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Abstract: [Objective]Gibberellin (GAs) is an essential natural plant hormone in plants and plays an in-
dispensable role in seed germination, stem elongation, floral organ induction and development , fruit
formation, chlorophyll expression. Therefore, the process of anabolism of GAs is very important for the
growth of plants. Gibberellin 3-oxidases (GA30x) are key enzymes in the biosynthetic pathway of GAs
which directly catalyze inactive GAs (GA9/GA20) to bioactive GAs (GA1/GA4) to regulate the dynam-
ic balance of GAs in plants and regulate plant growth and development process, especially in regulating
plant height. Carya cathayensis is an important economic tree species in China and has extremely high
value in nutrition, industry and medicine. In recent years, the demand for hickory has gradually in-
creased, but most hickory trees are high and grow on hillside ditches, resulting in difficulty of harvest

and management. Therefore, the creation of dwarf or semi-dwarf new germplasms is very important for
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the sustainable development of the hickory industry. At present, there are on a few studies on the GA3ox
gene in fruit trees. In this study, through the cloning and bioinformatics analysis of the CcGA3ox gene
and the construction of genetic vector in hickory, we further explored the role of the CcGA3ox gene in
regulating the growth and development of fruit trees, especially in regulating plant height, so as to help
dig and utilize more high-quality genes in hickory.[Methods]Firstly, according to the full-length CDS
sequence of the GA3ox gene of hickory and the Clon Express II One Step Cloning Kit of Vazyme, the
full-length cloning primers were designed using the software Primer 5.0 based on In-Fusion cloning
technology, and then the target gene was amplified by PCR amplification system. Based on the cloning
results, the bioinformatics analysis of the CcGA3ox was carried out, the gene structure characteristics
were analyzed by ORF Finder open reading, the conserved regions of genes were analyzed by NCBI,
the physicochemical properties of amino acids were analyzed by ExPASy, and the subcellular localiza-
tion was predicted by PSORT online analysis software, TMHMM ServerV.2.0 software was used for pro-
tein sequence transmembrane region analysis, MEGA7.0 software was used for multi- sequence align-
ment analysis of amino acid sequences, and a multi-species phylogenetic tree was established. At the
same time, pC1300 plasmids were double-digested by BamH | and Sal 1, then the PCR products and
double-digested products were recovered respectively. The 355::CcGA3ox::GFP fusion expression vec-
tor was used to transform the competent cells of Escherichia coli DH5a by using One step cloning kit of
Vazyme .The positive clones were screened by primer PCR at full length of the amplified gene, and the
positive clones were selected for sequencing validation. The constructed vector 35S::CcGA3ox::GFP
was transfected into Agrobacterium GV3101 competent cells. The correct strains were identified by PCR
and enriched after extended culture with rifampicin and kanamycin of LB liquid medium, and then sus-
pended in liquid DKW medium containing acetylsyringone. The well- grown walnut somatic embryos
were selected, and were immersed in suspension for 10-15 min, then were cultured in DKW solid medi-
um containing acetylsyringone for 3 days, and then were placed in DKW solid medium containing 80
mg- L' hygromycin and 300 mg - L™ carboxybenzylpenicillin to screen positive somatic embryos. The ef-
fect of 35S::CcGA3ox::GFP expression on the fluorescence excitation of somatic embryos was ob-
served under white light and blue excitation light (OD=488 nm) by stereofluorescence microscopy, and
the somatic embryos and regenerated plants were positively identified by PCR. Phenotypic changes
were observed on days 0 and 15, and plant height and internode length were determined. Fluorescence
quantitative PCR (qRT-PCR) was used to determine the changes of gene expression of the CcGA3ox in
regenerated plants. The chlorophyll content of regenerated plants was determined by ultraviolet spectro-
photometer using ethanol to extract chlorophyll.[Results]The open reading frame of the CcGA3o0x was
1 116 bp in length and encoded 371 amino acids with a molecular weight of 40.69 kDa. Bioinformatics
analysis showed that the CcGA30x was an acidic hydrophilic protein with conserved domains typical of
20G-Fe II-Oxy. Subcellular localization prediction indicated that it was located in 56.5% of the cyto-
plasm, 21.7% in the nucleus and 13% in the mitochondria. Analysis of the transmembrane region of the
protein showed that the transmembrane region of the protein was zero. The results of amino acid phylo-
genetic tree comparison showed that the gene had the closest genetic relationship with pecan 98.6% ho-
mology, and 97.84%, 84.64%, 83.56% homology with walnut, Chinese chestnut and broad leaved oak re-
spectively. The results of somatic fluorescence microscopy showed that 35S::CcGA3ox::GFP overex-
pression vector was successfully introduced into walnut somatic embryos, and underwent four complete
growth and development life cycles: spherical embryo, heart embryo, torpedo embryo and cotyledon em-

