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WE: AR F BRI AR ERA TGP0, AXEemEAR GA200x ¥ 7B 54T, £
ZEAYG AMAE, 5 A1 100, 200, 300 mg/L K JEAE A B AR FEE R A $ 2ok AT INRR
AL, WRAGH., wAETK,; AddxddRafEe it wxt, KA 145
GA200x B 64 BB A5, #) RT-PCR F AR#ATHE LI, FHITAEANEEFZON . BT
MM A KB R A AT, SRE: REVREHET, SMR 200 mg/L K F X ZHF Rk xdnyg HiE
X, M 100 mg/L K FF N R ERE LM AZA K, @1E 5 ETF0 = E GA200x(PyGA200x) 35 7
GenBank % %5 4 OR651279, R %X KEH 1107 bp, % 368 MR LB, kMo FRE
H 41.7 kDa, BAFARIFESM LA, ZARBIFER A AU RGBT, BEESEHZLAR
WA TR EFE TR, MEFRMEIYESIEAZLARAREH R R R G TR, REEE
PCR 4R 25, PyGA20ox Mk, %, vPARZE R\ A EA, BAEZ T REFLRK, MARMAS A
KAFT AR TZAREIBEXNRRE, 2Lk, Ba/MREMAERKATALEHET FEFSE
A E KM B ERBEAER, EERAEKREA 200 mgL, FAFEEAMESRERTH X
PyGA20ox #47 T S5 X 5H7 .
KEER: mdk; HHAERKETRLR;, KB LE; F8ThTH; REHH
FESZES: S791.257 XEkFRERS: A MXEHS: 2095-1914(2025)01-0055—-13
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Cloning and Expression Analysis of GA20 Oxidase Gene in
Pinus yunnanensis
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Forestry University, Kunming Yunnan 650233, China; 2. Key Laboratory of National Forestry and Grassland
Administration on Biodiversity Conservation in Southwest China, Kunming Yunnan 650233, China)
Abstract: To explore the effects of exogenous gibberellins on the growth and development of Pinus yunnan-
ensis, and to analyze the expression of the key synthase gene GA20ox, P. yunnanensis seedlings were selected as
materials and treated with exogenous spraying of gibberellin and the gibberellin inhibitor Paclobutrazol at concen-

trations of 100, 200, and 300 mg/L, respectively, to observe the changes in seedling height and ground diameter.
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At the same time, by screening and comparing the transcriptome data of P. yunnanensis, a homologous sequence
of GA20ox gene was obtained. RT-PCR technology was used for gene cloning, and bioinformatics analysis, codon
preference analysis, and gene expression analysis were performed. The results showed that under different con-
centration gradients, exogenous 200 mg/L gibberellin significantly promoted the height growth of P. yunnanensis
seedlings, while 100 mg/L gibberellin significantly promoted their ground diameter growth. The GenBank login
number of P. yunnanensis GA200x(PyGA20ox) obtained through cloning is OR651279, with a coding region
length of 1107 bp, encoding 368 amino acids, with a theoretical relative molecular weight of 41.7 kDa. Codon
preference analysis showed that the gene prefers to use codons ending in A/U, Saccharomyces cerevisiae was suit-
able as a microbial heterologous expression receptor for this gene, and both Nicotiana benthamiana and Arabidop-
sis thaliana were suitable as receptor materials for genetic transformation and functional studies of this gene. The
results of fluorescence quantitative PCR showed that PyGA20ox was expressed in roots, stems, leaves, and stem
tips, and was significantly expressed in stems. However, the expression pattern of this gene varied under different
hormone treatments. This experiment determined the significant promoting effect of gibberellin on the growth of
P. yunnanensis through exogenous hormone treatment, with a suitable spraying concentration of 200 mg/L. The
key enzyme PyGAZ20ox in the gibberellin biosynthesis pathway was cloned and expressed.

