19 1 Vol.19 No.1
2021 03 Chinese Journal of Bioinformatics Mar. 2021

DOI:10.12113/202008002

EMBOSS

( 100871)
EMBOSS o 1 EMBOSS
o 2 N N o 3
N o 4 N < CpG
N o 5 N N
: EMBOSS ; ; ; ; ;
1 Q349+.53 tA :1672-5565(2021) 01-001-25

Application examples of EMBOSS sequence analysis program

LUO Jingchu
( College of Life Sciences and Center for Bioinformatics Peking University Betjing 100871 China)

Abstract: The aim of this paper is to introduce the European Molecular Biology Open Software Suite ( EMBOSS)
with practical application examples. In the first section a brief overview about EMBOSS is given and general usages
of the programs are described. The second section introduces tools for sequence format conversion sequence
retrieval manipulation and display. The third section presents sequence alignment programs including pairwise
and multiple sequence alignment as well as dot-plot. The fourth section reviews commonly used nucleotide sequence
analyses which can be used in composition statistics open reading frame analysis CpG island prediction codon
usage statistics and repeat sequence identification. Protein sequence analysis programs such as amino acid
composition calculation sequence motif discovery and secondary structure analysis are summarized in the last
section. Application examples for some commonly used programs are described based on teaching experiences. The
specific operation steps to run the programs and the biological significance of the analysis results are elucidated.
Lastly special notes are discussed for the purpose of better use of the programs and a summary table containing
the names and usages of some programs is given.
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beta o alpha alpha
UniProt FASTA alpha HBA_
HUMAN.FASTA  HBA_MOUSE.FASTA EMBOSS needle o
needle

Needleman—-Wunsch global alignment of two sequences

Input sequence: HBA_HUMAN.FASTA

Second sequence( s) : HBA_MOUSE.FASTA

Gap opening penalty 10.0 :

Gap extension penalty 0.5 :

Output alignment hba_human.needle : HUMAN-MOUSE.NEEDLE

o

1) needle o
2) Needleman—Wunsch global alignment of two sequences

Input sequenceo

3) HBA_HUMAN.FASTA o
4) HBA_MOUSE.FASTA Gap opening penalty
10.0 Enter o
5) Gap extension penalty 0.5 o
6) Output alignment FASTA 1
hba_human.needle( ) o

HUMAN-MOUSE.NEEDLE.
1.3.2

N o needle N

alpha o

needle HBA_HUMAN.FASTA HBA_MOUSE.FASTA —gapo 10.0 —gape 0.5 —out HUMAN-MOUSE.NEEDLE
needle HBA_HUMAN.FASTA HBA_RAT.FASTA -gapo 10.0 —gape 0.5 —out HUMAN-RAT.NEEDLE
needle HBA_MOUSE.FASTA HBA_RAT.FASTA —gapo 10.0 —gape 0.5 —out MOUSE-RAT.NEEDLE

needle o
1) alpha —gapo 10.0
—gape 0.5 HUMAN-MOUSE.NEEDLE . —gapo  —gapopen -
gape  —gapextension o
2) alpha HUMAN-
RAT.NEEDLE .
3) alpha

MOUSE-RAT.NEEDLE .

1 N alpha

Table 1 Results of pairwise sequence alignment of alpha hemoglobin between human mouse and rat

(%) (%)
Output file Score Identity ( %) Similarity ( %)
HUMAN-MOUSE.NEEDLE 648 122/142 ( 85.9) 131/142 (92.3)
HUMAN-RAT.NEEDLE 587 111/142 (78.2) 120/142 ( 84.5)

MOUSE-RAT.NEEDLE 632 120/142 ( 84.5) 127/142 (89.4)
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1.3.3

o

postfloral-specific gene PPF-1)
sequence CDS) o

1997
protein)
° NCBI
1523 48-1 373
GenBank FASTA
getorf o

getorf -options
Finds and extracts open reading frames ( ORFSs)
Input nucleotide sequence( s) : Y12618.FASTA
Genetic codes
0 : Standard
1 : Standard ( with alternative initiation codons)
...... ( 2-23 )
Code to use 0 :
Minimum nucleotide size of ORF to report 30 : 1000
Maximum nucleotide size of ORF to report 1000000 :
Type of sequence to output

0 : Translation of regions between STOP codons

...... ( 2-6 )
Type of output 0 : 1

1 : Translation of regions between START and STOP codons

protein output sequence( 9  y12618.orf : Y12618_AA.FASTA

o

Y12618.FASTA.

1) getorf —option.
2) mRNA
3) 0-23
4) 30 1 000
5)
6) 7
1.4
EMBOSS 300
1.4.1 wossname
wossname What’ s the name

( Dot—plot)

1 000 000,

1

wossname

—options
getorf mRNA
7
mRNA
GenBank( Y12618)

( Pea
( Coding

o

( inner-membrane

ATG

( Untranslated region UTR) .

