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Differential expression of the key enzyme of gibberellin biosynthesis
pathway in cotton under different ecological conditions

SHI Jianbin, WANG Ning, ZHOU Hong, XU Qinghua, QIAO Wenging, YAN Gentu”
(Institute of Cotton Research/State Key Laboratory of Cotton Biology, Chinese Academy of

Agricultural Sciences, Anyang 455000, China)

Abstract To explore the relationship between the key enzyme gene expression of gibberellin synthesis pathway and
different tissues or environmental condition, cotton CCRI49 and 396289 were selected as material, and UBQ7 was
selected as reference gene, Relative quantification real-time PCR was developed to determine the gibberellin key gene
expression of different cotton organizations under two kinds of ecological environment. The results showed that:
compared with Anyang. the average node of first fruiting/sympodial branch of CCRI49 and 396289 were repectively
decreased by 2.0 and 2.6 under the growth condition of Alar. In Anyang region, the expression trends of gibberellin
related gene were basically identical in tissues, but the expression level in stem was higher, which was beneficial for
the growth of plants. In Alar region, the CPS1, KS, and KO gene expressions were significantly down-regulated in
CCRI49 and 396289, while GA20x1 gene expression was up-regulated. The down-regulation of CPS1, KS and KO
reduced the synthesis rate of gibberellin, and the up-regulation of GA20ox1 decomposed the active gibberellin. To
adapt to the arid and salinized growth environment of Xinjiang. the cotton plant regulate its growth and development by
changing the expression of the key enzyme gene of gibberellin in the plant.
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MRE IR L 1 H AR 2E 35 F 1938 47 I AR5 1 v 43 B
R4 1 TER Y AR R R E R R
PR 2 56 2R 2R Y & B R S
T R B9 AR R i R R R B R
B A EER KRR LR EEF . Y0
BRE e S GA A& MR PR 4 B 2 5
R, HENE T GA AR BRI IR C & HAR
W B SR R R R AR . RE R A G R
NN BGRB8 3 MBS 5HE
) G I T A A 0 B AR W R G L (Copalyl
pyrophosphate synthase, CPS) . N-Il 5% £ 1% & ik
fif (Ent-kaurene synthase, KS) ., N-0l 58 ¥ 1 & 1k
i (Ent-kaurene oxidase, KO).GA-2 FEALHEF (GA-2
oxidase) \GA-20 & Ak fiff (GA-20 oxidase) Fil GA-3
S ALWE (GA-3 oxidase) &7

CPS &% GAs A=W & g A2 — AT 2 A, 1L
fEAL e 24 JL 3 W 4 )L £ W5 B2 (Geranylpyrophosphate,
GGPP) £ Ji [ 7 ¥ o B £ @ R ( Copalyl
pyrophosphate, CPP), #kt i GGPP [v] GA J5u] &
B CPS A TR BR . HEA 51575, #1351k
XL T B2 — 2 . 7 A i) CPP 7 KS fiEABER T
T LY B 7 ) - DL FE A2 06 B R O 55 R T &
CPS 5 KS Wy #E b B b ¥ % A 7 5 AR BRI . KO
JE— R T N M, 5555 A i 8 40 i (1 P450
M NADPH ) B A AL B - 28 =20 ) ok - DL e A2
RN N-N R mIR. GA-2 HIb#.GA-20 |
TEREA GA-3 S AR B GA L& BRI £
it , kg AT P B0 BUIN U S 7E GAs & UG 1 B Be ke
B, /AN 2 B KRS, BRI RAA
20~30 F i GA-20 S ALRBRE R B e e . GA-2 &
LB T BAE ] TH A VG R GAL FGALEPTE
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1.2.2 44t % RNA BIRE 240

166 A 12-—14 H 47 H 8] 2 1 [543 50 B
[vi] Fsf 39 7 L B ) MR 25 2 20, & 4TI 3 IRAE )
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Bt 72 9 A DNase T T./E# (RNase-Free DNase I
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YLD WAL e i) DNA, 4250 RNA IR iRl
S8 AN 2 e R4 B O 1.2 06 i B R R
VKA RNA F 58 84 , —80 CLRAF# .
1.2.3 R #F 4 cDNA 4

