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About cotton evolution

(Andrew H. et al.,2012)

Cotton is an important economic crop.
Gossypium genus contains tetraploid and
diploid species. The tetraploid cotton species
AD-genome (such as G. hirsutum) are thougth
to have formed by an allopolyploidzation of
A and D-genome species.

G. hirsutum (AD-genome) produce most widely used

natural fiber, but G. raimondii (D-genome) is fibreless.

The draft genome of G. raimondii is sequenced by our

lab.(Kunbo Wang. et al.,2012)
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<sRrevious Research of Our Lab

Very Long Chain Fatty Acids (VLCFAS)
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About VLCFAs
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(Riezman, 2007,revised)
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€ VLCFAs (>18 carbons are
essential components of plant
lipids, suberins and cuticular
waxes.

€ VLCFAs is synthesized by
four successive enzyme
reactions, including KCS,KCR,
HCD and ECR

Previous results in our lab
reveal that VCFAs may promote
cotton fiber elongation by
regulating ethylene
biosynthesis.
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WUniProt database search

Gene names Alias Entry name Length of amino acids
KCS1 EL1 At1g01120 T25K16.11 QIMAM3 ARATH 528
KCS2 At4g34510 T4L20.90 065677 ARATH 487
KCS3 At1g07720 F24B9.18 QILQP8_ARATH 478
KCS4 At1g19440 F18014.21 QI9LN49 ARATH 516
KCS5 CER60 Atlg25450 F2J7.9 Q9C6L5 ARATH 492
KCS6 CER6 EL6 At1g68530 T26J14.10 Q9XF43 ARATH 497
KCS7 Atlg71160 F23N20.15 Q9C992 ARATH 460
KCS8 At2g15090 T15J14.13 Q4V3C9 ARATH 481
KCS9 At29g16280 F16F14.22 Q9SIX1 ARATH 512
KCS10 FDH EL4 At2g26250 T1D16.11 Q570B4_ARATH 550
KCS11 At2g26640 F18A8.1 048780 ARATH 509
KCS12 At2g28630 T8018.8 Q9SIB2_ARATH 476
KCS13 HIC At2g46720 T3A4.10 Q97UZ0_ARATH 466
KCS14 At3g10280 F14P13.12 Q9SS39 ARATH 459
KCS15 At3g52160 F4F15.270 Q9SUY9 ARATH 451
KCS16 EL2 At4g34250 F10M10.20 Q9SYZ0 ARATH 493
KCS17 At1g04220 F20D22.1 Q5XEP9 ARATH 528
KCS18 FAE1l At4g34520 T4L20.100 Q38860 ARATH 506
KCS19 At5g43760 MQD19.11 Q9FG87 ARATH 529
KCS20 At5g49070 K20J1.4 Q9FH27 ARATH 464
KCS21 At5g04530 T32M21.130 Q9LZ72 ARATH 464

The database contains 21 reviewed sequences of Arabidopsis
thaliana and they belong to FAE protein family. Besides, none of
their protein has 3D structure .



