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SR E R X 5 L2k 4 B A K R A KA
EERIZRIZME
FeEN, WER, B OB, #SOA, KEF, TEMW
(HTVTAHRR 4 MG AP AR PR 7 [ T 90, WL B 311300)

WE: [ B8] R KFF (gibberellin) sFHMARZH 9 Fw, T T GA200x. GA3ox o GA20x 7 FF A LA ¥ 69 K
BrAd AR, [ Fi&k ] % & Lk Carya illinoensis %138 A ##E, 347 100 mg- L' F EZ et @rtsa L, st shabh &
FEHEDSLENGREG . T EKER EARRARE S L HEM GA200x. GA3ox o GA20x WY BT = EHRAF T AR, [ &
R )R EFH 28d5, Faos EKER TARKGMG K Z L3 BANAA £ F £ F (P<0.05), FIEHZTEAL
AT HARFHARTRA29cm, AR 19345, EFREH (P<0.01), FEBKHAZTEPCRERAY: GA200x.
GA3ox F= GA20x £ R B E KRB E AT = Rk 2 7, shhak BH B4 CiGA200x MR X RS TH, 28d 50 %
K FAUAH AEAE Y 38.6%; T CiGA3ox K F MR 7d ek BAS, THEMIEIENY 554%, 28d /6@, RikEH
WEEIEH 350%; CiGA20x %k T M ERRHB T, £ TdBEITE, ZBEHHEE, £21dMREE THEKFE,
28 d J& EF 44 220%, CiGA3ox £ LR EA AR AT B4R, 48T CiGA200x = CiGA20x £ F AT
ERATRXGTA, [ER ] SMEAEERETHELLEREIFPEK, AR TESLEREAREEZRH AL
BABBEXGEHTEL, B6k14£29

KA ARFAE; Fobbbk; FEE; AEFRMABER; BHERA

FESAS: S722.3 XEkFRERE: A NXERS: 2095-0756(2020)05-0922-08

Effects of exogenous gibberellin on growth of Carya illinoensis and its
metabolic gene expression

YAN Zepu, ZHANG lJiaqi, LIANG Bi, WEI Guangli, ZHANG Qixiang, WANG Zhengjia
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study attempts to explore the effect of gibberellin(GAs) on plant height and discuss
the feedback regulation mechanism of GA200x, GA30x and GA2ox in the process of GA; synthesis. [Method]
The leaves of Carya illinoensis seedlings were sprayed with 100 mg-L™" GA;. The plant height, internode
length and main root length of C. illinoensis and the spatiotemporal variation of CiGA200x, CiGA3ox and
CiGA20x were studied. [Result] After 28 days of GA; application, the internode length and the elongation of
the main root length of C. illinoensis seedlings were significantly different from those of the control(P<<0.05),
but the number of internodes did not change. The average plant growth was 2.9 cm, which was 1.93 times that
of the control, and the difference was extremely significant (P<<0.01). The results of real-time PCR showed that
there were spatial-temporal differences in the expression of GA200x, GA30x and GA2o0x during the growth

period of C. illinoensis. Exogenous GA; could continuously reduce the expression of CiGA200x. After 28 days,

Wk HT: 2019-09-25; &[0l HiYI: 2020-03-26

HETH: ERARBFIEEHINE (31670682); #VLAFHEL T H AW K& LI (2018C02004); #7 VL4 £k Hr
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YEHRIA . M8, MWEME IR T MIISY . E-mail: 2801086565@qq.com. IFIEE . FIEM, #d%, 1
+, NFLFMHEFFMISE . E-mail: wzhj21@163.com


mailto:2801086565@qq.com
mailto:wzhj21@163.com
https://doi.org/10.11833/j.issn.2095-0756.20190566

5537 &5 5 W JEEERIAE . ANt R F T LA AN B AR I B S QI PR 2 ke ) =2 ) 923

the expression level of CiGA200x was only 38.6% of the initial value. The expression level of CiGA30x dropped
to a low point of 55.4% of the initial value on day 7 and rose to 350% of the initial value on day 28. The
expression level of CiGA2ox in general showed a wavy change, reaching the peak after 7 days, then falling back
to the initial level after 21 days, and rising to 220% of the initial value after 28 days. However, CiGA30x
accumulated in the stem of C. illinoensis seedlings, which changed in transcription level compared with
CiGA20ox and CiGA2ox. [Conclusion] The exogenous GA; could promote the stem elongation of C.
illinoensis and cause the temporal and spatial variation of the key gene expression patterns of GA; metabolism
in C. illinoensis. [Ch, 6 fig. 1 tab. 29 ref.]

