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Effects of exogenous GR24 on the growth of axillary
bud of non-heading Chinese cabbage

CUI Hongmi,CAO Xuewei, WANG Jianjun, XIONG Aisheng, HOU Xilin, LI Ying*

( State Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University , Nanjing 210095 , China)

Abstract: [Objectives ] The effects of strigolactones on axillary bud growth was researched in non-heading Chinese cabbage.
[Methods ] GR24( artificial analogue of strigolactones) at different concentrations were applied to the roots of non-heading Chinese
cabbage ‘Rugaomaocai’. The number and total length of active buds were measured; the contents of cytokinins( Z + ZR) and auxin
( TAA) in non-heading Chinese cabbage leaf axil were determined using UPLC( ultra performance liquid chromatography) ,and the
relative expression of tillering/branching related genes in non-heading Chinese cabbage leaf axil was tested by RT-PCR. [Results]
As a result, exogenous GR24 inhibited axillary bud of non-heading Chinese cabbage releasing from dormancy and the effect of higher
concentration of GR24 was stronger. While lower concentration of GR24 could inhibit axillary bud elongation more than higher
concentration. After GR24 application, the contents of Z + ZR and IAA were lower than control. While lower concentration of GR24
effected faster. Compared to the control, the relative expression of strigolactones perception gene MAX2 and BRCI increased after
GR24 appliction. In addition, the relative expression of MAX2 changed earlier than BRCI. After GR24 application, the relative
expression of cytokinins related gene LOGI was lower than control. The relative expression of SPS( regulating the formation and
growth of axillary meristem negatively) and SPL9 ( inhibiting the formation of new leaf) increased after GR24 application.
[Conclusions ] Exogenous GR24 can inhibit axillary bud releasing from dormancy and axillary bud elongation of non-heading Chinese
cabbage directly. At the same time, exogenous GR24 can inhibit axillary bud releasing from dormancy and axillary bud elongation
indirectly by regulating the hormones signals and expression of tillerring/branching related genes.
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R A8 525 22 Sy BE 1 0K S8 R BF ST rh % o WIS 261 (IR B 1 GR24 B (ot D 46 1 1 45 Tl e 2 5
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GR24 B i SF A6 RUAB Bk D HE /bR i A2 1 0 il40,100 nmol »L™" ) GR24 ™ F il #ii & SLs 4
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1 wmol L ™"y GR24 fEME5E 2 MKl /K R SLs A LB 225K 10 F d17 WA i X /KRG SLs {55 ik f2 Bk
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ALEBR 1 32( Brassica campestris ssp. chinensis Makino) &+ F bR 2 ZE MY , 1B FRE 32 /D SR HER
(Ae7s) " AR RS TNE o GRS RS S PR A2 BE AR (E A A B 5 4 BE /43
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SO FH LA S S0 B /4, 240 L3 52 22 A I 6 PR G 20 30 B4 0k A R 40 BE /404 o BRC1/
TBI Wk A R E AR S EE 5 BAE B s R ) S BOR B i TCP ZE 65 S H F-,
TEMZEA 7 20 Hh gl de AR R &7 AR T 2 I A0 % o MAX2 2 0 4 A G W 17 3 42 i R, 7
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ZiERESE MRERT A HMERA KA, KD AL A7 MR (Z + ZR) KR (TAA) &
o3 BE/ A RO I R Y Kb i, LIARFTAMIE GR24 X ANEEBK (2543 BE / b B AE K RS2 i AL, SR R4
ANGEBR 35T BE 153 B K AL S AR -
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1.1 ##55ME GR24 4b1E

AZEBR 13 ( Brassica campestris ssp. chinensis Makino) fhFh U537 g A K5 SR iR 2 %
FERPRE. B IR GR24, 1 TAL st RE BT R A R Horialsi 1y 2 pr

