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Effects of GA, pre—treatment on shade response of Glycine soja
JIANG Heng—ke, SUN Meng—yuan®, LI Yan, SUN Xin, SHANG Jing, YU Liang, LIU Chun-yan,
YANG Wen-yu, DU Jun—bo"
(College of Agronomy, Sichuan Agricultural University, Chengdu 611130, China )

Abstract: Glycine soja often grow in shrub—shaded environments, but the mechanisms for adapting to shading
have not been reported. Gibberellins (GA,) are a group of hormones that regulates shade avoidance. In order to study
the effects of GA; on the shade avoidance of Glycine soja, the phenotype of Glycine soja under white light and shad-
ing after GA; and GA synthesis inhibitor (paclobutrazol, PAC) application were analyzed. Expression of genes regu-
lating photosynthetic pigment biosynthesis, GsCAO, and photosynthetic electron transport, GsPSAE and GsPSAG,
were analyzed. The results indicated that photosynthetic pigment content of shading Glycine soja after PAC pre—
treatment was significantly higher than that of the control, while GA;pre—treatment were opposite. chlorophyll fluo-
rescence parameters suggested that PAC pre—treatment could enhance the shade-resistant while GA; pre—treatment
would make Glycine soja more sensitive to shade. Further research demonstrated that the expression of photosynthet-
ic pigment biosynthesis gene GsCAO, photosynthetic electron transport genes GsPSAE and GsPSAG had an effect on
enhanced shade-resistant of Glycine soja.
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R LR T B AR A SR A, SR i AR ok
FEl R S A e ™ HE, R ARt LY, H R, ad
HES (B IR R/ TP NITA VP S Y= E NG = Yhe
WA EEREZ P R, BEERGE T, RE
52 BN BTMI 30, B K Az RE T SR, PR R T

Wk H 1 :2019-05-20

IER AR RO B R L R LA A =
DA AR B ot Pf A LA A e B BP AR R R R
AR T EICANE T, FAT SR f) ahE 7 S 10 2 7 A=
RPN BT IRT PR, BF S B A R R
JSEATLBH 475 4 M FH B A R sl 13 S 7 9 42 114 2 A

FEATH  FR HRBHF A (31871552,31671445) ; /U )11 48 BHE 314155 H (2018HH0108)

YEF T =B (1995- ), 55, WW)NFERH N 7R o A, E AT 5877 A AEY) 73 F4E 3, E—mail : 2761718627@qq.com; § 3L [R5 —1E# : I
bl , 2o L FT AR, RS DT 10 AR 5 F AR B, E-mail : 1622924018@qq.com

CMIRAERE AR IE(1982- ), B U)IEEFEN , B4 , 2055 10 Ve 73 F 438, E-mail : junbodu@sicau.edu.cn



5 FTA  GA, TUAL P X B A RS2 T e 7 ) 52 ) 473

TIRRAEEE X,

AR PR B B AS 5 )5 AR Nl
0,3 AR K5 (PIFs )/ 2 G S (A 4% B 0T il ik 2
55 R Pty 5 Gt Ao e DA T DR 9 b T B . 17T DEL-
LA 5 11431 PIF3 H1 PIF4 %5 45 , 300 ) L0 35k R 1y
K AN N IR R . BESUE I R R &1
F DELLA 5 B , N2 5 PIFs Y845 03 £ 52
TERRC SRE R N (B T AR R R A S A A
FERF A R b R DL GE o B AR R 0 3 R Ab
B>, HZ2 5P R MG, MES 51
AR R 3G 3R B SO IR I AH SR G R S A e, B
ARG AE I T A 25 LY (%) 3B 1 S 7, 2R 30 R ik v
38 i 0 AR R R R R, BT DATRATT AR A
KE R, HREE TARERCAUMFRER
3R] 22 55ms (PAC) Tl Ach B B A R 0 40 1 ok i e
BRI EA A B R O, it — 2 I B A K
T ) 7 5 R AR P A
1 #REF %

1.1 ##

P KSR A I R RS R4 118°5

Jb45.38°15 "