DA I RNA SRR 8 47 300 5 s BN 1A &%
20 pL, 37 Total RNA 30 ng.5X gDNA Buffer
2 pL.RNase-Free ddH, O # & 20 pL, {851 FH 4
B fE PCR A H #E47 42 °C 3 min,4 C 2 min, Z
JaER R i A FQRT Primer Mix 2 pL, 10X
Fast RT Buffer 2 yL. RT Enzyme Mix 1 puL HI
RNase-Free ddH,O 5 pL, iR 41 )5 & T PCR U H it
742 °C 15 min, 95 C 3 min, L 5 —20 CIR#F

#H
1.2.4 31489kt

MY S 5 R G BGER M O AR
R B R A R (CPSL) . -0 3% M 1 & R
(KS) | W-D1 52 42 M A Ak i (KO) . GA-2 % fk i
(GA20x) .GA-20 AL (GA200x) il GA-3 E AL
(GA30x), DL Je 55 R Z R GID1, %4 4¢ NCBI
R EST J7 53¢ 2 2% /KA 4 % 175 il 45 4 ) o 45
F A O 3L 7 5 B Primer Premier
5 1E A SE AR SF A TR ST . DARRAE
P4 5 ] UBQT7 (GenBank: DQ116441) 1 R 4 2
SRS A S A TRA RS RGE D,
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Table 1 Primers used in SYBR Green I real-time PCR assays
4 R LRIl 7 18] R (5'-3"
Gene name Assay Orientation Sequnce
W E AR A R qRT-PCR Sense CGGAAATGGGTCTGGCTGAT
CPS1 Anti-sense CCGCTCTTGCGACCTTTCAA
PN - DL 58 A5 97 A LT qRT-PCR Sense GCAATCCATGTTTCCCTGCC
KS Anti-sense AGGACACATGCCAATGTGGA
- 0135 4 0 AL il qRT-PCR Sense ACGATACGTGCACGAAGACA
KO Anti-sense GGGTTCCATTCTTCGGGGTT
GA-2 G ki qRT-PCR Sense GTGTTGGAATCCGAAGCTACCA
GA20x1 Anti-sense AACCCAACCAACATCACCTTGT
GA-20 A AL qRT-PCR Sense GCCGAATCCGTGCCGATAAT
GA200x1 Anti-sense GGTTCGGCTGGTGGATTCAA
GA-3 & 1kl qRT-PCR Sense TGAGCATCGGCCTTTAGCTT
GA3ox1 Anti-sense TGGAATTACAAGTGCCGGGG
HERZEIER qRT-PCR Sense GCCTTTGTAAGGCCGTTGTG
GID1B Anti-sense TAACCCACTTAAGAGCCGCC
A6 P9 B 4 % S qRT-PCR Sense AAGAAGAAGACCTACACCAAGCC
UBQ7 Anti-sense GCCCACACTTACCGCAATA

1.2.5 gRT-PCR 4-#f

B cDNA J5 & FEA N 3 WY =&
B MR A I LA cDNA SH A AR, 4 H i 5& A
MR S PE 1 W) 54T qRT-PCR 9715 . [ B 43 531
PIGEHAMR ZEM AR NS HWEEMANS
BN 3 KB ARERE, RNAKRN
20 pL, A% 10 pL 2XSYBR Green 1, 5| #4% 1 pL.
¢cDNA 1 pL, ddH,O 7 pL. R FF N 95 C
15 min, 95 °C 10 .60 °C 30 s,40 YK, %% gh £ ity il
EH R 65~95 CL, 4 0.5 °C/5 S I W OGAE 1
W B 1Q5 b i PCR Y 2 F R 4 F 4347

2 ek A H S N SRR
2 FERESH

2.1 WBERBBETLLSN

Fi A8 A B CCRI49 H1 396289 43 Bl 78 A BT 4%
Sy B3 s B R 2R b DX (%) SRR A AR 1 A0 I A 25 R a0
F2 R oR,BAM OB IE A 10 Bk, B ¥ (E.
CCRI49 7“2 BH 2 56 b 1) - 349 SR A r s B2 ly 7.3,
E BT RL IR 3 35 b 1 2 SRS A R B R 5. 3, B AR
2.0, H 2 5iAM B 2 KF(P<0.01);396289 1§
2 PH IS b 09 SF X BB L i BE Dl 8. 4, T AE B
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PRI U 2 5. 8 FEAR 2. 6., 22 Sk A I 3K
F(P<<0. 01) o 4B A5 Bl 437 /R M IX AR K A% fF
T RBUIR AR LA L T2 BH X A P R AR
Horp CCRI49 SR B A A 19 7 5 12 ih 42 FH 3l X /Y

6~ 8 5 FAAR Ay Bl R M X B 4 ~6 F5.396289 |
Fe tE A A B R 2 P M X B 8 ~ 9 i FERAK Sy B
PLORHLIX A 5~ 7 35, 3X 5 57 85 o XA <0 45 1
Hx.