Key words: Pinus yunnanensis; hormone treatment; gene clone; codon usage bias; expression analysis
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HEEMEN -FKNUH GRS
v, Iz 5N E A aTE S, JUH AR
AR A A R R B O O T B AT AR O
CAZW R R, SME IR E Rl RE 9 W2
RPN AR . TLFF" R EAT (Phyllosta-
chys edulis ) SZA= i i TS Jt AN [R) vk B2 AR 2
REAR RGBT A BEATRR O AF & L T4 . i 4k
TR AR YR . Li B0 R IR R R 2Kl 1T
R, AR TR A ( Neolamar-
ckia cadamba ) WA AYAEAC, DA 2 P HAE
Yk . SANEAERD MR BN, RER
BEZWMTEAY ( Populus tomentosa ) HIAEFE . 6

A KRS AM B . A LSRN B 5T
e, AN R R REMAEHE T TS WM (P
tabuliformis ) % 22 ARAC, KR HE TR A 2 i A=
KEAEEEM. FERNE W K2R 2
5, Hrh GA20—A L1y fi Ak i Ve o 52 R - AR
(1) S S A B A, A Ak 22 2B S AL R N
A AR ) R B 2R A A A A e R R
#, MM AR, GA200x FERTERED)
ARKMPEEDEEE EEAEM . KT (Orza
sativa) ", UUER GA200x Fik 2 FHBUKRE B Z£FF
KR, B LA FEmAS ( Camellia
oleifera) ", % 25 114 ( Populus tremula * P.
tremuloides ) V1. WM ( Melia azedarach ) ¥ Fl7k
¥ ( P. densiflora) V&Y Fh, 1 3Rk GA200x
BiRefe dhmatk ARG, WmA Y, mE AR KR
ARBER A

JETE R ) AR K R A5 T R O A5 RO
GA200x FEP RIS C AN 7200, (BAE 2 B AL AR
KGR WLRIE . e, A5 5 78 L SR
FE A= A W, [R)EFR B RT-PCR R e
Ve F Y PyGA200x JE A, FI AR WIAE B 07 ik
IR R T Y S o TR IS S5 s s W S o T s 2 0
8T Z IR AEAS R 40 21 ) 3R 3R 5 S5k B L%t ok
PEAE Y AR R TR R A N, DU Ry i — AR 5T AR
RN = m AR R B IR LR X235 DA R
AW MES
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1.1 REAM R AR

AR R = B A kW B =i otk & Fh 1
Fel (AR 7, 2023 4 1 H 78 P R ARk KA 46 R IR %
KMFEATE M . e 0.5% =k PRI O Fh 112
WINEE 1 h, BUR WK EE, FikT 50 °C Ak
KR 24 h 5, HEATHRERD, BESIT 1~ 2 kP
T, A SE UG L ANED O v R A VA T X
TV OEEL) v (at) =31 M%HEE
EATIE T, FHHEZRRE R 7, 5 L BH ™ R A7 3
B, EMIDe KDL AE B, 16 2023 4F 7 H i E K
R, AR, BCEWME 1R
JEMP A KM RRER A3 (GA;), NARER
R Zxgme (PAC) HEATARER, LLE AKAE R Xt
M (CK), M ar AN E B 2 0 fIZE R 70
SIS AR TR T, S dmhiE—wk, 3t
W 4%, BEANALEE 3 WCEE, 5 4b It
150 #k o ALERLL[E] 20 5 FH 25 B B T, s As Ak
I A I it 5

F1 RIEAIE

Table 1 Experimental treatment

Ab PG 5 PRI TP WeE (mg- L)
T1 CK 0
T2 GA; 100
T3 GA; 200
T4 GA; 300
T5 PAC 15

1.2 EKIBHRNE

M 2023 4F 7 AFFEG, R R SRS
Tebn R RGEE T &, JE05E 6 > H RFEME YA K
PRI B AL PR B s m AN R MR R bR, R
H Excel 2019 X it g Zdi 21 7838, FH SPSS 24
@ X 2 L RE A R AR AR K
1) 25 5 J 5
1.3 2 RNA FIREUR R % cDNA &5

T W Z BRI B RNA 2 BURH & (RAR

AR A RAR, PED) U, RIS R
M RNA, i 2% [ Nanodrop One 2000 #3 3 2 ¢
ARG BE AR T RNA FY v BE Fl &, JF45 4
1% B JE A8 e HL K ARG ) RNAL 1) 52 26V o MR 4
8 550 & HiScript® 111 1st Strand ¢cDNA Synthes-
is Kit ( + gDNA wiper) (35 MEBE A= PR Ay
ARRAF, E) WA, FREIEH R RNA
B4 L — BE cDNA, ¥ cDNA W B &
10 ng/uL, 1ER sa BRI .
14 BHEFEMZE

