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Abstract: [Objective] Changing plant type can effectively improve crop yield, quality and resistance
to stresses The research in this field mainly focuses on the creation and application of semi-dwarfing
and dwarfing mutants. Different from the breeding objectives of crops, the innovative cultivation of
germplasm resources of grafted rootstocks and scions is usually carried out separately for the needs of
variegated cultivation of fruit crops. The creation of new rootstock germplasm mainly focuses on impor-
tant traits such as plant stature, stress resistance and adaptability. Gibberellins (GAs) is one of the five
class of hormones that control all aspects of plant growth and development. Semi-dwarfing and dwarf-

ing mutants may shed light on the mode of action of gibberellin. The GA420x is one of the key genes that
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reduce endogenous bioactive GA content and lead to semi-dwarfing and dwarfing plant. So far, few
studies have been reported on the cloning of the genes related to gibberellin synthesis in Carya illinoen-
sis (pecan). To construct the dwarf pecan plant line for the selection of the rootstock, CiGA20x1 was iso-
lated and cloned from pecan, and the effects on the growth and development were studied by overex-
pression of the CiGA20x1, so as to provide theoretical reference for functional analysis of the gene and
breeding. [Methods] The full length of CiGA20xI gene was isolated from pecan somatic embryos by
RT-PCR. The nucleotide sequence and the corresponding amino acid sequence verified by sequencing
were analyzed by BLASTn and BLASTDp in the database of National Biotechnology Information Center
(NCBI). The sequence of the CiGA20x1 was analyzed by bioinformatics MEGA 7.0 software to con-
struct the phylogenetic tree. The transient expression was observed by subcellular localization in tobac-
co. The constructed plant fusion expression vector 35S::CiGA20x1::GFP, empty vector pC1300- GFP
and Marker were respectively transferred into Agrobacterium tumefaciens, injected into tobacco epider-
mis and the tobacco plants were cultured under low light for 2 days. The labeled tobacco leaves were
made into a pack and observed with a Zeiss LSM710 confocal laser microscope and photographed.
Then, 35S::CiGA20x1::GFP overexpression vector was transformed into pecan somatic embryos by
agrobacterium to obtain CiGA20x1 overexpression plant lines. The modified pC1300 plasmid was dou-
bly digested by BamHI and Sall, and the doubly digested products were recovered. The target band and
plasmid vector were connected by ClonExpress Ultra One Step Cloning Kit. The somatic embryos of
the pecan overexpressing CiGA20x1 gene were placed under Carl Zeiss stereo d13covery V12 (Axio
cam MRC system) and stimulated by blue light (488 nm). The transformed somatic embryos with green
fluorescence excitation were identified by PCR. qRT-PCR was used to analyze the expression levels of
the related genes in the transformed pecan lines. At the same time, the terminal buds of the wild-type
and positive regenerated plant lines with the same growth conditions were cut, and cultured for 2 weeks
for phenotype observation. Chlorophyll was extracted by acetone ethanol (1:1) from leaves of the trans-
formed and wild-type lines. IBM SPSS Statistics 25 software was used for one-way anova, and Graph-
pad7.0 software was used to plot the results of the above physiological indicators. [Results] The length
of the CiGA20x1 gene was 1053 bp and encoded 350 amino acids. It contained a conserved 20G-Fe I -
Oxy domain and three Fe’* binding sites. The relative molecular weight was 39.22 ku, the isoelectric
point (pl) was 6.55, and the molecular formula is CH25Nu6.Os16S17. The transmembrane region value
of CiGA20x1 protein had no transmembrane region. The sequence phylogenetic analysis showed that
the CiGA20x1 was the most closely related to the JrGA420x! in walnut. The subcellular mapping of the
tobacco leaves showed that the CiGA20x1 gene was localized in the nucleus and cell membrane. The re-
sult suggested that the CiGA20x1 might have catalytic function on plasma membrane. After gene trans-
formation, fluorescence detection and PCR verification showed that the 35S::CiGA20x1::GFP overex-
pression vector was successfully transformed into the pecan somatic embryos and the plants were regen-
erated. The relative expression of the CiGA20x1 gene significantly increased in transformed plants com-
pared with the WT. Compared with the wild-type plants, the internode of the transformed plants was
shortened and dwarfed. The plant height was about 0.64 times as high as that of wild-type, indicating
that the CiGA20x1 gene of pecan had a negative effect on plant height. The transformed plant had re-
duced the leaf length, darkened the green color and increased the chlorophyll content. It showed that
GA was an important signal to regulate chlorophyll biosynthesis. Reducing the concentration of endoge-
nous bioactivity GA by overexpression of the G420x1 would increase the content of chlorophyll in