AGEERFURAIERN R, B 4 ~ 5 7 ELH I I, Bl K — By 2l i, AR 3 MS B 3R, U 18] Wy
PRI, B 1 UCE TR 11 ~ 12 7 B I 380 MZF T AR AR 4 K B 1Y — € B GR24 BEUIMA
B MS FFRIT( GR24 BRI B PSR S T AR 2 ™) (AW 43504 041.5 4.5
pmol L™, XJ A AR FRAS 4 Y PN o 4355 T GR24 ALFRJS 023161122436 Fil 48 h HURCZF (M2 K L
KT 0.2 em) K EZFFIE 2 mm (AEPZHEZL, T RNA 230 29 0.1 o) FIECER S @ milE( 29 1.0 g) ,
~70 CAEFEE M e B TAEHS 0.3.6.9.12 1 15 d P4 Ui F 38" AN E BN I F - i Ak IR 24 14
K IFGTHE S 2 BOG sh 28 S . A Ab P 3 R
1.2 HESEHNNE

ALY 7 + ZR 0 TAA S B ™ 07 50608 ek gl AL (1,00 g Z547) BEEIH0A i 6k
TS mlL 178 1 50% F R (AARFR 340, VKA BIFES 1% 4 °C R4 12 h, 10 000 remin ™" &0 10
min, B ERRAE T 4 COKE s ZRIE AR 1Y 50% F RS 7 3 mL A2 42 2 Wk, [E)F% 12 h, B0 [H
L WS TR ARG mARBGR T 0.2 ¢ PVPP W Rl 284 Joi K (538, 785 IR |- 4 “C 4R 60 min,
FEAT B0 A s B EIEWGEIE I C /N, T MR B A 50 mL /NGEAR T EF 718 VR T4 VR T AR A 2.5 mL
TV 1) 50% W RSO L 3 0. 22 pum AL A B GBI, T 300 R & o = RO (2,385 ( UPLC)
1K Agilent 1290 Infinity RS, OFESA R EhAH N 0. 6% YAl Mgﬁzlﬁ‘ﬁ) e i 2 Y s B vk b (%
1) K 35 C L, HEFEE 2 pl, it 0.3 mLemin ™", B0 K4 254 nm.
1.3 RNA RRREXFIZ S EE PCR 3| ¥R9iZ it

HRAL RNA 9 BARSR O 252 BRAEY) RNA S B00R) &0 5 ( TianGen 24 H]) o %18 PrimeScript RT
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50 & U6 B 45 ( TaKaRa 23 #]) % RNA Sz %% 5% ®1 BEREER
7¢DNA . Table 1 Program of gradient elution
SN E B PCR KGN 73 BE /3 AR Gy 5 A BE /min VO 2 V(0.6% Z1R)
. _ . NN N V( Methanol) : V(0.6% acetic acid)
ik, 5IWRH] Bioxm 2.7 B3, WS N Ac- o 10190
tin R T TS 90 o 5 S A 8 ) 1 o ) 10:90
FIPMERIF AR 2. & KR 2 | TaKaRa 2\ F 7 50:50
SYBR Premix Ex Taq™ X5 & $5. 2806 & & 9 50: 50
PCR >}y 2& E h W) & 58 /> T /Y 7500 Fast Real- 9.1 10: 90
Time PCR System. PCR &R 1M 4%: 95 °C 30 s; 12 10:90
95 C 3 5,60 C 30 s,40 PMEFF; B 60 CF) 95 C kA2 .
F2 KHREESW
Table 2 Primer of real-time PCR
FH AR Sl FR FHI(5—37)
Gene name Primer name Sequence
BRCI( BRANCHED 1) q-BRCI AGAGAAGACGACCACAAGT/AAGTAGTCCAATTAACACCAGA
MAX2( MORE AXILLARY GROWTH 2) q-MAX2 GATGATGGTGATGATGAT/TAGGTAGTGGTGTTAGAA

LOGI( LONELY GUY Cytokinin-Activating Enzymes 1) q-1L0GI GGACTATTGAATGTGGAAGGATA /CGAGCAGTTGGTGTAATGA

SPS( SUPERSHOOT) q-5PS AGGAACTTACAACGGAACA/TATCACTCTCATCTAACACATCA

SPLI( SBP-box genes) q-SPL9 AGTGGAGGGCTCATGTTTGG/TTCCACGTACCCTTCTGTTTGA

Actin q-Actin GTTGCTATCCAGGCTGTTCT/AGCGTGAGGAAGAGCATAAC

1.4 FEFIBRENE

B FRW A GR24 R, ffi 2 M43 31 041.5 A1 4.5 wmol « L™, Xif BE B A 5 4ch P45 B A9 1
P, 5 3 d 4 1 OB FRWOTIMAAR Y GR24 B . 435 TALIS 036,912 F1 15 d GEitHpk i 2 2F
N8, I B RO S 06 B 2R R BE , RRAb B8 10 £k 3 IRE A -
1.5 ¥R 4L IE