http://www.uniprot.org/uniprot/Q9MAM3
http://www.uniprot.org/uniprot/O65677
http://www.uniprot.org/uniprot/Q9LN49
http://www.uniprot.org/uniprot/Q9C6L5
http://www.uniprot.org/uniprot/Q9XF43
http://www.uniprot.org/uniprot/Q9C992
http://www.uniprot.org/uniprot/Q4V3C9
http://www.uniprot.org/uniprot/Q9SIX1
http://www.uniprot.org/uniprot/O48780
http://www.uniprot.org/uniprot/Q9SIB2
http://www.uniprot.org/uniprot/Q9ZUZ0
http://www.uniprot.org/uniprot/Q9SS39
http://www.uniprot.org/uniprot/Q9SUY9
http://www.uniprot.org/uniprot/Q9SYZ0
http://www.uniprot.org/uniprot/Q5XEP9
http://www.uniprot.org/uniprot/Q9FG87
http://www.uniprot.org/uniprot/Q9FH27
http://www.uniprot.org/uniprot/Q9LZ72
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Names Alias Entry name Family Length of AA
529
KCSt Gr10021139 M9Z5H0_GOSRA 533
KCS2 Gr10031660 M9Z380_GOSRA 529
KCS3 Gr10022901 M9ZC32_GOSRA 466
KCS4 Gr10018297 M9Z385_GOSRA 504
KCS5 Gr10014500 M9ZC12_GOSRA 496
KCS6 Gr10032226 M9ZC26_GOSRA 467
KCS7 Gr10016173 M9ZA63_GOSRA 510
KCS8 Gr10026783 M9Z6NO_GOSRA 535
KCS9 Gr10018147 M9Z5I3_GOSRA 504
KCS10 Gr10015926 M9Z5H7_GOSRA 531
KCS11 Gr10017624 M9ZC02_GOSRA 510
KCS Gr10018148 M9Z516_GOSRA 418
KCS13 Gr10031991 M9Z390_GOSRA 492
KCS15 Gr10032475 M9ZC21_GOSRA 462
KCS16 Gr10000033 M9Z6L3_GOSRA 390
KCS17 Gr10028536 M9ZC07_GOSRA | | L] 537
KCS18 Gr10034062 M9ZA66_GOSRA : 515
KCS19 Gr10010162 M9Z6K4_GOSRA _Eﬂ'lgﬁmgﬂppl- _— 512
KCS20 Gr10019136 M9Z3A9_GOSRA 437
KCS21 Gr10017854 M9Z397_GOSRA 457
KCS Gr10019659 M9ZA81_GOSRA 439
KCS Gr10004055 M9Z6K7_GOSRA 533
KCS Gr10036653 M9ZC17_GOSRA 515
KCS Gr10040229 M9Z5K7_GOSRA 501
KCS Gr10018150 M9ZA87_GOSRA 493
KCS Gr10018149 M9ZA72_GOSRA 504
KCS Gr10040228 M9Z3B3_GOSRA 501
KCS Gr10019657 M9Z6M6_GOSRA 424
KCS Gr10019616 M9Z5J9_GOSRA 449
KCS Gr10033317 M9Z3A3_GOSRA 274
KCS Gr10018195 M9Z6L8_GOSRA 285
KCS14 Gr10009484 M9Z5J2_GOSRA S EL 282
KCS12 Gr10018194 M9ZA77_GOSRA 286

The database contains 33 KCS sequences of G. raimondii and-1 KCS
sequence of G. hirsutum. Besides, none of them are reviewed and their
sequences were submitted by our lab.


http://www.uniprot.org/uniprot/M9ZC21
http://www.uniprot.org/uniprot/M9ZC07




F:\blast~bin [H

16:28
16:28
@6 :34
B6:34
A6 :34
B6:34
A6 :34
19:12
A6 :34
B6:34
aa:-@az
aa:a7
A6 :34
12:38
19:43
19:43
19:43
@6 :34
A6 :34
13:38
16:49
16:49
16:49
17:87
17:88
17:88
17:88
B6:34
B6:34
B6:34
B6:34
19:12
B6:34
A6 :34
B6:34
A6 :34
@6 :34

Cotton database construction

5.488.648
6.572.512
4,174,336
?.608,.704
?.684.608
88,287
2.597.448
?.463.888
1.279
26,794
5.219.848
795,246,172
337.826
53.448
194,138,685
97.780,.224
5.517,.824
47 .567.883
4,975,298
421,788
11,348,776
18.173.161
5.016.266
327.888
15,883,278

CA _2ALC

6.111.232
5.744.128
5.885,.184

554
2.755.136
7,621,504
2.613.312
5.727.744
9,716,224

bhlastdbcheck.exe
hlastdbcnd.exe
blastdb_aliastool.exe
hlastn.exe

hlastp.exe

hlastpout

bhlastx.exe
hlast_formatter.exe

CDS .fas

cdsout

convertZhlastmask.exe
Cotton_D.all.anchored.fa
Cotton_D.all.anchored.fa.nhe
Cotton_D.all.anchored.fa.nin
Cotton_D_all.anchored.fa_nsq
deltablast.exe
dustmasker.exe

