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REBEE ‘B GA200x HRPERFRIETH

mimsr 2, BEFE, R4, OE M kem!', oA '
" E R G S AL DT R IR B S i = A s, bR 100093 2 PEAb ARl K 2R AR 2 A
Fh, BEPEMEE 712100)

B OE: UATES B OAMEL B cDNA AMHUET AR (RACE) 3KE4I9ETE GAs
A I FE RO AU (4 5L R GA200x, % ILHEAT AE WIS B 252 0 M RIRIE 40 AT 45 R, GA200x 421 1502
bp, GHE 1N 1 167 bp MIFBHEAE (ORF), #iE 388 MR . GA200x Yulil (1) HE FAFTE 2 M HEEEAL
B BERRAGAL R A AL /. “RIB” GA200x FIFHABYIFNK GA200x & AR & FARGIE, $HEH Kk
S PLN02276 458438, < ZRIR” GA200x 5 Mgt == 2k B A fit I 28 L AR 7 45 52 IR A 1) GA200x
EOEAEEMREEN. SCR5et e & PCR 4R, GA200x BAR SRR FM, I FMZ EINEE
AR BUEE AR ZE . W SERIRUR AR R S DS PO R B AL R R IE . SR 2
WIXHERREAT SR (200 A1400 mg - L) GA; AbHEXT HAE KR A, Hi 200 mg - L GA; Ab#
AR FRFE RN, 400 mg - L' GA; & B AT FI T B34 TR E RN . WHZEN R HAT
200 mg - L' GA; 40T, S INHI I GA200x 15K Fr SR (265, FA BTG 12 h FE K
%, HhaEZMEAERPRIFERK, 25 FET 96.79%M 94.65%. HEM GA200x KIZFRIEZ M GAs KX
BRRT, RIS GAs fads T R E BRI .

EBIA: HE; GA200x; ENTORE; EEFE; e

hESES: S6822 XEIFER: A XEHRS: 0513-353X (2019) 01-0074-13

Cloning and Expression Analysis of GA20ox Gene in Lilium Oriental
Hybrids ‘Sorbonne’

ZHANG Xuhong'?, SUN Meiyu', LI Jingrui', WANG Di', ZHANG Jinzheng', and SHI Lei'*"

('Key Laboratory of Plant Resources and Beijing Botanical Garden, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China; *College of Landscape Architecture and Arts, Northwest Agriculture and Forestry University,
Yangling, Shaanxi 712100, China)

Abstract: We cloned a cDNA encoding GA200x from Lilium Oriental Hybrids ‘ Sorbonne” using rapid
amplification of ¢cDNA ends (RACE) . The bioinformatics and expression patterns of GA20ox were
analyzed in our study. Sequences analysis showed that the cloned GA20ox was 1 502 bp in length with an
open reading frame (1 167 bp), which encoded 388 amino acids. The putative protein had many
glycosylation, phosphorylation and N-myristoylation sites. Alignment of amino acid sequence showed that
GA200x of ‘Sorbonne’ shared a PLN02276 binding domain like the GA200x in other species. Phylogenetic

analysis revealed that GA200x of ‘Sorbonne’ was highly homologous to GA200x of other monocots,
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BEEWB: WERERE MBI E (KFZD-SW-313); |8 5 & ZEF A R0 i IR 3L 27 G FF L 5 5+ h & 26 1 H
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including Phalaenopsis equestris, Dendrobium catenatum, Phoenix dactylifera, Elaeis guineensis and
Cocos nucifera. Quantitative Real-time PCR (gRT-PCR) analysis showed that GA20ox was highly
expressed in stem root after germination, stem of squaring stage, leaf of germination stage and leaf
expansion stage, and terminal bud of germination stage, implying the temporal and special regulation of
GA20ox. The application of high GAj; concentration in germination stage had great influence on plant
growth as plant height and biomass of underground were promoted by 200 mg - L and 400 mg - L of
GA; treatment, respectively. After treatment of GA; at 200 mg - L™, the expression of GA20ox was
significantly suppressed in all tissues (except for bulb scale)and fell to their lowest level at 12 h, especially
in the stem and root with decreasing by 96.79% and 94.65% respectively. These results suggest that the
expression of GA20ox may be regulated by active gibberellins with a potential feedback mechanism, thus
the GA200x may play a key role for the maintenance of endogenetic active gibberellins homeostasis in lily.

