 9.2: YekHRHOI & i RetF i

a lllumina/Solexa — Reversible terminators

®
GG ®e: OG T

[ 1N
Incorporate "
all four ®
nucleotides,
each label
with a
different dye

Wash, four-
colour imaging

Cleave dye
and terminating
groups, wash

cQ a
© 20 Top: CATCGT
@ cO Bottom: cCcoce

] 9.3: Mumina AP EFEER B L LTTE. 51HS% S [4].

160



F/F RNA-SEQ %55 4547 161
HiSeq X Ten, MiSeq. NextSeq Fil NovaSeq.,
Hrfr, NovaSeq AT 2017 4, A PIABKATSE:
o Wizt S1. S2. S3 Fl S4 PUFARI LB B LA iiahtl, e LB KE R
P, BT KA 0.5-6 Th d, (Hg—4% lane AR RE, T pooling FIZL
PR X B2
o RNV 2 AR (SBS) /b2 (T= &, C= 206, A= &t /4044, G=
J5) 71 3 RISIT (Real- Time Analysis) 45, M5 T
BARM B ARG A SRR NE, SIMTEZER 44 T LADT A Tumina 23 5] 8000 7 ik
LRI 5L

9.2 RNA-seq

9.2.1 B

RNA Jill* (RNA sequencing, RNA-seq) HELT 2008 4, HEZAWFFARIN A%, 5
4 H, RNA-seq D& KRN ZFVEA, TTREMIAEM, FH NGS 1 RNA-seq #72H
WFESRBERE RNA Fe4feil DNA,

Wil sl AR E N TR 2514, ARIEEEH BEALS 8L Oligo dT 514, RNA-seq 43 H#4~4>
X FEPLG YV RELS A EEAT RNA BRI, H— A 578 RNA; Oligo dT 456
#] mRNA 1) polyA B, — M TIF mRNA, BFERA.,

1E153) cDNA PG, T—MHOR B, AR PRI RNA 3482, itk cDNA
WD, FEMFZ AT, SeBHTy . WHNY SRR R AR Y. (PCR), 2R,
RNA JeHXIR cDNA Jpo| 2R 2tt, Jodk——it51Y (S EWRTRE) . Frbh, HE
Y HZ AN I RNA NG —myidpzk .

RBLH] A FAY A, B NGS k4, A RNA &K (m RNA KBl 1000bp),
Tok—RIAS, PR A5 ZER R

LR ELA XS, SR RFER A EZ (mRNA U7 ) :

1. i34 Oligo dT WIERE 4 A PolyA ER) mRNA

2. i RAESTHT mRNA

3. fiff} Oligo dT 5|¥)iif%5% mRNA, A cDNA 55—

4. A7 cDNA 55 4%

5. Ui #EHEREN cDNA Wi n FAE 3k

6. PCR ¥ #aJ%

7. BRI

RO, XA RAEA LM, FOEAETWI RS 20, WOV mRNAS il
polyA FEW—BRe iy, K, ZimfE e s A T KRB i, A 2Rty
PR S A KR SAME B A RE TR 22 57

PR3 T DA B O BB M A K SO 7 ik



#HF  RNA-SEQ %35 547 162

BARRKG EHBARMRE, T2 —HAAZEIUEE. —Z#Hag 8 Rae I, 88
BARFERAFNE, B A—ELF Introduction 3R5 7 THERB XL AR EG T X, %
ECE

HHT, ) 12 R B SCEM R T %2 Tlumina Truseq RNA #7735, AIARCH” =
SE R FRET VR, HEALIRIIE 9.5 FiR.

9.2.2 HEMEH

IR BRUETTIRT B SR R AL BRAN Y SRR SRS A A 9.4 B

SERC P45 H A3 " P5-Index2-Rd1 SP-DNA Insert-Rd2 SP-Index1-P77”,

Hrr, Index1 5 Index2 ZFEMFRZE, AT ZHEN (FE—R ML, —ANE R (R B
AR T, AR SCEA G MEIREER, (Bl T H Index ANE, HFEE THLUG
A 4% Index HEATHR47

P5 1 P7 2Hish g &4k, AT SCER M, HtE PCR (LR T ¥ g mittT
() PCR, i@ 0 T & &M## T qPCR) A5 H. E—5828], NGS FE iy
WIE TN, AR REEX — BP0 B IR & B e AE i sh ISl 3k iy

Rd1l SP #1 Rd2 SP 43572 Read 1 Sequencing Primer f{l Read 2 Sequencing Primer F%
5, SEIEMITS Y FAHE, B w5 19 e DA SR T 9 R B ANT A b, dE TR
RV, % 2155] Readl F1 Read2 B4R .

A P5 D Read 1
|ndeh T . (P) DNA Insert A
A
ndex1 — o) ®

P5

B Index 2 Index 1
‘ ‘ DNA
DNA Insert 2 5P o Insert
\\“T'. \
Index 1 Index 2

5

C Index 2 Index 1
5 P5 napx DNA Insert I > 1 e‘x

171717177777

A1 9.4: BESKHERRAN RGN o BSKIERMOBT AR A TR R A . 51 A S %
SCHk [13]

9.2.3 JjikAik
WAL L, RNAseq CRKBINMRESA, X EAAREER S TR EN TR, W
WHRAROVABNGE .. T4 —IE, A 2GR AT A BAT T



% /¥ RNA-SEQ 535247

0.1-1 pg Total RNA

Purify and Fragment
mRNA

BBE, BWB, ELB, EPF, RPB
Water

RBP
RFP

First Strand
cDNA Synthesis

FSM
SuperScript ||

cop

Second Strand
cDNA Synthesis

AMPure XP Beads
EtOH
RSB
SSM

ccP
ALP

Repair Ends

AMPure XP Beads
ERP
EtOH
RSB
[Optional] CTE

ALP

K 9.5: Mlumina TruSeq RNA Library Preparation v2 FEAREE. 5| HZ% CHk [12]

Adenylate 3’ Ends

ATL .
RSB
[Optional] CTA

ALP

Ligate Adapters

AMPure XP Beads
EtOH
LIG
RMNA Adapter Indexes
RSB
STL
[Optional] CTL

CAP
PCR

d
PCR Amplification

AMPure XP Beads
EtOH
PMM
PPC
RSB

CcPP
TSP

Validate Library
Agilent DNA 1000 Kit

d

Normalize and Pool
Libraries

Tris-HCl 10 mM w/Tween 20

DCT
PDP (pooling only)
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FEXF RNA-seq A B EIT00AL, B BEAERSAK I 7 T B A T 2 RERY 28K : TATL-seq,
PAL-seq, GRO-seq, PRO-seq, CAGE,

s RNA-28 H A BAE R M &K 28 (& F7 3 Ribo-seq, CLIP-seq, eCLIP, DLAF,
CLASH.

RHEEBFTE RNA _FRA22B T T & W22 1A 073 : MeRIP-seq, PSI-seq, Pseudo-seq,
ICE,

FHFSE RNA S5 IF & 28 (K J7 4 . SHAPE-seq, PARS-seq, Cap-seq.

fRELG= RNA #JE 1 TRACE-seq, scRNA-seq, CEL-seq, Smart-seq, Smart-seq2,
Smart-seq3, Drop-seq.

9.3  MtRAMER LI

9.3.1  Bdn K S 985 e vl

A BB S 5T SCRk Zhao, Y., Zhang, Z., Gao, J., Wang, P., Hu, T., Wang, Z.,
Hou, Y. J., Wan, Y., Liu, W., Xie, S., Lu, T., Xue, L., Liu, Y., Macho, A. P., Tao, W. A.,
Bressan, R. A., & Zhu, J. K. (2018). Arabidopsis Duodecuple Mutant of PYL ABA Receptors
Reveals PYL Repression of ABA-Independent SnRK2 Activity. Cell reports, 23(11), 3340—
3351.€5.,

e — WY A BAAA 5 AR, AT GO HER > RNA-seq 5280, 76 SRA R
SRS oh: SRP145580, ZLIRHIFTIIE pyll12458 Ml 379101112 FE7E WX ids BRANEG 17
IS ERI R SPE B S U A A

WL BT e - BPAE AU AR AR A e L BRI I ARG 9 R, T RAb
FL, 100 pM ABA 4b#E. 7E5 300mM HEE R IEAR AL 24 /N, Fsp2H F HiSeq2500 -
G UTIREE N P304, A T =A .

JUT G e B AR AORF i o B, ABA BB SRR SO A IR A oS A8 (R RS 1 AR
TTTT W 928 385 0 ) R 3 SR AS K AR AT G A AR TP AR AN 2K, RZ BRI W AT AR PR, B
{5 (A P AR 2 e s 1) RN R FEER IS T

TESRA Run Selector 5T T FATT AT PAFR B4 — 0 Eictoxt B 1) 52 30 2% A A A 2L (6235 SRR
5, GEO 5p'5, madgh, HREA, AIRAMF), o B HEA SR HrE HE 1) Run,

Run Bases | Genotype | GEO Accession | Treatment

SRR7160928 | 5.27 G | wildtype | GSM3140728 300 mM mannitol for 24 hours
SRR7160929 | 4.80 G | wildtype | GSM3140729 300 mM mannitol for 24 hours
SRR7160930 | 5.03 G | wildtype | GSM3140730 300 mM mannitol for 24 hours
SRR7160931 | 4.58 G | wildtype | GSM3140731 1/2 MS for 24 hours
SRR7160932 | 5.00 G | wildtype | GSM3140732 1/2 MS for 24 hours
SRR7160933 | 4.71 G | wildtype | GSM3140733 1/2 MS for 24 hours



https://elifesciences.org/articles/54919
https://www.sciencedirect.com/science/article/pii/S2211124718307903?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211124718307903?via%3Dihub
https://trace.ncbi.nlm.nih.gov/Traces/index.html?study=SRP145580
https://www.ncbi.nlm.nih.gov/Traces/study/?acc=SRP145580&o=acc_s%3Aa

%% RNA-SEQ %35 547

R, 6 ) RNA-seq #fg+H, SRR7160928., SRR7160929, SRR7160930 & 474 A

BB AL, SRR7160931, SRR7160932. SRR7160933 2 HF A 7 407 it R 4H
P, FATHUN 5 i 8 1) 22 5 FR B R V% & SR A S 3 Whia S ) hE

9.3.2 RCHEIAEL

NI ATGTRMTS AIATL . BORTE R PR UEA T R B KT ESLIRAEE, A2

FOTR, WA conda , %% conda IATESEE .
AT T T iy QUL — 14478 rnaseq HYBREE, T 2ee i 20 M B RO/«

conda create -n rnaseq

conda activate rnaseq

conda install -c bioconda sra-tools
conda install -c bioconda fastqc
conda install -c bioconda trimmomatic
conda install -c bioconda hisat?2

conda install -c bioconda samtools

o J O Ot = W N~

conda install -c bioconda stringtie

9.3.3 FESE CHRMNFE b
Wit . /genome HIE, FEHPTTEHRSHE

1 # %% HERFHTAIRIO0
2 wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/fasta/
arabidopsis_thaliana/dna/Arabidopsis_thaliana.TAIR10.dna.toplevel.
fa.gz
# GTF 1
4 wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/gtf/
arabidopsis_thaliana/Arabidopsis_thaliana.TAIR10.54.gtf.gz
5 # GFF3>U#F
wget -b -c http://ftp.ensemblgenomes.org/pub/plants/release-54/gff3/
arabidopsis_thaliana/Arabidopsis_thaliana.TAIR10.54.gff3.gz

# IR
# -c K Ewget g 3 W & 4

-l:/r:‘[;
; SN ES
10 # -b B TREHANE EHAT

%)

TESERE, T gunzip Ay RESE .

TR ESAT RS AT W2, RIS SEER I R519 . SCERA 5 | Py e -5

RAL 5 e, X EEEH WA S Truseq-PE. fa :



%% RNA-SEQ %35 547

© 00 N O Ot ks W N

e e e e e e
S Ot W NN = O

>PrefixPE/1
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT
>PrefixPE/2
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
>PCR_Primerl
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT
>PCR_Primerl rc
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT
>PCR_Primer?2
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT
>PCR_Primer2 _rc
AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGCTTG
>FlowCelll

TTTTTTTTTTAATGATACGGCGACCACCGAGATCTACAC

>FlowCell2

TTTTTTTTTTCAAGCAGAAGACGGCATACGA

FET R A R S

SRR7160928_1.fastq SRR7160929_1.fastq SRR7160930_1.fastq SRR7160931_1.
fastq SRR7160932_1.fastq SRR7160933_1.fastq

SRR7160928_2.fastq SRR7160929_2.fastq SRR7160930_2.fastq SRR7160931_2.
fastq SRR7160932_2.fastq SRR7160933_2.fastq

166

MRHE SRR 45, $5E TR, M weet TEE ./data HIRT, HALGEOEER T 2T
A S

PATVATF i A

S Ot e W N

\]

10

#! /bin/bash
mkdir data
for i in {28..33}
do
access="SRR71609%{i}"
wget -c¢ -b -0 ./data/${access}.sra "https://sra-pub-run-odp.s3.
amazonaws . com/sra/${access}/${access}"

done

% TR

#
# -0 R TR T # SO e X 4
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EREE, TEME SRA #5X (Sequence Read Archive), FATIFHZLFHALHCY fastq

w3, el Readl 5 Read2. X HLFHE ] #] SRA Toolkit, HIW T4 HL ki, th
WIPAGEA] conda 2%, BEJ, IAT R IR A AR SR Al

1 #! /bin/bash

2 for i in {28..33}

3 do

4 access="SRR71609${i}"

5 fastq-dump --split-3 -0 . data/${access}.sra &

6 done

7

8 # fastq-dump Zsra-toolsH ¥A2)7, F AT T & Z 4 SRAKIE, 2 ek
I 24 15

9 # —-split-3 ¥XmlFo A WH, WEARKXH, EENT—FAm—F&H
Hreadso B MK fE— N XL B

10 # -0 35 % i oy XHF 3k

11 # data/${access}.sra E 4 W X

SOy, SCPFEH s

1

2 data

3 SRR7160928 1.fastq

4 SRR7160928_2.fastq

) SRR7160928.sra

6 SRR7160929_1.fastq

7 SRR7160929_2.fastq

8 SRR7160929.sra

9 SRR7160930_1.fastq

10 SRR7160930_2.fastq

11 SRR7160930.sra

12 SRR7160931_1.fastq

13 SRR7160931_2.fastq

14 SRR7160931.sra

15 SRR7160932_1.fastq

16 SRR7160932_2.fastq

17 SRR7160932.sra

18 SRR7160933_1.fastq

19 SRR7160933_2.fastq

[\
(@)

SRR7160933.sra
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21 genome

22 Arabidopsis_thaliana.TAIR10.54.gff3

23 Arabidopsis_thaliana.TAIR10.54.gtf

24 Arabidopsis_thaliana.TAIR10.dna.toplevel.fa
25 Truseq-PE.fa

FEIX LR AR, BT AR T

9.4 RNA-seq 7¥r 1

RNA-seq W0 #r, — Mo Bl “ B M0 R, B8 Linux Kamibfrig, 6
ARV TR AP R AR R T RO FE ) A A5 e B PR E 2RI E0ERE S, 1 R 5
Python SFMIAEF A T2 KR trid . XA E R, KOoX8adcataml, A
Grse i ]

9.4.1 JFAE

B TAEAS: nkdir workdir , FHAEH A ARESLIRAIAH T H K.
HSREEHTE -

1 workdir/

2 SRR7160928
3 SRR7160929
4 SRR7160930
) SRR7160931
6 SRR7160932
7 SRR7160933

S RIEAIEY, ERMTTANRR, WFRESL0 T A e SRR, B P EEa D
HE BT PR R0 (FTRETS e B AR

H OB B PF 4 brimnomatic Al cutadapt | JKHLEIATE, HMA— I RERZER
AL B AR 5

trimmomatic AFTFHEN, H—H, AR AFIIRIETRART R, BRI %%
Ry (BORME DRI, 48RRI St , R RS TR “BE I EE 3 reads):
$F, AR AR, MBI TR, S ARG Gt 0BT 110
AR ).

1 trimmomatic PE -threads 9 data/SRR7160928_1.fastq data/SRR7160928 2.
fastq -baseout workdir/SRR7160928/SRR7160928 ILLUMINACLIP:./
genome_annotation/Truseq-PE.fa:2:30:10 LEADING:5 TRAILING:5
SLIDINGWINDOW:5:20 MINLEN:36 AVGQUAL:20
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%I

PE 8 & ¥ il J7 4% 2

-threads 8 #§ & &%

data/SRR7160928_1.fastq data/SRR7160928_2.fastq 3% % W M A\ T
~baseout workdir/SRR7160928/SRR7160928 35 i Hi i T 1 #y 77 4 B 12 fn FE A& X
4

ILLUMINACLIP: ./genome_annotation/Truseq-PE.fa:2:30:10 T X i ZH R
LEADING:5 &M E M & W (E, Mreadsilyfsy 64 K i & 18T b #y 5
TRAILING:5 % E & E B E, MreadsKim 461k 2 K T b oy s 3
SLIDINGWINDOW:5:20 W# & By, £#— MR EF O AN, E-_MERZETF
HREREE, XZRNE N reads, WEANEF O FFHRMEREMT20, Wk
N BRI

12 # MINLEN:36 % Freadsk FH{E, WwE W] Freadsk F KT N &£ F &K %reads
13 # AVGQUAL:20 % Ereads ¥ HmE M EFWE, WRT Y Freads FHMEREMKT
b U % 7 % reads

N O Ut e W N
H OH OH H H

10
11

H OH H =

ILLUMINACLIP j%&JjiH | 55— 154 ./genome_annotation/Truseq-PE.fa f{FRE L IEN
PG RS, BENX LR H AR AT AR, ey Ar.

FANT— L P G LU AT, trimmomatic SERfS NG [H)pa i BeUI Al -, 5 reads ik
ATHN; FRF PR BAT R %t 5 (40 BLAST rhiy HSP), FaHfr4K Hxt.

FHASHAEM TR VRS RCIEL, XHEREN 2.

