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Table 1 Primers of qRT-PCR

I El(57-3")

Primer sequence (5'-3")

SR 4/ SR IR
Gene name/Gene ID Primer name
GhCHII-F
GhCHI1/Gh_A13G0197
GhCHII-R
GhCHIZ2-F
GhCHI2/Gh_D13G0211
GhCHIZ2-R
GhCHI3-F
GhCHI3/Gh_A05G3491
GhCHI3-R
GhCHI4-F
GhCHI4/Gh_D04G1926
GhCHI4-R
GhCHI5>-F
GhCHI5/Gh_D13G1602
GhCHI5>-R
GhCHI6/Gh_A06G0722 GhCHI6-F
GhCHI6-R
GhCHI7-F
GhCHI7/Gh_D08G2001
GhCHI7-R
GhCHI8/Gh_D06G0839 GhCHIS-F
GhCHIS-R
GhCHI9-F
GhCHI9/Gh_A08G2369
GhCHI9-R
GhCHI10/Gh_D07G0160 GhCHI10-F
GhCHI10-R
GhCHII11-F
GhCHI11/Gh_A07G2350
GhCHI11-R
GhCHII2-F
GhCHI12/Gh_D08G2008
GhCHII2-R
GhUBQ7-F
GhUBQ7/DQ116441
GhUBQ7-R

CCACCAAAACCCTGTTCCTT
ACTCCACCGCGCTCTTACCC
AGCCTCCTGGTTCCACCAAA
CACCGCGCTCTTACCCTTCC
CCTTTTCCTCCACAAATCAC
ATCTTCAGCTAGCACGTTCC
TTCACGACGGAGGGAAAGGA
GCAAAGCTCAGCGGAGAGGG
CAAATTAACTCAAACCCATT
CAAAAACTTTCTCCCTGTAC
GTGGCAGTCTATCTTTTCTA
TGATGATCTTCATGGTTCTT
GAACCACCCGTTCTTCCAAC
GCTTTTTTTCCTCAACCCAA
CGACACATTCCTTTGCTATC
GCATCCTTGACCAACTTCAC
TTGCTGTCGTCTCGCAGAAT
CGGGAAAGAAACCCCACTCT
CTTCTGAGGTGCTTGTTGGT
AAAGTCATTGTGTTTGTTCG
CTTCTGAGGTGCTTGTTGGT
AAAGTCATTGTGTTTGTTCG
CTACCTTTTTCCAATTTTCT
CTATATCCCCACTTCACACC
GAAGGCATTCCACCTGACCAAC
CTTGACCTTCTTCTTCTTGTGCTTG

(££2) . GhCHIF:H G5 FNORSF 4548 3003 B4 2R &
P, GhCHI6 .GhCHIS Fl GhCHIL0 % 4 6 M ST 7
(motif 1 ~motif 6) , Hifth GRCHI % 4 1~5 4= A
SRR (1) s ARl GhCHI 35 & A A R 2880 Y
2 R i K R 45 #4381 (Chalcone_3 superfamily .
PLN02804 family protein, PLN02311 family protein,
PLLN03175 family protein FiI PLN03174 family pro-
tein) (& 2) .
2.2 137 GhCHIE L B4 47

9 T WSS AR A GhCHI 3% IR 52 i A kA i 72
M) 3 2% 0 2 , 26 BUHDL RS T FIUK R CHI R 11 -5 il M A
GhCHIZE ARG A . 455 7R X 4 CHI /]
LAy R 3441 : Group 1(OsCHI2 ,OsCHI4 ,GhCHI3,
GhCHI4) . Group 2 (AtCHI1-AtCHIS , AtCHI10, At-
CHI12) . Group 3 (OsCHI1, OsCHI3, AtCHI9. Gh-
CHI1 ,GhCHI2 .GhCHI5-GhCHI12) . Group 1574 2

AL CHI, Group 2 PR I+ CHI, #5& A Py
RS 332, Group 3 H1 A9 CHIZEMR AL Hh B AT 3 X
B R (E3).
23 WMEGhCHIEERBFIRNXIERTHAK
S

TEIBR AL GhCHI JE RE IR 2% 15 5~ _E i 2 000 bp
(55 35 531, F1)H PlantC ARE 43 87 3 R 31
H AR T OCPE 2, 45 51 BoR , WA GRCHI %
P g 2l 7 A i 9 6 e B o 1 -2 Gh-
CHII0 3 8hF & 41 16 Aamipi oo, i n T EflS
S R 2 (] 8 VIR R . A, R 28 GhCHI R 3
T A W TR i 1 TG A 2R AR R e IR TG A A R R
RSN ICHF . GRCHIL,GhCHI6 .GhCHIT7 |
GhCHI9 W Ja 3h+ ¥ & 5 58 A W) 6 s
PRIV 1) MUY B &5 6 67 s, 0 30 0 5 PR o IS B il £,
YA B R EZEER(E4),
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Table 2 Physicochemical property and predicted secondary structure analysis of GhCHI genes