Keywords: Lilium; GA20ox; gene cloning; gene expression; plant height

FEAEAE T, thssd— At EEEMR, SR TR B R AL AT SR
KV A B R A e AR GA; SR E & 1Mk S, EZ2EYFE. iR E . i
FHAFE DA S A R A5 DR R I o 35 DR AR BOR BT M iy B ol v] RE O B AL 22 5 2R 1) — My
ROTE, TSEIZ H AR AT 7 B IR 5 B S R m AR DG R

TR R (gibberellins, GAs) &KX YBEER, S 56 LMEY AT MAEILRE, Fil
MK AR E BEEREAH (Yamaguchi, 2008; Mutasa-Gottgens & Hedden, 2009; Seymour et
al., 2013: ZFHUK 55, 2018). GA20 INAEE (GA200x) 1EA GAs AW & BULFE H ¥ G H R g iy,
£ GAs & BB e B BAT AL R T Be , etk GAL A1 GAL FIHTIA GA AT GAg AR (Xu et
al., 1995; Desgagné-Penix & Sponsel, 2008), MTid#E1EM: GAs K& &E. HET, a3 GA200x I
SR O 2 R AR TR, 0Ok KAE SRR SR PUJCNIL RS 574 (Phillips et al., 1995;
Toyomasu et al., 1997; Kangetal., 1999; Carreraetal., 2000; Duetal., 2009; ZEEH %5, 2013).
B AT FER Y] GA200x F K AT AR MRIZ I RAE DR (P 45, 2013; FEVLH 4%, 2015; Doetal.,
2016, FEMHEEHRLRIE CrGA200x] J&, HMMRELINE AR 3.6 i, MUTERERIL CrGA4200x1 )5,
THERR S 2B AR — 2 (BT 25, 2015), XONHE SRR IE SR e e it 7%,

RITAGMMLUIER, HEOFE, BARMITE, BOvVIEYIEH &R EEZNFME, Hh &R
s B4 (Lilium Oriental Hybrids ‘Sorbonne’) J&fx 3 E M) mfh, B K TREEARKE ‘RN
BatkE, SRR HU) s R e N A FE BA RS . ATARUATAS ‘&R
I ONAEL, EREARRIIL GA200x FR, FFREAT TAEMME BT, FESLEERD B H BRI E &
AR B I M GA; ab PG R ZRIB R HEAT 704, DL T GA200x I SR S HAE GAs a4
R rfER, At — B0 R A& MOP I8 AL 2 R B2 A

[ VL SRS DARES

1.1 RS54

BT 2016 4 10 H % 2017 48 3 AEPEBIABEWI AT K7 aE “RHA ARk
T A ST E A SR IR THME A 7. B ERL 5 om FIMELBEZS, M TJeR LA 5 (2:1)
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BEMERY, ETHEHEN, MEE 60%, BRILE 20~25 C/15~18 C,

T (FHEE 10~15em, THD FEHE CEAFK 40 ~45cm, TTHD SREEEPRITE .
LM AR, B, BEEEAMEAEN, TIEY BB Lem 4, D REZE. B,
AR S, BEERAR. BAEMRAERE, T e EWEAWE, IVED REZE. M.
AR B F . SR RARAUNGEZE, AV ER 3R, TREATAGE, -80 CRIAEHT
SER 76 E 7 PCR T E GA200x FEFIFRIA .

ST SRR I, SR A SRR, W 20, 200 AT 400 mg - L GA; L, X
FE RSN 5 A B A5 B AN 0.1%0 3R 20 FITR A TR I . F A0 ERJ5 AR 2 NP4, Horp—21 4y
BIZEWE S 0. 64 12 Al 24 h BENLRAETNZE. 22, WA, 254, B, SEmEtAaR (E83
O, TWATRRIG - 80 CLRAF#H T 3L 5t E & PCR MIE GA200x BERKIE. H—HTIRE
WAREEE IR, B 3 d %84 FIRBEBE 1 X GA; W, LW 3 k. fPlEMRERKBIE L O)E, &
A FEREALEEL 10 Bk, I Hoith BRI ZE (PR H3ESRTH 20 em 40D, GoitERARIITAERT 1], R
G 2 0 VA T P e N S0 o s

1.2 GA200x BY=[&

%1% HiPure Plant RNA Mini Kit 3t B F565 R A7 AT 6 RNA B2, FAer 56 FL Al 52 F0 5o 48 1 .
PL RNA AR S5 3 55 Bl cDNA .