Bk A Excel 2003 F1 SPSS 17. 0 #4748 1AL BEFN LK 2 J5 22 53471 ( One-way ANOVA) |, 4 [1] Fb 35 H
Duncan’s #5557t i PCR R 2 7 g 473 M4 -

2 #ER5HH

2.1 4ME GR24 WMALZIKAR MKREXR MF LKL
2.1.1 AEHKAFR WREXR BMFERWFHTFE  WRER KIA 8 K B, BB, JLT- 5
AN B AR A IR KB 1L ~ 12 5 ECH I RZFIT AR BT s i1 1 R BRI IR T 0.2
em B, JRCZFF AR RS, /N T2 0.2 em BRREE , Ak T AN i slRIRR A, PRI R T 0.2 em BB
8 SCNIE SN2 /DT EEET 0.2 em YR ORI ZF o L T rb ) -3 1) R 23 e 60T B iy 8, i e R
407 Dod; O3d; M6d; B9d; M12d; NI5d
350
3.0
2.5
2.0
15
1.0
0.5
0

ZE]K/em  Length of axillary bud

1 2 3 4 5 6 7 8 9
i Leaf position

1 AEKXEFXSHRLRFKE
Fig.1 Axillary bud length per leaf axil of non-heading Chinese cabbage
1~ 14 S BRI R B e JE U 2 5, 1 3R MM SE I B 37, 14 SRIAE IR 5 N A0 6 37
1 — 14 are the sequence number in accordance with the leaves,1 shows the leaf position which grow true leaf firstly,and 14 shows the

leaf position which grow true leaf lastly.
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2.1.2 5ME GR24 3t ‘WMNREF FBEIHFHMEHFRKENZW WK 2 - A Fos: 5XIRAEL, 4K
GR24 Ab3JS 3 d JFUR, TG S ZF BB 35080 ( P <0.05) ; HL 12 d DLJ5,4.5 umol*L~" GR24 4bFH [ 5
ZERH 1.5 pmol e L ™" GR24 AL BRI 208/ AbFE 15 d J5,1.5 wmol*L™" GR24 AbFH (7 5h 25455 L X A Uik
D 11% ,4.5 pmol+L™" GR24 AbF X TS 2 25 H0di /b 18% o FKWISME GR24 SRR HIARIRZE (8 &
L A ST T (0 L v e B L AT 8 X AR R 2 W S il VE FH S A W dk . DAUIRT 2 — B AT DL s 5%
HEAR L, AL HS 3 d, SRR GR24 50T 4 WA b 410 1 i 28 i AR, BLEVACR & IR BE 1Y GR24 L & Wk 3 1)
GR24 HRE I 25 A, X D BRI 2 19 GR24 HE S 9 GR24 o JE 28 - A 400 34 V6 FH 8 R B I8
AT RESEREE GR24 WO THiG  GR24 43 T H9AT R Xk il h 2 iz 2k

El : £ 2
2 5 &
! X S
=3 R g
=} HE 9
Z s :TS
=
0 3 6 9 12 15 0 3 6 9 12 15
AbFRJSRFE]/d - Time after treatment ALPRJS A E])/d - Time after treatment

OO0 umol-L™"; O1.5 pmol-L™"; M 4.5 umol-L"

2 SME GR24 ALk B RKEFFH(A) Mi\ESNZFEK(B) BN
Fig. 2 Effects of exogenous GR24 on the number( A) and the total length( B) of active buds
in non-heading Chinese cabbage
ANTF NG P RE R [ — I AL [ A B ) 22 53 8 25 ( P <0.05) o

Different small letters indicate significant difference between different treatments at the same time at 0. 05 level. The same as follows.
2.2 MR GR24 MAEHKBER WREXR HMESENZW