bryo. Phenotypic observation showed that the height and internode length of the transformed plants were
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significantly increased compared with those of the control plants. The results of qRT-PCR showed that

the height of the positive regenerated plants was significantly different from that of the control plants,

and the expression level was higher, indicating that its expression abundance was positively correlated

with the plant height. At the same time, the CcGA3ox gene affected the expression of chlorophyll, result-

ing in the reduction of the content of chlorophyll in the regenerated plants of 355::CcGA3ox::GFP. Com-

pared with the control plants, the average content of chlorophyll a decreased by 41.5%, the average con-
tent of chlorophyll b decreased by 29.3%, and the total chlorophyll decreased by 34.4%. [Conclusion]
The amino acid sequence of the CcGA3ox gene had the highest homology with that of the CcGA3ox of

pecan (98.6%). The expression of the CcGA3ox CDNA in transformed walnut significantly increased,

and the regenerated plants showed obvious elongation characteristics, and the chlorophyll content obvi-

ously declined. The GA3ox gene would play a key role in the growth of plant height in walnut.

Key words: Hickory; Gibberellin 3-oxidases gene (GA3o0x); Transformation; Functional analysis
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TRIEVEREK. HAT, GA3ox ZF O A EIEE IT
(Arabidopsis thaliana) ™ M %L (Nicotiana taba-
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A IR ARARIAL : B. B AARIAR . F7R=100 mm.,
A. Somatic embryos of hickory; B. Somatic embryos of walnut. Bars=100 mm.
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Fig.1 Somatic embryos of hickory and walnut
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AF

1% FH AL SRR AE AR A FR A W] I 2 68 2 Wil
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A E R, BT In-Fusion [ 24404 8 H R ™ it
1T R B AR, B Premier 5.0 B it e 514,
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FTHERE W IERE P ) 35S::CeGA3ox: :GFP ¥ X\ DH5a
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51457

Table 1 Primers sequence

ElEER S 52

Primer name Sequence(57-37)

ik
Purpose

GA30x-1300-F
GA30x--1300-R

GFP-F ATGGTGAGCAAGGGCGAGGA
GFP-R TTACTTGTACAGCTCGTCCA
Actin-F GCCGAACGGGAAATTGTC
Actin-R AGAGATGGCTGGAAGAGG
CcGA3ox-F CGTTGTTAACCGCACCCGTTAT
CcGA3ox -R GACTGGGTCCTAGCAGCTTTGA

GAGCTCGGTACCCGGGGATCCATGCCTTCAAGACTATCAGA
TCGCCCTTGCTCACCATGTCGACATAACAGAGTACAAGTTGGC

1 Amplification
471 Amplification
%55 Testing

Y5 5E Testing

2 Internal reference
42 Internal reference
JE 1 qQRT-PCR

JE i qQRT-PCR

¥ :GGATCC.GTCGAC %3N Bam H 1 \Sal T MEEYIA £

Note: GGATCC and GTCGAC are Bam H | and Sal | restriction sites, respectively.

122 LBk CcGA3ox 2 B 49 £ 415 & 5 547
M 2 [ [ 57 A= W0 H R AR Borb ot (NCBD 94 3t v )
BLAST X 25 1% F7 51| #E 47 Fe 51 FH AL 23 #r Chttps://
blast.ncbi.nlm.nih.gov/) ; #| H # /4 PROSITE Scan X}
5k A Bk AT IR S7 X3 00 23 B : A1) ) ORF Finder
(https://ncbiinsights.ncbi.nlm.nih.gov/tag/orffinder/)
g3 A JF 1 152 HE 5 A H ExPASy Chttps://web.ex-
pasy.org/cgi- bin/protparam/protparam ) Xf % & g 1)
ALY B 3E 4T 43 M7 5 B H PSORT Chttps://www.gen-
script.com/tools/psort) 7 £k 73§ 3% A4 33t 47 V. 41 Jfd &
AL T, F FHf TMHMM Server v.2.0 #4347 25 H
F7 51 25 X 43 T 48 I MEGA 7.0 844 % & B R 7
HIBEAT 2 7 51 EEXS o0 b, S 2 A R KB W
123 Lk CeGA3ox 2 B f& Mk P ) i 1% 4%
o ¥ i G (B 358::CeGA3ox::GFP % N R
FFTE GV3101 1 32 25 40 Jifg b I 42 & A A48 T (50
mg - mL") A A EE X (50 mg- mL™) [{) LB 4 £ 5%
BB F R IR A OD {4 0.8~1.0,5 000 r- min™ B0
5 min & LK, B35 LIS BIMASH OB T &

fiil (40 mg- L) (VA DKW 35 77 B3 AT ByF ™, &
UK R AP BRAR IR , 78 B2 HIR %% 10~15 min
Ja  E T I OB T A (40 mg- LD ) DKW
s IR LR IR 3 d, N S A IR % (80 mg- LD
MR R (300 mg - LD FiAE K DKW [l 14 5
I HE v AT BH R A VR 0 228 55 9% 3~4 A J5 AT %
. BALIES IR Zhang 5 5%