plants. [Conclusion] The CiGA20xI gene mainly played a negative role in regulating plant height and a
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positive role in regulating chlorophyll content in pecan.

Key words: Pecan (Carya illinoinensis); GA2o0x1; Subcellular localization; Plant height; Chlorophyll

content
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¥k (Carya illinoensis) VA& 41 o & Cfaj Fx “ AR R ) PA
K FE LA B B0 . AR IR RS 3R T 25 C HImE 48
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J6 A 16 h/8 h AT HEE 80%~90% ) 4 21 1% 77 =5
H. L RNA $2HCR A AR K R G 5% 0 A ek A gi
JO AR, B 5 T-80 CIRAF. MHE B IFE 77
it & : 100 pL 1 mol - L' MgCl,~200 pL 0.5 mol - L™
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% W (1) 05 RNA S BUR A &0 B 16 5t RARZE LR
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[T B R H HGA 7 & . DNA Marker £t iR
il ¥ N V) 1§  PrimeSTAR 1= {& FL % . rTag DNA %4
Wiy % 3% 3% W ¥ W [ TaKaRa 2> 7] . i 15 # 44 H
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Primer 5.0 Wi 51 ¥F 5 (R 1D, 1 EilgEAE TAY T
FEAPRAE] A

AT FE L AZ Bk A PR A A A1 R, $2 HIUEL RNA,
& Sk 13 F) [ cDNA, 51 ¥ CiGA2oxI- F #
CiGA20xI-R i T CiGA20x1 3 [F T JHU ) 32 HE Copen
reading frame, ORF) 77 [% . PCR /< ¥ /& % : Prime
STAR Max (2 x ) F§ 12.5 pL, CiGA2oxI- F F1

CiGA20x1-R 5% 1.0 pL,cDNA 1.0 pL, i X 7% /K
AR 25 pL. RMNFEFF:94 °C 2 min; 94°C 10 s;
55 °C 30 s;68 ‘C 2 min; 3£ 32 M ¥F 5 68 °C 4L fif
7 min;4 CIRAF. F=9) R : 4% 88 SanPrep £ 0% 1]
R T e B P 25 B PCR P2 AT BT

ik F IR BRI HE 4 < K i S 1) pC 1300 JiRLidE
17 BamH 1 F1 Sal T XUEEY), BEISCREGYI =9 . FIH
Wi ME#E One step clonging W71 &5 1E#: H 1 4% i A5
KiK. KR A 3R AA 35S:CiGA20x1::GFP #44L BI| K
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Table 1 Primers used for cloning, expression and testing analysis of CiGA20x1

5| W14 F% Primer name

545 %1 Primer sequence (5°—3")

FHi& Usage

CiGA20x1-BamH 1
CiGA20x1-Sal 1
QCiGA200x1-F

QCiGA2ox1-R CCCGATGCAAGCAACTTTTGTA
Actin-F TGCGGGTGCTCGCTTCGGCAGC
Actin-R GGGCAGCCAAGGATGACT
CiGA2o0x1-F ATGGCCATTGACTGCATCAC
GFP-R AACCGATGATACGAACGAAAGC

