YL 223 ( Jiangsu J.of Agr.Sci.) ,2020,36(3) :553~560
http: //www.jsnyxb.com 553

B S KR R T AR TR R 2 PP 2R SR R DR ) S 5 08T [0 ] TR ARl 241, 2020, 36(3) :553-560.
doi :10.3969/j.issn. 1000-4440.2020.03.004

BEEREAPREZRSUBERNEES SN

R R, kA, KAt
CIEIRA AR e 2 BRI BRSO T/ A AT KT T AR AL S S T S0 % VT At 210014)

WE. RIERERALBEE IR T8 AR F S5 R e 205 B STARAE 2 A A5 PR EF A Fh (A JE 2 1S
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FE PRI G B 5 A R 2 R A S AR AR I A R e vh Rk 22 5% R B 16 MIER BT M2 5. FIAX 16 4
FEIR i ) 2 1 BT IR T 5 S ARG PR R I R R R AL R R IR T S A T A AT, 45 R B W Gh_D06G2009 J& T
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Identification and analysis of gibberellin oxidase gene in cotton genome

ZHAO Liang, DI Jia-chun, CHEN Xu-sheng
(Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences/ Key Laboratory of Cotton and Canola Research at the Lower Reach of the Yangize
River Plain, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: Based on the conserved domain of gibberellin oxidase amino acid sequence and bioinformatics, genome-
wide searches were performed on two diploid wild cotton species ( Gossypium arboreum with A genome and G. Raimondii
with D genome) and two allotetraploid genetic standard lines (upland cotton TM-1 and island cotton H7124). In the two
diploid wild species, 219 and 188 members of the enzyme family were predicted in the A and D genomes, respectively. In
addition, 310 and 428 members of the enzyme family were predicted in allotetraploid upland cotton TM-1 and H7124, re-
spectively. Subsequent analysis of 310 members predicted by us in upland cotton revealed significant differences in 16 genes
between gibberellin mutants and wild-type transcriptomes. The amino acid sequence of the protein encoded by these 16
genes and the amino acid sequence of gibberellin oxidase in Arabidopsis thaliana were analyzed, it was found that Gh_
D06G2009 could belong to GA3ox oxidase. Gh _D01G0300 and Gh _D09G0746 were GA2ox oxidase. However, Gh _
A06G1341, Gh_A07G1653, Gh_Al11G1416, Gh_A13G0444, Gh _AI13G1787, Gh_A13G2343, Gh_DO0I1G0055, Gh _
D07G0446, Gh_DO07G1858, Gh_D08G2680, Gh_D11G3415, Gh_DI13G0516, Gh_D13G2157 were GA200x oxidase.

Key words: cotton; gibberellic acid; gibberellin
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%2 FERIR T A A R A A B ST A RGE P, X 3
i B R A EE K GBI 16 A 5.
AtGA200x1 ~ AtGA200x5 . AtGA20x1 ~ AtGA20x4 Fll At-
GA20x6 ~ AtGA20x8 , AtGA30x1 ~ AtGA3ox4 , GA200x F1l
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1.1 ERFAHIEE

AW A FH 0 5 PR 2H 880 E 2RI T 4 A
Flr, BORRAE A5 A SEPIZH AN D 3 PR 41 174 S 9 A
( G. arboreum) MTESFECH ( G. raimondii) , Fi1E5F
TR DU AADD JE R ZH Y B HIAR ( 6. hirsutum ) FE
B35 (6. barbadense ) " (1 8 15 AR E R TM-1 il

H7124, 3% 4 A>3 K 41 5 2080 #5585 B o hitp ./
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1.2 EEER

HAE Sonnhammer 551 (1 7 &, A 4K 4 HM-
MER 3.0 J3 5% 4 /35 PR 20 5 v 14 o 7 3R AU AL il
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DIOX_N ( PF14226) fil 20G-Fell_Oxy (PF03171) .
Bifi 5 1) FH A 26 4K 14 SMART ( http ://smart. embl-hei-
delberg.de/ ) XV R4S 2] Y 3 K] g 65 11 22 6 12 7 1)
PRAF AR T I UE ST
1.3 HHEwiaE