Y12618.FASTA

1 000 bp

tfm

seealso
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wossname dotplot
SEARCH FOR "DOTPLOT”

dotmatcher Draw a threshold dotplot of two sequences

dotpath Draw a non-overlapping wordmatch dotplot of two sequences
dottup Displays a wordmatch dotplot of two sequences
polydot Draw dotplots for all-against-all comparison of a sequence set
1.4.2  tfm
tfm The file manual
2 EMBOSS tfm

Table 2 Help information of the tfm program in EMBOSS

Wiki EMBOSS
Function

Description

Algorithm

Usage

Command Line Arguments

Input File Format

Output File Format

Data Files (
References

See Also

Author

History

Target Users

Comments

tfm Linux man
—help EMBOSS
1.4.3 seealso
seealso See also

dotmatcher

EMBOSS

o

seealso dotmatcher

Finds programs with similar function to a specified program

SEE ALSO

dotpath  Draw a non—overlapping wordmatch dotplot of two sequences

dottup  Displays a wordmatch dotplot of two sequences

polydot  Draw dotplots for all-against—all comparison of a sequence set

2

EMBOSS
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2.1
o EMBOSS
FASTA o GenBank EMBL UniProt
FASTA o
EMBOSS seqret o EMBOSS
2.1.1 seqret
NCBI GenBank mRNA ( Y12618)
Y12618.GB o seqret FASTA o
Y12618.GB Y12618.FASTA.
seqret Y12618.GB Y12618.FASTA
seqret —
Y12618.GB — GenBank mRNA
Y12618.FASTA — FASTA
UniProt Swiss—Prot
o UniProt ( Entry name) o UniProt/Swiss—Prot
( PPF1_PEA) PPF1_PEA.SW FASTA
seqret PPF1_PEA.SW PPF1_PEA.FASTA
seqret —
PPF1_PEA.SW — UniProt/Swiss—Prot
PPF1_PEA.FASTA - FASTA
2.2
EMBOSS o FASTA o
seqretsplit  extractseq FASTA FASTA
GenBank  RefSeq UniProt o
( Feature Table) .
o mRNA . N
N ( Exon) . ( Intron) . N ( Sequence Tag Site STS) &
( HELIX STRAND TURN) . ( TRANSMEM)
( VARIANT) . ( ACT_SITE) . ( METAL) . ( CARBOHYDR) .DNA
( DNA_BIND) . ( DISULFID) . ( SIGNAL) . ( MOTIF) ( DOMAIN) >
coderet  extractfeat. coderet mRNA.
o extractfeat
. o ( Type) . ( Tag) ( Value)

2.2.1 coderet
alpha ( GenBank
mRNA 372-500
961-1 089, coderet mR

coderet V00714.GB
Extract CDS mRNA and translations from feature tables
v00714.coderet :

Coding nucleotide output sequence( s) ( optional)

Output file
v007

Translated coding protein output sequence( s) ( optional)

Non-coding nucleotide output sequence( s) ( optional)

Messenger RNA nucleotide output sequence( s) ( optional)

v00714.noncoding :

V00714) DNA
623-826 961-1 191 405-500 623-826
NA . \
14.cds :

v00714.mrna :
v00714.prot :
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coderet alpha GenBank V00714.GB GenBank
( LOCUS) v00714 5 ( vOO714.
coderet) | ( v00714.cds) .mRNA ( v00714.mrna) . ( v00714.prot)
(v00714.noncoding) .  EMBOSS o
2.2.2 extractfeat
alpha 501-
622  827-960
extractfeat V00714.GB V00714.INTRON -type "intron"
extractfeat —
V00714.GB — GenBank alpha
VO00714.INTRON —
—type "intron" — intron
2.3
EMBOSS reveseq msbar  shuffleseq o revseq
msbar shuffleseq o
msbar N
( Point mutation) ( Block mutation)
( Codon mutation)
( Number of times) ( Insertion) ( Deletion)
( Substitution) ( Duplication) ( Move) o
1 N 1 o

msbar Y12618_CDS.FASTA Y12618_CDS_NEW.FASTA
Mutate a sequence
Number of times to perform the mutation operations 1 : 1
Point mutation operations

0 : None
1 : Any of the following
2 . Insertions
3 Deletions
4 : Changes
5 ¢ Duplications

6 : Moves
Types of point mutations to perform 0 : 2
Block mutation operations

(6 )
Types of block mutations to perform 0 : 3
Codon mutation operations

(6 )

Types of codon mutations to perform 0 : 4

msbar Y12618_CDS.FASTA Y12618_CDS_NEW.FASTA -count 1 —point 2 —block 3 —codon 4
msbar —

Y12618_CDS.FASTA — FASTA

Y12618_CDS_NEW.FASTA —

—count 1 — 1
—point 2 — (2: Insertions)
—block 3 — (3: Deletions)

—codon 4 — (4: Change)
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needle o msbar
2.4
EMBOSS infoseq~showseq  showfeat . infoseq
N GC showseq showfeat