BEASEEXT PE MBSCESIRC T, % R1 M R2 Z M EDZ WX E, 44
TR U, X EL 30

SN SECE VIR EET A R SR O E, X By 10,

N TR AR AT AR AR, AT A -

1 #! /bin/bash

2 for i in {28..33}

3 do

4 access="SRR71609${i}"

5 trimmomatic PE -threads 8 data/${access}_1.fastq data/${access}_2.
fastq -baseout workdir/${access}/${access} ILLUMINACLIP:./
genome/Truseq-PE.fa:2:30:10 LEADING:5 TRAILING:5 SLIDINGWINDOW
:5:20 MINLEN:36 AVGQUAL:20 &

6 done

trimmomatic Rt —2s T HE, AR, YRR

SIS S0k [12)03
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—_

10

11
12

13

14

15

16

17

18

19

# e

TrimmomaticPE: Started with arguments:

—-threads 56 data/SRR7160928_1.fastq data/SRR7160928_2.fastq -baseout
workdir/SRR7160928/SRR7160928 ILLUMINACLIP:./genome_annotation/
Truseq-PE.fa:2:30:10 LEADING:5 TRAILING:5 SLIDINGWINDOW:5:20 MINLEN
:36 AVGQUAL:20

Bl CfF, H PR KPaired, B Wim# kY Hireads, U XUnpaired, BI{{H
— B R

Using templated Output files: workdir/SRR7160928/SRR7160928 1P workdir
/SRR7160928/SRR7160928_1U workdir/SRR7160928/SRR7160928_2P workdir/
SRR7160928/SRR7160928_2U

# BT BR B 5| A B K

Using PrefixPair: '
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT' and '
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT'

Using Long Clipping Sequence: '
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT'

Using Long Clipping Sequence: '
AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGCTTG'

Using Long Clipping Sequence: 'TTTTTTTTTTAATGATACGGCGACCACCGAGATCTACAC

Using Long Clipping Sequence: 'TTTTTTTTTTCAAGCAGAAGACGGCATACGA'

Using Long Clipping Sequence: '
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT'

Using Long Clipping Sequence: '
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT'

ILLUMINACLIP: Using 1 prefix pairs, 6 forward/reverse sequences, 0
forward only sequences, O reverse only sequences

# trimmomatic& HIRABMEAFT ERED TN, HHAEFEGLFHEE

Quality encoding detected as phred33

# R EENAWER, FonREW, MEREw, REKRERN, £ HreadsH
& EAGE

Input Read Pairs: 20924237 Both Surviving: 18744203 (89.58}) Forward
Only Surviving: 1832502 (8.76%) Reverse Only Surviving: 128862
(0.62%) Dropped: 218670 (1.05%)

TrimmomaticPE: Completed successfully

LI, workdir HSRHYEEHAN:

workdir/

170
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© 00 N O Ot s W N

W W AN RN NN N N N N KN /= e e R s e
—_ O © 00 9 S G R W KN R O © 0 1 O UL i W = O

SRR7160928

SRR7160928_1P
SRR7160928_1U
SRR7160928_2P
SRR7160928 _2U

SRR7160929

SRR7160929_1P
SRR7160929_1U
SRR7160929_2P
SRR7160929_2U

SRR7160930

SRR7160930_1P
SRR7160930_1U
SRR7160930_2P
SRR7160930_2U

SRR7160931

SRR7160931_1P
SRR7160931_1U
SRR7160931_2P
SRR7160931_2U

SRR7160932

SRR7160932_1P
SRR7160932_1U
SRR7160932_2P
SRR7160932_2U

SRR7160933

SRR7160933_1P
SRR7160933_1U
SRR7160933_2P
SRR7160933_2U

171

trimmomatic 1) S04,

Xt reads,

9.4.2

JG4 ok 1P B2 1E R ECNT reads, J54%-N 1U Y2 1E M ARRED

JG28h 2P Wsg R M ECKT reads, JEZCH 2U 1@ R R ECAT reads .

Jo i

9.4.2.1 fastq k&K

YRS SR A fastq SCPFRSAMRAFRY, Al q BIAUE Quality, B fasta BA

FHR LT SAE T2

HUREFENER, I

XA R P R . e, TR fastq X
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PERSSH AR LB
fastq XPFH, —ANPSIH 4 4T RG, FKATPA SRR7160928_1.fastq iR/g 4 17 0H1:

1 @SRR7160928.20924237 20924237 length=126

2 CTGAATCACAGGGATAGTGTGAAGATCGACCAAAGTGAATTTATCAGAAGCCAAATACTTGGACTCAC
CAAGCCTGTGTTCGTAAACATCGAGGACCTTGGCTAGCTTAGCCTCTTCTTCTTCAAC

3 +SRR7160928.20924237 20924237 length=126

4 BBBB/B/F/FFFFFFFFFFFFFFFFF<FF/<//FF<FFFFFFFFFFFFFFF/<FFFFFFFFFF/BBBF<<
FF/<<<FFBBFFFF<FFFFFF/BFFB//FFFF/BF/FFFF//FFBBBFFFB<FFFF

o HATLA Q I3k, ZJERHFFIRIRRRAFA S IAEE (55 FASTA Ak r3E
1l

o HATHITINEE
o HEZATUA A+ IFk, ZIERTATRO BRI RRR R SR E B (Al
o SRPUATRBEAROME R, S ATRYFAIRERRL, KEELAUS R AT I

X B A R R R B R AR AR, B PIM 4S5 phred33 fll phred6d  (fik
[ E A5 s2 ti phred BRFPIT A i€ XHY) o AHELT IR B P A7t , S0 B Bl R St s o2
WRIETIRE (Perror) (2 CCD HREHIME S POCE S I AT 25 70 9F ), FE DR A LAM
H ARG RRFE TR TR .

BRFEHER R (Perror) SIEETEIG ) (Q) BIKFRE:

Q — _].0 ].Oglo PSTTO’I"

WER Perror = 1, W Q =05 HIER Perrop = 0 figure.001, M Q = 30.

T T A AR S R 5 R, 75 Z0R AT BB B A5 % . T BN A5, TR 30 X
P AT -

FEE B AR ERAS (American Standard Code for Information Interchange, ASCII)
e — AR %, ASCIH @ —EFfFmiS %S, 1963 A it iR 2% SURE B
PIARET &0, HEAFAFH 7 A bit 2R, FILEIETAFRR 27 = 128 NE4F, 5N
0-127. E1TJ51HY ASCIL RANR -

o, 0-31 5P 127 SEFFERINY, TG AT, ok s LRs.
RFRER AT FAF, WFEREFEE, NEFEE, FFfEAR A

% LU, Q BIBUE—BAE 0-JL X MEREIES), WREEN, B2 EHARS
XN B GI, ToER. B, SA0N Q I EREANEUE, 5 0T Be i BUEERREXT B _E AT 4T
54T . phred33 7 Ei%#: Q = Q + 33, 1Ml phred64 7 EikFE Q = Q + 64,

a0 bTE G TSR SR AR F, A ASCII A1, F 4a'5 R 70, X TZ 3R A phred33
g, MRS Q % 70 — 33 = 37, MIXRIA P = 1071 = 10737 ~ 0.0002, FHELES BN
S 0.02%, Hpratdri .
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Dec Char Dec Char Dec Char Dec Char

0 NUL (null) 32 SPACE 64 @ 96

1 SOH (start of heading) 33 ! 65 A 97 a
2 STX (start of text) 34 7 66 B 98 b
3 ETX (end of text) 3B # 67 C 99 ¢
4 EOT (end of transmission) 36 § 68 D 100 d
5 ENQ (enquiry) 37 % 69 E 101 e
6 ACK (acknowledge) 38 & 70 F 102 f
7 BEL (bell) 39 ° 71 G 103 ¢
8 BS (backspace) 40 72 H 104 h
9 TAB (horizontal tab) 41 ) 731 105 i
10 LF (NL line feed, new line) 42 74 7T 106 j
11 VT (vertical tah) 43 + 75 K 107 k
12 FF (NP form feed, new page) 44 76 L 108 1
13 CR (carriage return) 45 - 77 M 109 m
14 SO0 (shift out) 46 . 78 N 110 n
15 SI  (shift in) 47 / 79 0 111 o
16 DLE (data link escape) 48 0 80 P 112 p
17 DCl1 (device control 1) 49 1 81 Q 113 ¢
18 DC2 (device control 2) 50 2 82 R 114 r
19 DC3 (device control 3) 51 3 83 S 115 s
20 DC4 (device control 4) 52 4 84 T 116 t
21 NAK (negative acknowledge) 53 5 85 U 117 u
22  SYN (synchronous idle) 54 6 86 V 118 v
23 ETB (end of trans. block) b 7 87 W 119 w
24 CAN (cancel) 56 8 88 X 120 x
25 EM (end of medium) 57 9 89 Y 121 v
26 SUB (substitute) 58 90 Z 122 =z
27 ESC (escape) 59 91 [ 123 |
28 FS (file separator) 60 < 92\ 124
29 GS (group separator) 61 = 93 ] 125 }
30 RS (record separator) 62 > 94 126~
31 US (unit separator) 63 ° 95 127 DEL

7 9.6: ASCTI 32
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9.4.2.2 fastqc Yk

AT R A il A AR AN

#! /bin/bash
for i in {28..33}
do
input_file="SRR71609${i}"
fastqc -t 4 workdir/${input_file}/${input file} 1P workdir/${
input_file}/${input_file} 2P -o workdir/${input_file}/

T = W N =

6 done

SEECNF R, ~t F5ELFEEL, -0 FoE i B, B TR EA TP AL — AN SLIR ) fastq
S (B readl #1 read2).

fastqc ML DA HTML SCAEEX 23, TR AN LA S REZEATT
2, NIFESAE fastqc. zip 4RI I EIREL

9.4.2.3 fastqc i1k

N PA SRR7160928_1P_fastqc.html SFffill, fi#iE fastqe Z55H (FTHF HTML X)),
o 10 ARGy, TR ST EARER (S i, BeohEd, a6 hAREd):
1. JeAR itk w (Basic Statistics)

e 9.7, A fa T E SRR B AME B GETHE . (4

o XA

o XFRA

o JERfE GRS )T 5

o BUTIVEC AFER)TE) BB TR

o WARCHIAR R IR T4

o IR FRELEA TR IR, AR A PR AR R, D 4y
—MA

o NGC: FraFs) T A AR SR GC Tkt

AR IK AN 2 A A R A
2. AL R (Per base sequence quality)

WE 9.8, ZERs s FASTQ Ui AN B I A L 1) i (Y ], x ARt
1 read "PIALE, v BACRIER TR, 2 HoBE B . FastQC R B sl Eds
AT B R B g i ¥, ToRE P ARE

Flvh, gL e p gk, BEmEARN O EGER (25-75%), EFRLSRIRE
10% 1 90% &, &R P,

e, XA R, BOaXKEARREMT, 6 KRR ERL .
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@FastQC Report

Summary
@Basic Statistics

@Basic Statistics
I

@Per base sequence quality

Filenane SRR7160928_1F
@Per sequence quality scores File type Conventional base calls
@Per base sequence content Encoding Sangere / Ml 1.9
Total Sequences 18744203
@Mw T — T
@Per base N content Sequence lensth 36-128
HGC 45

Sequence | ength Distribution

@Seauen(e Duplication Levels

@Overrepresented sequences
@@pter Content

9.7 FastQC et (1)-HALIT

— e, PR RS PEETE read EACEAES IR AN AR R AR . Bk
—H LT ER IR

WSRAT AR gL R Y 1 DU 2B/ NT 10, BT A ik B iy h A U N T 25, A
Bro WRATATHRAEE SR AR DU B8N T 5 B AT BEE & i v A BN 20, KA T

@per base sequence quality

36
34

Quality scores across all bases (Sanger / lllumina 1.9 encoding}

© 1234567801213 1619 2425 30-31 36:37 4243 4849 5455 60-61 66-67 72-73 7879 8485 90-91 9697 104105 114115 124125
sition i read {bp}

Kl 9.8: FastQC il (2)-HHidE 75 B .

3. B8 (Per sequence quality scores)

WE 9.9, ZH R FASTQ SCIFH P9 i 41« B R A — 257 91 it i) -
Y E A, PAERA 2 DIESRIS T8 ZEE S bR I I 5 -5 T B0
FAME.

WRZAEART 27— XA T 0.2% BYEERE, WSk mEd: WRART 20— XH Y
T 1% WERE, WA TEL.

ABIPZE RS 35-36, W BdE R R mr R AR .
4. AWM YE (Per base sequence content)

e 9.10, ZF 4 reads AN BLITRIELALA, PURNE 2 BRI A iREE R A

sy
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Qper sequence quality scores

Quality score distribution over all sequences
1.2E7
Average Quality per read

0000000

0000000

0000000

23 24 25 26 27 28 29 30 31 32 33 34 35 36
Mean Sequence Quality {Phred Score}

41 9.9: FastQC it (3)-R 45 40

AR AN SR AR REALIY , AN [RIBEE 1Y) o5 RS B AT AR R Y . LS 0 n] g
AR, BN R A E K

AP, reads BTSRRI PRI LB ZE AR . X PR BORIE AE, HELEIE S
PR S EA M ZER P AL, AR EBOT IS . YL NSRS A m Sk (B4F)L
FBA ) RNA-Seq SCFE) I e i A B ALY SO BEBOT A6 08 A INTE 22 «

MR AFT 8 G C ZARZERIATMACERT 10%, RS A M-S, mRRT
20 %, WIAFE .

AR, ARl e, XV N R B AR T AR 2 (blas), XTEMK
i

@Per base sequence content

41 9.10: FastQC it (4)-F0kEE ¥ 55 & .

5. W 5)EH] GC &4 (Per sequence GC content)
wE 911, BRI E TN GC FEEN. x #ER GC Hall, dEEZ
Prran GC & 8% A .
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TEIEFEW BN S, HPSMEERIRBOES AR GC &, Hrp A DI Y 15
AN AR GC &, mTIANTARIERENARN GC &5, NtHIEHL GC SRR

TR BT RN, HHTWES S0,
R SE R A 5 IS A 22 B A 16%, W& & M-S, Rl 30% riesk,

WA T-3d 3
A, Sibr GC S840 5 B MG

@Per sequence GC content

GC distribution over all sequences

GC count per read

1200000 Theoretical Distribution

1000000
800000
600000
400000

200000

° 0246811 15 1% 23 27 31 35 39 43 47 51 55 5% 63 67 71 75 79 83 87 21 95 99

Mean GC content {%}

Kl 9.11: FastQC it (5)-8:475 GC & &.

6. HAIENIEN N &4 (Per base N content)

WK 9.12, KRR NE N G E 4 H e 24007 A TevE A B A B )
Wrink, SR HACH N

WA E s N & >5%, M ki R >20%, FA @, KRE
N REHFZFIREATEA, EAGT, Wh (806) N .

@Per base N content

ross all bases
100

30

l 9.12: FastQC {4k (6)-8:5575 N 5.

7. A E S A (Sequence Length Distribution)
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MK 9.13, BaRFIKENS. %0 &SN E S A B ERIEL, H TG
JIi A 1) reads ERAFFKE, PSRN, FESHRAES, (BT HIHEE.
PP K E N 0 B, ATl .

Sequence Length Distribution

Distribution of sequence lengths over all sequences

DDDDDDD

nnnnnnn

0000000

° 34-35 40-41 46-47 5253 5859 64-65 70-71 76-77 82-83 £8-89 94-95 102-103 1106-111 118-119 126-127

Sequence Length {bp}

] 9.13: FastQC 4 (7)-F 3K JE i .

8. FFAIEE K F- (Sequence Duplication Levels)

e 9.14, ZE SRR HA AR FEEE AR PP RN AR . TR MR, B
A, x Bl e o A O .

B R B 2 R s P AN SE G K A, AL ER A BT AERNER K
AT . BT AL

IR AEME— P21 SR 20% DAL, BOBEHORE A S AR 50%, R T IE .
AR, ASBIER A s R . B R DA SRR, HEN AT fE 20l B PCR st
JEWIT .
9. AR ENFH (Overrepresented sequence)

W 9.15, ABhBcA I BERR R FA .

B SCEN Z2 ZHE, AR R AP S e AR i R, B2 BWREE R
BREERAEYEE S, BRI SOERI5YL.

QR K IUTLANFH) 5 EE0 0.1% DAL, SR A 4 anslat 1%, AP,
10. #3%k& & (Adapter Content)

mE 9.15, ZE BRI EE B RS RS T SCE G B A g, — A
15 reads HHEF|—NFH, BB —EHAFES] reads 450, HIE I L A KB reads K
JEE P38 o i 3

WERATA T OV AL TR 5% /) reads v, MBCHORE & & A7 T@ L 10 % 1Y
reads H1, MBTHUREA T .

A s P AR DR H LA
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@Sequence Duplication Levels

Percent of seqs remaining if deduplicated 44.21%
100
% Deduplicated sequences

% Total sequences

1 2 3 4 5 6 7 8 9 =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level

4] 9.14: FastQC 24 (8)-F N EEIKT-

@Overrepresented sequences
No overrepresented sequences

@Adapter Content
% Adapter
100
lllumina Universal Adapter
lllumina Small RNA 3' Adapter
920 lllumina Small RNA 5* Adapter
Nextera Transposase Sequence
50 SOLIC Small RNA Adapter
70
Cld
50
40
30
20
10

1234567801213 1810 2425 3031 36-37 42-43 428-40 5455 60-61 66-67 7273 78-70 £4.85 0001 0607 104105 114115
Pesition in read (bph

] 9.15: FastQC ity (9)(10)-1d BERE A F AT KL NEA
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Q%I%MCH¢W§E 256 . BEE B —FEGE XA R ) o B R S KA
T AR, WizEES, X4t trimmomatic AMPRYZ IR R L, HAREVHH R IR
PR o, 15238 ] DA IR G P B b T — i, IR ff e .

9.4.3 xR

WER R, Bt T ABE AR A s (H AN ad, ] DASR A A 1) o
JEALHE i, ERTES, WRIPAERNNY, B R AZRE RS, TN
9.4.3.1 eAHERIER A48

F=ENG TS R AT I, X B Al I P A B LU, A b TE
#8225 3CHR [14] Gait, M 1988 AFFARHT (2021 4F), D4 F=F107R T TR [,
X AR R

7 9.1 JURR B TR

THAFR ARy | ROk | B EEX Tk
FASTA 1988 DNA Hashing SW and NW
BLAST 1990 DNA Hashing Non-DP Heuristic
Gapped BLAST | 1997 DNA Hashing SW

BLAT 2002 DNA Hashing Non-DP heuristic
BWT-SW 2008 DNA BWT SW

BWA 2009 DNA BWT-FM Semi-Global
Bowtie 2009 DNA BWT-FM HD

TopHat 2009 RNA-Seq | BWT-FM HD

BWA-SW 2010 DNA BWT-FM SW

Bowtie2 2012 DNA BWT-FM SW & NW
BWA-MEM 2013 DNA BWT-FM SW & NW
STAR 2013 RNA-Seq | Suffix array | SW

TopHat2 2013 RNA-Seq | BWT-FM SW & NW
HISAT 2015 RNA-Seq | BWT-FM Non-DP Heuristic
BWA-MEM2 2019 DNA BWT-FM SW

HISAT2 2019 DNA BWT-FM Non-DP Heuristic

BN AR E S, BT, MATEE, B, X BEHEEER MR
A AT AR A & SCER AR SRy .