GAGCTCGGTACCCGGGGATCCATGTTGGTCCTTTCCAAAC
TCGCCCTTGCTCACCATGTCGACTGAGGCTATGATTCTCTCAAAG
CAGGTAGGTGGGCTTCAAGTGT

#7184 Amplification
1% Amplification
£ PCR gPCR

S PCR qPCR
N2 Action

2 Action

% 5E Testing

==

% JE Testing

i1 : GGATCC Ml GTCGACCRRIZD 5339 BamH 1 M Sal 1 FIBEYIBL 5
Note: GGATCC and GTCGAC (underlined) are BamH | and Sal | restriction sites, respectively.
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AT R 56 R IR A A% R 3 51 M 8 F) 2 FE R
J7 5 53 I AE 2 1 [ 37 AR PR AS JE 0 (National
Center for Biotechnology Information, NCBI) % #f &
o Fl BLASTn il BLASTp 347 7 Z AR AL 43 BT 5
H ORF Finder Chttps://www.ncbi.nlm.nih.gov/orffind-
er/ D TE AR T 73 4T CiGA20x1 KR [ T Bl A 5
J PROSITE Scan 8 A4 Fii 73 #r 2 £ 57 X 35 A1 H]
Expasy Chttp://web.expasy.org/protparam/) 1t £ K {4
53 B 88 B 5T 6 BEAK 1 5T s TMHMM ¥ Chttp://www.
cbs.dtu.dk/services/ TMHMMY/) 43 #1 &% [ i1 1 5 i
[X; | | Wolf psor (https://www.genscript.com/tools/
wolf-psort) 7£ £& 73 A A4 1 AT 8 11 30 48 Jfd 7 £ 73
W s R 98K 8 WAL H MEGA 7.0 8489 2, 2 #r
CiGA20x1 5 [K 75 3 A0 i 72 oy 5 At 0 7o 19 555 25
KER.
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B BRI AL - 46 5 35S::CiGA20x1::GFP LA

S pC1300-GFP 7S #AAR AT B4 KH57%,8000 r-min’!
B90 10 min, 5 FIEW BCERER . 101 Hefl Bl
B, ODgo N 0.7~1.0. L pC1300-GFP %5 H A4 AE Ky
B 14 %o 8, (R IS DL % AL B 1 Marker CHH 7K F#
ART1®F1 1 4~ B A RFP {5 5 (3R R A IE R R
Je i € 467 85 1 Marker (AtPIP2A - mCherry) /5%
TN R 2 T 1 200 AR RN A B AT I R AT
Va4 3 AR A i 30K B A4k 35S::CiGA20x1::GFP,
25 # 44 pC1300-GFP Al Marker 73 1) # N A HFF 14 , 15
SHIHED N, 9906195 2 do BRURRIC RS - 41
VE RS ) FH 258 ] LSM710 00 1 58 A 55 1 s Wi %%
HHHE

124 3 LEAk CiGA20x] # B & i A5 410 R &
KM S 35S::CiGA20x1::GFP AT 15 B
EEH R B (100 mg- LD AFHEF (100 mg-L™)
LBl s 32 5 b 9 K532 2 ODH N 1.0 £ 44,
6000 r-min" &0 10 min, B _EIHEWR . IIANEH L5
T (40 mg- L) ) DKW i 55 97 FE T B 16
W EHUAERRDS B IF I 5E LA A IR 2R 47 38 4%
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BARSY, Wit B ik CiGA20x] 3 ) 5% 1L A% Bk
IR E T 4k 20 %% % & L BE (Carl Zeiss Stereo
D13covery V12, Axio Cam MRc system) T , 7E # 6
(488 nmD PR T, MERARRE R WOR L. X BA
S0 ORI 3 58 LLAZ B AR IR 4T PCR B8IE , 5
YIS BRER 1. 0% 1 BE 1 4R IR 5 9% 2 7 iR By
B T AR EE 5~7 d Ja AT REAR B ARSI FH S 2k
Jt 5 8 PCR, JE It 27 VEIF 5L CiGA20x 1 3 N 1E
VST 1L A2 BE AR R AR KA &, SIS R
1(QCiGA200x1-F X QCiGA200x1-R) . [F]It 4y 5] 8
I AR S A — S M A B R BH 1 P A Pk &
(TR ZE, 1597 14 d Jo M LR A,
1.2.5 # LMb CiGA2ox] 3 A R Ak R vt & &
R GBI IR RS B AR R ST Lk AR
PR&RM T 0.1g, BIRE S B Thr 5 1R, mf ik
BN 10 mL 80% 1 BRI - RN ZE iR SR Ab
B3, EZRWE N MR . DL 80% 1) TR
VEZS XTI, I 5E 663 nm Fl 645 nm NG EHE .
w(H££20) (mg - g)=[(Ca+8Cb)xVt]/FWx1000.