HE 3 -AR 1.5 pmoleL™" GR24 AFHJF 12 h, RN AY Z + ZR & Lot I 2 FRA% , 2] 48 h i},
FOXS FEPAAR 33% 5 T 4.5 umol < L™ GR24 b3S 48 h, MMM Z + ZR 3 & 83510 T4 ], HE X B AR
49% o XU EFEMR AL Z + ZR &R R BE R GR24 ek BE R GR24 R L

HIE3 - B Al BL: 1.5 pwmol «L™" ) GR24 AbFRJS 12 h J¥4d, RN ) TAA 35tk Ho R B S5 A1, 310 48 h
o, AR P TAA (5 i LR IR AR 42% 5 4.5 mol L ™" GR24 ARG 24 h FFUf , WHIRIN I TAA 5 00 By
BA A (R ARG 48 b i, He Xt HAIG 48 % « X Ui B AMNIE GR24 AT RERFAIR T TAA M UE 25 A9 i fiE /1, HLARHR

) GR24 (1 FHHE ok il 2%
1.6
~ 14 .
0= 12 Ton =
s g
2210 22
< ~ O
4 9 0.8 = O
35; o EH <
N 0.6 b <
SN < -
N N 04 p:
N 02
0
0 3 6 12 24 36 48 0 3 6 12 24 36 48
AbBRJSEE]/h - Time after treatment AbFRJF B E]/h - Time after treatment

OO0 umol-L™"; O1.5 pmol-L™; M 4.5 umol-L"

E3 SMNE GR2 HALKERMEA Z + ZR( A) #1 IAA(B) 2/
Fig.3 Effects of exogenous GR24 on the contents of Z + ZR( A) and IAA( B) in non-heading Chinese cabbage leaf axil
2.3 4ME GR24 SMALZFKAR MBEXR HEE/HREXERRENZ
HIE 4 1] 0L:4.5 pwmol* L™ GR24 Ab3 I MAX2 3[R 2k Pl T F%, 51 6 h B FF IR A% 12 h B4
Wil 7,36 ~48 h SGRMTHEAT: 1.5 pmol+ L™ GR24 AR IR MAX2 Sk HEALIIG 3 h Pl TR, 2
JEAEAL T 2%, 4.5 wmol < L™" GR24 AbFHJS 3 h B, MAX2 {383k ik 6 R ) Sl 4 T v e 34, i b B8 /S
48 h,MAX2 fyZih i S5 IEA B A X ); 1.5 wmol =L ™' () GR24 AbHJS 3 h, MAX2 {3k s I Tt
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o AR R BE I T s MR I 2,48 h J5 , MAX2 (1) 3505 5 0 BE A I i X . D GR24 Jiti in 4R
BRI AR b AR A2 i 0 M2 R A O L L 2 % i vk B ) GR24 A [ BB N B e 4.5 pumol < L7
GR24 4bFRJF 24 h, BRCI JEH kT4 W& TH5,36 h I FH 355,48 h X [E[%; 1.5 pmol-L~" GR24
AbBRIS BRCI JER YRR S /ETH G RE 12 h B % 28 4515, 48 b SCHR s T & XTI BRCT SE R ik &8 fk
MR R, 4.5 f1 1.5 wmol+L ™" GR24 4bHJ5 24 h JF 4, BRCI JE N (434 i 3 HL X R AT B B A T/
{H4.5 pmol*L™" GR24 KbFHALFGTRA & o UEIA vk B 1Y) GR24 HU Ak BE X6 I i A BRCT i PR 3 3K 1t (1
M 5 A7 B g

HIE 4 A7 0:4.5 F11.5 wmol*L ™" GR24 Ab3H S5, LOGI JE[H 325k 1 i 2 1K, 48 h B ,4.5 pmol L™
GR24 4bF LOGI FER AR B E LT 1.5 wmol*L™" GR24 AbH: X} R LOGI JF I Fk B IH T+, 2
JE R AT AR . GR24 Zb3)S 3 h 4R, mEAL 9 LOGT ZRik it AKX I, Ab B 524 h F 4R ,4.5
pmol L ™" GR24 4b¥f LOGI [k FART 1.5 wmolL~" GR24 bFH , 13 B ly MR35 5 B MCZE 4 19 GR24 1]
VIMEIEZE N B LOGI 35, HLRERE I R] A SE K, g vk BE A i A/ S A B .

