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Why we choose 

cotton gene KCS? 



 

 

 

 

 

 

 

 

 

Cotton 



 

 

 

 

 

 

 

 

 

About cotton evolution 

• 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) 

(Andrew H. et al.,2012) 



 

 

 

 

 

 

 

 

 

Previous Research of Our Lab 

（Shi et al., 2006) 

Ethylene 



 

 

 

 

 

 

 

 

 

Very Long Chain Fatty Acids （VLCFAs） 

(Qin et al.,2007) 

Previous Research of Our Lab 



 

 

 

 

 

 

 

 

 

About VLCFAs 

• ◆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. 

 

(Riezman, 2007,revised) 



 

 

 

 

 

 

 

 

 

UniProt database search 

The database contains 21 reviewed sequences of Arabidopsis 

thaliana and they belong to FAE protein family. Besides, none of 

their protein has 3D structure . 

 

Gene names Alias Entry name Length of amino acids 

KCS1 EL1  At1g01120  T25K16.11 Q9MAM3_ARATH 528 

KCS2 At4g34510  T4L20.90 O65677_ARATH 487 

KCS3 At1g07720  F24B9.18 Q9LQP8_ARATH 478 

KCS4 At1g19440  F18O14.21 Q9LN49_ARATH 516 

KCS5 CER60  At1g25450  F2J7.9 Q9C6L5_ARATH 492 

KCS6 CER6  EL6  At1g68530 T26J14.10 Q9XF43_ARATH 497 

KCS7 At1g71160  F23N20.15 Q9C992_ARATH 460 

KCS8 At2g15090  T15J14.13 Q4V3C9_ARATH 481 

KCS9 At2g16280  F16F14.22 Q9SIX1_ARATH 512 

KCS10 FDH  EL4  At2g26250  T1D16.11 Q570B4_ARATH 550 

KCS11 At2g26640  F18A8.1 O48780_ARATH 509 

KCS12 At2g28630  T8O18.8 Q9SIB2_ARATH 476 

KCS13 HIC  At2g46720  T3A4.10 Q9ZUZ0_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 FAE1  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 

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


 

 

 

 

 

 

 

 

 

Names Alias Entry name Family Length of AA 

KCS2   A9XUG6_GOSHI   
  
  
  
  
  
  
  
  
  
  

529 

KCS1 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 M9Z6N0_GOSRA 535 

KCS9 Gr10018147 M9Z5I3_GOSRA 504 

KCS10 Gr10015926 M9Z5H7_GOSRA 531 

KCS11 Gr10017624 M9ZC02_GOSRA 510 

KCS Gr10018148 M9Z5I6_GOSRA 418 

KCS13 Gr10031991 M9Z390_GOSRA 492 

KCS15 Gr10032475 M9ZC21_GOSRA 462 

KCS16 Gr10000033 M9Z6L3_GOSRA 390 

KCS17 Gr10028536 M9ZC07_GOSRA 537 

KCS18 Gr10034062 M9ZA66_GOSRA 515 

KCS19 Gr10010162 M9Z6K4_GOSRA 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 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


Genome-wide analysis 



 

 

 

 

 

 

 

 

 

Cotton database construction 

1. Download local blast 

software from NCBI. 

2.Download  G. raimondii 

genome sequence from 

CGP. 

3.To execute blast in DOS 

system 



 

 

 

 

 

 

 

 

 

To acquire conserved domain 

pfam（http://pfam.sanger.ac.uk/） 

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


 

 

 

 

 

 

 

 

 

复制保守
domain序

列 

保守domain名称 

FAE1_CUT1-RppA HMM: 

ylarrrrkvyLvdyacykpedelkvstetfleivkrvkkldeesleflrkilersGlgeetyvPrslleipee

ktlaeareEaeevlfgavdellaktkvkpkdigilvvncslfsptPslsamvvnryklredvksynLsgm

GCsaglisidlakdllqvhkntlalvvstEnitlnwYvGnersmllsnclFRvGgaavllsnksadrrr

akykLvhvvRthkgaddkayrcvlqeeDeegkvGvslskdlvkvagealkknlttlgplvLPlsEkl

rflaslvarkl 

Pfam search results 



 

 

 

 

 

 

 

 

 

To query cotton genome database 

1. To query cotton genome  

 database based on HMM model  

sequence 

3. To further search the cotton  

database  in order to find all KCS 

 sequences. 

2. To retrieve the corresponding  

gene sequences ,then confirm the  

conserved domain in Pfam database 

and smart database . 

(http://smart.emblheidelberg.de/） 

       FAE_CUT1-RppA+ACP Terminal 

          Lack ACP Terminal 

          Lack ACP Terminal 



Phylogeny construction 

and  

chromosome location 



 

 

 

 

 

 

 

 

 

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 III 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 

29 G.raimondii KCS genes except GrKCS11，GrKCS16, GrKCS2, Gr10004055 were 

located on 11 chromosomes ,but  chromosome 3 and 12 contain no KCS genes. 



 

 

 

 

 

 

 

 

 

Chromosome location failed 

KCS may be required in fiber initiation 

and elongation 

   A B 

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  

that high-level expression of Sus and KCS family genes may indeed be required for 

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



 

 

 

 

 

 

 

 

 

Multiple sequence alignment 

1. Align  all KCS genes using 

ClustalX. 

2.Resulting from poor alignment 

quality, we excluded all short 

sequences including Elo type protein 

and alignment again using ClustalX. 

3.The alignment results suggest that 

FAE type KCS protein share  some 

strict conserved amiono acids.  

4.Based on Netural Evolution of 

Kimura, most amino acids mutants 

are neutral, few  mutants are harmful 

and these sites are functional. 



3D structure prediction 

In order to find KCS proteins’ active 

sites and study functional mechanism, 

we used popular methods to predict 

our target proteins’ structures.  
 



We extracted each one 

sequence from FAE type and 

Elo type，such as 

Gr10018148 and Gr10000033. 

Obtain Squence 

We used Phyre and  

I-TASSER methods to 

predict KCS protein 3D 

sturcuture. 

Prediction 

                Analysis 
To analysis some details about protein structure 

3D structure prediction 



 

 

 

 

 

 

 

 

 

Gr10018148-phyre 

Analysis of Gr10018148 Protein structure 



The secondary structure of 

Gr10018148 protein 

 

 

 

 

 

 

 

 

 

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 



Conserved domain in all KCS proteins 



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. 

Substrate binding sites or active sites? 



 

 

 

 

 

 

 

 

 

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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