Key words: forest tree breeding; Carya illinoensis; gibberellins(GA;); gibberellin oxidase gene; temporal and

spatial variation

WS ILAZME Carya illinoensis XFRE IR . SEEILIAZBE, R4 R T2 L BRI FhoRIA R
MR RN, HREFRERT, RENESY, AN KEEHER LA BB =e .,
W8 . Biia O M B SR L RN, WS AR AR S K, AR TN TR SR S H 8 SR04
M, BEBAMAT A ER AT M TAE RS AR, BMAKRED IR REER
(gibberellins, GAz) & V4 AH Y Wk = (10 B TR, AH DGRk o 5 DXL 10 S B 5 20 7 LRI B 58 0 778 LA 4%
PR LT MR AP AW EZE WA M E . R85 RER R ER, W
RED RO e AR AR EBY SR ARG, WREEIE NG N R 0 A
KLY, H, (15N R R IE e 2 BRI AR s AR, BT, c4wkE
FNHREREWE MR ZECL BRI LR, M T INETARD T 2006 MR 8 2= 1R & iEZR Y, 5T
B HREZIGWAICHEE (GA200x. GA3ox. GA20x) X i M o B 28 ARG B 0 5 EL A O |4 FH U,
GA20 A AL (GA20-oxidase, GA200x) S IR A & A AT i Hh G BE 1 BB, 7EARAE Gossypium spp.t'™. B
4% Populus tomentosa™® #1111 %% Camellia reticulata™ " it 32 35 25 fE 15 A8 FR 8 =, 0 ) 922 2k (R 78 400 B
Nicotiana tabacum"® . 3¢5 Malus domestica” SFAH R Rk M SR MR AL . ABAR AR @k RAT R A1 7
BAEE A R IAAE GA200x R B 2R, HI/D T AR A A . AN S R AT TR
A GA200x W THUE SHASER T, ARG TRERELAIA . GA3 A 1L (GA3-oxidase, GA30x)
MR ARG R G RO B B —A OG8RI HI/INE Triticum aestivum™ FI7KAE Oryza sativa™ v
(1) GA3ox FEHRKIK, MRS EIBRMATER . XIS LM FEREFT/INE T 98-21057 1, GA3oxl
H1 GA30x2 FEZE M| — 5 45715 TR 0 7 SROKOT (2 38 s X R, DN 2R 85 R AL 500 37 21 52 i) 3 BORA i 58
A%, T R IR IR R A UL R T Y O — A SR AR 2R AL (GA2-oxidase, GA20x), L2l FRIAPT
Jatropha curcas™ | 75 WEIEFER Camellia lipoensis™ FEZE 4+ Petunia hybrida™ “FFik%E L. HU &P i
FHAFF A LRI i 258 JeGA20x R IL: MEMEREIERAL, H/NEURINM -, 407 R SCH AR /MY
PR . AR LSS IR S A SE g AR, TA R 100 mg- L' B ZR , AP RS2 1A% BE
SHT A K Y R e RN R AR R A AR S B I R (W i s AR Ak, R0 T R ST LB GA200x . GA3ox il
GA20x BRI 25 FRIRFFIE RAE AR TR R G U P RTEAE R, Adise LAZ AR A ot & Fh 25 JEA

1 MR T7 %

1.1 R E5LE

SCE ST IR A TR R MR AR, 2018 4F 10 H RAH T Wi AR MR A= R — R, Pt RK/h—30
FhFAE R SCs Ak, B TR EAE Y, BT 4 C IR, 2019 4F 4 A, Bedise LI sk A+ Fe 2L
+ [mPe ) :mEEIRE ) mEA)=1:1:1] W, FEM I MRS B B XK E L = Y E [(25+2) C, W
FER 75%] AT LRGSR . 2019 4F 5 H, dEBUER S MR, TR EM ERK E LRI EA -3
FILET 54 Bk, B 100 mge L' B9 R 8 % (CAS: 77-06-5, BC, ¥4 T) #4743 (24 h N ATEIK),
DL KRR, 3REE .
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1.2 Fik
12,1 XIEEHELBAYSH SR RN T AP 28 d JEIE IR R . TR 1 A5 R R A AR
K BE, M ERNE, 58 1A /N K SPSS 17.0 H Ay B8 & 5 22 0 vt Fr A 8 bR - T Ge 3 3
P<0.05 NZEFBE, P<001 HEFHEE.