F O AR = 9 ) & B 8% (Carl Zeiss Stereo
D13covery V12, Axio Cam MRc system) 7E #5 (.3 &
Ot (488 nm) T, WLEL 1L % Bk 35S::CcGA3ox::GFP %%
POAA R B 56 S BOR B LS, It B SR ik
PR i AT PCR % 5E (5P ALK 1D . £ PCR
S5 B BH AR IR 2 i IR B BUS S R AR R B K T
W3 dfE, BT R FRIE R AT R F AR, Z 5 X
FRAEAEMEEAT PCRFEME S 52 .

1.2.4 LM CcGA3ox K B o e 6940 % BiE M
Y [P PH AR T ZFF 4G ) R A 1S em, 3597 15 d
MELAE R R A, FF e U PR T2 L i 2R BOR AR R
IX RNA, f# Ff] The iQ5 Real-Time PCR Detection Sys-
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tem 1 #% 3 17 qQRT-PCR, I 72 ¥% 3 K 48 #k ' Ce-
GA3ox AN RIEHE . KM FEF A 95 C 10
min, 95 C 105,60 C 315,40 MG ;95 C 15 s,
60 ‘C 1 min,95 °C 305,60 ‘C 15 s, 224y
i E e RS R, MWAS N SR PREECR ] 4
FEIUEPY, K £ A1 43 0606 BETHIINE 3 K 665 nm Al
649 nm FIWOGFEME , R A R4 R £dls ab 2
e 3 3 4 72 57 3 A FH Excle A1 SPSS 2.0 34

2 R 550
2.1 WMk CcGA3ox A B R EFFET S

HRHE BT B 514, K F PCR B AR o B4 34 3k 43
L ¥ Bk CeGA3ox 3 R 4w i [X 4= K, B30 g A i e
VK 7R 291 000 bp K/ k417 (B 2-A), 5 H I 5
(1116 bp) K/h—3. R 7t — S L%k
CcGA3ox BRI SR IR 84K F H (1 4 I R s
[ 7240 55 UV Ji 1) pC 1300 Jiii R % 2 , #5148 DHSa
KIGAT R RS2 A 20 M, Bk B v B R AT e 15 7%, )
BB EAT PCR %7€ , KB R 2677 7E 1 000 bp
oA CE 2-B) , I bE X IE #1957 %1 i 44 N Ce-
GA3ox. HJEW CcGA3ox 3N T RIEH A E N
358::CcGA30x::GFP.

1 000 bp

A Rk CeGA3ox BT K. M. Maker DL2000, ki 1~4 N H 2677 B. itk CeGA3ox FFUR AT B 348 ik Bl . M. Mak-

er DL5000, ¥ikJE 1~5 N H 464

A. Amplification electrophoresis map of CcGA3ox gene. M. Maker DL2000, Lane 1-4 is the target; B. Electrophoretogram of CcGA3ox Escherich-

ia coli. M. Maker is DL 5000. Lane 1-5 is the target.

2 W#ZBk CeGA3ox EE TehE R E R B Kk 2 47

Fig. 2 Electrophoretogram of GA30x gene cloning and vector construction in hickory

2.2 ¥k CcGA3ox BEEMEMIE R F S
ORF Finder %X £ 7 B 45 F R B, 1l &% Bk Ce-
GA3ox FF TR EAE I BE A 1116 bp, 4ifid 371 M4
B2 : F ExPASy 1E 22 54 I 12 5 K] BT 9 155 25 1
(R AR T 291 J53 B8 40.69 kDa, %5 L 15 (pID N 6.67, /)
T 7.0, NBRYEEE BT, 731 O Cr sl 656NussOs0S 1 »
S KM R ECN-0.209, 455 K 5 (1 s A PSORT
TE 25304 20 BT PR CeGA3ox &5 A 5 75 40 i A F 7

A, Fob A 56.5% 0 T 40 i L 21. 7% T4 M i
13% 7 T Zebi Ak , Az /b B 53 A 75 20 Jf B0 75 i A o
. Ff TMHMM Server v.2.0 %F CcGA3ox & [ [ i
X 3 AT 20 B, 25 SR R S %R R S R X IR
F, 18 I X ek S L R 7 1 1) B R A D 0.028 33,
ML R AR T IS A A B X 8, R % & %A
5 55 [X 38, (& 3) ; F1] H] PROSITE Scan %4443 #r 15
WA IR L, RIZE A & AR T

0.8 |

s
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0.6 |
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02t
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3 LBk CeGA3ox BERR XA T 53 47