1.2 Ak

1.2.1 FAXIAZakkrEREREH AR
6 K FH B BRI B B A K G Rk RS2, SRR /N
— O oz 58 G A K G R T T BB AR
W IR A BRIR , 5¢ 232 WA T, 01 18) 5 SR B 58
PR 2 YR fof Ve B i 15 P 12 7 4 M, 3 3 TSI 6
98% R BRALFE 20 min i Jz i SR 3501 F 3

Br IR SE 0 ok S R S S RE SR OB R R
16 hOGHR, 8 h I, BE R B A& 25°C. FIOG AR
VBB S 200 pmol - m?-s3 21 (R) A 45. 46
pwmol - m?+s72; ¥E Z1 )% (FR) A 4. 12 pmol »m?*+s72, FH
W 2 F 6B A R ST A 78 wmol -m?-s725 2196 (R)
H11.96 pmol -m?+s7; L £1 )% (FR) 24 33. 54 wmol «
m’+s7?,

1.2.2 #k&HnE ARG EDERIBER T 4K
15d, FEHAERK 2 VI, 2% 3% 20 MR 35— B0 # kL
ESERAL,

1.2.3 k&eAmphmne MHFHgRsE
(SPAD) : BP/E KEAEFGMBM FAEK 154, 2 )5
TEHUAS b P AR 0 20 B L BB 3N R R
52, 4% AL (SPAD-502 %, Minolta ) & 45 H &2
e B /N AR SR R

oA e - B AR R S ORI T
AR5 d, 25 e BS A BEK FA— B 20 AR IR
B3R E A R TA  B R ) = A
M o fa] Y /N I TR R B KCFT FLIORE |, L B AR
1 cm, ZJE ¥ AE 5 T 2EBGR (TR JC 7K L BE=4:1)
Hifl24 h, AR ARTRVEN . DLAETUR N 25 HA
WETE Aggsa v Agis s Auro N U SEBUR A G BE 3T
A A T AR AR R RS N MR DL RO
HEERTH .

2R R OOESEL B AE R OAE OGR4
K15 d, Z Ja d PO #—30ny 20 B T ICE 3 A
Yr2gd A, H CF-Tmager M2 2 IR R G200 4 F
St ) N B 28 B ) 2E 280 S Y 15 min
J&  ME WG D F, e RIS, IF TR AT AR 5
J6F, DGR S0 L(PSID B e KOG AL 2 5 7 30% (F
F,), J6iE W 20 min J5 U2 i R 29861 FL e R 90Ok
F, FHRARH G ) =F,, A K R qP
AE S Ak 25 HE K Z8 B NPQ L PSIT Y 52 b 6 1k 24 550 %
OPS 11 FH T A F ETR,

1.2.4 $EBEALAEF E GANPACHIHL
7K B TE B MR SN 100 mmol/L BRI , TAE ik g
B0 10 pmol/L. ¥FA: KRG FOETAK S dJF , #EH
KA —FH) 3R I B E 3N YA E R, 4
Jiti 0 wmol/L GA, (CK) | 10 wmol/L GA,F1 10 wmol/L
PAC THALFE 1 d, [BIF% 6 h Wit — ik, L3k, ZJF4&
Ab B FE R B4 A R A DE 6 R A B
A4 3 d, SR IE SR B IR I AH AR bR

1.2.5 PAC & 2 %& qPCR %7 B ik 45 4 1 B
A KE S d, 10 wmol/L PAC Wi B 4k K = 8 Fk , 4b
FEOh.2 h.4 h.6 h /5 BOLEM A THA T, 1T
FEHLRNA . BRAAbH E 3 EY S EE

JCRNA 19 2 B & ¢DNA /9 4 1% : F§ RNAprep
Pure f) 81 RNA $2 UK & CRAR A AL BHE A FRA
BB EAPRHAY RNA, fi ] NanoVue Plus RNA
W ) A ASCRS: D T B IR RNA FE vk 9F
1. 5% 35115 W5 56 S FE UKk K I RNA 52 88 P . H M-
MLV Reverse Transcriptase [ % 5% i 5] & (Invitro-
gen) A cDNA .