DA IE 55 2B KA PR P YT H 3R B RNA SR, #24% SMARTer” RACE 5'/3" 17 & 42 {1k ) 75
VERRA, 430 5k A A 5'-RACE-Ready ¢DNA F1 3'-RACE-Ready ¢cDNA, FF3EK 4K 51 3
F By B . RACE-Ready cDNA FFFE SURTEH A cDNA P #im b2 snfe sk, R
PEX B A Bt o 29 1 T 75 138 A 514 UPM. (Universal Primer Mix): 5'-CTAATACGACTCACTA
TAGGGCAAGCAGTGGTATCAACGCAG-3'. # T 5250 = AT ML S M 25 R, BRikERE R oN
GA200x FER A, Bt 5785 Fr B 1 5] ) UPM AR 1: 5-TGTCAGGGAAGTTGGGTCGGTGTG-3';
33 Fr By B 514 F1: 5'-CGAGAGGCGTTTGCGTGT TTGGAT-3'A1 UPM, H1-T 35 Fr BYFE B ¥k PCR
P8RRI R H 4y, Bk, DIREE 10 f510—% PCR P29 R, FEEEE 1 /5149 P il F
A5 F2: 5-GAAACGCTCTCCTTCGGCTTCGATGACG-3', #{T —# PCR, EI# X PCR.
Gk E SRty N e g '

FIH PCR HAR 73750414 5 F0 3% v By, 5" v BOONAR & 7 Buffer 25 uL, UPM 5|4 5uL, ~
5% R1 1 uL, 5'-RACE-Ready cDNA FifR 2.5 uL, DNA B4 1 uL, ddH,O 15.5 pL; 3" B
SR 24 Buffer 25 uL, B354 F1/F2 1 uL, UPM 5|4 5 uL, 3’-RACE-Ready cDNA Fiti/—%¢
PCR 7*#) 2.5 uL, DNA E &8 1 uL, ddH,0 15.5 pL. —#%& PCR < M2 K touchdown J77%: 94 C
30s, 72 'C 2min, 5 MEH: 94 'C 30s, 70 'C 30s, 72 C 2min, 5 ME; 94 C 30s, 68 C
30s, 72 'C 2min, 25 MEH. 5 PCR KMiFEFAH: 94 C 30s, 65 C 30s, 72 C 2min, 30
MEH . ¥ PCR WA I GG & B s, 26 A6 s R LR L A e AR R 2wl

HRYE RACE R85 576 A i ¥ it 514 F: 5'-CATGGGGAACACACCTCAAACACAC-3'Al R:
5'-TGGCTCCACACGAGTTGGGACGAAT-3', I&ilF cDNA 75 HH 2 1) 1IE#i 1

1.3 GA200x NEMEEZE DI

K H] OREF finder Chttps: //www.ncbi.nlm.nih.gov/orffinder/) 4T GA200x FE K7 1) B [ 152 HE
. FIH ProtParam #£/F (http: //web.expasy.org/protparam) Tl & H 51 I B4 B . H TMHMM
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(http: //www.cbs.Dtu.dk/servicess TMHMM)/) %} GA200x 45 [ 115 A5 0L 34T 0 Hr o« AR ¥ SignalP 4.1
Server Chttp: //www.cbs.dtu.dk/services/SignalP/) 73 #1 8& H B #1155 k. K H SOMPA (http: //
www.expasy.ch/tools )l Phyre2 7E £k #5144} GA200x F& R 9w tid & H AT L5 /T 5 3D SE R A,
HE#E Motif Scan Chttp: //hits.isb-sib.ch/cgi-bin/PFSCAN/) #f 7 % 1 motifs. ] NCBI ] protein blast
BT A P AR ST G538 AT . 183 NCBI W L) BLAST #7541 Rl Lb ¢ . 383 DNAman
BAF AT RIRERR T O R, HWERGE K G