R2 RERETNSEERE

Table 2 Investigate of node of first fruiting branch

Bl
% Anyang FifHi /R Alar
1k . .

_ R 5 R R 5 B
Material

NFFB Span NFFB Span

CCRI49 7.3 £ 0.3 A 6~38 5.34+0.1B 4~6

396289 8.4 £ 0.2 A 8§~9 5.8 £0.3B 5~17

18 :NFFB RS — RO, AFKE T EFRRLE 0. 01 K 254 3% (P<<0. 0D,

Note: NFFB, node of first fruiting branch. Different capital letter means the difference is significant

at the level of 0.01.
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Wk 420 11,6, 11,15, 71, 21. 94 1 42. 43, 7F
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ZAR K, 7E CCRI49 My rp 3£ 3K 5 I8 T XF B 76
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Fig. 2 The expression of GA metabolism key enzyme genes in tissues of the cotton Zhongmiansuo
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Fig. 3 The changes of relative expression of key enzyme genes in GA synthesis pathway in

cotton plants under different environmental conditions
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B R FIB KA K, JE AR B 55 N A AE i
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DRl s B 5 M A ) 0 B R 4 7 AR DT ™ R T AE )
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A B GEAR R R A I 25 SR B AE 2 PP AE S IR
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HoA K & E. 76 H 88 B 4 K # X, CCRI49 F
396289 HH AR N 45 I B 2 AH OC L A ) ik AR b
WA FrAS ] CCRI49 B 25 A A 56 5 R 3% 35 &= 2 47
TEBR B AKEAb AR AN GA20x1 Fil GA3oxl 3
o E M, 396289 4R 4H 4N GA20xl,
GA3ox1 Fl GA200x] Fik Bt W N, 5%
i DX AR B R T BT 7 2R L DX AG IR ) 25 4 4

) CPS1.KS fil KO JE [ Fik it 2 TR, R4 4
W GA20x1 Fl GA3oxl 33k 7 W R0 B 1,
RAERE K B RN E IR BE AT Y
T it P 5 CPS1.KS 1 KO % BBy BE i 3% ik
i B GA20x1 ik 5K ARG GAs 196 .
DAR XF 33 5% By 30, 1% 45 R 5 A A F 5 — 560
GIDBfEN GAs 2 3L . 5 GA200x JEH 1 3
BRIEHL. HERERG AR RIE G RER
M5 51 88 25 T UFoC i FEAE IR b7 A TR 8 R AL
Ni. 396289 MOBHEAR Z MR % CCRI4Y i, H 25
FRHUH AR R Rk, ARZ5 R ,396289 MRALZI N
GA200x] Fik i LRI R K, X 5% MR R &
KR BERZNEEE R ER M AR A G,

TR

AT 5 38 3 8 A A6 A B CCRI49 i 39289
FAE T AN [t DX o b A G RS I A 4 9 A8 Ak L &5
WIR S FEBTRLR XA K S T o PR AS I A
ALAH Fl T2 B X359 A7 3T 4 00 5 4 Bk A4 P o
B R RBKPA K. P Real-time PCR J5 i X 2
B 2 AR 38 A% v G Bl il 56 A1 1 A X6 3R 08 R 4 BT R
B, FE 22 FHL X, CCRI49 F1 39289 W 44 K} b Rk 8 R
B IR AR 25 O il TR AE A W) ZH 8L 1) ek e A 5
AR — B, R U 5 A DGR R Rk L A AR A K
PEAL T TG P GAs; 7637 | B L R M X, B F T
5L R A AF R B 2% 1 1 52 . CCRI49 1 39289
FE AR A 9 45 O 5 28 A OC SR IR 1 28 58 1 AR A6 AT T AN
[, EELM K CPSI.KS il KO % By B 5 A
FiE T .GA20x]1 Fik it LR, LRGN PE GAs
B 1 IR 39 B 8
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