A M 1 2 3 4

1000 bp

Ca=20.3XO0D4ss; Cb=8.04XOD¢es 0
Hrb,Ca.Cb 0 HINMH 44 &K a 4 2 bIKEE, Vit
RFRBBUEARF 10 mL s FW AR 85 0.1 g.
1.3 BURZItS o
I IBM SPSS Statistics 25 B F HE4T B & 7
Z 4y Bt , 48 F Graphpad 7.0 #014 AR # _E 3R A= #L45 br
gERAE

2 AR5

2.1 SEFZ LML CiGA20x1 £ [F 55 [ FNIT RIEE K
i

FR % 1 T R R S 1 51 4, i i PCR 44, B i
BRI LK HR 45 1 45 1000~1500 bp 22 [A] B 5 7 2% 5
(E1-A), 54 R —8. % B #40 I B
Y5 MG 5 13 Rk 2R pC 1300 FURLER: , #5403
K AT B b, Bk B 5 B, 5 B% 9% 1 B G AT PCR
Y58 o B 1000~1500 bp HL K 2% 7 (] 1-B) 3 H
¥ o A N 1053 bp, M HE G TE A 110 T8 9 PR T
% H o BTkt IR F A 44N 35S::CiGA20x1::GFP,

B M 1 2 3 4 5

1000 bp

A NHEFLBE CiGA20x] FENY 3 HIVK I, M Oy Maker DL5000, Jk18 1~4 04 35S:CiGA20x1::GFP H I3 PCR ¥ ;B N7 li#4
Bk CiGA20x1 £ K B B PCR Al , M 9 Maker DL 2000, Jki8 1~5 2 35S:CiGA20x1::GFP SE [ (1184 15 975 (1) PCR 74

A. Amplification electrophoresis map of CiGA20x! gene, M. Marker DL5000, Lane 1-4 indicate PCR product of 35S::CiGA20x1::GFP gene;
B. Electrophoretogram of CiGA2o0x1 Escherichia coli. M. Marker DL 2000, Lane 1-5 indicate PCR product of single colony of 35S::CiGA20x1::GFP

gene.

1 ERWLE CiGA20x] EERESKIFTEER PCR &7
Fig. 1 CiGA2o0x1 gene cloning and PCR detection of E. coli bacteria

2.2 EEILEBE CiGA20x] EERILHNE B REE
FHIMERI I Rt R RGH D

HIFH ORF Finder 754 73 BT 45 H , W52 1L
Bk CiGA20x1 # K ORF K & 9 1053 bp, 4@ fi%h 350 4
2 5K . ExPASy 7E 2k 84 F0M , 3 52 1l i Bk
CiGA2o0x1 %= R Fr 4w i 25 1 70+ i &4 39.22 ki,
L R (pD ] 6.55, 73 F N CrrsiHarsoNussOsi6S 175 b
FH55E K HE-0.158. Wolf psor 7E 28 70 #T A4 2.7
HE5E L AZ Bk CiGA20x 1 £ 1 V.40 i 5E A7 50% fr T2

MIA% , 28.5% 1 T4 L Jii tF » PROSITE Scan %K {4 7
D3 5% 10 A% Bk CiGA20x 1 28 [ 1 PR 57 45 W 38, R B1
ZEASA 1A LR 20G-Fe 11-Oxy (175~
281) &5 4 45 A1 3 AN Fe?* 45 & 47 25, (205,207,262 &
TMHMM 7 £8 73 #7 71, CiGA20x1 28 [ 1) 15 i [X.
WAE N0, iZEABA X (E 2. EHRER
B AT DUR I, 52 1LLA% Bk CiGA20x 1 2RI 4wt (1) 4
R R 7 51 5 A% Bk 1) ABLE Bt i 5 ik 31 96.69%
7] & 1NN 3, SR G R Rl (B 3) . iSRG K
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Fig. 3 Phylogenetic tree analysis of GA20x1 in different species