Fig.3 Prediction of Cc transmembrane region of hickory
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20G-Fe 11 -Oxy (288-297) &4 #4358k Fl 3 A~ Fe? &5 & 41
#(230,232,287), DL R B H A B R TT, L dE 6 4
Fig B O TT % R AL 17 £ (25~28.43~46. 45~48.,
145~148.190~193. 331~334) . 5 /> N- ¥ J& 4k £i7 &
(85~88.242~245.243~246.279~282.292 295) .2 >

AEBmAE | 100 200

Amino acid position

CcGA3ox ZILRLE Fs P

A C BEER AL A7 5 (97~99.349~351) .2 A ik FE
B4 . (205~210.280~285) , iX BB 5 FE L E 15 5
WU LA R st A% i scovh B A B AR (BT 4D,

iz F NCBI 7E 28 8 1 H 1) BLAST ¥ CcGA3ox
% R )T %) 5 NCBI H Nr (RefSeq non- redundant

1000

300 400 500 600 700 800 900

*
(371 aa)

CcGA3ox amino acid domain

SEmAE 1 100 200

300 400 500 600 700 800 900

1000

Amino acid position

CcGA3ox ZFE M) HER =
CcGA3ox amino acid functional site ,

& 4

(371 aa)

Bk CcGA3ox BRRTFEIHRNBEE R LA

Fig. 4 Conserved domain and functional site of CcGA3o0x gene in hickory

proteins) H 4 & ik HL ) 39 N F T GA3ox & 2%
R 7 5\ 3E47 EL X}, 2838 Clustal W EE X 5] I MEGA
7.0 71 ) NJ (Neighbor joining) 72 #4) 22 3 £ ¥4 , F1| F
iTOL £ Ze FR A5 BEAL R HEAT A2 , B S5 15 BIAN A1)
Pl GA3ox TR 7 kb« 1 5 o, A% Bk
CcGA3ox . 2 W J7 4 5 # 52 b # ¥k GA3ox
(L1184S0079) I AHBLEE 5% /51 » 35 31 98.6% , [ J& — 4
NG I SRG R FIRA s He e 5k IrGA3ox 1A B
97.84% 1 IR 2 , 1 4% 5% R s 5HE CmGA30x
(I IFE 25 0 84.64% , 5 il A% QIGA3ox [ [FYE % K
83.56% , 5 L PH #4 I b HbGA3ox [8] U 2 4 80.7%
5 R R JcGA3ox [F I3 8 79.23% . KILFE R —
S SR R ZE RN AR BB 53 S AN WA
Ko SRL KRBT -

FRHE 5 A% Bk B S 25 0% R IT , 7T K GA3ox
YRS AR . Fr Ak S LA Rk AR
TR AR S TG AR B R XU A T
7y N=E NI RS N Y NN N S R i Y
R, 5 Il A% Bk I8 A5 BE B Ok REUE, SR R REN
61.29%~98.60% ; ¥ 22\ MR K20 A 2 RK K
JOR EWE SR D R E A RN R, 5
L A% Ak 38t A5 BE B OC RAH KT RLIE , RE R REN
43.12%~76.20% ; Z <55 KRG R BR A L H S | W A
HE N B AE R TR B S N S — iR
Fe sk R N 36.91%~67.92%; 5. IUFET I+ N5 DU %
R, SE SR BB N 43.39%~63.90% ; 75 it B N — %

J o
2.3 LBk CcGA3ox BEAEFERZHE P R Z L K
PRTEAGE

H AT, BT LR B A 200 it VR 358 4% 5% A e A
5 B, B 1 B & T Sk AR A K ot (R A% Bk A
A RV A 8 % e Ak B BT U6 #4 R (1 6-A~BD , F il
#UF1) 35S::CcGA3ox:: GFP i R iE AR A AT T
PR AT R G, 3 LA B2 R AR M2 N EO AR, Fr
16 FH B EO AR IR 35 B —AMA 20 B VR 3 AT o, F-A
EORH R MG FE MR AL N EL, DL e, K%
£ SRR AR N Wi T YR I R N )
IR AE Kt T IR R B ORI B , 5 % A R AR L
HREBESRE T 4401, 20 5 A BRTE AR L 0
I TR DA R T TR B . TR E R R, X
FEAR R R AR AR IR T S AR, 350089 1 20 AR s 76 88
R 6 (488 nm) A T 5 358::CcGA30x::GFP [H
PRI AL RZ A A I 52 B0 5 1) 6,5 1 G2 R AR IR i
9 GFP BHYE R IR ), 1 X HE A4 R 52 30045 55 119) 4 €7
H(E 6. HIEgTHE R R, E1 4T GFP i 74£
KON 32% ; B2 ARAA I GFP P4 %R 56% 5 E3 A4 JIE
GFP FHPEZE R 77% , i B 37 A4 14D 4 240 i R e 6 o
WL (2.,