AFERAVE AR X T HZE HISAT2, ’F— ChlIP-seq 3 H £ i H i F 19 text T H 2
Bowtie2,


https://genomebiology.biomedcentral.com/articles/10.1186/s13059-021-02443-7/tables/1
https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://genome.ucsc.edu/cgi-bin/hgBlat
https://github.com/mruffalo/bwt-sw
https://github.com/lh3/bwa
http://bowtie-bio.sourceforge.net/manual.shtml
https://ccb.jhu.edu/software/tophat/index.shtml
https://github.com/lh3/bwa
http://bowtie-bio.sourceforge.net/bowtie2
https://github.com/lh3/bwa
https://github.com/alexdobin/STAR
https://ccb.jhu.edu/software/tophat/index.shtml
http://www.ccb.jhu.edu/software/hisat/index.shtml
https://github.com/bwa-mem2/bwa-mem2
https://ccb.jhu.edu/software/hisat2/index.shtml

% 7% RNA-SEQ %350 181

HISAT?, %%T 2019 4 (S% 50k [15]) | M. REHHREYE, T NGS
reads (DNA 5 RNA) X2 A B I sl HA 225 B R A . T BWT (99 &, HISAT2
HREI T —ME FM %5 (GFM). BRTHEH—-MEARERAR 4/ GFM K524,
HISAT2 i FHAR 2 hnke ok vl A s BN L ZH /MY GEM &5 | XS NIRRT (B RHR
51) S bxtgms—E, ST reads AUPLEAETA YT . HI0RS RIS BRR N2 M
K FM Z&5| (Hierarchical Graph FM index, HGFM),

Bowtie2, %FT 2012 4F (ZH Mk [16]), 22— DHRNT reads P X B 225 751
AT, B —RIER 24 NAT. Bowtie2 Fpilf < TR K2y 50-100nt [ reads HERFF|AHXT 4L
KEGERHA Eo BN FM R RRT B AR D NFEFFE, X T ARERA, H
—MRFTHRNAE R 3.2G. Bowtie2 SCRFA ZALM . JRyEBIY A Ko 3] bt LU XA,

9.4.3.2 KEEYI|

FEX Z RS2 B ARG, (1 hisat2-build )y, FELEEAAEMZ LA
@SR RG  ATEE T E, BT R AR E T IS, FIHRE A CWE . AET Bowtie2
MR A EREAFIE R, HISAT2 )RG5 Tpﬁﬂ S SRA G R . R AE R HR%E
HOM GTF HRESc e, HISAT2 $24t TWi M2 hisat2_extract_splice_sites.py
. hisat2_extract_exons.py AJPASERGIX I TAE:

1 hisat2_extract_splice_sites.py genome/Arabidopsis_thaliana.TAIR10.54.
gtf > genome/splice_sites.txt
2 hisat2_extract_exons.py genome/Arabidopsis_thaliana.TAIR10.54.gtf >

genome/exons . txt

tERs|:

1 hisat2-build -p 50 --ss genome/splice_sites.txt --exon genome/exons.
txt genome/Arabidopsis_thaliana.TAIR10.dna.toplevel.fa genome/
genome > genome/hisat2-build.log 2>&1 &

2
3 # ®WM
4 # -p FRAMKER
5 # --ss WE—NHELRMWFK, EE, L Ehisat2f THE A
6 # --exon FFE—MIETIR, EE, %ﬁ%hisawﬁ A A
7 # &, —-ss#tJfr-—exonik F AL F B, 2K B A
8 # genome/Arabidopsis_thaliana.TAIR10.dna.toplevel.fa # K 4IFASTAX
9 # genome/genome %y M SCHF ML & Fr gl &
10 # genome/hisat2-build.log MEZ | H &
A2 B ST AR

CRSETEICA, FURMSRY R, TR SRR SR ), YRR RS AE T
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1
2
3
4
)
6
7
8
9

10
11
12
13
14
15

genome
Arabidopsis_thaliana.TAIR10.54.gff3
Arabidopsis_thaliana.TAIR10.54.gtf
Arabidopsis_thaliana.TAIR10.dna.toplevel.fa
exons.txt
genome.1.ht2 # X 5| X{F#PLht24 R, 84
genome.2.ht2

.ht2

.ht2

genome.

genome.

.ht2
.ht2
.ht2

2
3
4
genome.5.ht2
genome. 6
genome .7
genome. 8
splice_sites.txt

Truseq-PE.fa

R IRESE ARG, RIRIITAR HEXT

9.4.3.3 Lbw

AT T o 04 e A

Ot = W N =

© 00 N O

10

11

#! /bin/bash
for i in {28..33}
do
access="SRR71609${i}"
hisat2 -p 50 --rna-strandness RF --known-splicesite-infile genome/
splice_sites.txt -x genome/genome --dta -1 workdir/${access}/${
access} 1P -2 workdir/${access}/${access} 2P > workdir/${access
}/${access}.sam

done

# Y

# -p KAEH

# --rna-strandness 5 E &R R, RAZRABEA LR, T 5w
Jf, WEFHR, FRERBLEA N THFA, RRREZEZH KRN R W EZAF
5 X T ¥l 7, 6 EFRIERF, € F X NETIEEFAN A RE— PXSE RS
B, B RTEEERET —MEEFA+# LR BEIER, TEXTZLERET
—NEEE A -4 b A

# --known-splicesite-infile {FEF AW EMLAEE, EAFX—HLRMELE

182
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Zw, AAEMBRRFINIRTEEERTHENLR, WX BB E N ITEHEM R
5 2 w8 2 W s m A

12 # -x 48 & R 5| XCH L B A |l &

13 # --dta Bf--downstream-transcriptome-assembly, W T i F EHITH K AL
%, BLALZHE AnaX MBI, B R b TUR IR N SRR AL R AR R AU BT AT
Wi t, hisat2TFEERKWHEEKEL AN L LA T B R, X THEEMN
Xt >, BEREEFAARRFH TN FERE

14 # -1 4% Freadl X

15 # -2 45 Fread2 Xt

16 # workdir/${access}/${access}.sam F5 & X1 8 fL & Fn L 4

=

SAM SCHF— B, FEAFA 2SI BRGSO T W% 6 A TEFT | Hi%fLi$4%y samtools
HISAT2 Kfy=A4:— S TEIAE pfds LRSI AR, Toran T

16389493 reads; of these: # Hreads#iH
2 16389493 (100.00%) were paired; of these: # 7| [l 4 #jreads, [ % 2 /f
trimmomaticky ) By _1PFu 2P iy thxb, U 4R 21007
337606 (2.06%) aligned concordantly O times # XA Hh* I fjreads
15292177 (93.30%) aligned concordantly exactly 1 time # " — [/ i #)
reads
759710 (4.64%) aligned concordantly >1 times # /<" — [ 4 #jreads
337606 pairs aligned concordantly O times; of these: # % # & 3%ttt
Hy
137938 (40.86%) aligned discordantly 1 time # J. 7 1 & % H b at iy
10 199668 pairs aligned O times concordantly or discordantly; of these
11 399336 mates make up the pairs; of these:
12 199796 (50.03%) aligned O times
13 179862 (45.04Y%) aligned exactly 1 time # {F 7 Hugthxf, o DLvE—
b %
14 19678 (4.93%) aligned >1 times # A" — [t
15 99.39% overall alignment rate # X (KXt Z=rF — b XF+4 o — H Xt +4 Bt xt
H R DL B3 b X B

AR YA 14 HOO 25 R i AR 4
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9.4.3.4 SAM C-HEFRE e

SAM #%5(, 4FF Sequence Alignment/Map, &— > TAFM# LR EIZ% 75 ERyA)
FeA R AR . BAM #83X, 4F% Binary Alignment/Map, J& Jofii 2k 4@ — ki SAM 3¢
. SAM, BAM, KFEE54rTH SAMtools & W ERl: Z4H £ 3 FF K I (S75 30k [19]).

SAM i o3k (header) FIELXTIX (alignment section) ZHAY .

SRR PA @ Sk, B SRR7160928. sam Y SCHSK AN -

184

1 @©HD VN:1.0 SO:unsorted
2 esQ SN:1 LN:30427671
3 03Q SN:2  LN:19698289
4 @sQ SN:3  LN:23459830
5 ©sQ SN:4 LN:18585056
6 @sSQ SN:5 LN:26975502
7 @SQ SN:Mt LN:366924
8 @3Q SN:Pt LN:154478
9 @PG ID:hisat2 PN:hisat2 VN:2.2.1 CL:"/home/lishuai/
Software/miniconda3/envs/jejune/bin/hisat2-align-s --wrapper basic
-0 -p 50 --rna-strandness RF --known-splicesite-infile genome/
splice_sites.gtf -x genome/genome --dta -1 workdir/SRR7160928/
SRR7160928_1P -2 workdir/SRR7160928/SRR7160928_2P"
HO X AR Z AT R, AT 11 A EER B, PARJLAS IR B, 1% 11 sl pE
TR
5 | B KA | ik
1 | QNAME | String | read 45
2 | FLAG Int Xt FLAG 3052
3 | RNAME | String | 2% 5514, MBS E RGO KS
4 | POS Int read HXEIZE P b, B— AP A8
5 | MAPQ | Int FERT A ST B, e U ] X e nfE—
6 | CIGAR | String | CIGAR {H
7 | RNEXT | String | mate (% F—MNFISHFIH (Q@hT)
8 | PNEXT | Int mate IE T — PN E
9 | TLEN | Int | BCHCKEEMMIE
10 | SEQ String | J 74
11 | QUAL String | Phred33 J5 V£~ BB i &

#HL SRR7160928 . sam H XK H—A 4 HAINF -
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1 SRR7160928.3 99 3 16908211 60 100M1D26M =

10
11
12

13

14

15
16
17
18
19
20
21
22
23

16908271 186
AGCCATTCCCGATGCCGCGTTTGCCTGTTATCATATCAATACACATAACAAAACACTGAGAAGAT
GCACATCTCTTCAAAAACACATTTTCTAAAACAAAATCACAACTTAACACAGAAATTGGAT
BBBBBFFFFFFFFFFFFFFFFFFFFFFFF<FFFFFFFF<FFFFF/FFF<BFFFFFFFFF<FF<
FFFFFFBBFF//<FFBB/<<BBFFBFF/<FFFFFF<FBFFFFFFFFFFFBFFBFFFFFF<//< AS:
i:-8 XN:1:0 XM:1:0 X0:1:1 XG:i:1 NM:i:1 MD:Z:1007G26 YS:i:-8 YT:Z:
CP XS:A:- NH:i:1

B 2 ¥ &

# SRR7160928.3: read & ¥, 7E— NSAMXHH T H N L NEread W5 H, X

ZE K —Fread W g LA B S ML E
99: PlbitH A T WFLAGs, X B 99=64+32+2+14 F| X K "X 4 /7 7| B readl".
"B F AR B . "B R AU IR Sk T E B "read @ R AT A MY — &

# 3: Zreadif b B35 4 1K
# 16908211: Zreadll Xt by #4461 5 £16908211
# 60: Zread® Xt JiE, & F ik H-10%1logl0(Pr{mapping position is

H O H H O H

H OH O H O H O H OH OH =

wrongl}) , X¥ kT Ay B HE K

100M1D26M: CIGARF £, 100/ E. . 1/-Deletion. 26/ [T FE

=: matelb R WHE F5 2, W23, HRiLAH=

16908271: matelh % _F By #2 45 fL & £ 16908271

186: M XreadsH X B B Lt & m oy BE B, B3R Bt i KB S AR T B A
KE

AGCCATTCCCGATGCCGCGTTTGCCTGTTATCATATCAATACACATAACAAAACACTGAGAAGAT
GCACATCTCTTCAAAAACACATTTTCTAAAACAAAATCACAACTTAACACAGAAATTGGAT read
W J7 3

BBBBBFFFFFFFFFFFFFFFFFFFFFFFF<FFFFFFFF<FFFFF/FFF<BFFFFFFFFF<FF<
FFFFFFBBFF//<FFBB/<<BBFFBFF/<FFFFFF<FBFFFFFFFFFFFBFFBFFFFFF<//<:

Phred33%7 4 &k 7~ By B 25 £

% F R

Wk F RS — WA R TAG:TYPE:VALUE

AS:i:-8 X%k, WHTEHA, Hoh-8

XN:1:0 FESH 75| A a3 6 A 40

XM:i:0 £ # M5

X0:i:1 gap openfh /M4t

XG:i:1 gap ZEfH iM%

NM:i:1 B|ZEFHMEmEERS, A EMORE, EXAEETT, ¥/F5EK

185
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A, mEEE AL, BEARELI M deletion; X THEBEE I 5E F3E

24 # MD:Z:1007G26 # W LE F/HA &, TR EA N TITH FH4, 100MHEE HIH—
~gap

25 # YS:i:-8 X /)FF WA ES

26 # YT:Z:CP HLX{Hy KA, CP R A Mt

27 # XS:A:- EoWIRENELS, XERA

28 # NH:i:1 ARERPFEEREN LA LERTF M HLTEE

SAM MR IR, MR E ARz 2 1 EXHE S, SAM U RIFMATZ
b o ABAFER ST EREI R 1k, W — 51 A SAM U PART B3 SEHUT 5 AR AE LU 4521
JHENREYEE, (EAFT IR, IR Rl "ty BAM SO, ShATan T 4
et

#! /bin/bash
for i in {28..33}
do
access="SRR71609${i}"
samtools sort -1 5 -0 BAM -T workdir/${access}/tmp -o workdir/${

Ot = W N =

access}/${access}.bam workdir/${access}/${access}.sam -@ 50 -m
1G > workdir/${access}/${access}.sort.log 2>&1

done

# I

-1 HEEBEAKTF, OVAES, IARMKESE, OV EREES, REWESET A%
XA IMES 18 A2 3 E

-0 35 & Hr  SCHE A R

=T 38 7€ s B SCPF 77 koL B BT 4%

-0 1§ E Hr i Xt

-0 & AE%K

-n AHNEELEH KT AD

© o0 N O

+H*

10
11
12
13
14

H OH H H H

HE, F)any BAM SUPEEAREN less | cat SEapd HIRTBEHUW .

9.4.4 FeRAY

PG BAM SCF)E, BURIEATHRESRA AR . Aid, WA 24158 (assemble)?

W2 NGS FAFH/Nr BONEEIE M T IR S WA irid B, 75 SR 28N 7 B %
MR Bre AT StringTie 7547

StringTie KT 2015 4F (ZH 30K [21]) J2—3 %y RNA-seq DO RANE S 5 &
B, SIREERHTEFI DESeq2, EdgeR S5A7 REFHUARANE. RTERIEANEA, i
BEZ% SR (7]



% RNA-SEQ %35 it
PAT T by fop A
1 #! /bin/bash
2 for i in {28..33}
3 do
4 access="SRR71609%{i}"
5) stringtie workdir/${access}/${access}.bam --rf -p 50 -o workdir/${
access}/transcript.gtf -G genome/Arabidopsis_thaliana.TAIR10
.54 .gtf -e -b workdir/${access} > workdir/${access}/stringtie.
log 2>&1
6 done
7
8 # LM
9 # -rf FWEHSRFMEREES N fr-firststrand
10 # -p HREFZAHLKER
11 # -o & EStringTie % # T A Ky Hy tH GTF X £ By B2 Fn X 4
12 # -G FRASEEBERE X F4 k4%, # XGTF/GFF3
13 # -e Ri|readstbxtwy L2, XM fudn i § A -GS H oy 5% # FARL B w4
FERAK, ERZET2RINEESERFIATLEGAREIA, AKX
I AR E
14 # -b #£%F .ctab XHEH I E BEF
15 # workdir/${access}/${access}.bam 5 N\ HWBAM{F, EEZi N\ LA
HHEEFAMEH )T, HISAT28 % i U U % & it samtools sort4 A #ybam X
P2 7T S o\ B
StringTie (1) 84 0335 (DA SRR7160928 Afil) :
1 SRR7160928
2 e2t.ctab # FIH .ctab X PFH & A T T iFBallgovn i f = 7 R 3 447 By fr A X
fF
3 e_data.ctab
4 i2t.ctab
) i_data.ctab
6 stringtie.log # 4% H &
7 t_data.ctab
8 transcript.gtf # 8 U410 % % KRB GTF X fF

187
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9.4.5 MBI

TE Linux Zeum (i &AM d T EC @8R B, 2T RRATFEAM StringTie 7=
A GTF SO AR St EOE e, DAERE PR 22 S ik o H

StringTie 4 E4E4L T —4> Python J{i4s prepDE.py , RHJM stringtie k¥ijif GTF X
Ay PR reads ARG 2R S R H DA AR, it DESeq2 i .

PATT @ a6 4

prepDE.py -i workdir -1 126

1

2

3 # #|

4 # -1 FERAXH, FELH—MEGASATERNE X, EXERNEZES
workdir/ H 3k

5 # -1 FHreadsk &, 7 Mfastqc R H

AR PPN gene_count_matrix.csv Al transcript_count_matrix.csv .
A FileZilla 8 Xftp FFEATNEF|AM, RNA-seq 705 —BrE 2 ILER, #TkM
A3 BT AT N H i P 5

9.5 RNA-seq #r 11

Linux-based Essential Bioinformatics(LEB) ZiX[ TR S, BEARNLL, MfHAaAE
XA AT AR Linux & 58 ile?
PIMAE Linux E223EM% 1 R GRA S A, H R BT Windows G0 B AL

9.5.1 R 4 Bioconductor fj4y

R EREETTE P EEW TR, AT R RSN, A A 5 B SR
P EAE Bioconductor -5 F . CRAN(ZEEM: R 744 2%, Comprehensive R Archive Network)
el R EGF R BT OERAGE. BAaTEN E23E R, 7P CRAN T R 3K
2.