14 GA200x BIFRIESHT

DL E3R S 5 1) cDNA SHARAR, I SEI 28 € B PCR BRI &R GA200x FEAFAK
IR REE S, DURMIHZERRIEEIEAN 15 8 GA200x FEAMNIE GA; Ab B J5 X Pk = 820 2. 35 (1)
W ERZH RIS, DLRE GA; I RA [ G ASBEHE T, WHSHRBEH GA200x K13
KON 1, WIS FEAT GAs Kb 5 AN [F 8] 55 GA200x IR IA R .. DIHFERFH W76 E =51,
519 F: 5'-CGACCCAACTTCCCTGACAA-3', N5 R: 5-TTCACGGTGGCTGTTTAC GA-3'.
W EE Actin AWNSIEE, EFSIY Actin-F: 5'-CCATCCCA ACCATGACACCA-3', Fi5I¥)
Actin-R: 5'-TAAGCAATGGCTGATGCCGA-3'. xN{AZ: SYBR green 5 uL, ROX Reference Dye 0.2
uL, ddH,O 2 uL, cDNA 1 pL, L. FiF5I4#% 1 pl. MNFEF: 95 CHiAEYE 3 min; 95 CARME:
155, 60 ‘CiB-K 155, 72 ‘CIEAH 20s, 40 MEH. WH 3 MEVEELE, 3 MOREESE, | 224
RN REAIE R 33047 R IE 22 R ARG 52 240 M7 f# B Excel A1 SPSS (20.0) #AFXH Hdi AT S8 it 43 47
K Tukey’s BT 27 B E WA . 0 BIXT GAz AL TR 3 K Mk BE 5 AL T 5 AR AR I S48 An E AT 2 2R
HMAH A BT

2 RS0

2.1 GA200x HITI[E
KH RACE HiARwEE “RIL GA200x 5

Marker GA200x

s Al 313 5 81, HF% G 15 cDNA 2K 741 1502 2000 bp——
bp. FEFTREE R FUAL A B 51 HIEAT 1000 bp— bt

—t

A, IR T 1K 1258 bp I H M F B

CE D, BB e 25 RSPt a7 51—
£ F I NCBI 7£4% T2 ORF Finder % &% 3.,
HA U — 581 ORF, 4K~ 1167 bp,
GenBank & 3% 58 MG780361, #fil 388 N4
LR

2.2 GA200x BEEREMEEFZDH
22.1 FaXkARMFmMN

TE LR AT GA200x & 170 F A Clo37Ha00sNs5360571S03, AR 2> T i 8N 43 667.74 D, it
SEH AN 6,13, 388 ANEIERRZH A, by IE HL AR L (Arg + Lys) 38 /1, 5 i AR 2 (Asp + Glw)
A 43S, ERERA 30 h, AFRE RECH 43.14, IRETEECH 78.20, &-FISE/KME (GRAVY) R - 0.255,

B 1 GA200x B PCR ¥ #1551
Fig. 1 PCR amplified product of G420ox gene
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A HEI % 2 oK PE R . TMHMM T GA200x J4i M s ARSIt (1, 7T B A2 78 it B0 A% b
kb & EAZ K. FIA SignalP 4.1 Server 7T AT AL, ZJPHILAESIE, NAESWEA.

SOPMA #AF4#Hr GA200x B H M =ik (K 2) SoR, WEAR o BiE. gEMA. AHNE
AT SE A 25 AL, o, o BRHEANAS KU Bl BT o5 LUl 3K, 20 5 39.69% 11 32.47%, B 5% ffif /b

0w 4 aa, an

100 1 0
B2 GA200x EAM_RLEHN
WERR o B WEFRDIUNEMN: SEORRpEA LORREME.
Fig.2 The secondary structure of GA20ox protein

i

bl

‘nuHHnmm‘||‘mh|||||HH||||||||E|1H|||||(

200

Blue indicates alpha helix; Yellow indicates random curls; Green indicates beta turn; Red indicates extended strand.