ana. AtGA20x2(AJ132436.1); J12¢ Brassica napus. BnGA20x2(XM_013797003.2); 5 % Torenia fournieri. TfGA20x1(AB613271.1); Z ik Sesa-
mum indicum.SiGA20x1 (XM_011084568.2); NZ Panax ginseng. PgGA20x (KT692958.1); &4 4+ Petunia x hybrida. PhGA20x2 (JQ323102.1);
4 I JH B Nicotiana plumbaginifolia. NpGA20x (FM244693.1); % Nicotiana tabacum. NtGA2o0x1(XM_016644757.1); & jifi Solanum lycopersi-
cum. SIGA20x2 (NM_001247409.1); T % 2 Solanum tuberosum. StGA2ox1(XM_006348309.2); % il Solanum lycopersicum.SIGA20x4(NP_
001234752.1); 77 JK Momordica charantia. McGA20x1(XP_022142867.1); 5% )X Cucurbita maxima. CmGA2ox1 (XM_023675454.1); Kk Canna-
bis sativa. CsGA20x1(XM_030634384.1; JI| 5 Morus notabilis. MnGA20x1(XM_010112317.2); BFE E T Medicago truncatula. MtGA20x1 (XM _
013608940.3); BF K& Glycine soja. GsGA20x1(XM_028332010.1); 3¢ 3€ [ T K/IMHAR Citrus clementina .CcGA20x1(XP_006449692.1); & Cit-
rus sinensis. CsGA20x1 (XM_006477863.3); W] 7] Theobroma cacao. TcGA2o0x1 (XM_018124899.1); ¥4 % Durio zibethinus. DzGA2o0x1 (XM_
022877473.1); [t ik Gossypiumhirsutum. GhGA20x1(XM_016868828.2); A Hibiscus syriacus. HsGA20x1(XM_039170793.1); 4R A% Popu-
lus alba. PaGA20x1(XM_035040541.1); & R4 Populus trichocarpa. PtGA20x1(XM_002300394.3); K2 Manihot esculenta . MeGA20x1(XM_
021751000.1); #5Z B Hevea brasiliensis. HbGA20x1 (XM_021813605.1); KM-¥k Quercus lobata. QI GA20x1 (XM _031106239.1); i 3¢ 111 4% bk

Carya illinoinensis.CiGA20x1 (XM_043095786.1); 1% #k Juglans regia. JrGA2ox1 (XP_018824979.1); M {£ Prunus mume. PmGA20x1 (XM_
008228016.1); Y& Pyrus pyrifolia. PpGA20x1(BAU19310.1); 3 5F Malus domestica. MdGA2o0x1(XP_008372291.2).
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RITIT, W] ¥4 CiGA20x1 ZER 73 v 6 i . Hovpr, 1
Fe LIk CiGA20x1 ZE R 5 1%k 3E R V0 B g AR
KIFR G AR E BRI AMEN R, 5
VEFE L AZ B IS AR FE BRI 5 FLURACHE | i M A AR
CIGINI SN ONERIIE S A= FryS)- ey SYIIE-NyN
JBR S IR TR N 36 = s AR S 5 i I L 4
B AR 2R RN S TR DU AR s Z A N5
BN NP A PN ASHE Bk YAy S G e
BERIE R — 1R MR N, S 22 SR/ s T BB A 79 S
AWK, &R B 256 2 0% RAE B BRES -
23 EEILEYE CiGA20x] EE 4B E AR AE
EfL

RYHIE CiGA20x 1 32 R 9t i (1)@ A, ¥ Aa 4
U 1 35S::CiGA20x1::GFP fil: & 5 H + pC1300- GFP

GFP RFP

PC1300-GFP

35S::CiGA20x1::GFP

A,E. GFP ifii& ; B, F. RFP i ; C,G. [ti#iE D, H. A& K% .

pC1300. i marker F4HJfIH% marker. EEHIR 50 pm.