4.5 pmol*L ™" GR24 AbFHJ5 6 h,SPS H:[H 1 F ik EEFEAK, 12 h B R B R A%,24 h B EA E R, 2
Jrilalf%; 1.5 wmol*L™" GR24 AbBHJ 3 h,SPS ik Bl (4 E 5K, 24 h BEFF 4R T, Of 5 48 h i 51 i
s KRR SPS Rk B LS 1.5 pmol < L™" GR24 b HIEA—5( [ 4) o HMJE GR24 4b 35 24 h FF

f, SPS Fe ik AN A THE , H 4.5 pmol*L ™" GR24 kb 1.5 pmol-L ™" GR24 ZbBETHE A N . 4.5
pmol*L ™" GR24 AbHHJ5 3 h,SPLY KL K )33k F ik Fh 1, 12 h B 8] [, 2 )5 T+ .24 ~48 h LB #i T
Fé: 1.5 pmoleL™" GR24 4b3I5 ,SPLY Fikt 0 ~6 h 2 &%, 6 ~24 h AL A K ,36 h B XFFUETHE ,
ZJE TR XHBAY SPLY FEik it 12 h BfFFER F I, Z E# T FFi. 4.5 wmol+L ™' ) GR24 AbHJ5 3 h,
SPL9 &3k Bt B W @AY FHR 1.5 pmol+ L ™" GR24 AbFRJS 12 h, SPLY Fik BEREX T, HES Wk (1
FEEHE A . SR E , MV Y GR24 A0 3 LU AR FE ) GR24 Kb 3RS SPLY K& [H 3R 3k 1 (1 5% M
K.

< 127 max2 8.0r  BRrRCI 121 roGi
“ 2 1.0 60 1.0
2 .
X E = 0.8 0.8
iﬁ 5z 06 4.0 0.6
o —
X 2z . .
£ £ 0.4 - 0.4
= 0.2 0.2
0 0 0
0 3 6 12 24 36 48 0 3 6 12 24 36 48 0 3 6 12 24 36 438
AL B[R] /h Qb PR RS [R] /b Ab # J s [E] /h
Time after treatment Time after treatment Time after treatment
< 01 sps 251 spL9
o
i 4.0 2.0
o= 30 1.5
=220 1.0
g
3 1.0 0.5
0 0
0 3 6 12 24 36 48 0 3 6 12 24 36 48
SN A3 B 7/
Time after treatment Time after treatment

OO0 umol-L"; O1.5 pmol-L™"; M 4.5 umol-L"

B4 SME GR24 XA LEDK B S IR A > BEME X B E R HIF 0
Fig. 4 Effects of exogenous GR24 on the relative expression of branching related gene

in non-heading Chinese cabbage leaf axil
3 WiREHiR

TYBE/ Y BOE R ANGEER SR BORR Y, 2 M0 H ™ i A P S B AR ZRAR e P B8/ B E R R
LAY R A TE BTIRCZR AR LR R BN B B o X0 BE /3RS AR UM R KA 3 Rl 30— AR KRR (TAA) 4
4354 3% ( CTK) Ui 4 A ( SLs) L3 3 il 38 =2 [ AR FL R0 , 36 ) IR 45 43 B / A0 A A 6 2 o il 4
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R A — Rl B B I R L 2 3 T W12 S0, I R B 22 43 B /43 A DG 2 A8 (A ) 2% BN
WG FE AR AU 4 PRI TR 5 BRI 5 45 DA Rt D 4 PR T -5 LA A5 5 S [R) DR 5 A 0 4 B / 0 R R T 245
T S 7 B

ATFFEEE W] SNR GR24 BEASIN G R 45 R 1A S M2 B 2%, ELRS MR 2 1 GR24 007k 44 FH o g W 4
AR GR24 REREINHRIIE 228 A M, ELARYR B e 5 VR 2 B GR24 FAE IS T o Xu 451 X /K A AR 36
FH— 2 M BE T AMJE GR24( 2 ol «L™Y) R BLRERS 52 440 KRB 10 A s B0 ™) 3o — E 40 5 Ak it
FHAMNE GR24 [R5 45 5 32 W1 GR24 RERS N — FP 2T AL (0 e, LI JBE Ay , 007k FE 6y 1 S50, A 1
FREEREZ A —.