FIF Phyre2 TELRHKAFREAT R H =451
AR (B 3), B4R ER, GA200x 5
TAEHE R G BEILIC R s (30%), =M
GA20ox [fJ% 20DDs f§3s, XEH “RIT’
GA200x & H B A L KA 1

Motif Scan 73 H& B, GA200x FEHHFH
1NN - BESREAUAL 5 (28 354 ~ 357 L& FETR),
1 MRS T cAMP Al cGMP (1) 85 [ it il R 11,
fr s (5 206 ~ 209 L& 418D, 4 MRS H
i 1L R RRALAT 25 (55 65 ~ 68 87 ~ 90, 245 ~ 3 GA200x BA =T
248. 320 ~ 323 12,5\‘%@?)’ 4 /l\ N - Efﬁé@ﬁ{{ Fig.3 Three-dimensional structure of deduced GA20ox protein
AL (55 111 ~ 1164 143 ~ 148, 221 ~ 226+
307 ~ 312 L EEIR), 4 NMEAWEE C BRI AL A (55 153 ~ 155, 320 ~ 322, 335~337. 348 ~350
PRI, XL AW AL 2 PRI R AP IR, DUHCR AT B B IR E .
222 RlRMHRI AT R GRS

¥ GA200x LR 5147 BLASTp LuXt, 45& H e IR GA200x iR (Bl 4), K
I 4w 1) 2 L #AAAE PLN02276 25448, 24588 T R B3R N G il S I AH SCH XUIN 2 B i 2K
o

1 50 100 150 200 250 300 350 388
FEF Query seq. i —————————— e i

I A, Specific hits
A% Superfamilies T B A NG B % R 2% AU 4248 8% PebC superfamily

B4 GA200x BEEHBRTERE ST

Fig. 4 Conserved domain analysis of GA20o0x protein
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2 BLAST UA R, ‘R H GA200x I F:IR T 415 KR (Elaeis guineensis, XP_010911046.1)
A (Phoenix dactylifera, XP_008805890.1) AT (Cocos nucifera, AMP82003.1) “EAHIYE & &1 s
B 67%. FE 51X 3 MR GA200x ZAERR P YT Z HF LX), 4558 (B 5) F£W], GA200x
AR T IR R o

‘Z&R#E’ Oriental hybrid lily ‘Sorbonne’ MGNIPQTEIVEHENS 40
Wit Elaeis guineensis ~ seeessaeaan . .2ez 27
BRF Cocos nucifera ~ eeessseaaas ... VeR 26
W Phoenix dactylifera  eeesseaaans : .. . MeGWY 26
Consensus

‘ZFB’ Oriental hybrid lily ‘Sorbonne’ 80
Wits Elaeis guineensis 67
#¥ Cocos nucifera 66
YEH Phoenix dactylifera 66
Consensus

‘Z&ZFB’ Oriental hybrid lily ‘Sorbonne’ 120
Wity Elaeis guineensis 107

&

#R T~ Cocos nucifera 106
YA Phoenix dactylifera 106
Consensus

‘ZR#E’ Oriental hybrid lily ‘Sorbonne’ 160
Wit Elaeis guineensis 147
R~ Cocos nucifera 146
YA Phoenix dactylifera L E 146
Consensus £ff 1pl k1 a rkpgs

‘ZFB’ Oriental hybrid lily ‘Sorbonne’ 200
Wits Elaeis guineensis 187
#¥ Cocos nucifera 186
YEH Phoenix dactylifera 186
Consensus

‘ZFB’ Oriental hybrid lily ‘Sorbonne’ 240
Wits Elaeis guineensis 227
R~ Cocos nucifera 226
YA Phoenix dactylifera 226
Consensus

‘ZFB’ Oriental hybrid lily ‘Sorbonne’ 280
Wits Elaeis guineensis 267
R~ Cocos nucifera 266
YA Phoenix dactylifera 266
Consensus

‘%#8’ Oriental hybrid lily ‘Sorbonne’ 320
Wits Elaeis guineensis 307
¥ Cocos nucifera 306
YEH Phoenix dactylifera 306
Consensus

‘F#E’ Oriental hybrid lily “Sorbonne’ 360
Wits Elaeis guineensis 347
#¥ Cocos nucifera 346
YEH Phoenix dactylifera 346
Consensus