B J2 2 AN 5E i Marker (1% 7€ v 2% [ Marker J% [l
5 L4 ] Marker) 3640 B B o, 7EBOG SRR
£ 30 BT W 8% 35S::CiGA20x 1::GFP il & 5 A 1 5 L
THol. WEEFK M, /£ GFP@#IE T, pC1300-GFP 75 %%
PR SR 05 G H UG 5 IR BT 40 B A% R0 4t o i o ([
4-A) ; /£ RFPIEIE T , 40 M A% A1 40 g 5 52 30 41 €6 5%
6 (B 4-B) 5 75 fil 75 18 38 41 B A2 A0 40 it i 26 e {5
FEREEA(E 4D, XK pC1300-GFP 7= £/ %
%€ 57 B [ Marker A JI% 5 A7 25 [ Marker $2) 7] 1E 4 %
ko MTESH 35S::CiGA20x1::GFP fili & 5 1 H A EE
o (B 4-B~HD 82 B Gt e (5 5 L 20t
55 RIS 8 AR 5 Y TE 4 B A% RN A i 3Rk
X R CiGA20x] B A1 40 A Fp 32 25 4 T 40 f %
I G

A~D. pC1300 7= %% X marker 140 il 4% marker; E~H. CiGA20x1-

A, E. GFP field; B, F. RFP field; C, G. Bright field; D, H. Merged field. A-D. 35S-GFP indicates the empty vector, cell membrane marker and the

nucleus marker; E-H. 35S::CiGA20x1::GFP indicates the fusion protein with CiGA20x1, cell membrane marker and the nucleus marker. Bar: 50 um.

B4 EFRWLEBE CiGA20x] EEYRSE B AEINER F o a0 I A8 E L

Fig. 4 Fluorescent localization of CiGA20x1 in tobacco leaf epidermal cells

24 CiGA2ox1 EFETEFFT LZFIEETEHC R
el eIl

FAHT AR Y3220 358::CiGA20x 1::GFP i ik
BRI N BT LB R I K12 G Ja AR A
LN EO AR, gt 55 77 2 E3 4K, 7644 3 0 s Wi 82
AR IR AT IE A Kk B s , 45 5 B AR R IR
FHAL . BRI 15 A4S A K gk 0 7 1 R B 308 179 4 B ik
TR, Bl giit 45 R W, E1 AR IR GFP B 2
N 34.1% ;s E2 AR AR IR GFP FH 14 3R 152 54 32.2%; E3 48
AR GFP FHPE R33N 65.9% (£ 2) . Bk ik
B TR T LR, i I 4 ik [R] B 12 4 S A

488 nm Wi YEIHOR T RIS, B AR B IE TG
KNAE T ES) o NHEBRZEOGAR A, 3 — 2B Xt 2%
O BH 8 A W J P AR bR 2 4T PCR B E o FH AP TR
GFP K (729 bp) Jx B 1) 5 R AT 3 (51 4 )5 41
WAL o 45 R I, I LUk %45 K /N 9 1800 bp
FA s VLA AL R D) (BT 6)

2.5 EFRILEME CiGA20x1 B [FIHEELIE

2.5.1 & LM CiGA2ox] # B it & ikt & #
K NTHERIRIE CiGA20x] FEH 5 #5211 #%
BB AR = B 2 TR PRI A S, o B A TR 4 S AR P 4 A
JVR [ B B o 33F — 22 0 P AR AR PR v B AT I A
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Table 2 The number of transformation in somatic embryos

EO El E2 E3

(E2/ 2 B CEY 2 HERER+s WA R A B 4 % B AL IoH 1 %4
Infection Survival Germination Positive Germination Positive Germination Positive
number number number number number number number number
15 6 92 31 202 65 41 27

35S::CiGA20x1::GFP

Control

A,B. FOBHEECHUR T AL TS IZ BRI E ; C,D. OB E U T IS AR S LA AR . EEBIR - 1000 pm
A, B. Somatic embryos of transformed hickory pecans stimulated by white and blue light; C, D. Somatic embryos of wild-type hickory pecan stim-
ulated by white and blue light. Bar: 1000 pm.