qPCR Kz & R 635 1« DL cDNA WA , GsAC-
TIN3 R N S 5L A, R il w4 3R A= ) B AH G 356 [
GsPSAE (GenBank % 5% 5 2 KHN48968) . GsPSAG
(GenBank & 5% 5 5 KHN20568) . GsCAO (GenBank
SRS oA KHN33844) () F ik & . f#i ] Primer Pre-
mier 5. 0 IT519), TSI W WL 1, SEEEmAY)



474 v EHED AR

2020,42(3)

(HT ) SYBR Green Mix 4 15d BH 5 1 17 96 't 2
PCR 43 #7 -

qPCR [ W & % 24 10 pL: H b SYBR GREEN
qPCR Master Mix(2X) 5 wL, 51414 3 11 0. 2 pL, eD-
NA 2.5 wL,ddH,0 2. 1 wL. W FEFE N 95 °C T 4%
4 3 min; 95 °C 28 15 5555 °C 1B K 15 5372 °C ZEffi
20 s, 46 MEH , BAFEMRA 3N AREE . )
VRS R (P - NI s N W =0 4 € LR i3
w®E,

1.2.6  $3E»H FIH SPSS 8 FdE 47 3 1 4
#T1, Excel 2016 % Origin 9. 0 AT A BT IR

2 ERAN

2.1 GA,EPACTIAIENEF 4 KE L EARME
EapA!

R T HRSE GA, e PAC Tt kb #8158 AR R GL7E DG
TR T B2 A2 5, AL LLICAMIE R A #1
SF R WEE T 28 GA, M PAC T4 3 i (O A i R
PP R RERM . GE 1A B, i TEYimaL 2 1Dk
ZRAFTT , GALTHUAL B Y 40 1 bk e 4B 0 3 s T X
G T , PAC Tikb 21 5 % B4 TG W 35 25 5, 7E
BT A5 1 Fobk o il B A T X B IRk, ZE BT
BTFARKMNE ARG FBES LD TE AR,
MENC, LU LEZE R, GA, TAL 4 AT i 2 14 n
FI G FTBT A B o B 2R K G BBk =5, 1T PAC T4k 28
S TG R N 2 ol N N L R T E A g S
Jo BRI B 3 e T DGR B A PACTHT
DY EELSEE Sy NIER =D O vE AL ) AN ki AUl
BT B AR KDL A R & B 6 .
2.2 GA,5PACTAIEXI Bk TEFE KRS 40 &M
XGRS ENERER

T HFSE GAL S PAC T A BRXT B AR 14 4
KL R B i AR {2 A 54 3 & = A OC,

DE T AHSCAREL I f 2 26 A it A&l 24 Bk
FAF T B A R o SR FAH X B i SPAD {H I R
K. FIOET GA, Tk 15 BF A K E 1 SPAD {H 1 3
T X BE M0 e 4514 R GA, Uk B 5 %6 BR AH H AR
OS2 (AR, FHARE R M7 PAC AL 3 2
Jo . 2 0 3 AR ORI B R B R B AR R
SPAD A, iX 5 GA, Tl &b B () 45 S AR sz, 1 L2 &
a MR b I E PR S EAMALS SPAD(H
(A8 AL B A A AL, 4181 2B .C. D Chl a/b 2395 1 ik
BRI, WE 2E, GA, AL BE £ B 5 3w ik
B K 52 Chl a/b B G FARfEAS .35, PAC TRAb 2
GRS ZMR . VLS5 REW, GA AL 4 F: 5L
ARG EAEREETFE HSHSHBERT
Chl a/b {H T+, i PAC T4 B 25 i 35 1 0 B A= K G
HEEREE, B SEUL Chl a/b H TR, X A4
5 GA LB AR o B CHEN GA, B & i
il 77 PAC X B A R OB RN T A A
AR
2.3 GA,RPACTIAIEXHARK THEXREMHFM
FERHWZM

Ji SRS F W W AR K T AR R B i AR At
M2 RS EAAT R . W 3 R, B il Aab 2
SR PSIHR SO TR (XE=Fv/Fm) , 2 PR
JeAb 2 B T R% (OE) i A& 3 850% (ETR) T R
5B 2 S LA 500 Ak B AR K R AR BE 1 R
M 48 /N  AH & GA, 25 B BN PG ¥4 K& OE,
22K ZE(NPQ) , Sl A K R E(EF) Al
ETR, T B i &b B J5 i 28 550 (5 09 A8 1k 5 2 HH = .
PAC T 4b B J5 B & 38 34 0 OB R BA i B A K G
# OE .EF #1 ETR 1 , {EX} T NPQ{H , R A Ik
A wERN .