‘ZFB’ Oriental hybrid lily ‘Sorbonne’ 388
Wits Elaeis guineensis 376
#¥ Cocos nucifera 375
YEH Phoenix dactylifera 375

Consensus ftq hyr d rcl fr wl

5 ‘&I SHMGEY GA200x SEEFIILERT

Fig. 5 Alignment of amino acid of GA200x from ‘Sorbonne’ and other plants
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FIFH DNAman ¥, ¥ ‘&I @ERTFAISKE 17 NF 31 MR 31 2% GA200x 251K
AR . 4550 (- 6) Hon “RBIR GA200x 5 22BHIER B A7 fisl AR b8 2% S5 25 56 A il
BRI, REEMT. WEE. R EE. KBS TERTHEDERER, bEEHSHAE
TEYHAT R

¥ B Ananas comosus XP_020099692.1
K& Oryza sativa Japonica Group XP_015627721.1
[ — BF Setaria italica XP_004970813.1
H-F Cocos nucifera AMP82003.1
kg Elaeis guineensis XP_010911046.1
YR Phoenix dactylifera XP_008805890.1

[ $RBEAM Dendrobium catenatum XP_020700392.1
L YEMIES Phalaenopsis equestris XP_020591770.1

‘&FR’  Lilium Oriental ‘Sorbonne’
BT Arabidopsis thaliana NP_199994.1

8 Lactuca sativa BAA37127.1
m 4|——|:‘}:E]$ Nicotiana tabacum NP_001313089.1
F&hh Solanum lycopersicum NP_001234070.1

i & Pisum sativum AAF29605.1

LA Solanum tuberosum XP_006366931.1
& . Cicer arietinum XP_004495770.1

&
{%ﬁﬁﬁ Medicago truncatula XP 013469017.1

KE Glycine max XP_003541973.1
<’—|:ﬁ!ﬁﬁ Vigna angularis XP_017429699.1
Pt B i 5. Lupinus angustifolius XP_019459821.1

E#% Eucalyptus grandis XP_010025776.1
P} Paeonia suffruticosa ABQ52488.1
[ A Gossypium hirsutum XP_016718658.1

bk Juglans regia XP_018839033.1
Bt Populus euphratica XP_011022922.1
W Populus trichocarpa XP_002310523.1
Bk Ricinus communis XP_002527163.1
# 2 Vitis vinifera XP_002284681.1
IR Malus domestica XP_008337066.1

L £ Pyrus x bretschneideri XP_009367490.1
 MGAE Prunus mume XP_008220185.1
L Bk Prunus persica XP_020410373.1

Ee6 ‘&I’ BA GA200x SHAEY GA200x B LR ST
Fig. 6 A phylogenetic tree of GA200x from ‘Sorbonne’ and other plants

2.3 HNE GARIER ‘RI BEEKHIFME

FAA IR () GAs J0HE <RI AR, 4550 (£ 1D 8K, 200 mg - L' GA; &b# 5
FIRE MR AR i B 2 i T A AR R, 4 104.60 cm, MU NS THREFIREZ S TR, A 11.26 g; 400
mg - L™ GA; KbF 5 A /R SR AN 3 R 36 20 T4 5 B 0 3 v T LA A ], 43 300 7.54 mm AT 13.44 ¢,
I HAGTE B IR R 3R AT, N 88 do HIRFIIRIE GA; /b FFE M- IFEFR, KR 400 mg - L' GA, 4b#
JE AR A I B PR BT AN, HA SR T GAS AL BRI AR SRR MEIR I 25 0% . 20 mg - L GA,
Xof B 2 SRR AL B S Rk v S s TR I, Y 200 mg - L GAs 4 BA 2 TRLPR AL FE S Ak e A
T EAFRE T R A T R I AL FE, B 400 mg - L GA X i 5 IR M A 3 1 2R R M R EB4
TRE R 2 T R AR AR . X R, GAz ACEREFZEM R AR A AR R K
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F1 SNEGALES 'R EKERE

Table 1 Effects of exogenous GA; on growth of ‘Sorbonne’

posiling:| GAs/ P H/em M /mm e H/d R TR R g
Stage of treatment (mg-L™") Plant height Stem diameter The first flowering time Biomass of underground
iR 0 94.00+3.35b 7.02+0.22b 90.50£1.96 a 922+133¢
Germination stage 20 96.90 +5.41b" 7.06+0.24b 90.30+0.48 a 9.53+0.55bc