E 5 EFELZHE 35S::CiGA20x1::GFP B IRER e300k

Fig. 5 Fluorescent expression of Carya illinoinensis 35S::CiGA20x1::GFP transformed somatic embryos

A 4 3 2 1 M B M 1 2 3 4

2000 bp 2000 bp

1000 bp 1000 bp

A:l. BPAERMESE L A BE AR IE s 2~4. 5211 A% Bk 35S::CiGA20x1::GFP FEALARNE s B2 1. B 2E R 5% 11 A2 W P 2B AR PR 5 2~4. 3858 1 L% Bk 35S
CiGA20x1::GFP ¥k EfEfk. M. DNA marker DL2000.

A: 1. Control somatic embryos; 2-4. 35S::CiGA20x1::GFP somatic embryos; B: 1. Control regenerated plants; 2-4. 35S::CiGA20x1::GFP regenerat-
ed plants; M. DNA marker DL2000.

6 SEE LMK LRAAT R B A fE Rk 35S::CiGA20x1::GFP # PCR #&31

Fig. 6 PCR assay of 35S::CiGA20x1::GFP in overexpression Carya illinoinensis somatic embryos and regenerated plants

CiGA20x] BN RIEEMRIE I3 MER, 0l a4 59.8%, M ik = A B 2 /N (B 8-A) 55 3 55 410
N CiGA20x1-OEl . CiGA20x1-OE2. CiGA20x1-OE3 A& M5 8] 4 FE 43 551 A 7 AE A 19 81.0% + 77.7% Al
(BT . WRIGLE LM, AR RS 30 d P B 74.4%, 35 18K B A% 55 2 08 (18 8-B) s 72 I K &
BUREMRAE KB, M PR P AR AR AR K8 . i fe Ak S R SR bs b, b KB o i o B AR ALY
B EARIFAAL . E5 30 K CiGA20x1 FERE 72.5% « 66.0% A1 66.1% , M F %5 & A BF 4 AL 1)
POk M BRI O B A R 65.1% 4 64.7% AT 65.1%.60.2%F1 55.6% , M 5 3 N (B 8-C~D) . 45
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Fig. 7 Positive plants versus wild type B
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Significance of one-way ANOVA, different capital letters indicated extremely significant difference (p<<0.01). The same below.

B8 HFLLZHE 35S:CiGA20x1::GFP BAEKRENFHM
Fig. 8 Analysis of phenotypic characteristics of Carya illinoinensis 35S::CiGA20x1::GFP regenerated plants

R, W58 %Pk 35S::CiGA20x1::GFP FAE AR FHAETEARIY RNA HE4T CiGA20x1 B2 RIAH X 3k & A
P A R RAR BL , A AR e B, T I BE AN, SR % % 8 & PCR 45 2 o, 5% 1L A% Bk 35S::
K R A CiGA20x1::GFP F A ¥k R CiGA20x1 F [F A X K ik

FEHUEF A=A N 5T 1k 35S::CiGA20x1::GFP B ¥R FEE T H A ARk, Hd,35S::CiGA20x1
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GFP-1 #k & I AH XS 04 & R B AR B 12 £%, 35S
CiGA20x1::GFP-2 ¥k R AN Rk NP A Y 1] 12.36
¥ ,35S:CiGA20x1::GFP-3 £k % [f) A %t ik & N B
AR 13.67 15, 22 R B 2 (9.

16

A
14 A A
12
10
8 L
L B
& N Vv )
<[ ,OQ’ ,O@ ¥

AR RIE B
Relative expression

6
4
2
0
3 2 3
o @ @
9 SEFEILRZHE 35S::CiGA20x1::GFP B4 fERREY
X FTEEN R

Fig. 9 Relative expression analysis of regenerated plants of
Carya illinoinensis 35S::CiGA20x1::GFP