Gr—cds.fa.txt
Gr—cds.fa.txt.nhe
Gr—cds.fa.txt.nin
Gr—cds.fa.txt.nsq
Gr—PEP.fa.fasta
Gr—-PEP.fa.fasta.phr
Gr—PEP.fa.fasta.pin
Gr—PEP.fa.fasta.psq

1 hlarnd -1

A AT AT e

makeblastdb.exe
makembindex.exe
makeprofiledh_exe
PEP.fas
psiblast_exe
rpzhlast._exe
rpzthlastn.exe
segmasker.exe
thlastn.exe

1. Download local blast
software from NCBI.

2.Download G. raimondii

genome sequence from
CGP.

3.To execute blast in DOS
system
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pfam Chttp://pfam.sanger.ac.uk/)
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Q-acquire conserved domain

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT p‘ﬁm

[eepwordsearcn 1)
Pfam 25.0 (March 2011, 12273 families)
The Pfam database is a large collection of protein families, each
represented by multiple sequence alignments and hidden Markov
models (HMMs). More...
QUICKLINKS  ANALYZE YOUR PROTEIN SEQUENCE FOR
SEQUENCE SEARCH  PFAM MATCHES
VIEW A PFAM FAMILY  paste your protein sequence here to find matching
VIEW A CLAN Pfam families.
VIEW A SEQUENCE g\ co L Banpe
VIEW A STRUCTURE |
KEYWORD SEARCH v
juMpTo  This search will use and an E-value of 1.0. You can set
your own search parameters and perform a range of
other searches here.
Recent Pfam blog? posts Al ks
N riously, we've made a release@ (posted 1 April 2011)

WAl 6 akacld Kada Kana sk ahack  aranthia asa kb Baallobha liaadatbad DL oxst x5 8



http://pfam.sanger.ac.uk/

Pfam search results

Significant Pfam-A Matches

Show or hide al alignments.

[ £k Fdomain % A&

: - Entry I
Famil Description Clan
" ” .I

FAEL CUT1 RopA FAE1/Type III polyketide synthase-lke p .. Famly CLOD46
# larrrrloylvdyacylpedellystet flevirvkkd deesleflrinlorst] geetyPrslle peektl aearef aeev] fravdel Lokt kvbplid) o1

e

. -~ R TF
WATCH  ytrty tylvdyacy pHiliet fre 1t tdo toflrlitersblotel fPstt phttttatartlae vifzatd 1tg thiptdialnm dggmain};
#rr BAGKERERERERERERRERRREERR R R R AR AR RR R RRERERE R AR EREEERREEREEERR AR EERRERREERRRRRRRERRREERRERRRRERRRERRR AR 5']
#aE [

FAE1 CUT1-RppA HMM:
ylarrrrkvyLvdyacykpedelkvstetfleivkrvkkldeeslefirkilersGlgeetyvPrslleipee
ktlaeareEaeevlfgavdellaktkvkpkdigilvvncslfsptPslsamvvnryklredvksynLsgm
GCsaglisidlakdllgvhkntlalvvstEnitinwYvGnersmllsnclFRvGgaavllsnksadrrr
akykLvhvvRthkgaddkayrcvlgeeDeegkvGvsiskdlvkvagealkknlttigplvLPISEKI
rflaslvarkl



Jo:.query cotton genome database

Length=290
ﬂ o . £ 1. TO query cotton genome
Jequences producing significant alignments: (Bits) Value
Cotton D gene 10017624 locus=scaffoldl63:642071:643603:+ 427 de-147
Cotton D_gene 10018297 locus=scaffold?l:210359:211873:+ 425 Z2e-146
Cottor,D_gene 10016173 locus=scaffoldlTZ:1629641:1651173:- 422 3e-145 database based On HMM mOdeI
Cotton D _gene 10036653 locus=scaffoldl09:1190172:1191719:+ 418 le-143
Cotton D gene 10034062 locus=scaffoldd:3957287:39588534: - 417 2e-143
Cotton_D_gene_ 10010162 locus=scaffoldl30:399751:401289:- 417 4e-143
Cotton_D_gene_ 10015926 locus=scaffoldl66:1016377:1017972:+ 414 fe—142 Sequence
Cotton_D_gene_ 10018147 locus=scaffoldlbZ:1567657:1569171:+ 413 Be—142 . .
Cotton D_gene_ 10028536 locus=scaffoldd3:1655946:1657559:+ 409 le-139
Cotton D _gene 10018150 locus=scaffoldlbZ:1584096:1585466:+ 405 le-139 2' TO retrleve the Correspondlng
Cotton,D_gene 10031660 locus=scaffolddd:3835910:3838602: - 408 2e-139
Cotton, D gene 10021139 locus=scaffold31:112479:114389:- 408 2e-139