N E 5 R PR AR V) BH 4 , ¥ GFP BH M A iR 8%
72 %2 B3 fRIEHU DNA, #47 PCRAG I, Ay HERR AR FH P
(AT Be 4 , F AN GFP & K] (729 bp) #EAT 58 IE , &I
s HL VK R 7R 2615 K /N 750 bp Zi A, 5 GFP B: ]
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W AZ Bk Carya cathayensis. CcGA3ox (CCA0475S0001); # 7% L Bk Carya illinoinensis. CiGA3o0x (L1184S0079); #% Bk Juglans regia. Jr-
GA3ox (XP_018827425.1); ¥ 5 Castanea mollissima. CmGA3ox (AEW67998.1); & M 45k Quercus lobata. QIGA30x (XP_030968798.1); Lt
J&H# Hevea brasiliensis. HhGA3o0x (XP_021660459.1); §k KM Jatropha curcas. JcGA3ox (XP_012073283.1); Hi %] Vitis vinifera. VvGA3ox (XP_
002284981.1); #& T Citrus sinensis. CsGA3ox (XP_006465424.1); #fi T Citrus clementina. CcGA3ox (XP_006427125.2); ¥ i Morella rubra.
MrGA3ox (KAB1218614.1); FA%Y Pyrus bretschneideri. PbGA3ox (XP_009339604.1); 11138 F Malus baccata. MbGA3ox (TQE04418.1); Z3¢ Pa-
paver somniferum. PsGA3ox (XP_026404546.1); Ei#% Eucalyptus grandis. EgGA30x (XP_010061961.1); K 5% Cerasus subhirtella. CsGA3ox
(BAD91162.1); {f & .Phoenix dactylifera. PAGA30x (XP_008785607.1); lit5 Elaeis guineensi. EgGA3ox (XP_010925284.1); K& Allium fistulo-
sum. AfGA30x (BAG32267.1); Mt # Olea europaca. 0OeGA3ox (XP_022884986.1); Z Jik Sesamum indicum. SiGA3ox (XP_011072274.1); KJ#k
Cannabis sativa. CsGA3ox (XP_030488464.1); [& W & Cicer arietinum. CaGA3ox (XP_004498636.1); i#i 3% Brassica napus. BnGA3ox (XP_
013710717.1); #5% Durio zibethinus. DzGA3o0x (XP_022777151.1); K% Manihot esculenta. MeGA3ox (XP_021611256.1); A ZE4t Rosa chinen-
sis. ReGA3ox (XP_024168805.1); & 3k % Chrysanthemum morifolium. CmGA3ox (BAG48320.1); /K f& Oryza sativa. OsGA3ox (XP_
015634638.1); Hil i Cynara cardunculus. CcGA3o0x (XP_024980281.1); #37 Chenopodium quinoa. CqGA3ox (XP_021731922.1); #54H- Tore-
nia fournieri. TfGA3ox (BAJ65442.1); #7 JX Momordica charantia. McGA3ox (XP_022145559.1); i %f Fragaria vescasubsp. Fv GA3ox (XP_
004292966.1); K Zostera marina. ZmGA3ox (KMZ69735.1); 443 Solanum tuberosum. StGA3ox (XP_006341659.1); % 02 3¢ Brassica ol-

eracea. BoOGA3ox (XP_013619987.1); £k . Vigna radiata. ViGA3ox (XP_014516137.1); L # It Arabidopsis thaliana. AtGA3ox (NP_193900.1);
T Solanum lycopersicum. SIGA30x(XP_004253252.1).
B 5 TRIHHE GA3ox REELF IR RSt L

Fig. 5 Phylogenetic tree of GA3ox amino acid sequences in different species
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A~D. BT A BAANIE s A1~D1. SEGHEUR T B AL BRI s E~HL EO6 TR B IR AR AR I s EV~HI. 8 60K T 8% RAZ B AR 5
AE NERTEME s BLF OB C.G NI FEEIE D H AT HIER. F5R=100 um.

A-D. Transgenic somatic embryo of walnut under natural light; A1-D1. Transgenic somatic embryo of walnut stimulated by blue light; E-H. Con-

trol somatic embryo of walnut under natural light; E1-H1. Control somatic embryo of walnut stimulated by blue light; A and E: spherical embryos; B

and F :heart-shaped embryos; C and G: torpedo embryos; D and H :cotyledon embryos. Bar=100 pm.
6 1%k 358::CcGA30x::GFP $5 WL IRFE S K ik

Fig. 6 Fluorescent expression of walnut 355::CcGA3o0x::GFP transformed somatic embryos

R2 BHMREEEFF RIS IR IR R0

Table 2 The effect of generation on the rate of positive somatic embryos in walnut

EO El E2 E3

(EEZE ID'AEIE Y R MERE RS B R K [MERERES 7 R PHPEZR  PCRPHEME=R
Infections Survival Germination Positive Germination Positive Germination Positive PCR positive
number number number rate/% number rate/% number rate/% rate/%