122 FEZFRBREEARGEDEEF oA WTIIEM . IWAERE Carva cathayensis FN¥%Hk Juglans
regia ] GA200x, GA3ox Fl GA20x ¥4 W AR 27248 T e I s /AR B I S SL B = ik A & iR
U e e . IEE E R AW 5 B 0 (NCBI)(http:/www.ncebi.nlm.nih.gov/) [ 43 5148 2 B 8 /9 # 9)
GA200x. GA3ox. GA2ox [FJURFE M EL MR 741, 8 & #fF DNAMAN 17 2 ZE 18 7 0 txd o F
ITOL (https:/itol.embl.de/) il MEGA il R G AL

123 FEZFAXARG RIS XAF O, 7. 14, 21 F128 d JEH R BB 47 RAE, TR
PRIAN R Bof [) iR A8 Ak 5 JEPRUAN ] 23 (] iR A8 Ak R AR BE 0 FN 28 d JEHEAR I T ZE . M@, 22D, M@, 2%
@, H®, 220, @, ZEOFR (K 1), FEMR
L r BV AW AL, B RNA A9 $2 U7 5 37 1R
RNAprep pure Plant Kit(Jb 50 RAHR) Sz Hiisi B 5 $ 41t
B9 77 347 . F Prime ScriptTM RT Master Mix
(TaKaRa /A w]) [ 5% 6 il cDNA,

MRS, FIF Primer3Input(http:/primer3.
utee/) Vil EGIY), LAILAZRE Actin FE R N
Z, 5IWFAIILER 1. 9t i PCR W IAFR A
10.0 uL, {24 cDNA 0.4 uL, TBGREEN (TaKaRa
AFEDS.0pL, IEMBIH 0.2 0L, KIA514 0.2 ul, W
7&K 42Ul W ZIEHN: 95 °C 10min; 95 °C 10,
60 °C 31s, 40 ¥ 95°C 155, 60 °C Imin, 95°C ~ DUFEH 1 MEDhZED), 52 M5 3 1 525@), 2
305, 60 C 15 s, Hrdit M7 R 7300system Hifk ;gii;”ﬁé®’%4£%5”ﬁé@’%5£m
2 FUE, AAC=(CoyppCipye) s (Co
Copyz)arma - Ho I Excel 2007 34 Hi1E

B{1 #ELENRREASIRETER

Figure 1 ~Schematic diagram of different tissurs in C. illinoensis

&1 54F7
Table 1 Primers sequences
ElE R LTI —3") TEE I (5—3)
RTCiGA200x GCACACCGACCCACAAATCATT TGAGTTCTGATCAGGTGGGACT
RTCiGA3ox CACTCGAACAATTCCGCCAACT TGCCCAAGGAGCCTAGCATTAG
RTCiGA20x CAGGTAGGTGGGCTTCAAGTGT CCCGATGCAAGCAACTTTTGTA
CcActin TGCGGGTGCTCGCTTCGGCAGC GGGCAGCCAAGGATGACT

2 HREHAAH

2.1 SMBEFRE R LRI HEE (LZPkE) E £ KISFRII RN

H L 2A FIHT: Ab3E 28 d J, sc AR BRAE MR- AE K A 2.9 om, X REZEP A4 KGN 1.5 em,
AR FRJE Rt BRI 1.93 £, 225 B3 (P<0.01). AMEIREE R ol DA ROIBE 2 Lk B RAERK, B
R T ENAEK ., L REROIE, W A BETIZE R 5 1 ik 250 [E) K R i S X R
L14 %, Z5 B (P<0.05), {H5WEEERA &L (B 2B). LA, FRERERNR ALK WA R
TRUEFER . AR AL 28 d J5 5T LLAZ PR AR K AR 2 X IRZE Y 1.09 £, 2257 8.3 (P<<0.05)(& 20).
22 HELZRFEZEREXEER CiGA200x, CiGA30x 1 CiGA20x HAEWIE BF ST

1 CiGA200x. CiGA3ox Fl CiGA20x X 4 it 1) 28 FE R )7 51 5 NCBI 4440 £ 1) GA200x . GA3ox Fil
GA20x & H & 21 ¢ 51 EAT FL %20 B (B 3). & B CiGA200x([&l 3A). CiGA3ox([&l 3B) Fll CiGA20x
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A. CiGA200x 5 HAh# R FHI EE %) : B. CiGA3ox 5 HAMYIF 75 LEX}; C. CiGA20x 5 HAh Yy Fh