Cotton D_gene 10018149 locus=scaffoldl52:1577823:1579337 1+ 404 4e-138 i

Cotton D sone 10014500 Toeuemecaffold7a: 1357167 :1358687 14 207 2137 gene Sequences ;then Conflrm the
Catton D 31 = 95 2136
Cgttig D Aﬁﬁm@UTEEﬁ%ﬁeM@eﬁqTermmﬁﬁ 5o-13

S = e L S L 2ozl conserved domain in Pfam database
Cotton Dlgﬁ Ikﬁﬂ@‘ : 113 9:hRTE:— 318 1e-107 l
Cotton D _gene 10018148 ocus=scaffold152 1574866 1576236+ 320 1le-106 and Smart database
Cottor,D_gene 10017854 locus=scaffoldleT:1150904:1152277:- 297 2e-097
Cotton D _gene 10040228 locus=scaffoldl:T996116:7997621 :+ 291 2e-094 -
Cotton_D_gene_ 10040229 locus=scaffoldl:B009851:8011356:+ 290 Te-094
Cotton_D_gene_10019136 locus=scaffold36:1496467:1497780:- 284 3e-092 .
Cotton D 10032226 1 —zcaffol d8:2307409: 2308812+ 273 1e-08T .
CgttEEZDZEEEEZIOUQZ%I Ioeuo-scaffol d26: 472743- 474145+ 370 1o-036 (http'//Smart'emblheldelberg de/>
Cottor D gene_10019616 locus=scaffol d207:1262504: 1265853 - 266 2e-085
0 [l zene 475 cenz=oraffol 470 SRRRTOR - SEER R - — I Se-21
Cotton M'B' us 98 691087 : - as__e0e ] _B. 10 further search the cotton
Cotton D _gene 10019659 locus=scaffoldZ07:1692130:1693449:+ 2hd 1e-080

Cotton D sepe 10019657 Jocus=gcaffold20T:160T3T0;1658044 + 251 12079

Cotton_D_gene_10019658 locus=scaffoldZ0T:1664233:1664877:+ 187 2e-058 . .

Cotton_D_gene_1003898% locus=scaffold30:686293:686952: - T2. 4 de-015

Cotton D_gene 10000813 locus=scaffoldd71:143816:149609:- 38.9 0.002 database In Order to fl nd a” KCS
Cotton D_gene 10026953 locus=scaffoldZ60:135384:136656: - 39.3 0.003

Cotton_D_gene 10023921 locus=scaffalddT:1006875:1009155:+ 38.5 0. 004 Se e n CeS

Cotton D gene 10002256 locus=scaffolddld:516833:319857: - 37,4 0. 009

Cotton D_gene 10023920 locus=scaffoldd7:934662:936994 + 37,0 0. 013 q u e

Cotton_D_gene 10029217 locus=scaffold®6:1906837:1908121:- ar. 0 0.014

Cotton_D_gene_ 10011223 locus=scaffoldl19:T60522:TERE33 1+ 36,2 0. 024

Cotton_D_gene_ 10007646 locus=scaffold236:85034:86759:- 30,0 0. 059



Phylogeny construction
and
chromosome location
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1.The phylogeny analysis suggests that
all G. ranondii KCS genes are divided
in two major branches.