WHID g TR BURMRRE S RAIRRC g, EIREEG S g, A
Gene ID Gene name Nucleotide ~ Amino acid Isoelejctrlc Grand averellge w-Helix Extended 3-Tum BLiith/ % '
number number point of hydropathicity strand Random coil
Gh_A13G0197 GhCHI1 2750 227 5.02 —0.043 43.61 19.38 9.25 27.75
Gh _D13G0211 GhCHI2 3097 227 4.92 —0.058 40.53 18.50 9.25 31.72
Gh_A05G3491 GhCHI3 1056 216 4.86 —0.090 43.52 24.54 7.41 24.54
Gh_D04G1926 GhCHI4 1013 203 4.98 —0.172 46.80 21.18 7.39 24.63
Gh_D13G1602 GhCHI5 1575 278 9.13 —0.063 33.45 19.42 2.52 44.60
Gh_A06G0722 GhCHI6 2881 432 8.52 —0.045 38.43 16.67 5.09 39.81
Gh_D08G2001 GhCHI7 2410 297 9.13 —0.154 40.07 19.87 5.72 34.34
Gh_D06G0839 GhCHIS 2867 432 8.71 —0.080 36.8 16.90 4.86 41.44
Gh_A08G2369 GhCHI9 7 460 451 9.38 —0.116 38.58 21.06 5.54 34.81
Gh_D07G0160 GhCHI10 2557 439 6.95 —0.031 39.64 15.26 5.01 40.09
Gh_A07G2350  GhCHII1I 6 264 243 7.00 —0.299 28.40 19.34 6.58 45.68
Gh_D08G2008 GhCHII2 1056 201 8.90 0.131 42.79 23.38 6.47 27.36
r GhCHI6 ﬂ—l—‘ .
- GhCHIS .-H—‘ I [
- GhCHII0 W_ 1 ’ |

L Ghenil ﬂ Iy W
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—chcarr — N |
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-
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Fig.1 Gene structure (A) and conserved motif (B) analysis of cotton GhCHI genes
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[e 1o /0 B R R PR R PP PP 0
GhCHI2 -+* 0
GhCHI3 0
GhCHI4 0
GhCHIS 0
GhCHI6 106
B o e T 0
GhCHIS --- . .MRNTWLFFMDLDGGGSPYI! GAHLFSQ YHSKHLYVPGSLAFREAFSCMSKFTGAILFWFSSMSTSKLSRDISSGNQRGLESRSCESS 106
GhCHI9 MTT TETFNMSFYMTYLARWPDYFQUAEGPGNRVMGY IMGKVEGQGESKHGHV TAVTIAPEYRRQQLAKKLMNLLEEISDKIDKAYFVDLFVRASNTPAIKMYEKLGYVIY |30
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GH O] S S e G T S S s S T S R O e S S S s O SRR s 0
GRUHTTD  wrssowmsazessisasvans e a0 5 788G 0 B SR T T SV G 35 S W SRS TS s et 0
.............................................................................................................. MSTSPSVTELQUENFTIRPT 20
gl};ggg . .MSTSPSVTELQVENFTIPT 20
GhCHI3 MVFLGVSVTTEMVIVORVPRPO 23
GhCHI4 -+* PQ 10
GhCHI5 MVGLGSISTPMCTTSPLPSKPNPRNNFPGKLSHPLLGFHKVHSLSLSTHFSPQKNKLTQTHF TLKASSVGTADYTEBBATKVKGRTS 87
GhCHI6 ALVKHLFSCKNNLAGCRFASDSRGLFGTPLVFGKTSSFANRSFFGEAEALRHTPLLSLABAL TPPLDNL SSKVLAVPLONT ELQHQE LMDRRPCEVG. QGCGRLSFLDLNRRR . . . LATERRTETEGTT 232
GROHIT vevevenrenenensenennd MMMSLRFPFLFSQPTNLPGSGSSSQNNHRTTPRSRF SATF AAATAAS TGAAAAAGVSVVSQNPNHPF FQHAANLL LPNSSBLLKASVSLADGS APVVERKSGVSIRAY 108
GhCHIS VLVKHIFSCKNNLAGYRFASDSRGLFATPLVFGKISSYAMRSFFGEAEALRHIPLLSLAAAL TPPLONLSSKVLPVPLDNTELQMQELMDRRPCEVG . QGCGSLSFLDLNRRR . . .HAIEPRTGIE@TI 232
GhCHI9 RRVLRYYSGEEDGLDMRKALSRDVEKKSMIPLKRPPTNLPGSGSSSQNNHRTTPRPRF SATFARATAASIGAAAAAGVAVVSQNPNHPFFQHAANL LLPNSSSLLWASVSLADGSAPVVERKSGVSIEAY 260
GhCHI10 AQVKHIASYKNNLMGFHFACESKGRSATTHVS. . ... ... LHFFGEAEVLRSFPLLSLSVALTPPFONLCSKVL DLNWTQ. . .HAVERRTGIE[ETT 216
GhCHI1 MEPPISLVREKVKRCSKVL DLNWTQ. . .HAVERRTGIE[ZyTT 72
GROHILD  soisommsn: s osen s oo s o oo mls 18 o583 S R LGRS 104 R A A N A T 8 8 MR S AR A5 0
GhCHII g LED.IAVN vsslchlw 120
GhCHI2 LED . SAVN 120
GhCHI3 LER . ellveHl. 119
GhCHI4 - LER. ENVGHI. 106
GhCHI5 . Bl 184
GhCHI6 DNMLDTQNNSIL evilver 339
GhoHIT W vesss s QY 504
GhCHIS EDNILDTQNNSSLAS EVIVeT] v 339
GhCHI9 H6..-.-...... o
GhCHII10 Dnv:unqmglL eviIveT] 316
GhCHI11 EDNVFDRQINSSLSSEVIVeT] Y 179
GHEHIL? “sapssnsitisanss) |10 GNLSAFIKNS! %0 4 31
GhCHII ISLGIVTD Qe VDN, L T1sEOGsET IENKLLnNSaESI fE. KNGV PAjESLASR spL 227
GhCHI2 KSLGIY QETEVKDEN . ShiLETISGOGSLT TENKLLANSVEESIHE . KNGVSPPAKESLASRESPL 227
GhCHI3 AnookveeeeeeAlexvvErgosky B THHFPAN . SATAE! AFTTEIKEEA TKVENANVVEMIKK ATTISSLANTESAES 216
GhCHI4 AADDKY VEFGOSKY . FKi TNHFPAN . SATAETAF TTEGKEEART ATTISSLANTHSAE] 203
GhCr1s REkapTe . voesAlsTRRERoGRP . INKETSHF TWPHPEKHLVA SSBGLP.TSTDATIESPNVGSA D LR TSVATGEATIEK. 278
GhCHI6 TNPNTDYR(] DI (€ TIHDFQRTADGC | a0
GhCHI7 RUOKFS QR TS QGKDE Y YVIKI TIDGKEIGSTE nr s . AKDDVDLNVASLI 297
GhCHIS TNPNTDYR(] TIHDEQRTADG CRA. . Q. 432
GhCHI9 0 YVIUIKE LS . KLFFAYF IFALDIRSN. HSVEINESGICIKCPLFPLIF] 451
GhCHI10 TNPDTDYHCISTRGS LETODT. TVHOE RRTADG! i CRA. . 439
GhCHI1 TGS LG TPDL, & QRTADGQUVEKEGGNHTEVVOSEDLEKT . « .+« P e e et ettt eneaaaes et eie e et eneeteaeeaeeneananenenns 243
GhCHII2 i ORI TS EKDEY YWIKETS . KLFFACFIFLDT UEPTRlHS LETNSSGICIKCPFALFFITORLRISISSFLLKYQILRLTHLWCEVG 200