2.4.1 infoseq

infoseq N o

GC o o

infoseq Y12618.FASTA —outfile Y12618.INFO
infoseq —
Y12618.FASTA - FASTA mRNA
Y12618.INFO —

infoseq GenBank  Swiss—Prot FASTA :

o 12 ( Carcinoembryonic Antigen CEA)

8

o

infoseq —
12HUMAN_CEA.FASTA — 12
12HUMAN_CEA.INFO —

FASTA

infoseq 12HUMAN_CEA.FASTA -outfile 122HUMAN_CEA.INFO

2.4.2

showseq

showseq

48-120 o

1-120

showseq —
Y12618.GB — GenBank
Y12618.SHOWSEQ —

showseq Y12618.GB Y12618.SHOWSEQ -sbegin 1 —send 120 —format 3 —upper ''48—-120"

—shegin 1 — 1
—send 120 - 120
—format 3 —
—upper "48-120" — 48-120
2.4.3  showfeat
showfeat GenBank Swiss—Prot o
GenBank alpha V00714.GB o

showfeat V00714.GB V00714.SHOWFEAT
showfeat —

V00714.GB — GenBank
V00714.SHOWFEAT —

3.1
EMBOSS

o EMBOSS

needle water stretcher matcher seqmatcherall supermatcher
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esim4 needle  stretcher
o needle  water o
o needle Needleman
Wunsch 1970 water Smith ~ Waterman 1981 o stretcher
needle o matcher water
o seqmatcherall ~ supermatcher
o esim4 mRNA est2genome
( Expressed Sequence Tag EST) o
3.1.1 needle
needle water o
N * . CEA CEA
beta—1 ( Pregnancy-specific beta—-1-glycoprotein PSG) CEA 12
( 3) . CEA N- 34 35
( Immunoglobin Variable Domain IgV) 110 o
CEA ( Immunoglobin Constant Domain IgC)
3 UniProt/Swiss-Prot 12

Table 3 Twelve human CEA proteins in UniProt/Swiss-Prot

Accsession Entry name Length Domain Membrane binding

P40198 CEAM3_HUMAN 252 N TMH

075871 CEAM4_HUMAN 244 N TMH

Q77692 CEA19_HUMAN 300 N TMH

Q14002 CEAM7_HUMAN 265 N-A GPI

Q3KPIO CEA21_HUMAN 293 N-A TMH
Q2WEN9 CEA16_HUMAN 425 NI-A-B-N2 None

P40199 CEAM6_HUMAN 344 N-A-B GPI

P31997 CEAMS_HUMAN 349 N-A-B GPI

A8MTB9 CEA18_HUMAN 384 N-A-B TMH

P13688 CEAM1_HUMAN 526 N-A1-B-A2 TMH

Q6UY09 CEA20_HUMAN 596 n-Al-B1-A2-B2 TMH

P06731 CEAMS_HUMAN 702 N-A1-B1-A2-B2-A3-B3 GPI

UniProt/Swiss—Prot 12 CEA( 1 Ludwig—
Maximilians Zimmermann CEA ) o N IgV;
A B IgC 3 (Al A2 A3 Bl B2 B3).

( Glycosylphosphatidylinositol ~ GPI)
( Transmembrane helix TMH) .
1 (CEAM3_HUMAN) IV ( CEAM4_HUMAN) CEA 1 W1

1 o needle 0

needle CEAM3_HUMAN.FASTA CEAM4_HUMAN.FASTA CEAM3-CEAM4.NEEDLE -gapo 20 —gape 2
needle-EMBOSS

CEAM3_HUMAN.FASTA-FASTA 11

CEAM4_HUMAN.FASTA-FASTA v

CEAM3-CEAM4.NEEDLE-

—gapo 20—

—gape 2—
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CEA C- 1 8
20 10 2
0.5
N N
N N N A A
TTRTT  TITRTT  TITTM  TTTTHT TTTTST
UUSLL  LLIQLL UL LLLLLLL LULLQLL
CEA3 CEA4 CEA19 CEA7 CEA21
CEAG6 CEA8 CEA18 CEA1 CEA20 CEA5
1 UniProt/SwissProt 12
Fig.1 Twelve human CEA proteins in UniProt/Swiss-Prot
3.1.2 water
needle CEAM3_HUMAN CEAM4_HUMAN
CEAM5_HUMAN 7 IgV 6 IgCo
CEAM3_HUMAN water o N-
34 C- 35-142

water CEAM3_HUMAN.FASTA -sbegin 35 -send 142 CEAMS5_HUMAN.FASTA -sbegin 35 send 142 CEAM3-CEAMS.
WATER -gapo 20 -gape 2

water—

CEAM3_HUMAN.FASTA-FASTA 111

CEAMS5_HUMAN.FASTA-FASTA A%

CEAM3-CEAMS5.WATER-

—sbegin 35— 35
—send 142- 142
—gapo 20—
—gape 2—
CEA N-

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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3.2
. EMBOSS
emma  edialign. emma  EMBOSS ClustalW
edialign EMBOSS Dialign .
3.2.1 emma
emma o UniProt/Swiss—Prot 9 !
alpha  beta . alpha 5 4 HBA1 HBA2
; beta 5 5 ( 4)
4 UniProt/SwissProt 9