FHILERT . LLHEARR LR B F(Fer 4l & AL i, WHEARIR 2B —

B 3 CiGA200x. CiGA3ox ## CiGA20x # K&

851153

Tifs it 5 o7 5

I

H b B R 5 69 At

Figure 3 Amino acid alignment of CiGA200x, CiGA2ox. CiGA3ox and its closest homologues
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(151 3C) #45 %& AH L B AR SF 20G-Fe Il -Oxy & FAS5 I8, LU 2-F 1 R 45 & A s AR B F (Fe™) 45 A
P, UL CiGA200x ., CiGA3ox Hil CiGA20x J& T 1Y 71 55 2 A AL B 1

e otk o6 & KB (B 4, CiGA2ox,
CiGA200x il CiGA3ox 5 LBk FIAZ B 1Y 5E 2%
KEKE, HE5IWERNFESE R, A0
[FERHE Y GA200x. GA20x Fil GA3ox 4 1]
POCHRIE, X 5ZE A BP9 AE 73 s
RAH—2, R IR GA200x . GA20x
1 GA3ox H HTEH AL B IRSY
23 HERLEMFERRETEER CiGA200x,
CiGA3o0x 1 CiGA20x RiZHIRT B ZE 4L

X 52 11 A Bk 4 T W 100 mg- L' 2R 8
%, i qRT-PCR Kl I oAl HAE AL 385 AN ]
A (0. 7. 14, 21, 28d) CiGA200x. CiGA3ox
Fl CiGA20x WFHXS FRIB B RFHE

EEZR TR B 100 mg- L' AR R AT
T 5539 A ) CiGA200x HY %% 5% o TEHIT I Ci. Carya illinoensis; Jr. Juglans regia; Cc. Carya cathayensis;
CiGA200x Fix BN Fha, fEAM 14d )5, Tc. Theobroma cacao; Pt. Populus trichocarpa; Cs. Camellia
Cita2tor RIS TR A2, O e R
FIRE NWIMREM 59.1%, ZIGF85%%E T Malus domestica; Hb. Heveabrasiliensis; Me. Manihot
B, 28 AR RIS RN BRI 38.6%(F o e oy
SA)OE U CiGA3ox Jeik s Fe B4 GA200x, GA3ox o GAZox # # st Atht

Figure 4 An unrooted phylogenetic tree representing relationships of

i EFHRkaA AbER 7 d 5 Rk B A A AR GA200x. GA3ox and GA2ox
M, ONXTRRIY 48.6%, ZJRZEETHE, AR
21 dJ5 B TF BAL B AT K T JE ek BT, FALEE 28 dJF Bk T L, EKIKE NWIIRED 350%, 5
GA200x R F A5 AR (AR AR B R AL 21 d 5, GA3ox #ik i iU 2 w5 B 40 i (K F, ] fig 2
GA3ox TEPRTE 2 Ui Ve B T BRI e o0 S 220 SO 1 VE T, AORFFRE IR N B IR B 20KF-, BRI EE BT
i AN (] 5B).

e RACHE R 9 5] — 1 SCHERE CiGA2ox3Rik it SR NI R PRIB A2k, 75 7 d 5 b8, 25
M TR, 14 d e Pl FREE 21 d KA 2 T X REOKSE, 28 d J5 FRHKR LT IRTARIE R 220%(E 5C).

1y F-Cmeadox
L
~8GiA Ty

itigzg, |

121 A 4r B &r ¢
I i I
X HsL Mol
K08 | K i
Jauas m 2 F E4_
B B S
304 r S N
g Q 14 \12—
EF) &) O
0 1 1 1 J 0 1 1 1 i O 1 1 1 I
0 7 14 21 28 0 7 14 21 28 0 7 14 21 28

#d td t/d
—o— 100 mg-L'GA, —e—ck

B5 FEZFLHESE CiGA200x, CiGA3ox. CiGA2ox kR 4% FAKF o T AL
Figure 5 Transcript levels of CiGA200x, CiGA3ox, CiGA2ox after GA; treatments
24 HRLZRABRRGPXBER CiGA200x, CiGA30x T CiGA20x I B Z4L
AWFFEE 1 qQRT-PCR X 72 L A% Bk 4y 1 A [ 3 A2 7 2 R AQ I DG B 2L (] GA200x . GA3ox Fl GA20x
RIS RIS TR TOFIE . AR s 2 S i 44 A [RIRR AL (] 1)
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SRR WFEUIE GAor (ERIRGL 2257
Stk HRARBOARY, EEMTE R 20