AR5 PR A2 T = B A e S 4 54 ( PRINA
1057769 ), Wik . X 3R4G GA200x K ¥ 31
fifi 1 Snapgene M-I FES W, B 2,
DL bR il £ cDNA 50z i 47 PCR 4735, i
DNA H A4 Green Tag Mix (i MERELE W RHEL e 17y
HIRAT, E) 1250, b, RS IH4 0.75ul,
10 fi% # B¢ #5 L ¢cDNA 1 pL, ddH,0 10 pL,
BARZR N 25 uL, PCR L2 5 A WAk 95 C,
3min; AEPE 95 °C, 15s; B K56 C, 15s; ZEAH
72 °C, 90, 35 MEI; FRIEMR 72 °C, 5 min,
4 CRAF . PCRZ“WIHEAT 1% Bt B A 5 I L Uk 43
Mg, & R B 2 x Phanta Max Master Mix
(DyePlus)  (iMEREAEYIRHH B A FRA ],
B ) 847 50 uL /R & PCR ¥ 3, [A]HH4Hf pET30a +
ki BamH 1 #47HY), 435 Imli4k4k PCR 7~
Y RNEGO) 7=, R T WA R A B R B —
7 i A ] £ ClonExpress® 11 One Step Cloning
Kit (#MEREAED R IR AR AR, E) #17
[ Y T 2 749 & pET30a + 24K [, IFRAE KT
FF 74 DHSa 352 40 M, MRk, 37 C Hl&E %
12 h, HRIBCER 5w R PBH M TR BE, iE AT P W PCR %
. KEAE BN R BRI E D T
WA B2 BT

=2 SlMFS
Table 2 Primers used in this study
EIL/EL S ST (5'—>3") JHi&
PyGA200x—F ATGGGTACTTCGAGTGTGAATG P
PyGA200x-R CTATGGCTGGTTTCTTGAGGTG
PET GA200x—F GCCATGGCTGATATCGGATCCATGGGTACTTCGAGTGTGAA P
pET GA200x—R ACGGAGCTCGAATTCGGATCCCTATGGCTGGTTTCTTGAGG
q—PyGA200x—F AAGGCAACCAAAGAAGCGTCAG E
q—PyGA200x—R ATGAGCAGCAGTGAGGAGGTC
TUBAI-F AGTCTTTTCTCGGATTGACCAC e
TUBAI-R GAGCCTCAGAGAATTCACCCT
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T 3 #2 3 B AR X PyGA200x Fit [F K H: 4
WE B HATAEWAE B ik — 2o
PyGA20ox 4 I /9 #F fk. 5¢ & , #| Jl DNAMAN
9.0 Xt PyGA200x & #1722 H 541 Lbxt . [Fiiz
F MEGA 11 B &8z 150 & A [R] ) Fl i & Ge ik Ak
o Hodr Ay (P tabuliformis, AHW42465.1)
J#S (P densiflora, AGI99537.1). Z£L#S ( P. ko-
raiensis, AYA73795.1). HARMIAZ ( Cryptomeria
Jjaponica, XP_057867848.1). [0 H 2% ( Helianthus

annuus, XP_022034303.1) . UL/K 4% ( Cinnamo-
mum micranthum, RWR81380.1 ), ¥ EHEE ( Nym-
phaea colorata, XP_031493539.1) . #2 %L ( Per-
sea americana, KAJ8650985.1). KK %424 ( Cent-
aurea solstitialis, KAJ9545772.1) . ¥ ( Nico-
tiana tabacum, BAA32156.1). /N4 ( Populus
simonii, FJ422146.1). K#% ( Eucalyptus grandis,
XP_010035059.1) VI KAg# ( Quercus robur, XP_
050253557.1) 45 ¥y F 1Y 24 & B2 )5 5] L NCBI
B P TR I

x®3 EVMEEFESWHELRMGRMIL

Table 3  Online software and websites of bioinformatics prediction

TELHAT Rk ik
Expasy ProtParam https://web.expasy.org/protparam AR S AT
STRING https:/string-db.org/ B EAES T
NCBI Conserved Domain Search https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi PRSFEER BT
ProtScal https://web.expasy.org/protscale/ SRBUKPES BT
TMHMM2.0 https://services.healthtech.dtu.dk/service.php? TMHMM-2.0 PERRES ) 53 AT
SignalP 6.0 https://services.healthtech.dtu.dk/services/SignalP-6.0/ ERe2\Sxi
Cell-PL0c2.0 http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2 V40 R A S5
PSORT https://www.genscript.com/psort.html SV 46 R A TR
NetPhos 3.1 https://services.healthtech.dtu.dk/services/NetPhos-3.1/ WERRAA AT HT
NetNGlyc 1.0 https://services.healthtech.dtu.dk/services/NetNGlyc-1.0/ WEEACAL S5 BT
SOPMA https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html ey S e BTl