Table 4 Nine human hemoglobins in UniProt/Swiss—Prot

Accession Entry name Gene name Length SubAfamily
P02008 HBAZ_HUMAN HBZ 142 Alpha
Q6B0K9 HBM_HUMAN HBM 141 Alpha
P69905 HBA_HUMAN HBA1; HBA2 142 Alpha
P09105 HBAT_HUMAN HBQ1 142 Alpha
P68871 HBB_HUMAN HBB 147 Beta
P02042 HBD_HUMAN HBD 147 Beta
P69891 HBG1_HUMAN HBG1 147 Beta
P69892 HBG2_HUMAN HBG2 147 Beta
P02100 HBE_HUMAN HBE1 147 Beta

9 FASTA
Newick MEGA o
emma 9HUMAN_HB.FASTA 9HUMAN_HB.ALN 9HUMAN_HB.DND

emma —

9HUMAN_HB.FASTA — 9  FASTA
9HUMAN_HB.ALN — FASTA
9HUMAN_HB.DND — Newick

emma N N

—options o
3.2.2 edialign

emma 9 edialign

( Motif)
12 edialign o
edialign 12HUMAN_CEA.FASTA 12HUMAN_CEA.EDIA 12HUMAN_CEA.ALN
edialign —
12HUMAN_CEA.FASTA - FASTA 12
12HUMAN_CEA.EDIA - edialign
12HUMAN_CEA.ALN — FASTA
12ZHUMAN_CEA.EDIA
0-9 o 12ZHUMAN_CEA.ALN  FASTA o

33
- EMBOSS 4
dottup dotpath dotmatcher  polydot. polydot 3 o
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o dottup  dotpath
: dotmatcher
3.3.1 dottup
DNA dottup o ( Multidrug Resistance
MDR) MDR1 MDR3 ATP
o MDR 1998
( Takifugu rubripes Fugu) ( Cosmid) MDR ( ) o
MDR 40 kb, NCBI
GenBank( AF164138) . FASTA DNA
dottup o
EMBOSS dottup X11 (X
—Terminal) o ( Scalable
Vector Graphics SVG) ( Portable Network Graphics PNG) .
EMBOSS dottup o

dottup AF164138.FASTA AF164138.FASTA -graph svg -goutfile AF164138 —gtitle ‘Cosmid” —gsubtitle AF164138" -word 13
dottup —

—graph svg — SVG

A164138.FASTA — DNA

—goutfile AF164138 —

—gtitle “Cosmid” —

—gsubtitle "AF164138~ —

—word 13 — 10 13

( 2a) 5’
13kb MDR.

dottup AF164138.FASTA -send 13001 AF164138.FASTA —sbegin 13001 —send 26000 —graph svg —goutfile AF164138_GENE -
gtitle ‘Gene” —gsubtitle ’AF164138” —word 13

—send 13001 — 1 13 000 1
—sbegin 13001 — 2 13 001
—send 26000 — 2 26 000
( 2b)
20 0 coderet
dottup o

dottup AF164138_CDS_1.FASTA AF164138_CDS_2.FASTA -graph svg —goutfile AF164138_CDS -gtitle ‘CDS" —gsubtitle ~
AF164138” —word 8

AF164138_CDS_1.FASTA — 1

AF164138_CDS_2.FASTA - 2

—word 8 — 10 8

( 2¢) o dottup

o

dottup AF164138_PRO _1.FASTA AF164138_PRO _2.FASTA -graph svg —goutfile AF164138_PRO -gtitle "Protein " —
gsubtitle 'AF164138° —word 6

AF164138_PRO_1.FASTA - 1

AF164138_PRO_2.FASTA - 2

—word 6 — 10 6
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(24 .
3.3.2 Dotmatcher
dottup dotmatcher o
dotmatcher 0 1 504
( UniProt SLIT_DROME) . dotmatcher o
35001 | 25001 |- -
30001 23001 f L
25001 21001 b 7
20001 i S
o 19001 }° "
15001 F e,
. 17001 | g
10 001 t
5001 F v 15001 ¢
1 : : o 13001
1 10 001 20001 30001 11501 30014 501600175019001 10501 12 001
(a) Cosmid AF164138 (b) Gene AF164138
sso1 b o 2T T P
Joon 3 w w T / 1201 .
BT (s P 1001 - s
2501 | . : P e
2001 | BRI sour
1501 L - / 601 - /
. S ) .
1001 |- 4011
sot oo 201

1 501 1001 1501 2001 2501 3001 3501

(c) CDS AF164138

2

501 1001
(d) Protein AF164138

Fig.2 Dot-plot alignment output of Fugu multidrug resistance gene

threshold 23

dotmatcher —

—window 10 —
—threshold 23 —
—window 24 —
—threshold 20 —
—window 38 —
—threshold 20 —
—window 38 —