Bioconductor Wl H BYEF &« SCFRFAERE S S i FFIRAAE, ARt A= Wy et i) A% 1) Fi
Al AT

MG R Y, ROTE—MF LRI AHEE (IDE), X BHEFRStudio, w423
RStudio Desktop Open Source Edition, X145 FIHLE 7 2% B IR HAR. HE—F2,
LAk sE ER 5015 8] RStudio>Tools>Global Options>Packages>Management H', ¥ Primary
CRAN repository f>4 China (Beijing) [https] - TUNA Team, Tsinghua University, Xz 2%
PRI T B .

—YIEg e G, RIAT3E T4


https://www.bioconductor.org/
https://cran.r-project.org/
https://www.rstudio.com/
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9.5.2 Jil DESeq2 #tfr2z5&ibknbr

22 R EHFRIA (Differential Gene Expression) Z3#7 & RNA-seq /MM B —¥F, Jii4Z 5
X, ZA T RE R AR B AN S e 4 rh A 25 S Rk B A o 3K B R SRR AR S B A
TR EEECRRE, R R RERTE, RV REA Y EE .

DESeq2 stz Rk w M R AL, M T m4erBedmmia—A. al b 2e 04
B 255 DU AR A T XA B A A B R B R e B A e, IR R I
(RN

LM DESeq2

1 if (!requireNamespace("BiocManager", quietly = TRUE))

2 install.packages("BiocManager") # i #BiocManager = &% %, W/, N
3
3

4 BiocManager::install("DESeq2") # Mbioconductor% ¥ DESeq?2
5 library("DESeq2") # # \DESeq24,

7E R ¥ # &5 %i A vignette ("DESeq2") W PATEH DESeq2 B F i IH Analyzing RNA-seq
data with DESeq2, ~+/43-{ff3—i%. DESeq2 WIELAMIH AU (518 DESeq2 AU ) ,
R F NI, 2Rt AT BT SR

dds <- DESegDataSetFromMatrix(countData = cts,
colData = coldata,

design= ~ batch + condition)

resultsNames (dds)

1

2

3

4 dds <- DESeq(dds)
5

6 res <- results(dds, name="condition trt vs untrt")
7

res <- 1lfcShrink(dds, coef="condition_trt_vs_untrt", type="apeglm")

DESeq2 Hi¥i A MiT808ds @ — B U AR . ZREFERSE @ 1750 J AESR THE
% A FERmEEE A 2 2% reads WA BCEN SR @ AL B . DESeq2 KEAE ML SR
K, A AR o f A % e 0 —1k .

HATAYIHA—T gene_count_matrix.csv SXPFRINEA, Al RStudio A& T HAT
IF (ANEE Excel) . BIHTLAT:

1 gene_id,SRR7160928,SRR7160929,SRR7160930,SRR7160931,SRR7160932,
SRR7160933

AT1G01010|NACO001,643,445,523,285,335,293

AT1G03987|AT1G03987,0,0,0,0,0,0

AT1G0O1030|NGA3,115,122,123,106,100,116

AT1G01020|ARV1,451,421,440,390,454,477

AT1GO1060|LHY,673,643,654,928,1044,853

S Ot e W




#HF  RNA-SEQ %35 547 190

7 AT1GO1070|UMAMIT28,614,546,529,207,204,179
8 AT1G01080|AT1G01080,1002,819,843,1878,2073,2119
9 AT1G03997|AT1G03997,0,0,0,0,0,0

1 RN g, 2 2-7 F15r RIS SRR7160928 F| SRR7160933 3£ 6 Mk, Bl
R REL, WiZAT & DESeq2 HEEK,

DESeq2 B2 B 44 )& DESeqDataSet (TEAURS H# DA dds FomizBiu &ty sE )
i dds BTN cts . —DRTHEM(E B coldata MIBIT AT,

DESeqDataSet 3 RMAAA KEKHIBIT 250 (design formula) . BEIFANZKIK TR H
MENAE R, MAZPABORE (- ) IFk, JEHR AN + RN 2R . SOt AUk
BRI log2 fEAI AR AL .

e dds W4

¥ 2 — TR
# gene_count _matrix.csv FMAEY R LIEE KT
3 countData <- as.matrix(read.csv('"gene_count_matrix.csv", row.names="
gene_id")) # # Ncsv X, BEF —F 4 F LTSI, countDatapy i fn
K9.16
4 condition <- factor(c(rep("Osmotic",3),rep("Control",3))) # &7 /F & [
EH SN E T, colDataBEAE W 24 T — MBI+ FT =
5 colData <- data.frame(row.names=colnames(countData), condition) # |/
countDatafiFl 4 AT 4, WET 4% =5l H 5
dds <- DESeqDataSetFromMatrix(countData = countData, # %740 [
colData = colData, # HHfEE, L2 LIHEL
% (SRR71609. .) fu 2t # & ¢+ & F ("Osmotic", "
Control") i Xt iz
8 design = ~ condition) # XX % LI &R K
e A

> colData # colDatapy &
condition
SRR7160928 0Osmotic
SRR7160929 0Osmotic
SRR7160930 0Osmotic
SRR7160931 Control
SRR7160932 Control
SRR7160933 Control

0 N O Ot = W N

A dds X JE, BV TR RRIR T 22 R B T AR 2D PRAES D B AR T R %R
DESeq 1. WIDAfE R ¥l G A 7DESeq AF M. AT H Ay A< 217704 :



% /LF RNA-SEQ %Iv5 o7 191

SRR7160928 ~ SRR7160920 - SRR7160030 ~ SRR7160931 * SRR7160932 * SRR7160933 ~

AT1G01010{NACDO1 643 445 523
AT1G03987|AT1G03987 0 0
AT1G01030|NGA3 115 22 123
AT1G01020]ARV1 451 42 440
AT1G01060|LHY 673 643 654
AT1G01070[UMAMIT28 6 529
AT1G01080]AT1G01080 2 843
AT1G03997|AT1G03997 0
AT1G01040|DCLY
AT1G03993|AT1G03993
AT1G01046ath-MIRB38
AT1G01050|PPal
AT1G01090|PDH-E1 ALPHA
AT1G01110[IQD18
AT1G01120[KCS1
AT1G01100]AT1G01100
AT1G01180]AT1G01180
AT1G01200|RABA3
AT1GD1190|CYP78AS
AT1G01130]AT1G01130
AT1G01140|CIPK9

K 9.16: countData FPERINE (AL »

1 dds <- DESeq(dds)

1M J5 ) results RfALBEAARXS A A5 R 3K -

1 res <- results(dds, contrast = c("condition","Osmotic","Control"))

AYIEFR res W5 (FE R #Z=HI G A res J5IIZHIH] ), X@&—1> 32833 47 6 YR .
HoAr i S log, 83 (log 2 Fold Change, LFC), p fHFIZIE)SH) p fH. 7E results
PRECAFFIRS AL, log, MEEAAEAM Wald 5 p (E2FHX BT A i e — i =1y an
RizIe— AT, WLAMSAENZHE T ERE— K5 25K Z R U

A HE E ZEL contrast = c("condition","Osmotic","Control") , RI45%E log, f54X
Osmotic

A = log, Control ° Wald test 1 p {HH 24X} Osmotic vs Control T 5 K.
1 > res
2 log2 fold change (MLE): condition Osmotic vs Control
3 Wald test p-value: condition Osmotic vs Control
4 DataFrame with 32833 rows and 6 columns
) baseMean log2FoldChange 1fcSE stat
pvalue padj
6 <numeric> <numeric> <numeric> <numeric> <numeric>
<numeric>
7 AT1GO1010|NACOO1 414.226 0.6991045 0.1378251 5.072404 3.92821e




% /LF RNA-SEQ %Iv5 o7 192

-07 1.19671e-06

8 AT1G03987|AT1G03987 0.000 NA NA NA NA
NA
9 AT1G01030|NGA3 113.442 0.0418131 0.2049195 0.204047 8.38317e
-01 8.79056e-01
10 AT1G01020|ARV1 438.232 -0.1280266 0.1179763 -1.085189 2.77838e
-01 3.57643e-01
11 AT1GO1060|LHY 802.978 -0.6359010 0.0917137 -6.933542 4.10432¢
-12 1.76098e-11
12
13 ATCG00010 0.000000 NA NA NA NA
NA
14 ATCGO0060 0.501972 0.796135 3.05109 0.2609347 0.794143
NA
15 ATCG00230 0.337939 -0.118069 3.91989 -0.0301205 0.975971
NA
16 ATCG00260 0.177490 -1.079850 4.08047 -0.2646386 0.791288
NA
17 ATCG01030 0.337939 -0.118069 3.91989 -0.0301205 0.975971
NA

FATATCAFEAZIE S5 p (DB res FAUEATHER, RS AL+

resOrdered <- res[order(res$padj), 1 # XtresRiEpadj#ATH /T
2 write.table(x = as.data.frame(resOrdered), file = "./
Osmotic_Control all", quote = F, sep = "\t", row.names = TRUE, col.

names = TRUE) # JHFE W& F 5 N

# P

# x = as.data.frame(resOrdered) T 5 N XfFHi st £, X B #ATHEH KA %%
B AEAE

# file = pasteO(".","Osmotic"," ","Control"," all")

# quote = F FHHAE T A2 N5 T4 H
# sep = "\t" WEFELIEH, xPE—AHRAUENMELT, XEXEHZH
i

9 # row.names

TRUE #7174 7
TRUE 77 75| 44T
11 # file = "./Osmotic_Control all" 5§ & Hi ¥ U B 4E K H K15

10 # col.names
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W), Xf resOrdered 2% HAE—LEie, e ip AR (LB Y . 3 HLAY ¢ B i 3t
e AT AR “R3FETT ABIFORBAARE R 2R BOEE p HIE= (NA), H, KRIEE
p<0.05, H, log, FHEAWLEME >=1 (X—EEDRET 2 FA LW BN HE) .
(M EL N

1 resSig <- resOrdered[! is.na(resOrdered$padj) & resOrdered$padj < 0.05
& abs(resOrdered$log2FoldChange)>=1, 1 # it B EF TN EFHF N

resSigH

2 write.table(x = as.data.frame(resSig), file = "./Osmotic_Control",
quote = F, sep = "\t", row.names = TRUE,col.names = TRUE) # 5 A\ X
o

U, 245 TAE H % N RS2 04 Osmotic_Control all F Osmotic_Control . J5
FRRAEB BN G Rk B A B R, AT A B As 547 & 0T
A Osmotic_Control CHIHTJLAT:

1 baseMean log2FoldChange 1fcSE stat  pvalue padj

2 AT1G16850|AT1G16850 1715.99374481034 5.49670350388015
0.139677664645622 39.352773529153 0 0

3 AT1G17020|SRG1 3114.9192729861 4.06382582468953 0.0788026125440306

51.5696839672528 0 0

4 AT1G54570|PES1 6540.59765028929 3.65917578065995
0.0904564945713295  40.4523279174223 0 0

5 AT1Gb4575|AT1G54575 3949.00276631203 4.4835805051715
0.0889960098312112 50.3795677320254 0 0

6 AT1G58360|AAP1 7140.71482107642 2.6659669727083 0.0629809894512548
42.3297092652326 0 0

RN AEMREE , ERATAF LIRS, A7 % baseMean . log2FoldChange
. 1fcSE . stat . pvalue &f padj é%ﬁq¢»7 PR I AR AL B, 7E Linux Hrax eie i :

1 sed -n '2,$p' ./Osmotic_Control | cut -f 1 > ./DE_genes

# AR

# sed -n '2,$p' ./Osmotic_Control FTHZ X F2F| &G —TH A&
# | FHA, sedp SN E TWATHIM Bcuti S

# cut -f 1 REZTHE —NFHE

# > ./DE_genes X ff A FETH WL R E F 1% ./DE_genes X ff

N O Ot = W N

#f DE_genes CIFHIJLAT:

1 AT1G16850|AT1G16850



#HF  RNA-SEQ %35 547 194

AT1G17020|SRG1
AT1G54570|PES1
AT1G54575|AT1G54575
AT1G58360| AAP1
AT1G64110|DAAL
AT1G75040|PR5
AT2G19900 | NADP-ME1
AT2G22990 | SNG1
AT2G37870|AT2G37870
AT2G38530|LTP2

© 00 N O Ot s W N
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9.5.3 GO w#Hnbr

TER-CE P IRATE I EEANZH InterPro 2R 1) GO 45H, A RAIR]J .

GO REHEAMR (Gene Ontology) S, BAEMHREE & A F i K rRFE D GeE A
W, RIS TR A2 L i B A Bl . N2 N RmT B, d @il
#ATEER . GO PMEHR AR H AR & 8 — WAV RGO AR, iGN EE
BRI #5500 iy 2 AR ) 22

HAARMAE— P RGO PR R S H Y @ e TR E A AR . B B RE

o YEIPORN R AT BRIV L PR K H ) SR M i i TR

o BRI Y, R R

o PR R TR REIE

o SCIUTESCEERRGEAE b, H GO dEATMENT, FlandE g 450 br

GO FHAFE =030 A . o FURERMAY I .

AR ZHE " Ontology” XA kK, BEEA R 2B X B4, AR EEFEX
AR, fEIX I, Ontology F8CEARERMAESR, BIAE—FMIEMTERT K, °

KM clusterProfiler ¥4 GO F4E. HIefTHESR TAE. i clusterProfiler
EAEHT GO 4Arh), EEIFATER ID, By ID AR PAH OrgDb SRR,

Bioconductor 44/ 7 WA FIY OrgDb U4, W] DA 23 a ] .

# 4% BiocManager, R AREAH L% HE

if (!requireNamespace("BiocManager", quietly = TRUE))

1
2
3 install.packages("BiocManager")
4
5

SEE A AE—F: The Ontology of the Gene Ontology, 3% 2—fA KIS SCEE, AILAER GO MMIfRER,
sE UL, REPET AR


http://geneontology.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1480173/
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BiocManager: :install("AnnotationHub")

BiocManager: :install("org.At.tair.db")

BiocManager: :install("clusterProfiler")

BiocManager::install("dplyr") # W R ZXERIRA], 7 ZRXAmforce=TRUES
4

10 BiocManager::install("ggplot2")

11 # EAE

12 library("AnnotationHub")

13 library("org.At.tair.db")

© 00 N O

14 1library("clusterProfiler")
15 library("dplyr")
16 library("ggplot2")

AR B EUARERN S, H I enrichGO JEATEEMT, FGMER. &EHEERM
EIF 9.17, W2 Rl BN PR SRAEP IO T e . AL, AiRnTil. Aefy
UL EWHtRE . ATP S aUHERA R ik, SLmimil . Jos . ATP ghd e, /s
AT e R A T T

XF AT AEAT— SUfRE . B @ T RE R B A 1, PR AT RETEHE A IR R A IR B
TEE T, PELOR AR RERBIR LI 5 | A i A2 b T2, A OCHE R 20k s i ihin n] BE
TN T R, SEFR MR RS2 R THRR A, 51 AR L
EYIEE. AR . ATP UL BB lMa L T RECE BRI E A0 T N AR AL
FAMRIUEE LT, X80T m AR

BMEZ, EMEN—OAEY LR, MR ARRE, (HEIEOE BT
AL

gene_all tair <- read.table(file="./DE_genes") # = \ ([
gene_all tair <- as.list(gene_all tair)$V1 # BLEH —F1EA % %

N

go_all <- enrichGO ( gene_all_tair, OrgDb=org.At.tair.db , ont = "BP"
, pvalueCutoff = 0.05 , keyType="TAIR")

)

6 # enrichGOit TN

7 # gene_all tair MR E R XK

8 # OrgDb=org.At.tair.db Jg € % % & F 4 fr F 0y 404 B
9 # ont = "BP" AFIAE=ZNMATFHATESR

10 # pvalueCutoff = 0.05 5 pvaluezt l{H

11 # keyType="TAIR" &7 B4 N\ oy £ 4f

12

6Zhang TY
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13 # pdf("./DE_genes GO.pdf",, width = 10, height = 10,compress=F) # W%
A Rpdf X, BUHAATER

14 barplot(go_all,showCategory=20) + scale_fill gradient( low = "#ffc080"
, high = "#5baOfb", space = "Lab", aesthetics = "fill", guide=
guide_colorbar(reverse= TRUE)) # WA pdf X, BUHA4THER

15 # dev.off()

respiratory electron |
fransport chain

electron transport chain -

cellular respiration-

energy derivation by | p.adjust
oxidation of organic compounds
} 1e-04
ATP synthesis coupled |
electron transport 2e-04
3e-04
oxidative phosphorylation 4e-04

aerobic respiration

generation of precursor |
metabolites and energy

ATP metabolic process

o
-
[h*]
3
.

Count

K 9.17: GO FAEMHT M- AP R E R . X 5K R T — L1k,

F I, 438 RNA-seq MTEALEHR. X 2 —AMAREUR, He R 2w IER, KRG
2B, (HARZEHREECETT, ST s a8 e

MRS A HAR L kILE, SiE T KEGG 1_&%*% AT DA 2225 SCHk (18] 1)
AU . S50k (18] JEAFE R AR AR H SR, HRYTER, SR AT 28 B DA 3]
FR, 3 A T S

L EPEN

[1] NGS %t g2 Trimmomatic 411 FH

[2] Trimmomatic Manual: V(.32

[3] Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: a flexible trimmer for
[lumina sequence data. Bioinformatics (Ozford, England), 30(15), 2114-2120.

[4] SAMtools Documentation

[5] FastQC Documentation

[6] NGS 3¢ il #5-Tllumina 3 AR5


https://www.jianshu.com/p/a8935adebaae
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/TrimmomaticManual_V0.32.pdf
http://www.htslib.org/doc/samtools-sort.html
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/
https://www.illumina.com.cn/techniques/sequencing/ngs-library-prep/rna.html
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[7] StringTie Manual
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13
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415 ChlIP-seq BiH2Eid

s CTCE |y ChIP-Seq il 2 e 2022 4352 LEB PREESE—/ LRI DU/
IR , X—FPAO R, &Sk e —LE N7, r4 ChlP-seq MY HEA AR . A
B R THEZ , AE——TR NGB I, RO R TRAER NG, HR
AR R ACRS R T 2 Zh RERI S5

S G R T R AR ACRD (IS - TTH S A SCPFRIBT LA Fr s FH IR
LT TR

ARFEACHS E IR UE AT DA RSEIE AT

10.1  JEE. iy st

10.1.1 ChIP-seq 3

Yot )i e Pe I DLIE (Chromatin Immunoprecipitation) GBS $E H 7 2 i B K 20 A Bf b i
1) DNA J76es 5 H I E A 4G . BENEARREANE, WEBEKEFTEE, SHNERSS
) DNA 2 5 H iy H-—&Eg B 1S B PR e iiie .