FIH MEGA X' HEAT 3 51 (9 22 50 LU X, LX) 25
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1.4 FREZRTREEHH
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TTPRE TM-1 HE DAL b 0 2 i o 2 3R AR L e IR (3R2) o PRI, 3 16 D AHE (o R AL AL )
RGP AR (TM-1) e e s i Bl h e IRRARIE B2 5 TRAERE R G I
T4k, A 16 DU TEPI DR P AE AR 25 57 3%
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Table 1 Prediction of gibberellin oxidase family members in four cotton genomes

THSEAR AR Rt Af TM-1 TR H7124
Dot AERAM| ), AEREL) AL OREREL DO ORERAM) AL FEREL DT RERAL
[522 SES e BEECPRCEE| | R4 LR SR ERERNRGE| | JRNA BRG] R
DO1 21 AO1 16 AO1 16 DO1 18 AO1 20 DO1 22
D02 8 A02 8 A02 11 D02 6 A02 20 D02 10
D03 5 A03 15 A03 2 D03 4 A03 3 D03 9
D04 7 A04 8 A04 6 D04 6 A04 8 D04 6
D05 12 A05 16 A05 9 D05 9 A05 16 D05 14
D06 14 A06 11 A06 8 D06 6 A06 11 D06 6
D07 15 AO7 13 A07 12 D07 12 AO7 13 D07 16
D08 19 AO08 23 A08 17 D08 16 A08 24 D08 21
D09 24 A09 22 A09 18 D09 18 A09 24 D09 27
D10 14 A0 16 Al10 11 D10 14 A10 17 D10 17
D11 11 All 14 All 10 D11 10 All 15 D11 15
D12 7 Al2 11 A12 7 D12 7 Al2 13 D12 11
D13 31 Al3 33 Al3 26 D13 25 Al3 36 D13 32
N/A 13 N/A 6 N/A 2
st 188 219 310 428
DO1~DI13.D HEREA 13 ZUEIRIIGS ;401 ~ A3 A FERLL 13 ZULEIRIIGS s N/A  TCHER & Y Gk IT)E

R2 REFBZRPRBERTHSHLUERATZRREER

Table 2 Differentially expressed genes in cotton gibberellin mutants and wild-type transcriptomes

TS| Log, (Xl 5875 14 ) PAE WIEJE P4 ER/ TR
Gh_A06G1341 1.88 2.48x107* 2.06x1072 1
Gh_A07G1653 1.90 4.29x1075 4.87x1073 1
Gh_A11G1416 4.51 4.06x10°° 6.40x107 1
Gh_A13G1787 5.04 7.99x1073 8.22x107? 1
Gh_A13G2343 1.61 4.02x107™* 3.03x1072 1
Gh_D06G2009 3.14 5.64x107* 3.92x107 1
Gh_D07G1858 1.74 1.55%107* 1.40x1072 1
Gh_D08G2680 3.57 2.02x1078 4.86x107° 1
Gh_D09G0746 6.86 7.52x107° 1.93x107° 1
Gh_D11G3415 2.25 3.80x107 6.03x107* 1
Gh_DI3G0516 3.07 5.06x107'° 1.48x1077 1
Gh_D13G2157 2.19 1.64x107° 2.86x107* 1
Gh_A13G0444 -2.20 1.94x107™* 1.68x1072 !
Gh_DOI1G0O055 -2.40 3.38x107° 5.44x107* }
Gh_D016G0300 -2.19 8.59x107° 8.59x107? 1
Gh_D076G0446 -2.02 2.50x107* 2.07x1072 !
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FERITE A I SRR 2 P LA AN B335 ( Gh_
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Gh_D06G2009
Gh_D07G0446
Gh_D07G1858
Gh_D08G2680
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Gh_D13G0516
Gh_DI13G2157
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Gh_D06G2009
Gh_D07G0446
Gh_D07G1858
Gh_D08G2680
Gh_D09G0746
Gh_D11G3415
Gh_DI3G0516
Gh_DI13G2157

C Sdpa F
Gh_A06G1341
Gh_A07G1653
Gh_A11G1416
Gh_A13G0444
Gh_A13G1787
Gh_A13G2343
Gh_D01G0055
Gh_D01G0300
Gh_D06G2009
Gh_D07G0446
Gh_D07G1858
Gh_D08G2680
Gh_D09G0746
Gh_DI11G3415
Gh_DI13G0516
Gh_D13G2157