—threshold 30 —

SLIT_DROME.FASTA —

23
24
20
38
20
38
30

dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph svg —goutfile SLIT_DROME_W10T23 —window 10 —

dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA —graph svg —goutfile SLIT_DROME_W24T20 —window 24 —threshold 20
dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA -graph svg —goutfile SLIT_DROME_W38T20 —window 38 —threshold 20
dotmatcher SLIT_DROME.FASTA SLIT_DROME.FASTA —graph svg —goutfile SLIT_DROME_W38T30 —window 38 —threshold 30

Rich Repeat LRR)
; C 7

SLIT_DROME
6

( Epidermal Growth Factor like EGF-like)

4

24

( Leucine

38
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o dotmatcher
( 3) o ( 3a) ; 24
20 24 ( 3b) .
38 20
( 3¢) o 38 30 (
3d) o )
4 & / v
1400 A G P4 Z 1400| ‘o P Vi 4
, ; Y Fed Sor
1200 ;. s VP2l ’ 1200 P // 2777
.t 72 A x ¢ s /////////’ Z/
P o s 7 Y /
1000 . AR 7 Z | 1000 Z Z
800 /'/,/,:////, ///'/, /,’ ,/ , 800
P ///////, ////// ’/ // / ’ I, // ’ /
Y 4 A L P
600| e . /// L / 600 )
, / P 4 /
a0 o o L4 /// 400
7 o // o e v, i /, P
o ,,// NI ’
200 Lz ET a2 , 200
L 2R .
‘s v v .
0 0
0 500 1000 1500 1500
(@ (b
Z s/
1400 s b /4 7| 1400 Ly
7 /
1200 y s 1200
4 A 7
J 74 Y 4
1 000 V4 / ///% / 1 000 2
800 800 g
600 600
400 400
200 200
0 0
0 500 1 000 1500
(© (d)
3

Fig.3 Dot-plot results of repeat regions in protein sequence of fruitfly midline development related gene

( CALBI_HUMAN) 5 36 aa  EF- ( EF=hand)
A1( ANXA1_HUMAN) 4 72-73 aa ( DMD_HUMAN)
24 100-110 aa ( Spectrin) o ( TITIN_HUMAN)
34 350 152 90 aa (Teg-
like) 132 95 aa i ( Fibronectin type-II) .19 45 aa Kelch
W17 55 aa RCC1 W15 40 aa WD 14 34

aa TPR o

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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4
4.1
o EMBOSS
freak wordcount  compseq geecee  freak wordcount  compseq
4.1.1 compseq
compseq o
o 2 2 16 AA AC AG AT .- TA TC TG TT;
64 AAA AAC AAG AAT ACA ACC ACG ACT - TTA TTC TTG TIT; 4
6 256.1 024 4 09 6
compseq ECOLI_K12.FASTA —out ECOLI_K12.COMP -word 6
compseq MYCTO_H37.FASTA —out MYCTO_H37.COMP -word 6
compseq CALSU_MB4.FASTA —out CALSU_MB4.COMP -word 6
compseq —
ECOLI_K12.FASTA — K12
MYCTO_H37.FASTA — H37
CALSU_MB4.FASTA — MB4
ECOLI_K12.COMP — 6
MYCTO_H37.COMP — 6
CALSU_MB4.COMP — 6
—word 6 — 6
4 096 6 6
( 5) . o
2002
5 6

Table 5 Special 6-mer in three models of bacterial genome sequences

3

geecee

\5

Escherichia coli
K12/MG1655
NC_000913.3
ECOLI_K12.FASTA

Mycobacterium tuberculosis
CDC1551/H37RV
NC_000962.3
MYCTO_H37.FASTA

Caldanaerobacter subterraneus
tengcongensis MB4
NC_003869.1
CALSU_MB4.FASTA

4 641 652 4 411 532 2 689 445
GC 50.79 65.61 37.57
1 CCTAGG ( 16/0.014) ATTATA ( 10/0.009) CGCACG (23/0.035)
2 CTAGGA (17/0.015) TATAAT ( 10/0.009) CGCGCG (24/0.037)
3 TCTAGG ( 19/0.017) TATAAA ( 15/0.014) CGACCG ( 26/0.040)
4 CTAGAC ( 20/0.018) TTATAA ( 20/0.019) CGATCG ( 29/0.044)
5 TCCTAG ( 21/0.019) TATTAT ( 21/0.019) CGGTCG (31/0.047)
1 CGCCAG (5 397/4.763) CCGCCG (11 203/10.402) AAAAAA (5 634/8.581)
2 CTGGCG (5 267/4.648) CGGCGG ( 10 991/10.205) TTTTTT (5 528/8.419)
3 GCCAGC (4 832/4.264) GCCGCC ( 10 238/9.506) AAAAAT (5 381/8.195)
4 GCTGGC (4 765/4.205) GCCGGC (10 136/9.411) TAAAAA (5 378/8.191)
5 CCAGCG (4 611/4.069) GGCGGC (9 929/9.219) ATTTTT (5 375/8.186)
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4.1.2  freak
compseq freak GC
o alpha DNA ( 1 441 bp) GC o
freak V00714.FASTA —-letters "GC" —plot Y —graph svg —goutfile V00714_FREAK -window 100 —step 10
freak — DNA GC
V00714.FASTA — alpha
—letters "GC" — GC
—plot Y —
—goutfile VO0714_FREAK —
—window 100 — 100
—step 10 — 10
freak alpha 5’ 3’ GC 600—-1 000
bp GC ( 4) .
HBA_MOUSE_GENE
From 1 to 1441.Residues: GC Window.100 Step:10
— T —T——
0.65 [~ N
0.60 -
> L J
5 -
2 055
o
E o
0.50 | ]
0.45-...|...|...|...|...|...|..-
0 200 400 600 800 1 000 1200
Position
4 alpha GC
Fig.4 GC content of different regions in mouse alpha hemoglobin gene
4.2
EMBOSS plotorf sixpack showorf  getorf,
plotorf DNA R
; sixpack DNA . showorf
DNA ; getorf
1.3.3 getorf sixpack  showorf o
4.2.1 sixpack
mRNA ( GenBank Y12618) EMBOSS
sixpack ( F1-F3) ( F4-F6) 6 o