T Q0 SR FEARRR AT, FPREUTIERY DNA BEc. b paesk, RInTabfT T —AR00F,
X e R e PEILDOBE ML AR (ChIP-seq)?.

10.1.2 ChIP-seq SZW )i &

N TH R ERAUA ChIP-seq AL 7 52°:

o UK
— DA 1% WIEEAE 37°C W 10 J04h DAL & 4i
— TR LA ZR B2 125 mM DA% L&, iR THE 5 o
B
— ¥ PBS WEIPIRIG, TE58 4 I EEMH 7 PMSF fRAEm 25T, IR0
FAE 4°C FRA 300 g B 5 4

Yoeds R (1997 - ), WIHEEDUN, iR drBlf s Be LA se A, 2022 7% LEB IRFEHE— 4K, 2022
2 ABC #2831, ORCID ID Profile of Xichen Rao

>S50k (1]
S22k [2][3]

198


https://orcid.org/0000-0003-2450-4521

F+3

&

CHIP-SEQ 7 B %12, 199

Ao A

Sample fragmentation
Immunoprecipitation

Non-histone ChIP % % Histone ChIP

J DNA purification
End repair and
adapty

!

W'@llng

H H
%
Cluster Amplification
generation 1 on beads
(bridge PCR) {emulsion PCR)

Helicos
lllumina Single-molecule
Sequencing Roche ABI sequencing
with reversible Pyroseguencing Sequencing with reversible
terminators by ligation ¥ terminators

| Sequence reads |

4 10.1: ChIP-seq HYFEARJFHE, fIFFEEALPRANNGE, X {75 DNA 4G HEELEARNS DNA &2

B, Bin

et RO P I T W B 200-600bp /A Be 5 RG] B AR 1 5ke 51

PUARSRBETLIE DNA-8 1A U G ) I 380 S SN AR DNA 5545 N IIP-F- B 1Y
SORMESCE, P, %5 ChlP-seq E4EM DNA JF¥5.



%-+% CHIP-SEQ i B 42 200

o YA LR G SRR AR I
— A 2.5 ml 0.5% NP-40 2L nf il AR L OTE ARE T4 A% 43 55, W5 10
o
— 4°C "FPA 3000 g B.L» 5 min
— 7£ 1 ml SDS 1% ZLZE vf i 272 240 M e
— i/ Bioruptor (Diagenode, UCD-200) DA7R; 5 2% 4 i 22 il v i 4 Jfg 1647 =
AMEIR, BRK 10 405, BRI 30 B, B 30 &
— 4°C FPA 17000g E5.Lr 10 3ok (A i 8 iy

o GPEVIIE
— B 30 pg Yt JRA 4 pg HUAAE TP Zipil (0.1% SDS. 1% 161 TX-100, 2 mM
EDTA. 20 mM Tris-HCI pH8. 150 mM NaCl) H 4°C JeiEma
— ¥ 25 pl $iE P (1 mg/ml BSA) Dynabeads % A #l1 Dynabeads #5H G, %
B 4 /N
— H 1P s vErEER 10 43%h
— HBEImERVE R (500 mM NaCl) i IP S vefizk 10 434
— J LiCl ZEah3% (0.25 M LiCl, 1% NP40. 1% NaDoc. 20 165 mM Tris-HCI pHS
1 mM EDTA) JHVERLEE 10 435
— i FFiC DNA M7 ChlPmentation(FTHF . fifzsk)
— S@ITAE 100 ul PeigrhiE (1% SDS i1 100 mM NaHCO4) i 50 °C W5 30 4>
B, MREERHERE DNA.

o ERZEERILL
— RFUELAOAE S S 200 mM NaCl Al 100 pg/ml 2 [ 65 °C FIFE R, AR
S
— fiH PCR #iifbi:2lifk. DNA

o SCFEAE
— I T R 1 SR ) AR e S
— R ER 2lAL R BE R/ NFE 100-500 bp 3 Bl Y ST

« NGS 7

Wi, ChIP-seq S:8e—MrfR B — Aol AT IRAL, MEAEHPUARTE LN FE. H

ARG A X AT O, A RE AL H AREE s 2 DNA i 8

10.1.3 CTCF fisr

CCCTC-g5& A+ (CCCTC-binding factor, CTCF, Uniprot F=T1) J&—Fhm BEAR ST I EE
TR, FTDMERE SRS 1. FRPHE R, teoh, & mT AR R 4a 2 H -1 BE I v 5
JE BT Z [ R

CTCF W] DAYE 5 Ye T 4503 30 AL 45 5 ) (R B R S AL S R . AL PRI 2 1) = 4k 45


https://www.uniprot.org/uniprotkb/P49711/entry

%+% CHIP-SEQ 5B £32 201

ke TEREEE, CTCEF i ES X AR OEMERZ —.

AFEY R CTCF S5 &0 i fEEZEN, BR8P0 CTCF i nifw, 4iaH B
CTCF A4 Fhas R T fE -

CTCF w11 Mg (ZF) @msif iz CTCF 4G s (CBS) AR ES
SEFFANTOIT, B T 2 Y 4 P A e (0 A AR

CTCF 5 CBS Z&WH AL PR L .

K 10.2: CTCF ZFs6-11-gb7CSE §hiA%5#) . PDB 455 : 5YEL

10.2  MERANER IR

10.2.1  4rHrife

AT H RN RS I T — R A, AR RSk Wk, HEE . el
IE. RE. RG] HEEEFT ChlP-seq FA BT, A4E ChlP-seq it B4 . EHIET 4K K5
WRIGHTTE H B HEFT— 25008 0, 465 T RS IG AR L E AL IERE)Y (Peak motif)

10.2.2 JidE s

A H F5 B IR
PUTT ded b

conda create —n chip-seq
conda activate chip-seq
conda install -c bioconda fastqc

conda install -c bioconda cutadapt

Ot = W N =

conda install -c bioconda bowtie2



https://www.rcsb.org/structure/5YEL

F+E
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11
12

conda
conda
conda
conda
conda
conda

conda

install
install
install
install
install
install

install

CHIP-SEQ 5t B 24,32

bioconda
bioconda
bioconda
bioconda
bioconda
bioconda

bioconda

samtools
picard
macs?2
deeptools
idr
homer

meme
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10.2.3 M FEHENZE S
10.2.3.1 DNA FE#4E#4h

AT H A EEHE M DNA JofkfFl2 15 (Encyclopedia of DNA Elements, EN-
CODE) F#.

L

ENCODE Consortium ;=4 & i & )8, A%

AR EERE . ENCODE H R4

O I TG R SRR, TR R A AT BT T A
ENCODE RN 28t 45 4 -
BT 2RISR SR BN EE A K R
— ek i o/ (Candidate cis-egulatory elements, cCREs) &0 52
— c¢cCRE p# &R LT H: SCREEN (Search Candidate cis-Regulatory Ele-
ments by ENCODE)

— Qe RS

- iR

VG RE

— AR
o BAOKTHRE: HH SRR oG

— JFicg e it (DNase-seq, ATAC-seq)

— B ERRICETSE (ChIP-seq)

— BeRA T

gty

— HPHFRIE (RNA-seq)
— FESEALIGO . (TSS) IEEh 4T (RAMPAGE)
EE L (eCLIP-seq)

— DNA H3Ak (RRBS, WGBS)

— RNA %%

— 4R A AR A (ChIA-PET)

HEANES

(TF ChIP-seq)

— MUK, (Hi-C)

AL PR AR P AR TR


https://www.encodeproject.org/
https://www.encodeproject.org/
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itk
Ui H %51 ENCODE & 555 2ENCSR617IFZ, fHx &2 TopicNet: a framework for

measuring transcriptional regulatory network change*,

Xty N HEK293 Ay eGFP-CTCF [y ChIP-seq SEnidhi, 1400 5 6 H e n)
N CTCF Wf st EmAmA T eGEP,

e 10.1 Fros, SEmgE S 4 SR, ol A EY) SRR Readl Hil Read2,
2R AN B 101nt, SCAFHEECN fastq .

Y ESE 1 NEEBPEEN5 HMENCFF631JSV, ENCFF715KYL;

Y ESE 2 M BAEEN S HENCFF0020WA, ENCFF833BQT,

10.2.3.2

Files

Filter files

File format

bigwig

-/ Rawsequencing data F\le
Isogenic replicate Librar, Accession

Genome browser Association graph File details

Include deprecated files [

GRCh38 v || UCSC R4l Visualize

aaaaaaaaaaa

Output type

peaksand background asinputfor DR 12 2 ENCLBSA10LX

fold change over control

signal p-value

K 10.3: ENCODESZH T

IbAh, #E ChlIP-seq % 548 & HE TR 2 — 0 R 8 SOREN P HdEE 2% (Input) |
ATF H 2 BRI . ENCFFS73ZZU, ENCFF611URR.

10.2.3.3 Tk
Jithi—: miarE 10.1 SR PR ORI O T RS, RV B SR A

i, FtfS T Filezilla 8 Xftp FAZARIS %Y.
Jik o I 101 TUE R Lo HE TR A A N BRI ZE, NI SEER ) files. txt

S, AR

1 "https://www.encodeproject.org/metadata/?type=Experiment&%40id=%2
Fexperiments’2FENCSR617IFZ%2F&files.output_type=reads&files.

output_category=raw+data"
2 https://www.encodeproject.org/files/ENCFF631JSV/@@download/ENCFF631JSV

.fastq.gz
3 https://www.encodeproject.org/files/ENCFFO0020WA/Q@@download/ENCFFO020WA

.fastq.gz
4 https://www.encodeproject.org/files/ENCFF833BQT/@@download/ENCFF833BQT

.fastq.gz

S5 30K [5]


https://www.encodeproject.org/experiments/ENCSR617IFZ/
https://academic.oup.com/bioinformatics/article/36/Supplement_1/i474/5870518
https://academic.oup.com/bioinformatics/article/36/Supplement_1/i474/5870518
https://www.encodeproject.org/files/ENCFF631JSV/
https://www.encodeproject.org/files/ENCFF715KYL/
https://www.encodeproject.org/files/ENCFF002OWA/
https://www.encodeproject.org/files/ENCFF833BQT/
https://www.encodeproject.org/experiments/ENCSR617IFZ/
https://www.encodeproject.org/files/ENCFF873ZZU/
https://www.encodeproject.org/files/ENCFF611URR/
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5 https://www.encodeproject.org/files/ENCFF715KYL/Q@@download/ENCFF715KYL
.fastq.gz

files.txt JUMFELE T — MBI CEIRE) URL PART #OCHFAOEERE , K7 S il
BIRSs 4w, FHsfrane:

1 xargs -n 1 curl -0 -L < files.txt

APl N #. Hr, curl @— A URL FWAEAr 4T T TAER SO &4 TR, B3k
SCHER AR R R 8. xargs BRI A T DASEBCCAR IR — A T8 A SEUE A 1R e i an &
PAT .

FHk= i wget FHATRER, 3 B DA BREIE IR TR -

1 wget https://www.encodeproject.org/files/ENCFF873ZZU/Q@Qdownload/
ENCFF873ZZU. fastq.gz

2 wget https://www.encodeproject.org/files/ENCFF611URR/Q@@download/
ENCFF611URR.fastq.gz

NEGERUR, TEICPFar 2 O HEARS) PRR I 4

mv ENCFF631JSV.fastq.gz ctcf_repl_readl.fastq.gz
mv ENCFF715KYL.fastq.gz ctcf_repl read2.fastq.gz
mv ENCFFOO20WA.fastq.gz ctcf_rep2_readl.fastq.gz
mv ENCFF833BQT.fastq.gz ctcf_rep2 read2.fastq.gz
mv ENCFF873ZZU.fastq.gz input_readl.fastq.gz

S Ot e W

mv ENCFF611URR.fastq.gz input_read2.fastq.gz

BEAh, T NS AL

1 wget https://hgdownload.soe.ucsc.edu/goldenPath/hg38/bigZips/hg38.fa.

gz
2 gunzip hg38.fa.gz

10.3  —Hesrpr

ChIP-seq P4l 5 258 AR NGS pAriife. {8, SLRETEA MmNy ER,
BEAN, O T E R, T AN B R E SRR PR N 2 . = R Y OR B
MR — BT B AR . T RERBOTAZ , Hoathinds A aife A2 iREE B s, IR
B R T 2R 20247 3 K, MR IPEES . dE s A A
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10.3.1 ) Heha i w3kl

B TAEA S nkdir workdir , HAEH Y 2 ASSEER 4IRS IRALQIE T H 5.
HSRESHANTE -

1

2 data

3 ctcf_repl_readl.fastq.gz
4 ctcf_repl_read2.fastq.gz
) ctcf_rep2_readl.fastq.gz
6 ctcf_rep2_read2.fastq.gz
7 input_readl.fastq.gz

8 input_read2.fastq.gz

9 genome
10 hg38.fa
11 workdir
12 input
13 repl
14 rep2

a1 RNA-seq 73—, V3R FastQC fERUREE . FastQC W PAZ LRIz T, KL
] SEAIN AR 55 e (4 AR A
NS5 ar i KRR

1 grep 'processor' /proc/cpuinfo | sort -u | wc -1

i a4 h

1 fastqc -t 20 -o workdir/repl data/ctcf_repl readl.fastq.gz data/
ctcf_repl _read2.fastq.gz > workdir/repl/fastqc.log 2>&1 &

2 fastqc -t 20 -o workdir/rep2 data/ctcf_rep2 readl.fastq.gz data/
ctcf_rep2 read2.fastq.gz > workdir/rep2/fastqc.log 2>&1 &

3 fastqc -t 20 -o workdir/input data/input_readl.fastq.gz data/
input_read2.fastq.gz > workdir/input/fastqc.log 2>&1 &

4 HT
¥ -t MR A
# -o % /1+' LiD %’7t\

g O Ul

JRE5EEE ) B input_read2.fastq.gz [ Per tile sequence quality —IiARiH S PASS, H
REAEFEAR I AE S s (A4S, (H%ERK).
Per tile sequence quality H < IIAEAR B HIE LG F A ARIRAFHY Tlumina SCER) 45
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1 Wed 24 Aug 2022
QFaStQC Report input_read2.fastq.gz
Summary per tile sequence quality
Quality per tile

@Baswc Statistics 2314

2311
@Per base sequence quality, 2308

2305
@Per tile sequence quality. 2302

2215

2212
2209
2206
2203
2116
Per sequence GC content 2113
2110

@Per sequence quality scores

Per base sequence content

@Per base N content 2107
2104
@S_equence Length Distribution f;”l
@gwence Duplication Levels g:];
1305
@Overreoresented sequences 1302
1215
@Adapter Content 1212

1209
1206
1203
1116
1113
1110
1107
1104
1101
1234567831213 1819 2425 30-31 36-37 4243 48-40 5455 60-61 6667 72-73

Position in read (bp)

3

Produced by FastQC (version 0.11.9)

K 10.4: input_read2.fastq.gz J{EH 4 Per tile sequence quality #47.

Hro ZEERE BB tile(floweell i/ NRTT) Fra Bt i /040, PAE R R AEAEAL
5 flowcell fydE—RpE# XM EBIR . ZEER T 584 tile AIBRE TSR T FT A
tile “PIBEL T B IR 2E . 12 tile BB TEB R 5 T PP A B, RS 5
WIAZ tile A= Ehcdfa i Jor it FE A tile BE 22,

12 B ] PP R R S R — 2 R T DU 3 8 A 26 (biased) . 33 28157 5 1 XA 36
flowcell 1%k, B AiX IR RG IR A read MESIRE T, SEOICIRTE reads T
2N, i tile A7 A R BT AR S . RN T, X SEHHA N 2 KMEES, L2 fg
MR . Bk, FAI4kE 0T

10.3.2  EE:k

il cutadapt A#k, Cutadapt M S &N T reads &I MERESLFH]. 5149,
poly-A A HABRA AT E T .
R

1 cutadapt -j 20 --time 1 -e 0.1 -0 3 --quality-cutoff 25 -m 55 -a
AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -A
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o workdir/repl/
ctcf_repl _readl cut.fastq.gz -p workdir/repl/ctcf_repl read2_ cut.
fastq.gz data/ctcf_repl readl.fastq.gz data/ctcf_repl read2.fastq.

gz > workdir/repl/cutadapt.log 2>&1 &

5Per tile sequence quality

SFastQC kY


https://blog.csdn.net/ada0915/article/details/78811857
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/
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2 cutadapt -j 20 --time 1 -e 0.1 -0 3 --quality-cutoff 25 -m 55 -a

AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -A
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o workdir/rep2/
ctcf_rep2 readl cut.fastq.gz -p workdir/rep2/ctcf rep2_read2_cut.
fastq.gz data/ctcf_rep2_readl.fastq.gz data/ctcf_rep2_read2.fastq.
gz > workdir/rep2/cutadapt.log 2>&1 &

3 cutadapt -j 20 --time 1 -e 0.1 -0 3 --quality-cutoff 25 -m 55 -a

o 3 O Ot =

10
11
12
13
14
15
16
17
18

H OHF H H

H OH OHF OH OH OH OH O HF OH O H

AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -A
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o workdir/input/input_readl cut.
fastq.gz -p workdir/input/input_read2_cut.fastq.gz data/input_readl
.fastq.gz data/input_read2.fastq.gz > workdir/input/cutadapt.log
2>&1 &

"I, WFE e HB

-j 20 HELEXK

——times 1 REA—WEX, EAELREIA—K

-e 0.1 XB W75 5adaptorfd b, missmatchE X FiZ{E, N iA%4 Zadaptor
, —fREREHO.1

-0 3 ¥ Kadaptor overlaptiBMEBATE T ZEN, TH#HTEHR

--quality-cutoff 25 /T % FiZqulity s =%

-m 55 trimZ 5K T %M i —XreadsE F, —fHEAT40

-a AGATCGGAAGAGCACACGTCTGAACTCCAGTCA readl 3'H#jadaptor

-A AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT read2 3'#jadaptor

-0 workdir/repl/ctcf_repl_readl cut.fastq.gz readlfyfr i X {F

-p workdir/repl/ctcf_repl read2 cut.fastq.gz read2fy i i X {F

data/ctcf_repl readl.fastq.gz Readlijy \ X

data/ctcf_repl_read2.fastq.gz Read2#i A\ X #

workdir/repl/cutadapt.log H & X, #5WEHr A0 rmf 481k 2 2 1 2 it

10.3.3 b}
K H Bowtie2 #{FHEFTEEXT

10.3.3.1 fyit& 5|

bowtie2-build fEZEE]:

1 bowtie2-build --threads 40 -f genome/hg38.fa genome/hg38_human_index >

genome/build_index.log 2>&1 &

2 # &I

207
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3 # ——threads 40 &AM, B HEE MRS BAERES
4 # - BESHtactali R, HELEEEXHAE

5 # genome/hg38 human_index FKERE XM ER S

6 # genome/build_index.log H &£ X, frEf Efir S 2 E <2 16 2|
10.3.3.2 L3

208

ChlP-seq HYHEXS HUALTRI B, DRON SO ML A, TR HIENE TSNS T, R
T B I EEE S, ATABE A S AL

1

© o0 N O Ot

10

bowtie2 -x genome/hg38 human_index -1 workdir/repl/ctcf_repl readl cut
.fastq.gz -2 workdir/repl/ctcf_repl read2_cut.fastq.gz -p 40 -S
workdir/repl/ctcf_repl mapped.sam > workdir/repl/bowtie2_mapping.
log 2>&1 &

bowtie2 -x genome/hg38 human_index -1 workdir/rep2/ctcf_rep2 readl cut
.fastq.gz -2 workdir/rep2/ctcf_rep2_read2_cut.fastq.gz -p 40 -S
workdir/rep2/ctcf_rep2_mapped.sam > workdir/rep2/bowtie2_mapping.
log 2>&1 &

bowtie2 -x genome/hg38 human_index -1 workdir/input/input_readl cut.
fastq.gz -2 workdir/input/input_read2_cut.fastq.gz -p 40 -S workdir
/input/input_mapped.sam > workdir/input/bowtie2_mapping.log 2>&1 &

H T

-x R 5 X

-1 readl#jfastq>X

J\

N5
=T

7

read2fl fastq X {F

-p &AEH

-S % #SAMSU A

workdir/repl/bowtie2 mapping.log H & X f#

H OH OHF OH O H O HF OH
|
N

FNIAYAEE N H i, PA workdir/repl/bowtie2_mapping.log “Afl:

© 00 N O Ot = W N

38244291 reads; of these:

38244291 (100.00%) were paired; of these:
798008 (2.09%) aligned concordantly O times
31773460 (83.08%) aligned concordantly exactly 1 time
5672823 (14.83%) aligned concordantly >1 times
798008 pairs aligned concordantly O times; of these:
210694 (26.40%) aligned discordantly 1 time
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10

11
12
13
14
15

587314 pairs aligned O times concordantly or discordantly; of these

1174628 mates make up the pairs; of these:
633374 (53.92)) aligned 0 times
244314 (20.80%) aligned exactly 1 time
296940 (25.28%) aligned >1 times
99.17% overall alignment rate

] DR HE AR R

10.3.4 XSRS . g, Rd. Kol
10.3.4.1 SAM StPEHEREK BAM Scik

/1] samtools sort FE/7#& MYL (R AMARHEFF 6408 BAM U (AR T 242 BAM
SCPFRY index SO, WhZ5HE IR Y (o (AR ARHER? ) -

1

© o0 N O Ot o~

10

samtools sort -0 BAM -o workdir/repl/ctcf_repl mapped.bam -@ 50 -m 1G
workdir/repl/ctcf_repl mapped.sam > workdir/repl/samtools_sort.log
2541 &
samtools sort -0 BAM -o workdir/rep2/ctcf_rep2 mapped.bam -@ 50 -m 1G
workdir/rep2/ctcf_rep2 mapped.sam > workdir/rep2/samtools_sort.log
2>41 &
samtools sort -0 BAM -o workdir/input/input_mapped.bam -@ 50 -m 1G
workdir/input/input_mapped.sam > workdir/input/samtools_sort.log
2>41 &
% I
-0 35 Hr i XA A
—o 8 & fir i U HF
-0 K AW
-m A ENLBL TN W T AN
workdir/rep2/ctcf rep2 mapped.sam k)T i3 N\ X

H OH OHF OH O H O HF R

workdir/repl/samtools_sort.log H & X fF

10.3.4.2 BAM fEiatkdg

{§iff] samtools view £/t T BAM CffdyE:

1

samtools view -bS -q 30 -@ 50 -m 1G -o workdir/repl/
ctcf_repl mapped _filtered.bam workdir/repl/ctcf_repl mapped.bam >
workdir/repl/samtools_view.log 2>&1 &

209
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2 samtools view -bS -q 30 -@ 50 -m 1G -o workdir/rep2/
ctcf_rep2 mapped_filtered.bam workdir/rep2/ctcf_rep2_mapped.bam >
workdir/rep2/samtools_view.log 2>&1 &

3 samtools view -bS -q 30 -@ 50 -m 1G -o workdir/input/
input_mapped filtered.bam workdir/input/input_mapped.bam > workdir/
input/samtools_view.log 2>&1 &

4 # FEM

# -b i H BAMX fF

# -5 A5 DLRT Ay samtools R A B I A . AR E TR R4 A XA A
SAMAE R, FLAERFS B 304 A A S B A5 X
7 # -q BRIEMAPQNTIZME  luxt (MAPQMEL AL FSAMfF iy 455, #3k lxt iy i &)
8 # -0 HAEXK
9 # -n ABNERELBEHNF AN
10 # -0 45 H X H
11 # workdir/repl/ctcf_repl mapped.bam kit J& # % N\ X
12 # workdir/repl/samtools _view.log H & X
10.3.4.3 Xl

NGS FHahAWRES : By SOES IR PCR S FEFE R SCRH—A> cluster X4 A%
£~ cluster BCFEE .

EEMFEME, WER—ADEE S RIFETHERN, 2R ZE; RS RETRARR, B
W% AE. T RNA-seq 2GR, EEMRATEERIETHA; (H ChIP-seq HELIHRE/],
HE AR

AR A R, 78 PCR IEMREIR Z 1, — L8386 L s — 287 9 31 52 SR A il 1Y)
HE, HMAAESNYEES. XGRS ™EZ 0 ChiP-seq K&, B ChIP-seq £
PR RE

AT H ] Picard #{fAH:

i1 conda AT picard AR java -jar PATH/picard.jar ... i3
17, HEmSE R e Am A4 TeAs . Harml i ik

i

picard PicardToolName \
OPTION1=valuel \
3 OPTION2=value2

PAT T iy 89 or 4:

>

1 picard MarkDuplicates REMOVE DUPLICATES=true I="workdir/repl/
ctcf_repl_mapped_filtered.bam" 0="workdir/repl/

TNGS ZEML L


https://www.jianshu.com/p/ca3b581085ba
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94 O Ul

oo

10
11

ctcf_repl mapped filtered dedup.bam" M="workdir/repl/

marked_dup_metrics.txt" > workdir/repl/picard.log 2>&1 &
picard MarkDuplicates REMOVE_DUPLICATES=true I="workdir/rep2/

ctcf_rep2 mapped_filtered.bam" 0="workdir/rep2/

ctcf_rep2 mapped filtered dedup.bam" M="workdir/rep2/

marked_dup_metrics.txt" > workdir/rep2/picard.log 2>&1 &
picard MarkDuplicates REMOVE_DUPLICATES=true I="workdir/input/

input _mapped filtered.bam" 0="workdir/input/

input _mapped filtered dedup.bam" M="workdir/input/

marked_dup_metrics.txt" > workdir/input/picard.log 2>&1 &

# MarkDuplicates 7§ & {f JH ffPicard T B

# VI

# REMOVE_DUPLICATES=true ZRKEBRELZ)FF|, WA E RKE L 77|/t
%

# I="workdir/repl/ctcf repl mapped filtered.bam" g% A\ X

# 0="workdir/repl/ctcf_repl mapped filtered dedup.bam" 5 % X {F

# M="workdir/input/marked dup metrics.txt" E & FI|H— L Z it R

# workdir/input/picard.log H &£ X

10.3.4.4 BAM 25|

ffi[f] samtools index F&JFZ&5| bam X
PAT T ey eps:

samtools index -Q@ 40 workdir/repl/ctcf_repl_mapped_filtered_dedup.bam
> workdir/repl/samtools_index.log 2>&1 &

samtools index -@ 40 workdir/rep2/ctcf_rep2_mapped_filtered_dedup.bam
> workdir/rep2/samtools_index.log 2>&1 &

samtools index -@ 40 workdir/input/input_mapped_filtered_dedup.bam >
workdir/input/samtools_index.log 2>&1 &

# WIS P E X Esantools viewk I, T HHA

ZUE, TAEHSREMNAE R, SHEASCPE TSR, ix .

T = W N =

data # T R 46 K3
ctcf_repl readl.fastq.gz # = 21
ctcf_repl read2.fastq.gz
ctcf_rep2_readl.fastq.gz # & 22

211
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_\..
Jal
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6 ctcf_rep2 read2.fastq.gz

7 input_readl.fastq.gz # *f H 4]

8 input_read2.fastq.gz

9 genome # 1754 LI

10 build_index.log # 2 FE HEHAHWE XL B &

11 hg38.fa # 5% A [ 4 S

12 hg38_human_index.1.bt2 # 7% A [F4] 7% 7]

13 hg38_human_index.2.bt2

14 hg38_human_index.3.bt2

15 hg38_human_index.4.bt2

16 hg38_human_index.rev.1.bt2

17 hg38_human_index.rev.2.bt2

18 workdir # T/EH %

19 input # Xt 4

20 bowtie2 mapping.log # [t [ &

21 cutadapt.log # £ L H X

22 fastqc.log # M#EH &

23 input_mapped.bam # N, %BAM {F

24 input_mapped_filtered.bam # it J& /5 #BAMS {4

25 input_mapped filtered dedup.bam # - & /5 f{BAM L

26 input_mapped filtered dedup.bam.bai # 2 Z /5 HyBAM # # & 5|
X A

27 input_mapped.sam # /4 SAM [+

28 input_readl_cut.fastq.gz # readli] % # /7 75|

29 input_readl fastqc.html # readlixif %

30 input_readl fastqc.zip # readl iR & B HIE

31 input_read2_cut.fastq.gz # read2i] % # 775

32 input_read2_fastqc.html # read2/fi#% i}t &

33 input_read2 fastqc.zip # read2/fi Xk & JE 44 HF

34 marked dup metrics.txt # X E XM /)T | B %t

35 picard.log # X E H %

36 samtools_index.log # # 5| 0 &

37 samtools_sort.log # /7 [ &

38 samtools_view.log # i JEH &

39 repl # EH1, X4 X HinputhiFl, FAMKR

40 bowtie2_mapping.log

41 ctcf_repl_mapped.bam

42 ctcf_repl mapped_filtered.bam

43 ctcf_repl _mapped_filtered_ dedup.bam
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44 ctcf_repl mapped _filtered_dedup.bam.bai
45 ctcf_repl mapped.sam

46 ctcf_repl_readl_cut.fastq.gz

A7 ctcf_repl_readl _fastqc.html

48 ctcf_repl_readl_fastqc.zip

49 ctcf_repl_read2_cut.fastq.gz

20 ctcf_repl read2 fastqc.html

ol ctcf_repl_read2_fastqc.zip

92 cutadapt.log

23 fastqc.log

o4 marked_dup_metrics.txt

95 picard.log

o6 samtools_index.log

57 samtools_sort.log

o8 samtools_view.log

59 rep2 # EH2, X4 X Einputtifd, FHEHK R
60 bowtie2_mapping.log

61 ctcf_rep2_mapped.bam

62 ctcf_rep2_mapped_filtered.bam

63 ctcf_rep2_mapped_filtered_dedup.bam
64 ctcf_rep2 mapped_filtered_dedup.bam.bai
65 ctcf_rep2_mapped.sam

66 ctcf_rep2_readl cut.fastq.gz

67 ctcf_rep2 readl fastqc.html

68 ctcf_rep2_readl_fastqc.zip

69 ctcf_rep2_read2_cut.fastq.gz

70 ctcf_rep2_read2 fastqc.html

71 ctcf_rep2_read2_fastqc.zip

72 cutadapt.log

73 fastqc.log

74 marked_dup_metrics.txt

75 picard.log

76 samtools_index.log

7 samtools_sort.log

78 samtools_view.log

WA, B H R ARE PRSI A S TS, PUtal AINER 244K,
Eﬁ%é@ﬁ?ﬂi%ﬁﬂ% B, APREPESCOE, AT AT
PIXH, —Batht 25
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10.4 ChIP-seq 47

10.4.1 ChlIP-seq Jjii sl

ChIP-seq S255 W) —NEZEE “ChIP ARCRE?”, B, Jiikibie Rt 3T L
JERE LA ChIP (5 A AN =55 stk . iX—PBRWIZTE call peak Z HIHHAT,
BHAMMT call peak 45

deeptools F&/FfiH11i¥) plotFingerprint F2/3 Al PAXTA KRG AT BAM SCHHFTREE, If
XFHIREENE read HAENIATLE .. X ERHRHESE (Cumulative enrichment) ,
Fr BAM #5420 (BAM fingerprint ) .

E—MEEKERNE D (bin) H1, rEZ&R reads FROETTEL, FrA X St 5 N HE
Jr, HEHAgZE.

1 plotFingerprint -b workdir/repl/ctcf_repl mapped_filtered_dedup.bam
workdir/rep2/ctcf_rep2_mapped_filtered_dedup.bam workdir/input/
input_mapped_filtered_dedup.bam --labels repl rep2 input —-
plotFileFormat svg --plotTitle CTCF_Enrichment -o workdir/
CTCF_Enrichment.svg -p 50

2
3 # ZH;
4 # -b HABAMUPRAIR, TILE—PE S PBAMH
5 # —-labels # ¥ B & 1 H WA
6 # —-plotFileFormat #y M XA R
7 # --plotTitle % {8y #r AT
8 # -o frEHH X
9 # -p A MARH
i SCPEE 105 Po. Bhe b, MR E SRR IRAL, HREBUE LML HG T A

&, XERMOEERMTE. MTHERHETRRESE, BENEEMZ e & Z%E LI, 3
1 rank B KIS SUR_ETE, X AME AR ERY reads SRR IRE T LA, BLRD,
TESE AN T EE G 0L AR B E I E 2

HTHARNER A, A5LE ChlP-seq 53X MY R E el Aofl M 82, A 24ERAY
BEFE DA C AR, 8 (AR IV ARAEA T H ChIP-seq Zify )i i . Fefi1er Hik
A=

10.4.2  FREs ik

CTCF 2— MR T, #%F CTCEF 1y ChlP-seq REMSFF5HARELAEMA DNA B
EAEAK . Peak calling j&—7#f ChlP-seq FyA M HAAE, T HEEREFAF reads #YHE
L
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CTCF_Enrichment

1.0 1

repl
rep?2

input

0.8

0.6 1

0.4 1

fraction w.r.t. bin with highest coverage

0.2

0.0 1

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
rank

4 10.5: CTCF-ChIP-seq P~ EE S input BRI L2

f£ ChIP-seq SCH . LUXI S reads B3R EEANXIFRIY : reads PAFESRIN FE45 G A i
Ay, EIE SCHERR CHER EH Y 57 s B IR 4R

WYX FPERAE, AT PP X 2L reads B0, H-515 5 (B A BB IP FEAR)
PEATHCR, DA SE B AR 75 n] B IR 4 S AL

10.4.2.1 MACS Jgng

HPEIRE ChIP-seq 4081 (Model-based Analysis of ChIP-seq, MACS) 2#EfT peak
calling i LH, #2¥44: macs2 .

A DAGEJH B ChIP-seq #£75 BY ChIP-seq AEASFIN; BFEAR 4T & Al 4K
AR s .

HES, LA R 2N BA, MF LI TEERE. ZEDSTAERNMWIESE
SHRITER T, EWAT S nacs2 F5ES M A ES.

RS K/ DR reads #ifS

MACS FI ] reads 4371 RIS BERS  (shift) R/NHEATZR G EAR, DA S E (0
U TE g

AT HREN SO IR A AL, MACS 1 e e N B AR R = B B A 10 & 4 XK
28— R BRV)S (bandwidth) Fl—AN5 E45 B E S 54K (mfold), MACS TR H i
3l bandwidth TP, F4K reads ZOHX T FEAL /11 & SRR )% mfold f5AY IR, X

SIS 3k (10]

HAHEA
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A B

"
sequenced section
(“tag” or “read”)

Sense strand
ChIP enriched fragments

5’ 3 5’ 3
3 5 3 5’
J\\//\VA\NW\W' Antisense strand
ChIP enriched fragments
AOOKYE AN SN
\/\/V\/\M \sequenced section

align to (‘tag” or “read") align to
reference genome reference genome

sense tag:@\
§ ﬂA
@antisense tags W

>

4] 10.6: ChlP-seq %iifs reads FEFESR A 145 & 0 i i1 22 BUOBURE = e84 51 B 27 Sk [11],
A, 7, FILTRERGSRIA TR ChlP-seq; B, Bilg, # L T4EB B ChlP-seq.

SO R L B DR Ay e ST U

MACS FEALHEL 1000 A~& B, e 21k, a2, R X Er b
A, TR R R EE

PN AR 2 TR BE B 0 SOh d, Fonflitt i sk 45 & BeK . MACS K irf
reads [i] 3’ RuikEsh £, I 153 E T REAYE A R-DNA A EAEH 7 4.

A i SO

GO BEZHAE AN AL BEAE A 2 TR P IR B[R], MACS Rid# LUl 4/ NSRBI REAS - DA
PIAFEAHY reads B—HEZ

ARGEHALR D

MACS2 FHFZHGEA R R A I NATH A T RER BN Ape H, XFTHEIWLAEY, X4
HC @it Har.

AR R R/INEDA] LU g L AR/ WX (mappability ) -5 5 BRI A5 2 67 & 1
k-mer [FJME—PEAH ¢ . A 7 B DA AR ME—PE , A BRI AT HEX . AR R
KN RAZIEFEXE HE RIS B F 5 & K.

Ak 0]

TESE I reads AR R ELAL b, FRATH 5 2RI BLlde R AT 48 0 B sk 45 A o b
BFPAK/INA 2d B 7 11 o 256 R 2H 8 3l ok 54k AT BB A UEe

FRH F reads 2070 FIIAMA 1T (Poisson distribution) @,

IS MEALE — RSB, X BM—SE, o mrHEm Iy %E.