BRI TR | R RUR, M R B e £ 15

B R T R M@, X Rmzx S0

DOEZXEFEWHE R (K 6A). FEZLMLF, § 5

BT ) GA200x KoK Rk E T, ULIHTE 0 KOO 0 @ ®® @ @ © =

ST 28 d 5, CiGA200x 14 Wb 23k 14 S E M OE M E M T

ZE T, ARFEBARA R, TEF e g

i, HUGRM SRR TR AR, 9 |
WFBE GAdox IHFZ LA D, 17 &

FEABUESE, BRI, £ T

I A TR D (B 6B). fH R AE S i AR 5 2 g !

JEPT AL : BRTHRES, GA3ox 7EH AR A 0

Tt TS R TR e A B2 a2l *
WFE LRk GA2ox TE4 RO 345, & o

BN BRI, A ¢

BILT A&k (7 60). 2t ABEMME, K 5|

CiGA20x TEXEERIBR IO BG 25 e, AR & 5 & A %

TR, TR GA2ox 5 T I g

&}

3wk "W OO0 0 000 @ 00 B
AR, SR B (A L b2 s T ET

PRI, RRRREE, IFELAE R R LI T E Ood m28d

ﬁ%%iﬁcéﬁﬁ%mﬁmﬁmﬁmﬁ%% B 6 &Lk GA200x. GA3ox F= GA20x 2R

MR LR TR, B T W LRk & R 20235 0 Ak B

R I H MR I R ZE R AR R, Figure 6 Expression of GA200x, GA3ox and GA20x in different tissues

AN, X5 AERO S RARRE Prunus avium SN IR 5 in C. illinoensis

i, AR ERE ST, R
K 52 ) S ELARBAE AT 8, PP R B MR R B . X AT R R A AE AR KRR S
R AR T AS— B0 )

A it 7% 55 R AT A LLAZ R D) B N A R RS R AE W B R R CiGA200x Fl CiGA3ox Feih it i 3 T,
M CiGA3ox M FRAmAEAL TS B 7 I E i 4e, FTRESEA GA3ox VE N AR R AW & UM B 5 —
B, AEAREE R TR B R T ol AR, GA3ox EE B E A TVER, i et ik iy R d %
(VA o IRZE SRR T IRBE R A B B i SR BRI T B S . T CiGA20x WIJ& R B0SE - THIE T BRI IR
ke, BLREANEARBERIERT, BEETEMERBEZ Y E AN, GA20x FikEWAENG N, ABMEHET
TEXTOIS Prunus persica Nt TE E )G, MERHEY GA200x. GA3ox B FRE#aHY, I TN, GA20x N
SRR LE RS, SRR AR B, X BRI AR E R A A GA200x Al
GA3ox Z 5 R R MBI, T GA20x MRS 5 T 1IERGIHTY .

AW T W5 1AM AR [R5 7 64T qQRT-PCR 4307, @it H AU i R IR R RS
FHCIEH CiGA200x Fl CiGA3ox BIETm KR FRIL, S HEMIEHRER,; AR AE R RREEK
i CiGA20x 75 FPFBANTI L i ek, FRWIMSE IRk DGR A A A G S it . MR B RS, W5t
b T 4 15 1) 7 B R A PR AT, CiGA200x AN 545 5%, CiGA3ox K b i THIdRAE K, M
CiGA2ox fE25h ikt DI DAREFRAR N Z 1R 2, LLIIRBIRRE MRS SO MR R e AR P, Tk
LD AR S AL AR SRR AR K — KR

B 5 3 5 X 5T LU AZ BRI 100 mg- L' AR A 3, XS LI A% Bk o B 2R AR DG B BE R GA200x
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GA3ox Ml GA20x AT T RGLRANITE, Jlise il 7 Rhde it T Be SRRl . HAr, skfEmae
IS AAT AN BT AL GA20x FIREALIA R, C2A3] T RBEREL FHERTRR . WSS LLAZBEAIR
RGO R BGE, ] DL Fe etk 1 SE N SR Yy AR i, DU 45 207 LAk R AR AL Tb A
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