SWISS-MODEL

https://swissmodel.expasy.org/

=5 T

1.6 ZWFRFESH

fdi ] Codon W 1.4.2 M = FAMS PyGA200x
Ky 4 ) 2 A% - AH X B (RSCU ), H
FW TR B 5 7 2 A A Dy 2 S R I [R) S
TR X HESE, 24 RSCU>1 B, HAE[R %
f—F o (i ARG 4 %2 5 RSCU=1 I, LA o0
Uitk RSCU<I B, A AR 824 A 208
%0 (ENC), &%+ 5 FbrME 5 BaLE [
i 15 12 B, L S e I R 9% A T R R PR 1 5
HA M 5 L 20 ~ 61, # I T 20 fim - o ik
SR, M R A Y R O N AR 4K
(CAL), T HMHNFBAFH AL, HAEN
F 0~ 1, A S M EFE 2 EAH S,

i ;= EMBOSS explorer i1 5 % 5 725 1, 2.
3B GC & & (GC,. GC,. GCy) Al GC
i (GC). flil CUSP 204712 3 K 25 1 - ) 1l
A%, 18 1 Codon Usage Database % i 1 %X
P& EAR IR AT ( Escherichia coli ) . FRIP BERE
( Saccharomyces cerevisiae ) . X K4 ( Nicotiana
benthamiana ) . AT I% ( Arabidopsis thaliana ) &

PRI 2H 25 6t 1~ (s FH AR S

1.7 BEERESH
T Z 2 B FE ) 5 RNA $EHGAGR &, $2HR

AW ~ AR . 25 I ZERASFRALS
RNA K55 4 IBSHEAL FELE S T1, T2 A1 TS 4110
=S ZEBCE RNA, il ] R sk iR & Hifair®
II 1st Strand cDNA Synthesis SuperMix for qPCR

( gDNA digester plus ) (2B AR B A FR
], hED, A EWER RO E i PCR BT
cDNA, 10 5B IE T 20 C ¥, Rism
Brs | AR 4 v Bl 5 () 36K 551, (8] Primer 5.0
B8 5] g—PyGA200x—F 1 g—PyGA200x—R,
DL TUBAIL 3K NS X B, {#i ] Tag Pro Univer-
sal SYBR qPCR Master Mix (i MEHE A= W R4 i 1y
AIRAW, HE) #4750 i K3k o
SV AR Z AL 20 uL, f14% cDNA #if 1 uL, F, R
5144 0.4 uL, SYBR Mix 10 uL, JCH/K 8.2 uL.
R 2R L R AR X e ik . @ i SPSS
24 B AFE T 7 2938, {4 Graphpad Pism 9.5 #X
PFHATVEIR
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21 AREVEKBATHLENZERLES. HE
CR3: kA
R T AR ) A A T Y R Ak B 2 R A T
AR A RS, AR AR KR RS, ek
6 > A = RS RSN, S5 R LA 1.
M 1a 8] LA H 100 mg/L GA; &b i %t 1 7

a 121
Tl = T2 mT3 mT4 T5 a
0 aa 1@
2 abpy P
?a ab bl b
8r be !
: s
5 a b ¢
qE 6f bb? b
H
ab aa " P
4t :bf Yb
2 L
1 1 1 S
9 10 11 12
Ay

ARIER, BRI, 55X RAHEAE
9 HZSBE, HMJLAHA KK R EKFE; 200,
300 mg/L GA; 4b B 1) 2= pg #1515 3 B 35 8 T X
M, e 12 AR, Hf & ok (1015 +0.41) .
(9.57£0.66) cm, AH ELF X BE4: 042 55 25.46%
Hl 18.29%, 200 mg/L GA; A4b F &y &5 e #¢ 4f ;
I 15 mg/L PAC &b H 5 X5 B8 AH e ) 252 28 4 40 i)
EHLS

b 8

o

—
—

10 11 12
HAy

B1 ARREEVMEKETHLETHES (a) f3E (b)