TERA 7 A0 BEATL A ) e AR RS A T e ASE, MRS R R (REMLER A I A o I
) 2
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Treatment Control

Remove redundancy

Select 1,000 regions with a
10- to 30-fold enrichment relative
to the genome background

Build model and estimate
DNA fragment size d

b

Shift reads toward 3’ end by d

Scale two libraries

Call candidate peaks relative to genome background

Calculate dynamic A for candidate peaks

Calculate P value and filter candidate peaks

( Calculate FDR by exchanging treatment and control 9

& 10.7: MACS 1 TAERFL.

Q?emuv& redundancy Ij

217
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A” -
f(z|A) = p s HA: 2=0,1,2,...,00
SRRSO RN T ST © Kob) 2

floor(z)

F(z|]\) = e Z

X NIAFY, Ak “BEPLFE” 48 “TEs 0 PRy reads X007, BEIS A BN
FH reads FIUIEE.

MACS FH- AN F R A AATAT 3 G AR A (L, i AR IR AL R At 22 A (B B K
{E:

’L

ANocal = MAX{ ABG, A1ks Asks Aok }

Hrr, Apg Xt R HPTTE, Mk, Ask, Advor WHZE B EZH i DMBERE DX IR Huls , 1kb,
5kb, 10kb 35l N XI55

il VHE BHPE AR

MR Y reads 28 2 RKEE T Nocar, RETHIE p = 1 — F(2[Moea) < 1x10°
(KL , BV DA RO rEdR, Wi itk 2 reads HBLE—AH L, IR 2RI
ff, Mg ChlP-seq &4 FE,

TR — S RS, e — DR T IRA T F I A AT, AU
WY p (HEF TR E, MACS {#i ff] Benjamini-Hochberg ¢ 1F, Z¥64% p [EM/DNE FHEF ,
T HE b RE p Y B

10.4.2.2 MACS 5225

macs2 Py HHEZ R4, il macs2 <command> -h SRAFHMH T, XHEH
N EH callpeak fii2 .

1 macs2 callpeak -t workdir/repl/ctcf_repl mapped filtered_dedup.bam -c
workdir/input/input_mapped filtered _dedup.bam -f BAMPE -g hs -n
ctcf_repl -B -q 0.01 --outdir workdir/repl/call_peak > workdir/repl
/peak_calling.log 2>&1 &

3 macs2 callpeak -t workdir/rep2/ctcf_rep2_mapped_filtered_dedup.bam -c
workdir/input/input_mapped_filtered_dedup.bam -f BAMPE -g hs -n
ctcf_rep2 -B -q 0.01 --outdir workdir/rep2/call peak > workdir/rep2
/peak_calling.log 2>&1 &

ot

# R
# -t ChIP-seqth % %4 X (BAM)

(@}
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#-c XEBA (LEH) W dE X
# -f 35 B AR, X B4 E o WBAMX #F, %36 T 4 Bk A £ AUTO, B
macs2 F T 7 Bl #r N\ SCH #4582

9 # -g AHERARN, hskT AWHKERLAKRAN, %4 42.7E9

10 # -n name string, < & A% X prefix

11 # --outdir #r i XHKHF

12 # -B/--BDG fx 73 R4 5+ i B E|bedGraph X #F &

13 # p-value cutoff

14 # workdir/rep2/peak _calling.log H £ X

iB475E )G, DA repl AP, H#E workdir/repl/call_peak R ARSI

1 call_peak/

2 ctcf_repl control lambda.bdg

3 ctcf_repl_peaks.narrowPeak

4 ctcf_repl peaks.xls

) ctcf_repl_summits.bed

6 ctcf_repl_treat_pileup.bdg

Hrp, ctcf_repl peaks.xls {#4F T &4 peak {5 HE., FRE—EB::

1 chr start end length abs_summit pileup -loglO(pvalue)
fold_enrichment -loglO(qvalue) name

2 chril 778618 779016 399 778803 46 19.3857 4.96015 15.7596
ctcf_repl peak 1

3 chrl 912845 913104 260 913017 24 9.92487 4.21776 6.81581
ctcf_repl peak 2

4 chril 920977 921268 292 921181 37 9.68755 3.14401 6.60121
ctcf_repl peak_ 3

5 chrl 924770 925246 477 925062 40 17.9764 5.16729 14.4152
ctcf_repl peak 4

6

7 # IR A

8 # chr: @KL

9 # start: peakT#AW (L&

10 # end:peak#: F WL &

11 # length; peak[X ¥ #y K &

12 # abs_summit=absolute peak summit position: peakié H} I Hy{L &

13 # pileup: peaklé M 5 E

14 # -loglO(pvalue): 1% !4p-valuell i X # (&

219
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15 # fold enrichment: local lambda T, #XTFHMHA (FEHLZEH) , peakld
EWETNMEHR, HEEEK

16 # -loglO(qvalue): 1% §q-valuelly fi X # (&

17 # name: Z W& 4

ctcf_repl_peaks.narrowPeak ;& BED6+4 U4, [REEfFE T Peak {5 H., #I—50

1 chrl 778617 779016 ctcf_repl peak 1 157 . 4.96015
19.3857 15.7596 185

2 chrl 912844 913104 ctcf_repl_peak 2 68 . 4.21776
9.92487 6.81581 172

3 chrl 920976 921268 ctcf _repl peak_ 3 66 . 3.14401
9.68755 6.60121 204

4

5 # &5 ah (X 5x1s X AR :

6 # REKS

7 # peak#IH L i

8 # peakZEE L&

9 # peak#r#4

10 # int(-10*logl0O(qvalue))

11 # Efis (WREARS, WigA".")

12 # fold change

13 # -loglOpvalue

14 # -loglOgvalue

15 # peakHy A8 % T peak ty fir &

ctcf_repl_summits.bed : sk T peak WEMINLEMOFE, XA XA HT5-4K&
motif,

ctcf_repl_treat_pileup.bdg : FT7 X0 AR AR ENE EATA & 743 (score) B S,
TFERRET, ANIESEdE . A CHHER TP MERE S nTARE A bigwig SCff (it
Hl, ARyl HERD.

ctcf_repl_control_lambda.bdg : icsg T HXJ B H i+ 452 0 il m ar ;s T AL
bigwig S,

10.4.3 AW YA RE (v kD)

AIH ChIP-seq SEIRZHA 2 NMEY)EEE , FEITHE N R ITES, FRERFA A2
HE A

IDR R PPAL A 2 B AR AR (R R O, AR BU(ELO % HH A 2417 — 4 peak. IDR
(rreproducible Discovery Rata) , ANAJEEZ R, 22— NEITHTMNEZ AN EYFEER AT
peak Z55R AP ERIGE —E 1k peak X[AIHYHKAT,
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i IDR F534e%F MACS2 19455 ) narrowPeak #JE-log10(p-value) #H4THEF:

9 O Ol A

mkdir workdir/merge/

sort -k8,8nr workdir/repl/call_peak/ctcf_repl peaks.narrowPeak >
workdir/merge/sorted_ctcf_repl peaks.narrowPeak

sort -k8,8nr workdir/rep2/call_peak/ctcf_rep2 peaks.narrowPeak >

workdir/merge/sorted_ctcf_rep2 peaks.narrowPeak

# W
# -k 8,8 I M Xk H # 85| HHATH T
# -nr ERHEEHENRFHF (AE—D—DFHALR)

1M 5 AT A -

© 00 N O Ot k= W

cd workdir/merge/

idr --samples sorted_ctcf repl peaks.narrowPeak sorted_ctcf_rep2_peaks
.narrowPeak --input-file-type narrowPeak --rank p.value --output-
file sample-idr --plot --log-output-file sample-idr.log

P& I

--samples: narrowPeakfyr A X (EZFEAK)

-—input-file-type: O\ X R, A narrowPeak

--rank p.value: F§& ¥ A X & p-valuedlf 7

—-output-file: /&M X B4

--plot: #rHIDRE EHE M4

H= OH OHF O H H O H

2 TG E. 1 10 S5 bR narrowPeak #523CF,

221

FiSCE, sample-idr J2 3L peaks YA SCOE, AR S ASCIRE LRI, R

E5 JET 10 Z4355 local A1 global IDR {H, FEAS 1 B{F BFEEA 2 IEE.
sample-idr.png ZRE P4 H IS RE, iR T WA =R PR R EEI, HAAREILE

-
3
Ho

10.5 ChIP-seq &5 30959t

10.5.1 5 TSS mydtefs

10.5.1.1 p#k TSS bed 3t

F|M kT8 UCSC RefSeq bed S EAZRINSS 4%, HAE genome SLAFIT
TEOCRIEIE, HEEE 5'UTR FAIALE

W EIEARREG RN peaks 5


http://genome.ucsc.edu/cgi-bin/hgTables
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Ranks - (red >= 0.05 IDR) Log10 Scores - (red >= 0.05 IDR)
10
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0.8
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o
x 8
c 0.6 W
] g 1751
3 i
5 2 150
3 0.4 g
T
9 1254
0.2 1.00
0.75 {
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Sample 1 Peak Rank
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/& 10.8: IDR FEfpuil Scfz—. Ak, ER 1 1 peak rank(eHE4) XTHLER 2 1Y peak
rank(I§HE4S ), Kl IDR SREMEAL GOSN A, TEE 1/ loglo(peak score) X} LY E

=22

19 logl0(peak score), KLY IDR REREAL AR T,

VAR

R AR peak

rank %t IDR 43088, 462K % IDR EAERA 5% H4 PR i . IDR BIEERAE N 1e-6.,

Genomes  Genome Browser  Tools Mirrors Downloads My Data Projects Help A

Table Browser

Use this tool to retrieve and export data from the Genome Browser annotation track database. You can limit retrieval based on data attributes and intersect or merge with data from another track, or

retrieve DNA sequence covered by a track. More...

Select dataset

clade: [Mammal v Human v : [ Dec. 2013 (GRCh38/hg38) v
group: | Genes and Gene Predictions v|  track: [NCBI RefSeq v]
table: [RefSeq Al (ncbiRefSeq) v ] [ describe table schema |

Define region of interest
region: @ genome O position |chrx:15,560,138-15,602,945 \ lookup || define regions
identifiers (names/accessions): | paste list || upload list

Optional: Subset, combine, compare with another track

filter: [ create |

subtrack merge: | create |
intersection: | create |
correlation: | create |

Retrieve and display data

output format: | BED - browser extensible data v|Send output to (J Galaxy O GREAT

output fi ucsc_refseq.bed (leave blank to keep output in browser)

file type returned: ® plain text O gzip compressed

get output || summary/statistics |

K 10.9: UCSC F#km (1), Mii’get output”
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(2) Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Output ncbiRefSeq as BED

O Include custom track header:
name= [tb_ncbiRefSeq |

description= | table browser query on ncbiRefSeq

visibility= [pack v

url=

Create one BED record per:
O Whole Gene

O Upstream by 200 bases

O Exons plus 0 bases at each end

O Introns plus 0 bases at each end

@© 5'UTR Exons

O Coding Exons

O 3'UTR Exons

O Downstream by| 200 bases

Note: if a feature is close to the beginning or end of a chromosome and upstream/downstream bases are added, they may be truncated in order to avoid extending past the edge of the chromosome.
[ get BED || cancel

’ 10.10: UCSC T35 (2), M get BED”

10.5.1.2 ¥ BAM Cfb§4h bigwig 0t

bigwig SCEFICEIE “BME" 1Y coverage 1L, FPARRM#EA ChIP-Seq WIfFS, Ab
PREFINS IR AR TR ST X LT
f#iF deeptools {4t H ) bamCoverage Fi/FHK5E K

1 bamCoverage --bam workdir/repl/ctcf_repl_mapped_filtered_dedup.bam -o
workdir/repl/ctcf_repl mapped_filtered_dedup.bw --binSize 10 --
normalizeUsing RPGC --effectiveGenomeSize 2913022398 --extendReads
-p 50 > workdir/repl/bam_coverage.log 2>&1 &

3 bamCoverage --bam workdir/rep2/ctcf_rep2 mapped_filtered_dedup.bam -o
workdir/rep2/ctcf _rep2 mapped filtered dedup.bw --binSize 10 --
normalizeUsing RPGC --effectiveGenomeSize 2913022398 --extendReads
-p 50 > workdir/rep2/bam_coverage.log 2>&1 &

4
bamCoverage --bam workdir/input/input_mapped_filtered_dedup.bam -o

workdir/input/input_mapped_filtered_dedup.bw --binSize 10 --
normalizeUsing RPGC --effectiveGenomeSize 2913022398 --extendReads
-p 50 > workdir/input/bam_coverage.log 2>&1 &

6

7 # HIM

8 ——bam #y A\ #bam > #

9 # -o #H Mbigwig X

11
12
13

--normalizeUsing # #normalizationhy 7 j%

——effectiveGenomesize W E % Enormalizationll| & A& & A 2% & FH 4 A /)

--extendReads % & %18 P36 Ereadsiy K &, VLIt E H H T Nl 7 B DNA & B Y
KJE; pair-end &Il 7 ¥ DA B 30 i 31DNA i B B K E

#
#
#
10 # --binSize & coverageff Hybinfy A /s
#
#
#
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14 # -p ERANEEXK

10.5.1.3 Y54 S Mk
i computeMatrix THH48 &V B HI5 5 H

1 computeMatrix reference-point -S workdir/input/

input _mapped filtered dedup.bw workdir/repl/

ctcf_repl mapped_filtered dedup.bw workdir/rep2/

ctcf_rep2 mapped_filtered_dedup.bw -R genome/ucsc_refseq.bed -a
2500 -b 2500 --samplesLabel input ctcf _repl ctcf_rep2 --sortRegions
descend -o workdir/merge/tss_matrix.gz -p 50 > workdir/merge/

computeMatrix.log 2>&1 &

IR

reference-point ##FEHF KX, 5% H £ BED REHNHLE (Flim, =
B) o BXFHERT, ReLflsE iz (Lig) /82 k (TH) iEE
HEAE

5 # -S M A Mbigwig X
6 # -R j@skreferencefr 5 1z K Hybed X
7T # -a RGN EIFHIES
8 # -b I A TIKMIES
9 # -—-sortRegions FEAE[EH, & 5% 47 H 5
10 # --samplesLabel TE4E[& W, 4 fhanfd & 4
11 # -0 Wi Ah4E
12 # -p &K
13 # WRKEWHREFHARECFRER, 72 n--nissingDataAsZerot T
10.5.1.4

1 plotHeatmap -m workdir/merge/tss_matrix.gz -out workdir/merge/

N O Ot = W N

H OHF OH H O H

ctcf_tss_matrix.svg —-plotFileFormat svg --yAxisLabel RPGC --

regionsLabel all_tss --legendLocation none

&

-m i\ B AR [ 4

—out i By B X HF
--plotFileFormat 1§ & % X 4% =\
—-yAxisLabel #§Eyiifrs

224
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8
9

# --regionsLabel 1§ X BT &
# --legendLocation 7§ K HIfL &

10.5.2 Peak 1 FE

10.5.2.1 Homer

X HL, FATE SO Homer SRIEFTIHTERE .
Homer 08—/ TUEHEREFESY annotatePeaks.pl o ‘B R DAKRFIE 5 HBF AT i 2 [H ¢

WEEA, $hAT GO 7pdfr, B PIAURFIE G AT, KPS B R A R SRBGE K , 7157 ChlP-seq
reads [, FHRIEH BN motif, ZARFIE AT DAGIHE By EFTHAA .

annotatePeaks.pl JIATEEINTEN T, &FHIEE peak FiraY TSS (MR#fE RefSeq

FE), AR TSS PrEnY gene #EATHRE; AL, IZMIAE AR peak (GHRAUALE, HREHE
HWAHEE (4bF TSS, TTS, CDS, 5" UTR, 3’ UTR, CpG islands, repeats, introns, intergenic) .

(e

mkdir workdir/analysis

# W0 Ehomer i 5 By 2 F 41 X, 7% & & #HUSER_NAME X conda ¥ configureHomer .
plHy #4%

perl /home/USER_NAME/Software/miniconda3/envs/ENV_NAME/share/homer/.//
configureHomer.pl -install hg38

#EH

annotatePeaks.pl workdir/merge/sample-idr hg38 > workdir/analysis/
peak_annotation.txt &

# 3 F X B typeak X Asample-idr, X 2T AN E LA By, %
BED7% =

Homer JERELEH N FZRICIE, MARKR, Stz — R EUR/R . $H R 221F sample-idr

FEZEAM, MEH R F1H) ChIPseeker f T2 K .

10.5.2.2 ChIPseeker

ChIPseeker AJPAFEST Peak ERE, X HLH'EMRIER peak A 5 A HE A 4H X BRI 51 .
PAT T Eag R A

N O Ot e W NN

# 42 BiocManager
if (lrequireNamespace("BiocManager", quietly = TRUE))

install.packages("BiocManager")

# I ChIPseeker, W& | HEME, 7 2 mforce=TRUE
BiocManager: :install("ChIPseeker")

BiocManager: :install("GO0.db")
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input ctcf_rep1 ctcf_rep2
25 A 1 9
3
Q 20+ B 1
74
1.5 1 1 9
T T T
-25 TSs 25Kb -2.5 TSS 25Kb -2.5 TSS 2.5Kb
7
6
5
-4
3
2
1
0
-2.5 TSS 25Kb -2.5 TSS 25Kb -25 TSS 2.5Kb
gene distance (bp) gene distance (bp) gene distance (bp)

K 10.11: CTCF g5& 0755 TSS @A . vl L b7 TSS AbA BF B & 4
HEBHUER, Bt FN reads %,
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10
11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30

BiocManager: :install("D0.db")
BiocManager: :install("org.Hs.eg.db")
BiocManager: :install("TxDb.Hsapiens.UCSC.hg38.knownGene")

# OHNE

library("ChIPseeker")
library("TxDb.Hsapiens.UCSC.hg38.knownGene")
library("org.Hs.eg.db")

# PR TAF B it 4 $LUSER_NAME
setwd("C:/Users/USER_NAME/Desktop/LEBR")

# R

txdb <- TxDb.Hsapiens.UCSC.hg38.knownGene

peak <- readPeakFile(”sample—idr") # B X B{F F Hypeak X ff 4y sample-idr
, XRTANEL 6 G B X, XIBEDH R

peakAnno <- annotatePeak(

peak,
tssRegion = c(-2500, 2500),
TxDb = txdb,

annoDb = "org.Hs.eg.db")

# A
plotAnnoPie (peakAnno)

10.5.2.3 GO w#EnPr

GO 2 A & B A TRAE 25 B R R S B R 48 &, PRIk HUR T3k, AT H il
H clusterProfiler #47 GO EE/Hr.

s b —NROY ST, % AR ) FRIE P AT

N O Ot = W

gene = as.data.frame(peakAnno)$geneld # MIE T BBy B 44 P ELH & K 7|
x
ego_mf <- enrichGO(gene = gene,
OrgDb = org.Hs.eg.db, # #EHF AL EFHA L E
ont = "MF", # %X EFEGOERL T &
pAdjustMethod = "BH",
gvalueCutoff = 0.05,
readable = TRUE)

227
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Promoter (<=1kb} (42.57%)
Promoter (1-2kb) (6.02%)
Promoter (2-3kb) (2.37%)
5'UTR (0.17%)

3'UTR (2.72%)

1st Exon (1.12%)

Other Exon (2.61%)

1st Intron (6.45%)

Other Intron (14.31%)
Downstream (<=300) (0.16%)
Distal Intergenic (21.5%)

OE0oDOEOEDOEDO

& 10.12: CTCF Z5A A mifl RIS, 4R 45 A fim (Peak) BT EZNT, X5
ZHIH) TSS ILEN T —2, 5 CTCF FxNrry4m—2.