20 13 50 32 105 56 150 77 63

KAHFEE ;s [N B 5K CeGA30x (1 116 bp) i
1T FF B8 AIE , B 5 R 2% 45 1) PCR R 36 45 3 B
(E 7, 83K /NA 1000 bp A 4 B HLIK &, 5 H
35 PR RN F A (B 7-AC) o BRI 35 B 3R A5 BE P 36
WEPRIE , HARE PCR 38 UE BH 14 2% 4 63%. ¥ PCR %
VI 19 BH P A4 B 14T B0 7K 1k Ab 3 3~5 d, B T s
BA AT IBA [ K DKW [ R85 77 B b e H g &, 4E
Kl 3~5 em FRAHE K, FREUDNA , #E47 GFP 1 H 1
HE DA A 0L E PCR S6IE , Aar I 21 K /N 29 24 750 bp Al
1 000 bp ¥ HL Ik 4% 717, i B 75 21 B P % 4L 35S Ce-
GA3ox::GFP %Pk AR (B 7-B.D).

2.4 WMk CcGA3ox B FE BTN RELS IE

241 HAk35S::CcGA3ox::GFP H A Ak 69 & AL 5
MO T WAL CeGA3ox 3 H T B ik 5k
T AR DM, 2B R BT 3 2H BH M AR A AR AT 8
FEA 5L, 3 AR R 43 i %M 35S::CcGA3ox:: GFP-1+
35S::CcGA30x::GFP-2.35S::CcGA3ox::GFP-3, fTi%k
TEARAEL A TG R 1.5 om, 5 A 2~4 AL
gk, SRER, EAEKISd)E, Bk 35S Ce-
GA3ox::GFP FHYERZ kAR R 5 0 R AR AH L, B AR
PRAE KR B, MR e, T R B A KR K
(B 8-A~C) o PR AT A FE Se v 45 R 7w, % I
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M 12 S A S SR GRS

1000 bp —8 _------'- 1000 bp

A. FAYEfRIE GFP 2E[F] PCR %5E . M. Maker DL2000, Jk3& 1~6 NFAVEMRIR. B. FITEFA MR GFP 2Kl PCR %7€ , M. Maker DL2000,
VKIE 1~7 FNPHPEF AR, C. BHYEMSIE B (5K PCR %55 . M. Maker DL5000, ¥KkiE 1~8 ABHIEMSIR. D. BHEFAEAE M H 95 H PCR %
SE. M. Maker DL5000, ki 1~7 ABATERLIE .

A. Identification of GFP gene from positive somatic embryos by PCR. M. Maker DL2000, lane 1-6 as positive somatic embryos. B. Identification
of GFP gene in positive regenerated plants by PCR. M. Maker DL2000, lane 1-7 as positive regenerated plants. C. Identification of target gene from
positive somatic embryos by PCR. M. Maker DL5000, lane 1-8 as positive somatic embryos. D. Identification of target gene in positive regenerated
plants by PCR. M. Maker DL5000, lane 1-7 as positive regenerated plants.

7 358:CcGA3ox::GFP ¥zt Kk RE R B IR PCR £7E
Fig. 7 PCR identification of transformed somatic embryos and regenerated plants of 355::CcGA30x::GFP in walnut

K7 35 5 N 203 mm, 1 ) S 2 KR 3.8
mm. PR EREE & 355::CcGA3ox::GFP-1 V- ¥ ¥k
114 25.2 mm, b HESE N T 24% , 1 ECE K
4.8 mm, L X IE IN T 26% 5 35S::CcGA3ox::GFP-2
SR RN 25.1 mm, B RRIEIN T 24%, 5 1E] S
K B 4.8 mm, LbXF B8 OBE 0T 24% ;5 35S::Ce-
GA3ox::GFP-3~F ¥tk 5y 25.8 mm, LT BN 1

27% , Fi 187 ¥ K 9 4.3 mm, HExHIE B 0 T 27%
(K9

AR T 1A% Bk CeGA3ox F R LE JH % 5 4k A Bk
HR e A B R T R IA B 1) 22 e 1, 2 L 35S0 Ce-
GA3ox::GFP A= R FE i) RNA , il i qRT-PCR £ I
CcGA3ox B RTERZ MR B AR AR AR SRIA . 45
B IR, 358::CcGA3ox::GFP ¥k % P M # #k Ce-

A IR RR AN S AR AR AE 0 d AR Y s B X IRAEL IR AT A B AARAE 15 d AR 5 C. X IR 2 BRI 3 A A MRV 28 S 3 )

. Fr/X=10 mm,

A. The phenotypes of a control and regenerated positive plants at 0 day; B. The phenotypes of a control and regenerated positive plants at 15 days;