2.In combination with Pfam prediction
results, we know that the two major
branches belong to
FAEFAE1_CUT1_RppA (PF08392 ,
PF08541) and Elo( PF01151
GNS1/SUR4 family)
3.FAE1_CUT1_RppA: described as 3-
ketoacyl-CoA synthases ;
ACP_syn_III_C, ACP synthase Ill C

terminal ; ELO1 Members of this family

are involved in LCFAs elongation
systems that produce the 26-carbon
precursors for ceramide and

sphingolipid synthesis



__Candidate gene in chromosome
location

Chr.1 Chr.2 Chr3 Chr.4 Chr.5 Chr.6 Chr.7 Chr.8 Chr.9 Chr.10 Chr11 Chr.12 Chr.13

0
Gr10033217 KCs1o s
KCS20
KCS13 KCse
KCS6
KCS14
KCSs17 KCSh
Gr10040228 Gr10019659
Gr10040229 KCs18 Gr10019857
25 Gri0019616
KCsa
Gr10036653
KCS4
KCS1 KCS15

KCs21

29 G.raimondii KCS genes except GrKCS11 , GrKCS16, GrKCS2, Gr10004055 were
located on 11 chromosomes ,but chromosome 3 and 12 contain no KCS genes.



»:KGS:may be required in fiber initiation
and elongation

Chr.9
- 0 0.00
[kcs7 ] 1.63
A RPKM B - KCS20 801
G ) d G h ; i KCST3 10.31
. raimondii G. hirsutum <Css 1230
KCS7 | 167 22
KCS18 2317
- 25
KCS?2 Chrogposome loeggion failed
KCS13| 48 984
- 50
KCS6 3 288
Several 3-ketoacyl-CoA synthase (KCS) genes, including KCS2, KCS13 and
KCS6, were only expressed in G. hirsutum, whereas intermediate levels of
KCS7 transcripts were observed in both G. hirsutum and G. raimondii, indicating [ 70.71
that high-level expression of Sus and KCS family genes may indeed be required for L 75

fiber cell initiation and elongation.(Kunbo Wang, et al. 2012.Nature Genetics.)
Ml
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Gri0o40229

1. Ali Il KCS '
T inee - Allgn a genes using
sattie L

Sies R e ClustalX.

Gridditezd LOELERHNLQ

Gri0010162 VLOELEEHNLQ

e S - :
coaaaers  2.Resulting from poor alignment
i S e :

s {DELE) guality, we excluded all short
Gri0018297 VIDELEEHNLQ

Griooi1a144
Grl0018150
Grloo18147
Gri0018149
Grl0026783
Grl0019616
Grl003247%
Griool9es? IFHLEFGC
Grl0019659
Grido19134
Grido3zize
Grl0022901

Jiioiiasid  sequences including Elo type protein
and alignment again using ClustalX.

s
IAGGRGYIDELEK NKQ
MASKETVLDELOENLE

EAVIDAKGE 3 LG
DAMGR 3 LG
DGELGHE3LG

HGETEGTTTOGFIKAGVHNEL

3.The alignment results suggest that
FAE type KCS protein share some

Grlood0229 I
Griondnz2g I M| E = - - -
-] -4 =]
grigorrest B i : LECLAFIVED, DKXSE strict conserved amiono acids.
Grlohzasas TEAE E AFE I KEALAREFMHNELRAGHPE
Gridfodass TELE CGEAT I KWRALRISETFHEESACHE
Gridflaisl TELE CGEAT I I WEALRTINFVEEK.
Gridflfezd TLAE = LGEAT HTH I WEALRETVNEFAKEK .
Griooiole2 TEAE = A I RTH I C| WEALGTINFAEER.
Grli03166d TEAE A RTH I WEALE -
S 22 ; ; 4.Based on Netural Evolution of
Grlool4 T A I 3
Grli0l6es3 TLEAE A I KWQALRNVEFEENG. .F - - -
Griio3doez TEAE CGEAM R E I WEALRNVESEENG. _F K t d t t
Gridoater o : g SAHEALENTKESSNC . Imura, moSsSt amino aclds mutants
ﬂzlggl:!ﬂ; TEAE A A I HVALRNVEFEPHN. _F
Griloolal4 TEAE A I KWLALENVEFEYNS . _F
Srioviarse A . : MALvEssts. | are neutral, few mutants are harmful
Gridflaisd TELE A KHLALENVEFECGN . _F ]
ﬂzlgg;g%;: TEAE WLALENVEFECGHN . _F - -
Grl TLEAE = I WREEMERVEKEFERD .  NE
steezenss I zhe Bl i SRS AR VR E D and these sites are functional.
Griio3247s T I A W HCNH EIDAMDDVHY . 3
Grl00Llaes? T A NH NIC W KDGLDDTRY. .|
Gridflaess T A H EIDGLEDTRV.
Gridflaiis B