sixpack — 6
Y12618.FASTA -
Y12618.SIXPACK —

sixpack Y12618.FASTA Y12618.SIXPACK -outseq Y12618_ORF.FASTA

—outseq Y12618_ORF.FASTA — FASTA

FASTA
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3 (F3) 48 ATG 1374 1377
TGA TAG 48-1 373 1 326 bp 442 o
4.2.2  showorf
mRNA EMBOSS  showorf 3

showorf Y12618.FASTA Y12618.SHOWORF —frames 3
showorf —
Y12618.FASTA - FASTA
Y12618.SHOWORF —
~frames 3 — 3 (F3)
4.3 CpG

CpG DNA CG C G o CpG

3’ 5’ . CpG 300-3 000 bp
C CpG o CpG

DNA o

EMBOSS CpG cpgplot  cpgreport o cpgplot DNA
CpG o cpgreport DNA CpG
cpgplot o
4.3.1 cpgplot

alpha 16 5 (zeta mu alpah2
alphal  theta) (HBZP  HBAIP) . DNA 43 058 bp( GenBank
784721) . FASTA cpgplot o

cpgplot Z84721.FASTA —window 500 —minlen 500 —minoe 0.65 —minpc 0.55 —outfile Z84721. CPGPLOT -outfeat Z84721.
GFF —graph svg —goutfile Z84721_CPGPLOT

cpgplot — DNA CpG

Z84721.FASTA —
—window 500 —
—minlen 500 — CpG
—minoe 0.65 — CpG

DNA
200

alpha

100

( minimum length)

( minimum average observed to expected

ratio) 0.6
—minpc 0.55 — GC ( minimum average percentage) 0.5
—outfile Z84721.CPGPLOT —
—outfeat Z84721.GFF —
—goutfile Z84721_CPGPLOT —
CpG 500 bp CpG
0.65 GC 0.55. 784721
o o 5
CpG  ( 6) -
6 alpha CpG
Table 6 CpG island of human alpha hemoglobin gene cluster
G (%)
HBAZ 14 618-15 730 1112 14 606—-15 663 1 058 73.82
HBM 25 208-27 584 2 376 25 196-27 543 2 348 72.44
HBA2 33 234-34 311 1077 33 080-34 404 1325 70.87
HBAI 37 038-38 118 1 080 36 880—-38 206 1327 70.99
HBQ1 41 026-42 625 1599 40 933-42 636 1 704 69.72
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Fig.5 Cpgplot result of human alpha hemoglobin gene cluster
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(x10%

4.4 FHFSH

T —ILAT 64 > AT HAT M R IF P AR G R SRR A BRI R R S T A S T
T ATG Dy A S T B 5 AR 2R ( Met, M) ; TAA, TAG F1 TGA 28 (20515 HA 60 B0 1 2 i
19 PR JLR . Huhi[n]— 2 JE MR 1 2 7l AR o] e R [R) L R0 70 AT (i 41 ( Codon Usage Bias) o
OIS T AR S A i1 L 2 RGBT AT B T 5 s

EMBOSS & i T4 AR F AL 4% cuspsyco~cai Fll chips 5. Hirh cusp I TSR ¥4 h 64 Fhasd
TR B, O 45 th b ] — EEE PR A [ B 0 T P LU 3] o syco FHIRIE D7 X R s ) S35 8 7l
P g, ol F TR B0 o cai HI T35 05 138 W 46 22 ( Codon Adaptation Index) , HUELYE I 0-1; cai (B
K, BT O fef ViR o — ik , 3R A ey B PR, L5 05 7l O S s PRLIHE , cand T ] 0 5
KR KEEK. chips AT ITE AR T %1 ( Effective Number of Codon, ENC) , H{E[F & 20-61. ENC
(BB 5 0 T I dr B o RS [ Al 5] — P b A AR R B D, H: ENCAEAT BT AN [
4.4.1  cusp FHEESEH