252 HELBMCIGA2ox A BTk EH AT EE
ey BRI, W L APk 35S
CiGA20x1::GFP % 5& R FL A fE AR 0 AR R . 3B 3
ANBE AR R AT SR S ENE (E 100 . 45
BB IR,35S:CiGA20x1::GFP-1 [ 4 2 a 4 K b
DL S 23 35 0 5 0l o B AR AR AR 1Y 1.4041.30
F11.40 15, 35S::CiGA20x1::GFP-2 [ H 4% 2 a. M43
Fb ULt SR A 2 B AR R AR 1Y 151
1.50 A1 1.52 1% , 35S::CiGA20x1::GFP-3 [ 4 % a.
M2 2 b DL K SR 3 3 2 40 i) 2 B AR B RE PR 1
1.56.1.62 f11.67 fi%. LA E4BbRI R ER . Bk
AT AR B, i 3k GA20x 1 FERAE S 58 LLAZ Bk 415

. OWT OCiGA20x-OE 1
BCiGA20x-OE2 BCiGA20x-OE 3

N
~

03 r

02 r

w22
Chlorophyll content/(mg-g")

0.1 r

0.0
% a EEL MR
Chl a Chl b Total Chl

10 SEFILAZHE 358::CiGA20x1::GFP
BEEKHMERIENT
Fig. 10 Analysis of chlorophyll contents of regenerated
plants in Carya illinoinensis 35S::CiGA20x1::GFP

1 RIS RN 2 G R B
3% w

GA EW & AR B AR 1E = S FE P I B A
AR E WA EZENER . GA A i
PR e 2 Pl . X SE R I L 52 AL ) B 1 B
) ()P 167, 7R 78 R B B B R AR M KT S ARAIE
BYERKEESRMIERET. HH,GA20x EH
F—Fh 5 GA KI5 % gm 5 S AL , th 2 AN FE R g
i, il i i R I GA20x F R AT LA Y I GA &5
&, SR RIEAL , AT R [R], 38 7] DA
FE AR P - 3R B B AR 90 P e P 1 B T
7o ¥ Wk GA20x FE R, 48 43 W & B 5% Ll A% Bk
CiGA20x1 3K 4K 1053 bp, 4w 350 MR LR . 5
1 Wk JrGA20x FE R 55 2% o0 & B I, [A) U %08 3|
96.69%. VA E Ar 45 R BIR , CiGA20x 1 R i i
(18 1 2 A T 41 A% S 4 i s AT A Th g, 3 )
¥ Bk JrGA2ox1 3[R 4 19 1) & 0 48 e & A 4
B, IX R B CiGA20x 1 55 R 9w 5 11 85 11 ] RE X 4
L R LA AL T e

IR IR AR A R DL s % P P oA DA 3
TEVEZ MRl BB AL @ i T2 A8 R ARG A
LI AR FBAHLE C 253 T Z 1t
T AR RN 2 FL AT B TR B, 5B 2R AR
B SRR RS BEERY. EFED (Ur-
tocarpus odoratissimus) fili A b A= K {1 7 AL F R
(A. altili) RN, FEIGH 24 H J5 , B AE =
D21 60% , 17 ] P k2D 2 80% o 31X 3 B I B2 AE
F DR AR B R BT RS IR GA &
A K. £ GARU T, GA20x B2 A W] LUK
TG TE GA FEH AL N AETEPE =) . GA20x HERITE
BT ) T e A TE — SR b 43 BIHIE 2P,
Liu & 9558 T /MG T GA20x] IR IE S A
KR 78R R L Aot %908 DkGA20x1 F&
DA 2 5 B0 AT 32 1Y R0 G 2% FF 1R BY. b 4,
GA20x B K% 5 KV Tt iy A AS 1 2 22 A 1) 75 ]
AR, ZEARRID G ARG AR, BRAR T $eA AR
YIiEE GAs KPS . 25 1R AT 7t s R A B
A FRAEIRTG T W52 IR SE R PR R L AR =
JE 2 9 BF A AR 0.64 £ o AT A R B OR
CiGA20x1 F:[H i R IB R R 5| B AR 03540 15 A
AR AI K TE LU AR, X 5 NI LSS AR R, R
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B 952 1L A%k CiGA20x 1 356 DR 6 R Ak v 5 LA 4 i
TYEH .

AR, R MRS N GA S &R
K, DA ARE, NIRRT ESLEUE
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