200 104.60+2.89a" 7.07£0.40b 88.50 +2.07 ab 1126+ 0.83 b

400 98.55+3.44b 7.54+040a" 88.00+1.83b 13.44+1.00a
Jeent 0 9435+3.92a 6.93+£0.42a 90.10+2.23 2 9.69+1.02a
Leaf expansion stage 20 92.00+3.08a 7.08+0.55a 90.90 +2.51 a 10.05+1.00 a

200 92.15+4.99 a 7.07+0.34a 90.10+1.85a 8.81+1.36a

400 96.75+5.29a 6.73+024a 87.40+2.01 b 9.45+0.87 a

v Rl A AR ZIEUE B AR RN F R R 2 55 W3 (P <0.05), * RonAN A ALBE I 1 [F) — A Bk (X (B 17 22 7 B 3 (P < 0.05)-
Note: Values with different lowercase letters in each column of the same treatment stage mean significant difference at P < 0.05. * Means

significant difference at P < 0.05 between values in the same treatment concentration at different treatment stages.

X GA; bR CHE 2R AT D R S S R MRS TRbREEAT A A 5
(F 2) 5IR, GA; KFER S FRm A R 30 TR B B 3 i Se, 5B 5% GA;
AEBRIR FE 5 R TR EAOR 2 IEA DS, SRR E RS, SUEE IR UG

25 b, RN AT A (200 Y 400 mg - L) GAs ALFEXT <RI AEKIEmETK,
Horr, 200 mg - L GAz 2P A A TRk S I8 I, 400 mg - L' GA; 2 F A F T Hu R 387 FRE B &
3

R2 GALEMA., LERES ‘R BEEKEBERNEREEXYE
Table 2 Pearson’s correlation coefficient between growth indicators of ‘Sorbonne’ and treatment stage as well as

treatment concentration of GA;

POBLIE 2 R EYil IETEI B R DTS
Treatment parameter Plant height Stem diameter The first flowering time Biomass of underground
AbHEI A Treatment stage -0.426" -0.245" - 0.068 -0.408"

ALK Treatment concentration 0.281° 0.114 -0.504™ 0.434"

VE: **E 0.01 K REFEHIE, *7E 0.05 KT L REMK,

Note: ** Significant association at the level 0.01. * Significant association at the 0.05 level.

2.4 GA200x HIFRIE S Hh

2.4.1 GA200x B980T = 4% P& K AT

it qQRT-PCR FLARME RIS HE GA200x FEAFEAEKE A EH A E R RIERE, 45
(El7, B8 7R, fEFFHM iRk iR m, HIREIE, HARA RS> R,
BEA REMZAEMTE, GA200x fEZAEMRAM F I REEREA S, FFHAZERRIEE RS,
TEfE . BRAMMZRREEWAIEM, MIEEREER K 2IE N, ZERREZE
FFEA AR AR R IE KT B B, JCHAE 2R AR SRk — 2P, T AR R R 254 SRk BRI
X EIZ B R R TE EE 3Rk, DAEA e Rk i m, TEIRTE 2 RiA s, Mk
WHRIE. MERNRIT, Rk, fedsE &M KREEA PG, e rhsgin e,
RULE AR 7.41 £ (EFEEZEIGE NI, ZEEAE AR . ZEATEA M P Rk SURIPRAS, 525
A RIS, RN WARKERNEERIE. £ R FBENKELEF, GA200x 1E
A FRIERERE B PAEKRKEEVRR, BA— NN SR 2.
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Fig. 7 Relative expression levels of G420ox in different tissues of ‘Sorbonne’ during different growth and development stages

Bars with different lowercase letters in each growth stage mean significant difference at P < 0.05.
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Fig. 8 Relative expression levels of GA20ox in flower of ‘Sorbonne’