ST B4 PTG 5 A K 2 A3 AT ELAE R A PR R 245 RS 0T T ik BT i il T 4%
P, PP HA P A e S AR R NS (5 (B . AR ST % AN SLs il 5200 TAA (935
PRI 0 A K B T AS B RBF9Y 3 IA R, SLs 1 CTK VE R TAA (55 — 45 {d B E A B I 2E 9 AR 32 o
MBI AR o Xu 2 BRI GR24 K Bl B I A 7K 5 22 5 1A 119 400 0 2 4 2% i 40 M 3 Y
FA W FE R A B3k  (HRENAENS 035 M K AE 2555 9 TAA O3 5 Fll TAA RIS HIARE S . TEARTS D,
AR GR24 KEFRT 3 b, ANEEBR P32 I 1A A A L 20 24 28 B TR LOGT TR (3 34 1k W S AT, LAk 38
HAME GR24 AP 12 h J5 , AEEBR M BAL ) Z + ZR 5 & 1 2 PG, MR EE Y GR24 AbFHJS 48 h, R4k
BRI AL Z + ZR F i B B RIS S U8 I ph AR 03 4 80 R Ak 4 GR24 38 3 410 1 40 4 S % 4 T
AT 9 2 2 S AR AR IR A 400 23S 2 ) ek AT AR ZE 02 K o AR GR24 AR BRSNS Bk (32 0 il b
f TAA 5 TR AR S DTSN GR24 SRR AIRM Ak TAA fY3 55, TT B AMR GR24 FRMIR T TAA UEE]
PERYIZHBE ST . ABTFEA RS Xu 251" WRTSL5 A —3K

SLs 1 H— MBI 40 R % 3 PO B L T 5 TAA T CTK B[R SR it 40 B /o 1 L )
A, SLs s, W] 388 o 455 53 BE / 43 RSO AH DG IR ) R IR SR 45 70 BE / /AL AR K o BRCI VMM R 5 A5 (R
AR R A ARk Y CR24 AR S WP AR B T 2E N PsBRCI (kT " CTK
B RAIE PsBRCI (19335 " o Minakuchi 45"™ % F /K AGHIBF 5025 R 2 W] FCI( BRCI A5 /KA v ¥ R Y
PR £ T SLs Rl i 2 925 K - Aguilar-Martinez 45 ' SHU B IF BT UL RIREZE W] BRCI £ T MAX &
R T ANFFTLE TR ARLEER S AL MAX2 R ) Tk 7E GR24 ACFE)S 3 h & A B g 7
5, LA B P 25 T B 2 BRCT 363K 56 GR24 AL B 24 b A W08 Th i , L J38 8 25 T 25
XS R BITE AR S BR A 38 BRCT JEIH AT BE7E M0 A 4 N SR AR 10 R i R4 VR JT L B GR24 7] g i
L HER BRCT SR (9330 R R M 2 1 A=

Tantikanjana 25 ™" BFFE W, ZERIRIIF f SPS #7842 Wi 2 43 A LU TR RN A K L sps SRR 1A 77 A
KERMZE, M HE SBT3 ~9 8%, KN SPS 3 838 1 845 I 28 I 40 70 24 R 05 2ok 4
HIRE LR . ABTFSEEI], GR24 Ab TS 24 b, A 9 SPS 5 R f) 3k ek I 0 Lo X R T 85, L 9k o
BTV PR B S U ZE R SEER R AR GR24 AT B 1 #5255 A SPS 352 [ 1 2 155 51 10 i
AR LT SPS S HAUE S Z ML R, B4 15 Tt — 5. Schwarz 457 [y BF 52 £ W] SPLY
PP B TE B, SPLY D) RE B2 58748 R 43 B /4 W B W 14, [R]B SPLY 37 %) miRNALS6 [HJ##5. 7EA
BFFE B E R BE (Y GR24( 4.5 wmol*L™") AbBS 3 h, Jii 28 P SPLY 1 Fa3k t 500f HR A5 W A 19 T 5, 1K
VB GR24( 1.5 pmol *L™") ALBRJF 12 b, I 2 P B9 SPLY (335 Bk BETH 5, 107 25 W 2 19 GR24 X2
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