8 ego_cc <- enrichGO(gene = gene,

9 OrgDb = org.Hs.eg.db,

10 ont = "CC", # HIFGOMHE 4 MA L
11 pAdjustMethod = "BH",

12 gvalueCutoff = 0.05,

13 readable = TRUE)

14 ego_bp <- enrichGO(gene = gene,

15 OrgDb = org.Hs.eg.db,

16 ont = "BP", # #LFGOERANILE
17 pAdjustMethod = "BH",

18 gvalueCutoff = 0.05,

19 readable = TRUE)

20

21 dotplot(ego_mf, showCategory=10) # {F[4]
22 dotplot(ego_cc, showCategory=10)

23 dotplot(ego_bp, showCategory=10)

CTCF_HUMAN [y UniProt 045 1 CTCF 2% GO #H. SENWERLRA
HIFEFIARRE .. PFE5] %, FBMXER K CTCF HAEFICR N E RN T, X R
ZER AR 2 EAR NG O IREH I BITIRE A S EE SRR o e SN R P E . (HAR
AT REA B AR RE


https://www.uniprot.org/uniprotkb/P49711/entry#function
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& 10.13: GO g UK (1)-4E4 s ER. I CTCF
DTSR . AR AR T . R A K

+% CHIP-SEQ i B £t

cell-cell junction

neuronal cell body Count
o ® 150
cell-substrate junction ®
@ 200

focal adhesion {

@ =

cell leading edge 1 . . 250

neuron to neuron synapse 1 & p.adjust
1.0e-07
postsynaptic specialization @ 75008
asymmetric synapse 1 ® 5.0e-08
25e-08

postsynaptic density @
distal axon{
0.020 0.025 0.030 0.035

GeneRatio

4t

GTPase regulator activity .
nucleoside-triphosphatase | .
regulator activity Count
DNA-binding transcription | 100
factor binding . : 150
cation channel activity o @ o
250
cadherin binding . .
GTPase binding { o p-adjust
0.00020
guanyl-nucleotide exchange |
factor activity 0.00015
0.00010
integrin binding | ® 0.00005
growth factor binding
beta-catenin binding 1
0.01 0.02 0.03
GeneRatio

229

DL R L R E AN R 2 7>

4 10.14: GO EHMT LR (2)-0 TEHHEEZEK . AL CTCF &5 & 075 A B AL 71 g
DI E ST GTP B TEIRE  H —BHRAEHG TR . DNA g5 G5R M 145G . HFEN

Za5F,
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axon development .
Count
cell-cell signaling by wnt . ® 140
@ 60
Whnt signaling pathway . ® =
@ 200
axonogenesis | . .
220
regulation of neuron | 240
projection development . :
260
pattern specification process 1 .
regulation of Wnt signaling | ® p.adjust
pathway 067
el
canonical Wnt signaling |
pathway ® 15e-07
i 1.0e-07
regulation of cell | ®
morphogenesis 5.0e-08
developmental growth |
involved in morphogenesis

0.020 0.025 0.030 0.035
GeneRatio

& 10.15: GO FEAHr K (3)- ALY dREZER. WL CTCE S5 G0 B N &= R T
KE. Wit (55 FMARESHES. Wat 55, MREAg.

10.5.2.4 KEGG g#50Pr

KEGG 2 #p i H 5 A E R4 F (Kyoto Encyclopedia of Genes and Genomes) 14
5.
KEGG & —RINEIEE, B 77K FRE R, JCH 5 PR 2 0 7 0 H A 5 0 S s e
VNG PN Y \?ﬁﬁ% TR, MRS RGE SV RGN S BIREFR .
KEGG 1, fx# HREdE 2 KEGG Pathway, AT XA ChIP-seq Peak
Bl E%E*%
g b — NPT, L% AR IR AT

1 kegg <- enrichKEGG(gene, organism = 'hsa’,

2 keyType = 'kegg',

3 pvalueCutoff = 0.05,

4 pAdjustMethod = 'BH',

5 minGSSize = 10, # FER WM R /NEEKE

6 maxGSSize = 500, # FERME T AZREKE

7 gvalueCutoff = 0.2,

8 use_internal data = FALSE) # & #{F J§ & & $4E
9 barplot(kegg, showCategory=20) # % |50k 4]



https://www.genome.jp/kegg/

%+% CHIP-SEQ 5B £32 231

Focal adhesion

Calcium signaling pathway 1

Proteoglycans in cancer {
Rap1 signaling pathway 1
Axon guidance
Cushing syndrome 1

Dilated cardiomyopathy -
Parathyroid hormone

synthesis, secretion and {
action

Hypertrophic cardiomyopathy p-adjust

Inflammatory mediator |

regulation of TRP channels 2e-05
Arrhythmogenic right |

ventricular cardiomyopathy 4e-05

cAMP signaling pathway - Ge6-05

Vascular smooth muscle |
contraction

Basal cell carcinoma 4

Insulin secretion

Aldosterone synthesis and |
secretion

Platelet activation

Regulation of actin |
cytoskeleton

Hippo signaling pathway 1

Adherens junction

]
w
[
—
]
=]

K 10.16: KEGG & 445 R HARE . n I CTCF g5 75 Mt vl 5 SRR 5 5. 45155
FHEREAZHE. Rapl (55, MRPHSREE. ZP2RES GO HEEML.
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10.5.3 F¥k motif

CTCF 4#kk CCCTC 45& 11, B, #x} CTCF 1) ChIP MR & 45 &6 s BA
R 1) motif,

X HEFLAIE A Homer S FHREF (motif), el peak MM EFE, MEEIFHEHT.

HOMER #4248 T 7E ChIP-Seq Wrp FRE P & 1. HOMER SRR 4H 07 E A5
B AMIBRT ChIP-Seq I, SKHAFHE LAEST . - A SR LR — AN & B R 41 AR AR 1Y SC
fF (Bf BED SCHFEZEIAEL) .

AT R R AH B e Ei A A e B Y ) R R 2H, HOMER v PUGBEH & /AT E R,
A PAFE 07 FASTA &3 R 475 0 SCHAF B H SR BE AR, TN @ %ede /Bl i s AH . &
PRIZH W] DATE B FASTA S, sligds e — D HES, H DY e n] DAE— S Bl ST
.

HOMER, A PARATEH motif #ZFM K motif $2%,

L motif #3: HOMER K40l 2 g T {5 motif X5 5 B AR SCF TR, RIE
) p-value /NT 0.05 1 motif, ZAPE R, 45871 knownResults.html HFAEEF., —
RV, — IR ChlP-seq WViZBEFRE]— S C 29 E S I E 1Y motif,

M3k (de novo) motif #%: AU TIA M, TaEd AR AL P, 4
ARTFEAE homerResults.html A7,

1 # & Fpeak X 45

2 awk '{print $4"\t"$1"\t"$2"\t"$3"\t+"}' workdir/merge/sample-idr >
workdir/analysis/sample-idr.homer

# sample-idr & W N & Mypeakt I 5 Y X fF

# X BavkBFHE—THES. 1. 2, 37Tk, FHHN—NFXH

# FHEmotif
findMotifsGenome.pl workdir/analysis/sample-idr.homer genome/hg38.fa
workdir/analysis -size 200 -len 8,10,12 -p 40

N O Ot = W

8 # BITREH

9 # workdir/analysis/sample-idr.homer, ¥y A\ X{f, H K#ZEF 4L & &

10 # genome/hg38.fa [H 4 XX, £ 506 5 tbxd i AR [ Ay 2 A 41

11 # workdir/analysis # i X#F# 7K B %

12 # -size BT Fmotiffy R A/, MR EH KE T HChIP-seql, FHER

motifif #50bp, F K FE Amotiffrtt F & fimotif I #200bp

13 # -len 38X EFHmymotif K E, ¥ PL3EE % ME, HOMER¥ % & MK EF &
motif, FLEAMENR;, WEMNKEMK, TLFWHERS

14 # -p &EXK

iR ERER A HTML 0 homerResults.html . knownResults.html . AJRfH:
NEFAH W AR TIT
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homerResults.html H141 H T MSKHR 1) motif, S 10.17 v 20HE 442 vl DABK
%% knownResults.html , oy H AP HE i) 4585 1T A B A4 motif fEE4IME B .

knownResults.html Z5H T M A B AE motif, &4~ motif ZFZ5HH TS% 6y
s

1 A3k & B motif A4 {E B T (A1 10.19 FR ) K278 % motif & H % 5] 5 #h motif,
—SEELAREEL, RHS T motif XTI R, ATPAES], b motif 5 EUH motif HA R AFX}
.. 4% ChlP-seq SEEHEIEA BT .

Homer de novo Motif Results (workdir/analysis/)
IKnown Motif Enrichment Results |

Gene Ontology Enrichment Results

If Homer is having trouble matching a motif to a known motif, try copy/pasting the matrix file into STAMP
More information on motif finding results: HOMER | Description of Results | Tips

Total target sequences = 13712

Total background sequences = 34016

* - possible false positive

Rank|Motif P e 'p"vgalt'e ;/;r"gfets ;/"ag’igmun 4 [sTD(Bg STD) [Best Match/Details Motif File
' |CCACZAGRGGGC:,: [ranerotlusss foosn  fuste  ppomszmsszgoe o secstssenmonerosen oottt
: | TALCLGCS eaneotserce s froowe SR [TPIMAGSG perns) et e
- |CICTCGCT e i el I I e e e paucts
. |CCGATAGA L I A Ty e e
s 1P AACAAC 1e-128|-2048+02 [24.18%  [16.16% (s:é?obbpp) RF)“/Mf‘“:365:1/’a|5'?a’(°'77°’v —m)'e
¢ [TTCCGCTACE  fermsfemssercepsme [iome il [oriwssssormpmorsy it s
+ CITTICCE e e T e ot
o [JCATTTCECS  ferolomenshorm e [ pscwpmsstymmersy o e
o | LRCARIRCKE  fems homecepan |1 e pamcmmmmemor ot e

K 10.17: HOMER M3k (de novo) motif #2445 011 .

Homer Known Motif Enrichment Results (workdir/analysis)

Homer de novo Motif Results
Gene Ontology Enrichment Results

Known Motif Enrichment Results (txt file)

Total Target Sequences = 13710, Total Background Sequences = 34110

[F Target Fe of Targets A
Rank|Motif IName P- |9 P- lue Sequen(es with  [sequenceswith |- Sackaround % of Background -y tie e [svgf
value [pvalue  [Benjamind (2% e Sequences with Mot [Sequences with Motif

1, N
h é A T AC] CCA |CTCF(Z)/CDA+-CTCE-ChIP-Seq(Barski_et_al.)/Homer ;:59 -1.649¢+04 [0.0000 6101.0 laas0% 498.0 1.46% w lsvg
2 szfécg ! i g I gc % BOI -CTCFL-ChIP ;2'24 -1.272¢+04 |0.0000 6624.0 las.32% 12395 3.64% % lsvg
Q IA! Al T (‘ |CTCF-SatelliteElement(zf2)/CD4+-CTCF-ChiP- 1e- . Imotit file
° I C QQQ EQQQAA ISeq(Barski_et_al)/Homer 157 | 3:6282+02/0.0000 2090 [1-52% 377 o-11% (matrixy  [29
INeuroD1(bHLH)/lIslet-NeuroD1-ChIP- Te- motif file
[Bcl11a(Zf)/HSPC-BCL11A-ChiP- Te- " Imotif file
5 l?T A‘;‘ A‘:g::e ocn(CoE 104676, Homer 163 [-2385e+02 0.0000 18740 13.67% 27790 6.16% (ot |40
! - Imoti file
6 ég%m CI égg [Zic3(Zf hiP- 1e-87 0.0000 2291.0 16.71% 3755.4 11.03% (matrix) |svg

i QEA_CA AAL gu::(g‘é?]552%/7:?;‘:::(7)/'"8'"5"(’9{”'7' 1-78 |-1.817e+02/0.0000 1787.0 113.03% 28123 8.26% % lsvo
° I TQAi%T z_::?g;E;n;r;tz;x:‘gﬁ:rrrgifzrcmp, [1e-74 |-1.719e+02(0.0000 la269.0 31.14% 8250.0 24.23% ?“’“g;‘]‘* lsvo
i EéCéIAIT ISCL(BHLH)/HPCT-Scl-ChIP-Seq(GSET3511)/Homer  [1e-62 |-1.445¢+02[0.0000 7559.0 /55.13% 16333.1 la7.979% %‘mf lsvo
o }:IIC Q C(I:éﬁ H Ei:‘?ézi%:’g;':g:fFA'DAP‘ 1e-61 |-1.426e+02 [0.0000 1417.0 10.34% 2226.2 6.54% 77&!‘:‘1‘)‘9 lsvg
" ICAC(‘?:’;SA TCA l:&?ﬁ'iiifg?ﬁffg”““-”‘*9'("‘”' 1e-58 |-1.355¢+02(0.0000 1908.0 113.92% 32643 9.59% 7"&“":]‘9 lsvo
' AngQAIC 1— 2:;%2?;?&;7t,’j‘;ﬁ:’“""““'C"‘P' 1e-46 |-1.069¢+020.0000 5721.0 l27.14% 74655 21.03% 7”&)‘2 lsvo
3 AAAAAAAAAA ISeqBias: polyA-repeat 1-43 [-9.979e+01 [0.0000 112902.0 l04.11% 30047.7 90.89% :m}‘e lsvo
14 Qec& CL ASA [Zic2(21)/ESC-Zic2-ChiP-Seq(SRP197560)/ Homer 1e-36 |-8.388¢+01 [0.0000 16030 1.69% 28987 8.51% _T&m)\e o
"> |CCCCCCCCCC [seqBias: CG bias 1e-34 |-7.967e+010.0000 13095.0 195.51% 316589 92.98% 7"&“";‘]“‘ lsvg
1+ |ECAGCTCRL: e o [ ES PSS OV P P e |,

K 10.18: HOMER .1 motif $8ZZ4R 45 T 1
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4] 10.19: MK KB motif 25 1 ARAA{E B . eI motif Fnf I CCCTC FrB, Z4ff CTCF

HOHFAL .

CHIP-SEQ 5t B 24,32

234

Information for 1-CCACYAGGGGGC (Motif 1)

CCACEACKFLLC

Reverse Opposite:

GCCKFCTECTE0

p-value: Te-5521
log p-value: -1.271e+04
Information Content per bp: 1.776
Number of Target Sequences with motif 6150.0
Percentage of Target Sequences with motif 44.86%
Number of Background Sequences with motif 964.7

Percentage of Background Sequences with motif

2.83%

Average Position of motif in Targets

100.6 +/- 41.6bp

Average Position of matif in Background

99.6 +/- 56.2bp

Strand Bias (log2 ratio + to - strand density)

-0.0

Multiplicity (# of sites on avg that occur together)

1.05

Motif File:

file (matrix)
reverse opposite

SVG Files for Logos:

forward logo
reverse opposite

Matches to Known Motifs

Match Rank: 1

0.93

-1

reverse strand

—CCRACYAGGGGGC———————
GCCASCAGGGGGCGCYVNNG

Score:
Offset:
Orientation:

Alignment:

BORIS(Zf)/K562-CTCFL-ChIP-Seq(GSE32465)/Homer

<CCACEA

CCACRAGREGECRS axas

ATUMMRKSR KRR
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10.6 wil4E

AP RZRERYRE—F, REMARNE -8, RZALEERHERATEL,

(kA1 CTCF ) ChIP-Seq ¥dli 224y & 2022 452 LEB PREESE —4UHI5 Y
AUHIARTH , SEm e T 2022 4F 5-6 H. 2022 45 6 H 21 H, FEREEIIRMEHHT &,
PR IR ZAE 70 B)E, B 8 HER Tiife.

AT H W B ATz P 2069 Linwse BE7595 . AU A0 8l 7 i A H i
HEMEE. F4R ChIP-Seq MY AARAR S HEA . B —MEYE BRI H
== g SR E

Weme, mTRBEAREE, PR, B A 5 KRR I R 2L S A 2
WREFSAE, ST ERITRE. R B AR AR, PARY R E6a
oK, B BRI PR R T, AR EIET BRI

ARG R, WOCEER, FITR, TR, S REME THEA, $IT TR%.
ARIH A4 ChlP-seq HYJEBEEIEAR AT, fofa BISGERAEEIAIARSE, JoA BAIEIE 55k
SEERIHLE, TESITHOINE TR, 2, tR AL,

R PEN

[1] Park, P. J. (2009). ChIP-seq: advantages and challenges of a maturing technology.
Nature reviews genetics, 10(10), 669-680.

2] Kim, T. H., & Dekker, J. (2018). ChIP. Cold Spring Harbor protocols, 2018(4),
10.1101 /pdb.prot082610.

3] Kim, T. H., & Dekker, J. (2018). ChlIP-seq. Cold Spring Harbor Protocols, 2018(5),
pdb-prot082644.
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[15] bioconductor:ChIPseeker F= T
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http://homer.ucsd.edu/homer/ngs/annotation.html
https://meme-suite.org/meme/index.html
https://bioconductor.org/packages/release/bioc/html/ChIPseeker.html
https://www.jianshu.com/p/26aaba19a605

“I' we learned that I still have a lot to learn.”

—Maya Angelou
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