DA TP AL J5 e 5 IR R R Y12618 Gt X741 R 6], B2 )7 cusp B4 745 R AN R 25 8% T F A 3. 45
SRR IZ I X P B 755 3 A A BT
cusp Y12618 CDS.FASTA Y12618_CDS.CUSP
cusp — GEIHEMD T FSURERT
Y12618_CDS.FASTA - i & FF 46 ) i - 235 5L H i X 51
Y12618_CDS.CUSP - %5 fi) 444 i 45 4 3+
4.4.2  chips Fk5EH]

PABE L TTAE SR e A 56 Y12618 S X Fra il 51T chips 27, AlR 2 ARSI T ENC {H.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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chips Y12618_CDS.FASTA Y12618_CDS.CHIPS
chips —
Y12618_CDS.FASTA-
Y12618_CDS.CHIPS — ENC
4.5
o ( Tandem Repeat) ( Inverted
Repeat) o DNA ( Microsatellite) .
( Short Interspersed Nuclear Elements SINE) ( Long Interspersed Nuclear Elements
LINE) o microRNA
( Stemoop)
EMBOSS etandam. equicktandem. einverted  palindrome - etandem
equicktandem
o palindrome  einverted
4.5.1 palindrome
microRNA 172¢( ath-MIR172c) microRNA ( MI0000991)
seqret FASTA U T, palindrome
22 25 100
2 o

palindrome ATH-MIR172C.FASTA ATH-MIR172C.PAL
Finds inverted repeats in nucleotide sequence( s)

Enter minimum length of palindrome 10 : 22

Enter maximum length of palindrome 100 : 25

Enter maximum gap between repeated regions 100 :

Number of mismatches allowed 0 : 2

Report overlapping matches Y :

palindrome —

ATH-MIR172C.FASTA - microRNA 172¢ FASTA
ATH-MIR172C.PAL -

microRNA ath—MIR 172¢ 17-38/96 - 117 o
microRNA miRBase miRNA 98-118
4.5.2 einverted
GenBank ( EF565211) einverted
12, 50. 3 -4, FASTA

o

einverted EF565211.FASTA EF565211.EINV —outseq EF565211_EINV.FASTA
Finds inverted repeats in nucleotide sequences

Gap penalty 12 :

Minimum score threshold 50 :

Match score 3 :

Mismatch score -4 :

einverted —

EF565211.FASTA - FASTA

EF565211.EINV —

—outseq EF565211_EINV.FASTA — FASTA

1617-1966/2 355-2 699 1 6 o
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5
5.1
EMBOSS pepstats  pepinfor wordcount
compseq o pepstats
; pepinfor
N N o wordcount  compseq
5.1.1 pepstats
sh4 ( UniProt Q1PIH9_ORYSI) pepstats
20 o
pepstats Q1PTH9_ORYSIL.FASTA Q1PIH9_ORYSLPEPSTATS
pepstats —
Q1PIH9_ORYSI.FASTA - FASTA
QI1PIH9_ORYSI.PEPSTATS -
20 o 390
5.1.2  Wordcount
wordcount o
wordcount Q1PIH9_ORYSIL.FASTA Q1PIH9_ORYSIL.WORD3 -word 3
wordcount Q1PIH9_ORYSIL.FASTA Q1PIH9_ORYSI.WORD4 -word 4
wordcount Q1PIH9_ORYSIL.FASTA Q1PIH9_ORYSIL.WORDS -word 5
wordcount —
QIPIH9_ORYSI.FASTA - FASTA
Q1PIH9_ORYSI.WORD3 -
Q1PIH9_ORYSI.WORD4 —
Q1PIH9_ORYSIL.WORDS -
( 7) o
7
Table 7 Short peptide repeats in protein sequences of rice shattering control gene
13 PPP 7 PPPP 5 PPPPP
PPPPS PPPSP HGHGH
6 AAA 3 PPPS AAAA 2 )
GGAAA MSGSS
4 PPS HGH HHH 3 PPSP GGAA GAAA APPP PLAL
GGA EEE HHHH SGSS HGHG GHGH MSGS
5.2
EMBOSS antigenicsigcleave  digest antigenic
sigcleave digest o
5.2.1 antigenic
111 ( CEAM3_HUMAN) 35-142 o antigenic
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o

antigenic CEAM3_HUMAN.FASTA -sbegin 35 —send 142 CEAM3_HUMAN.ANTI-minlen 10
antigenic —

CEAM3_HUMAN.FASTA - 1II FASTA

—sbegin 35 — 35

—send 142 — 142

CEAM3_HUMAN.ANTI —

—minlen 10 — 10( 6)

48-66 75-86 119-129 .
522 fuzzprot

fuzzprot o Squamos promoter
binding protein( SBP) fuzzprot o
17 SBP 30 17 o 17
DNA 79 ( 6) ( Zinc finger) 1
( Nuclear localization signal NLS) . (Arg R) (Lys
K) . 17 DNA o
fuzzpro 177ARATH_SPLD.FASTA 17ARATH_SPLD.FUZ -pattern R RK RK x\(6\) RR RK KR -pname "NLS"
fuzzpro —
17ARATH_SPLD.FASTA — 17 SBP DNA