C. The phenotypes of a control and regenerated positive plants at stem and leaves; Bar=10 mm.
8 &k 355::CcGA3ox::GFP [RTE BRI RE S
Fig. 8 Phenotypic analysis of regenerated plants of walnut 355::CcGA3o0x::GFP
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Significance of one-way ANOVA, different small letters indicated significant difference (p < 0.05). The same below.
9 #%#k 358:CcGA3ox::GFP B EMRIR R R TI B E 547
Fig. 9 Analysis of plant height and internode length of walnut 355::CcGA3o0x::GFP regenerated plants

GA3ox F& K 1 ik w25 8 35 5 T 0o BR R B , T~ 244
X ek & R REAE AR 1 137 £ . Hodr, 3580 Ce-
GA3ox::GFP-1 1k Z HIAHXS 3k & 20 REAE R 1 130
£ 5 358::CcGA3ox:: GF-2 Bk Z [P X 30K &2 X I
FERR D 141 1% 5 35S::CcGA3ox::GF-3 ¥k Z [ A X %
15BN R R I 140 15 (B 10D

242 LM CcGA3ox AR F ot & &2 9047
i LA L, Lk 35S::CeGA3ox::GFP T4 1
R PE PR 5 52 00 A R T UL B Pt (578 9 o R B 3 Mk
FICIBH M A AR, EAT SRR S = e , 45 R B
N, S X IEREARA B, BHPE P AR AR SRR S R

F BEAK . 35S::CcGA3ox::GFP- 1. 358::CcGA3ox::
GFP-2 F135S::CcGA3ox::GFP-3 11t 7 A A w1 1+
gtFad & G, 5D 47 4 0.272 5.0.385 0 Al
0.255 7 mg-g", W E KT X 0.520 5mg-g ;34
BH P A R R I 4% 2 b B 54373129 0.363 8.0.403 6
F10.346 7mg-g', B E ML T X HE(0.508 7mg-g'); [A]
FE S 3ANBHME AR AR B2 38 B & 2330 0.636 3
0.788 7.0.602 4 mg- g, WAL T X (1.029 1 mg-g .
L FEAE R AR B, FH PR B AR AR RSP SR R a B i
I 41.5%, ¥4 38 b & 2 kb 29.3% , L2k
RO R FH34.4%(E 1D,
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10 #%#k 358::CcGA3ox::GFP BB IR RIEE 57
Fig. 10 Relative expression analysis of regenerated plants of walnut 35S:: CcGA3ox:: GFP
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11 #%#k 355::CcGA3ox::GFP BEEIEHZEEENT

Fig. 11

3% W

GAs Z S5HHYIEK K G BT, ZEDH
EERBEHEZ — GAsHIB = 2 SEEY LK%
12, BB LRI EEA B SEIR . GA3ox1EN
GAs & U R R E i 2 —, 2 5 1% GAs i
J& G AR BY B B AT, A 9K GA3ox 5= K B 5T
K2 R e A Y R A AE D 77 T, WK FE LR
eV VORGP, FERW R, K GA3ox B AR
YD Re SR T T B> . AT, EH T
Huang %5 [ AZ Wk 1) 5% 56 41 5085 , 3 ik I IR o % 3k
1390 L A% Bk GA3ox HE IR (1) 58 BE T 5 R B HE 7 51
JE 12 3 DR IR A S IR 2 b R I L Ak Ce-
GA3ox FEH - 5K FE N 1 116 bp, gmfid 371 & K
R , M43 7 5 BN 40.69 kDa, %5 L 5N 6.67, 70 1
A C il 36NaosOssrSuio AN [FIAF I R T 51 LE XS
SER R, LBk CeGA3ox B H )& T 2-BH 1K — BB K
P U (B (2-ODDs) Y, iX 5 7] 45 « /N GA30x
IR B o &5 R — #B, PSORT 1E £k A 70 i %
B, I % Bk CcGA3ox & 1 35 228 A7 T 40 M Jig , ANAF
TEAT 5 KRN 5 5 45 M 358, 1% 5 8k B2 A1 it GA3ox 25
HAL . 24 LAk CeGA3ox J5 R G 1 2
FEBR P 55 AR Fh 1) R L T 41 /5 NCBI H 3T
EExt s & 3L 5 1 52 1 Bk 5K 2% CiGA30x K & ik
I, [R)R 26 =k 98.6% 5 Ak, o S5 A% Bk AR T | i 1
Fk GA3ox 55 £ % R B, [FIUE 2R 73 7118 97.84% -
84.64%83.56% , 5 /INFE L HI SR VLRSI K 11 [R] I
FOr 1N 61.03%+59.7%44.33%38.46% , Ut I 7E i3t
I AR, SRS OC R, AR 2R

Analysis of chlorophyll content of regenerated plants in walnut 355::CcGA3ox::GFP