10dpaF  20dpaF  25dpa F

3dpa O

mrp LIk (B 1-A) s S E5MMEIRER Z B 1A 8 /N3
( Gh _A06G1341 . Gh _A07G1653 . Gh _AI13G2343 . Gh _
DO6G2009 .Gh_DO07G1858 . Gh_D08G2680 . Gh_D11G3415
1 Gh_DI13G2157) (K 1-B) ; Z 544K LB NA 6
ANFLIH (Gh_A06G1341 .Gh_A07G1653 .Gh_D07G1858 .Gh_
D08G2680 .Gh_D11G3415 F Gh_D13G2157) (& 1-C) ,

SdpaO  10dpaO  20dpaO  25dpa O  35dpa O

I
-3.0 0 3.0

A A ERBAE BRI E R P RIBAE; C. A gL FHR T RIBME, dpa: FFIEEREG O JRZK;F. 474k,
1 Bhibis TM-1 FERYRERRT R SHERERRIEERAE
Fig.1 Heat map of differentially expressed genes between gibberellin mutants and wild-type in upland cotton TM-1
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Fig.2 The phylogenetic tree of gibberellin oxidase genes
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AT CDS J¥ 41, 3843 DnaSP V6 34X} 4
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B L (Ka/Ks ) #B/NT 1, [RJRE S 05 DO 475 4 1)
Dt WA 5 EH S RHH D 422 8 Ka/Ks {6 R A
Gh_D11G3415 LM ILEK T 1, HRA#H/NF 1 (%
3), Ui Ka/Ks {E/NF 1 B9 3E R AE L S e b &

i T ASRF AL e 5, i Ka/Ks fHRKTF 1 14 Gh_
DI11G3415 FERAES AL P 405 T A AR B IE 1]
HEFE,

WIT ST 16 NEEF AL T (R ZEM
) RIS AR OCHE R I, BT AT 36 X FE R Z ] A7
TERE W IE AR SCE A OCOC R (7>0. 9 5(r<-0.9) ,
Horp 16 X 2 (A7 76 1835 16 AH 56 5 51, 20 X 3%
HZ MAFE B E AR (E 3)

£3 BEREEGEES ZEETEMERERNE SRR CERI T

Table 3 Synonymous and nonsymonymous substitution of homologous genes in allotetraploid and diploid wild cotton species

* KA S A/ [] SUR 5 ( Ka/Ks )

Gh_A06GI34]  GB_A06GISIO  Ga06GI864  Gorai.010G184900

Gh_A07G1653  GB_A07G2108  Ga07G2101  Gorai.001G212500 0.45 0.92

Gh_A11G1416  GB_AIIGI600  GallG2406  Gorai.007G170100 0.84 0.55

Gh_A13G0444  GB_A13G0522 Gal3G0490  Gorai.013G055900 0.85 0.92

Gh_AI3G1787  GB_AI3G2471 Gal4G0305  Gorai.013G239100 0.22 0.09

Gh_A13G2343  GB_AI3G2478  Gal3G2531  Gorai.013G239900 0.08 0.05

Gh_DOIGO055  GB_DOIG0055  Ga0lG0061  Gorai.002G006700 0.23 0.23
Gh_D0IG0300  GB_D0IG0379  Ga0lGO0389  Gorai.002G038900 0.28 0.19
Gh_D06G2009  GB_D06G2276  Ga06G2297  Gorai.010G227700 0.13 0.19
Gh_D07G0446  GB_D07G0507  Ga07G0531  Gorai.001G051700 0.00 0.05
Gh_DO7GI858  GB_D07G2146  Ga07G2101  Gorai.001G212500 0.15 0.10
Gh_D08G2680  GB_D08G2643  Ga08G2627  Gorai.004G258600 0.12 0.23
Gh_D09G0746  GB_D09G0928  Ga09G0935  Gorai.006G092800 0.30 0.14
Gh_DIIG3415  GB_DIIG2725  GallGI262  Gorai.007G266400 1.17 1.17
Gh_DI3G0516  GB_DI3G0534  Gal3G0490  Gorai.013G059000 0.95 0.88
Gh_DI3G2157  GB_DI3G2418  Gal3G2531  Gorai.013G239900 0.28 0.15

3 1F 8
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Fig.3 Correlation of gibberellin oxidase gene expression in roots, stems and leaves
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