17ARATH_SPLD.FUZ —
—pattern R RK  RK x\(6\) RR RK KR -
—pname "NLS" —

ol

probability
o
o

s{FZAISITI

S

35

probability

— el e

A<MIO

WebLogo 3.7.4

6 17 SBP DNA
Fig.6 Sequence logo of DNA binding domain in 17 SBP plant-specific transcription factors

53
EMBOSS tmap topo pepwheel helixturnhelix pepcoil — gamier
tmap topo helixturnhelix - -
pepcoil pepwheel alpha garnier o
5.3.1 tmap
( UniProt PPF1_PEA) tmap
tmap PPF1_PEA.FASTA PPF1_PEA.TMAP —-graph svg —goutfile PPF1_PEA_TMAP
map —
PPF1_PEA.FASTA — FASTA

PPF1_PEA.TMAP —
—goutfile PPF1_PEA_TMAP —

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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o 4 o
20-22 o 1 FASTA
PPF1_PEA_HI1.FASTA pepwheel alpha o
5.3.2 pepwheel
tmap 1  alpha FASTA pepwheel alpha

o o

pepwheel PPF1_PEA_H1.FASTA —graph svg —goutfile PPF1_PEA _H1 PEPWHEEL
pepwheel — alpha

PPF1_PEA_HI1.FASTA — 1 ( )
>PPF1_PEA_HI | 111-135

SVHVPYSYGFAIILLTVIVKAATLP

—goutfile PPF1_PEA_H1_PEPWHEEL —

5.3.3 garnier
(PDB IMBN) . N- (PDB 20SQ) (PDB
1UBQ) PDB 3 FASTA garnier
garnier IMBN.FASTA 1IMBN.GARNIER
garnier 2QSQ.FASTA 2QSQ.GARNIER
garnier 1UBQ.FASTA 1UBQ.GARNIER
garnier —
IMBN.FASTA — FASTA
IMBN.GARNIER —
20SQ.FASTA — N- FASTA
20SQ.GARNIER — N-
1UBQ.FASTA — FASTA
1UBQ.GARNIER —
H alpha (Helix) E beta ( Extended) T ( Turn) .C
(Coil) ; o 3
3 o 153 8 alpha N-
C- A-H; N- 110 9  beta N- C-
A-G(C D DL 03¢ beta ) o 76 5  beta (A
B D E G 2 alpha (C F) o o
70%-80%.  EMBOSS garnier o
6
6.1
EMBOSS o EMBOSS
- EMBOSS N o “ 7
EMBOSS o
EMBOSS
wossname o
tfm o

EMBOSS o
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EMBOSS - -
; . . \ . “RNA .
N \ EMBOSS o
X 0 EMBOSS
wossname~tfm  seealso
EMBOSS o EMBOSS
BioEdit DNAStar  MacVector o
Bowtie BWA TopHat/Cufflinks o EMBOSS
Galaxy
“bug” EMBOSS o
dotmatcher  dottup UniProt

extractfeat UniProt /Swiss—Prot
Peter Rice o
6.2
2016 EMBOSS 6.6.0 300

( 8) o

8 EMBOSS

Table 8 List of commonly used programs in EMBOSS

o

seqret GenBank

RefSeq  UniProt

seqretsplit FASTA

extractseq
coderet
extractfeat
revseq
msbar
shuffleseq
infoseq
infoalign
showseq
showpep
showfeat
showalign
prettyseq

prettyplot

needle Needleman-Wunsch

water Smith-Waterman

stretcher
matcher
supermatcher
seqmatcherall

esim4 mRNA

Needleman-Wunsch

FASTA
FASTA

mRNA .
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est2genome EST
dottup

dotpath

dotmatcher

polydot

compseq DNA

wordcount DNA

geecee GG

freak DNA

plotorf mRNA
sixpack mRNA 6

showorf mRNA

getorf mRNA

O
=]
Q

cpgplot cpG
cpgreport cpG

o
=l
Q

cusp
syco

cal

chips

palindrome

einverted

etandem

pepstats

pepinfo

antigenic

sigcleave

digest

fuzzprot

Tmap

topo

pepwheel alpha
pepcoil

helixturnhelix - _

garnier

EMBOSS wossname

o

‘wossname —search

‘wossname —search “ -—alphabetic

EMBOSS EMBOSS
HEMMER. Phylip
RNA VIENNA . .
6.3
EMBOSS GCG.
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( Genetic Computing Group GCG) UNIX
9
GCG o GCG o
GCG EMBnet EMBOSS GCG.
EMBOSS EMBnet “EMBOSS
EMBnet” o
Peter Rice EMBOSS
. 2009  EMBOSS ( Biotechnology and Biological
Science Research Council BBSRC) o
transSMART Peter Rice o EMBOSS
R Peter Rice
1o
EMBOSS o EMBOSS
( ) EMBOSS o
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