W LR B, AR R 5 LR B RN
G B AR B DA O GAs FHSC A AR Uit
(1 55 DR 32 0k & AT oS0 AR A v Y. GA200x fE A
GAs & BUS 2 H 1 OG8N , 75 GAs & il 5 2
e 1) B S i A PO R 7 GAs & . BB
GA200x JE K A 5 A% AL TE R B, GA200x R IA =
195 14 B 5l 5O A R AR A PN 1) GAs B i, AT 52
WA AE IR = TERTAE H I 3R IE GA200x R, i 3R
IETEARH I GAT B2 2 X IEAE AR 1 1.8~2.8 fif , ik &
AR PR 1) e 5 ok FEORED B W R ey, T RIS K, T
GA200x B R PTER R IX R I GAL & 2 X HEAE
PRI 46%~62% , T I H B R AL, fERL A, [R) A
KIN GA200x Fe PRI AEAS ] b b 1 3R 04 B S5 A bk = 2
IEM I, AFK G BHE T A GA200x FEF )
RIEWBERN PRI S <WE < BB, 5Hkk
EERIL . 5 GA200x FiL, GA3ox FeH ik
S SO L PT RS AELAR R P o AR A SR AR (R A R
TIN5 IR AAR L, B AR T A B, AR AR A
e, I 0] € DRI AR AR I P IR I E b, K
LRI TR GA3ox4 [R) YR 3 K R I8 2 B KT 2%
AN, A T MsDWF 1 3= R 9 i5% GA3ox , %5
H SR AR R R RIURA R, HIX AR R A n]
B GA3 WK (H AR B A= B RS Rk ™. DL A
FLEEF R, GA30x 3 [N IE 1) 1 42 A8 0k = FE 1 A
o ZEFAEAMF T PR I B R IE Lk GA3ox FE
DAL, R IAZ Ak P AR R v v 03 T B, R
FIKZHEF AR B R K & %4510 5 50 AN LS
R—E.

W78 7R, GAs T F2 A PR 5 J o 3 3o 7y J) 4



51

B A kR R R AL ] CeGA3ox B TC AN DI RE 70 HT 25

KB AE RSB, — Rk U0, T I AEAAE . Dennis
LUK T B PsGA3ox BRI RIBBI TR R, K
LB A A ST 359 74 ) K B L0 o HEURE R 384 i 22% , 1
) B R A, (R B E AN AR, i — P A 25 R 3R
B, #5 AR PsGA3ox 76715 (B L Z3H A X RIS &
X BRRERR G 5 £ . & StGA30x2 F: R 3% #1 RNA
FHJG , FAEAE R 2 OB AR, 5 0 BRAR LG, 75 )
AFJH, FEARHE T, 1F CeGA3ox Wit ik AZ HE
PR, ZEAT B A o Bl Iy R A SE IR, T R
REl IV qENio - EAR

BEAl , GAs I TE A P 1 A A 7 A 1) 2 45 4
Yk G R B A . WER R, GAs EEE T
DELLA & H /T 2 R 1A &Y, [ B, GAs
T e 2k 2K A A OSBRI A, g 4k
R E, WY FEZ, CND411E N —Af i 3
WA 3 S KT I 45 6 B 1, CND4 g SR AR i ik
DRI S AR R A, T F VR 4, TPAE ZEIR , GAs & B &
%, FFHEN GA200x S ABE S 5 KF BT . 584
UK FEHI L , K8 GAs £ & 3, (7] 3b- ¥4 3L 1 g
(GA30x) I REE R I 948 R i T AR 982D, B AL
M AR SRR S BN, B RG-S e it
Frigita R, Tk GAs B Z B AL AR d1, Gwts
GA3ox 1Ll I BT GAs T& 5, H BT 8] 45 i %
R A58 H SRS, LE R IXR A i R 30k Je-
GA20x6 ZE R, il i 45 FE K N IR GALFI GA4 /K,
T2 AR B T S SR R S B IR SR By
AINEJR AT AR ST B R Ak CeGA3ox W AE %
BEL AR R I 28 55 1 0 35 PRAIG, S50 AN BIE 90 45
R—H

GA3ox 2 R 1E R W) A Kk B L st L AR
WP AR A Y a S T T AR EEAEH A A AT
(Pt —DIRN , GA3ox Z:RIFE 3% MM A= KR & H
(RIHIL A 4 2 B T 4 7, AR Tt 2 17K ~F- R
B DR R B 7 1) AR 55 F BUR N FL GA3ox (A1)
FIUIREBUE T BEA

4 B

ML AZ Bk 7R 43 B8 35 13 CeGA3ox FE [N, I 0%
K7 S EAT AEE B2 bt . DhRe S E 4 Ry
B, 1Bk CeGA30x FE PR 2028 mT {2 E A% BR AR A 1=
FERE I, BEARI SR RS &, it — 2D Bz B R R 1)
RERFIE M 2 sk A K o TALER ML T R
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