Grido3zize
Grl0022901




In order to find KCS proteins’ active
sites and study functional mechanism,
we used popular methods to predict
our target proteins’ structures.



S v S0 structure prediction

B2 ABONSSE S

Obtain Squence +------------

We extracted each one
sequence from FAE type and
Elo type , such as

Gr10018148 and Gr10000033. ¥ . e
Prediction

We used Phyre and
I-TASSER methods to
predict KCS protein 3D
sturcuture.

Analysis

To analysis some details about protein structure



Analysis of Gr10018148 Protein structure

Gr10018148-phyre




The secondary structure of
Gr10018148 protein

_Gr10018148-phyre A RERSVYLVDYACYLEESKLEMERDRFMEHCKLMGCFDETSLVELDXILGRSGLGEETCAREAMCLEPKPSMERRRQETEQVMEGALDTLEANTHVEPKDVGILVVNCSLENETESLESMIINKYKMRONIRSFNLOGMG
acc H EHNEEEEE & ENEE BN BN BN BEEE BEE EEE EEEE = =§ HE EE E EEE N EEE E B E E BN
hyd L] [ nm {1 1] [ ] ] EE mm [ W umE

no o Moo s 0 Mo i ith a ik
Q00RO EELDD —l 00 — ——— 1§ [y s 000000DQDODCOOECDID 2 000000 ==t
184 200 210 220 230 240 250 260 270 280 290 300 310 320
_Gr10018148-phyre A CEASVISVDLAKDMLQVARNNYAIVYDRRRSKYKLIHVVRTHEGANDXAFNCYRQEQDDIGKTGVSLEKDLMT IAGNALKENITLLGELYLEISEQILFEVTLYANKLINAKIREY IPDFKLAFERFCIHAGERAVIDEL
acc §E ENEEEE LB H NN §N EN EEEEEE § B §F § § B EEEENEE ©§ EE =
hfd EEEE u | | HEN | N HEEER EEER N || || | [ 1]

_Erll!lf.'llﬂlﬂ-phyrl_i EANLHLLFVHVEASRMT LHRFGH TS s S E IR Y ELAYMEARGRMRNGDRVHQIAFGEGERCNSAVNLAL
&

hyd [ [ | ] EEEEEE

Acc: accessibility, white is buried; cyan is intermediate; blue is
accessible; blue with red borders is highly exposed.

Hyd: hydropath, pink is hydrophobic; grey is intermediate; cyan is
hydrophilic



Grl0018148

Grl0018148
Grl0040229
Grl0040228
Grl0017854
Grl0015926
Grl0028536
Grl0004055
Grl0016173
Grl0017624
Grl00101le2
Grl0031660
Grl0021139
Grl0031991
Grl0014500
Grl0036653
Grl0034062
Grl0000033
Grl0018297
Grl0018150
Grl0018147
Grl0018149
Grl0026783
Grl0019616
Grl0032475
Grl0019657
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Why these domains are
conserved?

Red: helix-Yellow:.sheet-Loop:.green
3D structure prediction suggest thatStrict domains-locate-on two

helix ,five sheets and some loops.




Summary

% Local cotton database construction is helpful to query target
sequence and conserved domain prediction contributes to

research loss of function in protein family.

% Phylogeny construction and chromosome location suggest that
there are some KCS genes that are required for fiber initiation

and elongation.

% Protein structure prediction can provide useful information to

design point mutants.

% Bioinformatics analysis is useful, but we should be careful.
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