E 2 #7 GhCHIH £ /7 5 Lb Xt FR P& HE 3 47

Fig.2 Multiple sequence alignment and conserved domain analysis of GhCHI
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Fig.3 Phylogenetic tree of CHI gene family members

of cotton, rice and Arabidopsis
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Fig.4 Constituent analysis of cis-elements of GhCHI promoters
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Identification and expression analysis of chalcone
isomerase gene family in cotton

YANG Dan',BAO Junxiu', CHEN Pei', WANG Fei'?,
TANG Shouwu’, LIU Haifeng®, LT Hongbin'**

1.College of Life Sciences ,Shihezi University,Shihezi 832003, China;
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Abstract To study the function of chalcone isomerase (CHI) gene in fiber development and re-
sponse to stress in colored cotton, the physicochemical properties, conserved domain, cis-acting elements in
the promoter of CHI gene, advanced structures and phylogeny of proteins were analyzed , transcriptome data
and quantitative real-time PCR (qRT-PCR) were used to analyze its expression profile. The results
showed that 12 members of GACHI gene family were identified from the genome of upland cotton, which
can be divided into two subfamilies with typical chalcone superfamily domains, encoding 201-452 amino ac-
ids, mainly hydrophilic proteins, and secondary structures mainly composed of a-helix and irregular curls.
The types of cis-acting elements in the promoter of GACHI gene mainly include light response elements,
hormone response elements, and elements involved in the regulation of flavonoid biosynthesis. The results of
analyzing expression profile showed that GhCHI1, GhCHIZ , GhCHI3 , and GhCHI4 were closely related to
fiber development, especially with high level of expression during the period of pigmentation and coloring at
the later stage of fiber development in colored cotton. These four genes also had high level of expression in
leaves, receptacles, and pistils. GRCHI1 , GhCHIZ , and GhCHI3 were significantly induced to express under
heat stress, salt stress, and drought stress. The results of qRT-PCR showed that GACHI1-GhCHI4 were
significantly enriched in fiber growth, especially in colored cotton. The results of analyzing the interaction of
GhCHI1-GhCHI4 protein showed that they may interact with proteins such as 2-oxoglutarate 3-dioxygen-
ase and flavonoid 3'- monooxygenase involved in the flavonoid synthesis.It is indicated that GRCHII, Gh-
CHIZ , GhCHI3 , and GhCHI4 genes play important roles in fiber development and stress response in col-
ored cotton.

Keywords natural colored cotton; chalcone isomerase ; gene family ; fiber development ; pigmentation
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