DL EZE IR, G R GA, T AL B £ 19 50 BF /=
KM R BCE R8T, BT W R E .

x1 545
Tablel Primer sequences

R A GlE s Bl 2l
GenBank 1D Primer Sequence

GsPASG—qF CCATCATTTGAAGCCATCC
KN658421

GsPASG—qR CTAACACCGACACCACCCT

GsPSAE—qF TAGGCTTCTTGTTAGGGCT
KN639264

GsPSAE-qR ATAGGTGGTGGTTTTGGTT

GsCAO—qF CAGTCATACCATCCCCATT
KN649478

GsCAO—qR TGTTCTGCACACATCCAGG

GsACT3—qF CTGGAAACAGCAAAGACAA
KN650671

GsACT3-¢qR GAGCACTTCAGGGCAACGG
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Note: WL: white light; SD: shade; A. Plant height of Glycine soja under shading after GA; and PAC pretreatment. B. Stastistic analysis of plant height of

Glycine soja under shading after GA, and PAC pretreatment. B. Leaf phenotypes of Glycine soja under shading after GA; and PAC pretreatment. The con-

centration of GA, and PAC is 10 wmol/L. Different lowercase letters on the columes indicate significant differences. Bar=2 ¢cm
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Fig. 1 Effects of GA, and PAC pretreatment on phenotypes of Glycine soja seedlings
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Fig.2 Effects of GA;and PAC pretreatment on leaf photosynthetic pigment content of Glycine soja seedlings
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Fig. 3 Efffects of GA, and PAC pretreatment on leaf chlorophyll fluorescence parameters of Glycine soja seedlings
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Fig. 4 Glycine soja seedling leaf photosynthetic pigment gene expressive quantity under shading after PAC pretreatment

SAE Fl GsPSAG ik L, XE5XGOEEGTEMN
Mg 25 W&, it — R PAC FilAb #1238 13 42
ARG ARG G AR A B R 1 Rk
RIGIOEA ARG, EECER REEE T
BT B A K S A AT T

25 b JREE E IR PAC AL BRI T B 2R K
DA NIRRT R R TR AR TN
SERETH N REARE ST, 1 PAC BUAL BRI B A
KELHHOEE RE T 3G It bl 5 A B 1% 38 A
JeE R A A CIE R R LM, RPN RER
P AR R T e 3 O I R 1 Ao R v e 2
AIFEH

S

(1] F= . FRE R X IMEARIR LSBT B SR [ ] vh
[EIFTIE, 2019(7): 108-109.

(2] W%, RS, THER, 5. I mbe i XOR AR
BRI BOR T ). KR, 2018(3): 34-35, 39.

(3] #SOw, RV, THEUE, 5. FKREMFERERET &
RORIG BT ], REFRHL, 2015(2) : 56-57.

(4] FEILT7, WU, XIDAK, 45 . AR BTROS A R Gt
SR A IR )] e, 2017,
43(2): 277-285.

(5] JulWe . AEARERA S AR S e S AR R ()] )R
AR, 2014, 41(22): 141-145.

[6] Tang Y J, Liesche J. The molecular mechanism of shade
avoidance in crops — How data from Arabidopsis can help
to identify targets for increasing yield and biomass pro-
duction[J].J Integr Agric, 2017, 16(6): 1244-1255.

(7] EF, G % B R GBI T A A IR 5

JELI] A 53 A, 2018, 38(22): 59.

[8]  Yang C W, Li L. Hormonal regulation in shade avoidance
[J]. Front Plant Sci, 2017, 8: 1527.