Different lowercase letters mean significant difference at P < 0.05.
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GA200x 7& GAs & Bt F2H &G B B i S HE R 1#ES (Hedden & Kamiya, 1997; Desgagné-Penix
& Sponsel, 2008), H—A/NUREFEKEmY, HETCMNED 30 FEY 58 H GA200x. THWF
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FONA, AFEEHRIEN GA200x JatS LR T 5 FVREEAR, ZHEPLE 50% ~ 60% (ZfH 4,
2003), {HIEFRAK. mRAERARHEY Z R R 75% ~ 89% (REH] 4%, 2009). AHFFEH,
HIXDEE R GA200x FEH, ZEH gL E IR S KA B AR S AL, Hd S5k
Fiv W MFEmAEAE RS, BN 67%. [FIRF, GA200x it &IEIRIT 58 & GA200x FR5F
gEts . S EHEAEME RO IRN, ER ‘R GA200x N GA200x BIFEEER, X 9H
Inemiht A AERE A AMNAERKKEIRMEL T2%,

GA200x FER Y R FIE B A 3 (Hedden & Phillips, 2000; Huerta et al., 2009; X3
B 5, 2012), FHAEMREH GA200x FIFRIEHIREEN GA &8 EA BN X AR (Kamiya & Gare
fa-Martlez, 1999; Vidal etal., 2003), Bk, GA200x MFIEBFTREL M GAs TEMMEK K E
AR E R EIAE G, AT AIEARRM, &M GAs EEA R TPUE K E AR, K r) 2
ARRER AR B . MRAIH A 2FR. KA KR P ARSI (Choi etal., 19955 BN 4%, 2015),
XL H B ES AL, T GAs 2 536 2R PR . MrmaEniik. AR LR
SERBEZPEY R E MRS (Richards et al.,, 2001; Yamaguchi, 2008; Mutasa-Gottgens &
Hedden, 2009; Seymour et al., 2013). A#FFLEREIR, GA200x FFEH F N JEHIZEAEM . I
HIMZE . A ZF AR R SR I o B 2 B TR A PR R B A A B ARk, X U 1
Wraez 5 7 R WAL, i R me =2 2Rk 5. Rk, AR,
WA GAs nREA R TRIFHAMEZE EIIKE (Olszewski et al., 2002). ARFFALAE T+
GA20ox TEAEZ N RIB R, HHMELNEN, HREEH—PEEM, HRTHAT GAs
&R, FErT Rt AR H IR T, St AfikiE—2.

EIE GAs FEHEMAEKM KBS B, Rl 22K R EZMER (FE2MmieE,
2002; Pimenta & Lange, 2006). CHEFFIRM, REROHEERS T HESHZREFEZRNS
B, ROl TS RN CRE 5, 2009). H4k, T GA200x MFRIBZIKRNIENE GAs 1)
FGAT, YMHARE R AT A ERRS, ZFERREACE T, AWmiESERENE GAs FIE &
(Hedden & Phillips, 2000; Yamaguchi & Kamiya, 2000). ZAHF57H, 200 mg - L' GA; AL &3
BT R MR RN, FEE T GA200x TERE S HL R HIRIE, SHTANFRGE R8sk
FH GA200x MERIB R B0 EFHE FRERES, XaTae 5 A FHLNE T GAs [ BFE R 2 R K iE
AR KB X GAs T RS HIA ¢, GA; (B G LT 3040 T-4F i1 & 10 2 25 38 hnml g th 51X — 1 1%
R, BAANLHIE R T — 2. FIRERW “RI’ GA200x 1ENTIDIGETE GAs & B 72 Hh e i
M) BELR, A 23 GAs BRI, 7ERTE GAs VG A GERFE YR N 7R & = Fa S T R
HEMEH, nMEAHA GHREB AN R IEERER . s F, SEERE GA200x e FEIRER
F e B A R B B N AR A K (Huang et al., 1998; Coles et al., 1999), JTERZE 2 W4 A Y5 AE
YiEtE GA BIE K, R AR, (Briksson et al., 2000; Wolbang et al., 2004). [, i#
R TR BN GA200x 3R, FMAEANENE GAs &R, BETAAGKRSEMIK
&

HEX A AREEE LRG> At alEd R GA200x BH, HRFT
H 75 RIERE T L AE GA; b HR 5 I RIAET, (H GA200x G HLEAIA 5 DI B8 77 TH i35 ik
s M) FH o 3 i M 1) 208 25 T Bk — A gaiE,  DUISRI A Sk B G IR .
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