[9] Cheminant S, Wild M, Bouvier F, et al. DELLAs regu-
late chlorophyll and carotenoid biosynthesis to prevent
photooxidative damage during seedling deetiolation in
Arabidopsis[ J]. Plant Cell, 2011, 23(5): 1849-1860.

[10] J™Bse, Merug, sk, 5. B AR R SR oY
HERRELT]. A BHE SR E, 2017(21) : 44-45.

(1] BREE . i 52 5 A K T MicroRNA 1 %5 5 15 3% 3k 40 A7
(D] bt srEg AR, 2009.

[12] ZEfE R, Z=W], /N . B9 A RS M1 i R P A T
FELTL T4 R, 1999(1) : 27-29.

[13] WuYSs, Gong W Z, Yang W. Shade inhibits leaf size by
controlling cell proliferation and enlargement in soybean
[J]. Sci Rep, 2017, 7: 9259.

(14] 2BT7H, SKIEH, #3CEE, 55 IR0 THEA N K
ASHEMEA= B [T ]. KERHE, 2007, 26(3):
369-372, 376.

[15] EHaLr, Z=0k, BoCER . Iz Fioel 0 i B 2
PEBGRZ W D], [ R 22 4, 2009, 31(4) -
480-485.

[16] FEHELL, Ji#E, W SCER, S5 . I8 it s 250k X 254
R A5 Bk FARH B 7= kg2 m (1), R SR,
2015, 34(1): 75-81.

[17] PhEME, ZE0E34E, XUPC . AMIEA P38 35 % B 28 K 40
HT R RE SR BRI WS () ). A i R A
2008, 6(9): 36-40.

(18] ZJ7/E, FHEFy . SN O BF A R S kM A 52
[J]. KEREE, 2007, 26(6): 972-974.

(19] SRR, A9, @M, 5. SRER LRBIAT K
T2 OLE A B K = ik i 52 L) ], A [ R 2



5 FTA  GA, TUAL P X B A RS2 T e 7 ) 52 )

479

[20]

[21]

[22]

(23]

[24]

2, 2018, 40(6) : 820-827.

DuJ B, Li Y, Sun X, et al. Characterization of a splice
variant of soybean ERECTA devoid of an intracellular ki-
nase domain in response to shade stress [J]. J Genet,
2018, 97(5): 1353-1361.

Du J B, Jiang H K, Sun X, et al. Auxin and gibberellins
are required for the receptor-like kinase ERECTA regu-
lated hypocotyl elongation in shade avoidance in Arabi-
dopsis[]]. Front Plant Sci, 2018, 9: 124. DOI:10.3389/
{pls.2018.00124.

Du J, Xin S, Sun M, et al. Identification and Expression
analysis of ERECTA homologous genes in Glycine max
[J]. Inter J Agric & Biol, 2017,19(6) : 1497-1504.
B, Fhelk, e, % BERTHBER S L
WA RS CRT]. P ELO RS, 2015, 48
(13): 2528-2537.

Liu Y, Fang Y, Huang M J, et al. Uniconazole—induced

starch accumulation in the bioenergy crop duckweed

[25]

[26]

[27]

(Landoltia punctata) 1l: transcriptome alterations of
pathways involved in carbohydrate metabolism and en-
dogenous hormone crosstalk [J]. Biotechnol Biofuels,
2015, 8: 64.

Downes B P, Crowell D N. Cytokinin regulates the ex-
pression of a soybean beta—expansin gene by a post—tran-
scriptional mechanism [J]. Plant Mol Biol, 1998, 37
(3): 437-444.

W55 75 . 6-BA TiAb BRI I 55 06 k30 T B 4D HOG
GEM S A AR AR [D ], 220 TRl
KeE, 2000.

Kunugi M, Takabayashi A, Tanaka A. Evolutionary
changes in chlorophyllidea oxygenase (CAQ) structure
contribute to the acquisition of a new light—harvesting
complex in Micromonas [J]. J Biol Chem, 2013, 288
(27): 19330-19341.

(BT £IST)