Fig. 1

H I 1o T LA, AN [R] v B A 4 A R 0 7
Ab BT < B A ML AR A KA — R SRR,
H1 100 mg/L GA; &b B %) £ #F % S 45 i 3% 5 200,
300 mg/L GA; il 15 mg/L PAC BURRZ, £ 12 H
mF, HufmEa s h (617 £036) ., (605 +
0.33) mm il (6.14+0.38) mm, AT X} HRA>51)
P 20.27%. 17.93% F1 19.69%; %4 b, Xt =g
WAL AME AR EE R, W] LA S A AR AR Y
fL MARAERK, H T3 AHEUM T A A BREE S
RORE L, ULBANERE 200 mg/L 7~ 55 2 Wk &
PR BN G B R AR R I BGE VR B
2.2 ZmEHR GA200x EEMEESELERSS

FIH 514 PyGA200x—F Fl PyGA20ox-R, LIz
RIS cDNA MR EFT PCR 73, #5350 HAYSEA
AT 1% BAE W e FL VKR I, 252 7% 1000 bp
EAARFSEZW (K 2), 555349007 ik
731 ORF [ 8 K/NIEA — B, )7 45 R %W
PyGA200x WK K 1107 bp, tL4mfs 368 /4> 3t
2 . %F PyGA20ox & H PEAL M b A7 o0 #r, 45257
BT N R o e W Ci877H2878N5060542515 oy i
 41.7 kDa, FLIRSEHL AR 6.46, BT BECH
5818 1>, FEMFIEEL N 76.03, A 61 Hp 5% B Al B AL

Seedling height(a) and ground diameter(b) under different concentrations of exogenous hormones treatment

(Asp+Glu) Jy 444>, HFERFRIEN S (Arg+
Lys) J 414>, k=W H30h, NEEEHEREN
37.10, PiBH PyGA200x%E 1N SE .

M PyGA200x

2000 bp
1 500 bp

1 000 bp

750 bp

500 bp

250 bp

100 bp

M £ Marker 2000,

B2 ZEH PyGA200x £ [E B ik il E
Fig. 2 Electrophoresis detection map of

PyGA20ox gene in P. yunnanensis
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TRAFEE TS R B (B 3a): HEH
20G-Fe (1I) I K% [20G-Fe (11) ] BY%:
TELEHI, JB T GA200x N FER L o 3T Ex-
PASy—Protscale 7F £k 1 1) 5% i 7K 1%k 43 A 45 2R
/N, PyGA20ox £ F17E5S 67 {7 il 118 iz SR b

a 1 50

100 150

WO /NE 2,733, LA EOK MR S
160 o7 Z4 KPR AL H Bl e KA 2,122, A i K M B
ik (& 3b); 4rAnF 0LLT A& 5L R Bk 3 4
2304, A3 T 0 DL b Y sk R AR L 4K 130 1,
BAEHL K $8 %0 ( Grand average of hydropathicity )
H-0.365 (<0), ZRaURWUIZE AR FRKEERA.

200 250 300 350 368

e e ey

#if)FH 2 Fe( I s NZOGHREOR
RS A PcbC
2l — /Fe(I A BFH 5% | 20G-Fell_Oxy superfamily
Fihs PLN02279 rfamil
AT F RN Eﬁg%ﬁi&%ﬁiﬂﬁsﬁl%eﬁa?lcgc superfamily
b 2.5
207
151 !
1.0 +
— G HE
05+ 1.00 — TR
g 0 ' i 0.75
R 05 ] . =
210t il _ ~0.50
1.5+ 0.25
2.0 0
2.5 50 100 150 200 250 300 350
-3.0 JFHIL 1 faa
50 100 150 200 250 300 350
V7 5 /a2
d ﬁﬁ@g -
L & A ———
09
Jqm
i}_{
S
=
O 1 L 1 L ‘ H
50 100 150 200 250 300 350
JF A s a2

B3 PyGA200x EAMRTFLEMIY (a). BEEFKME/MEAE (b), ZEABENMAS (¢) REABBHAS (d)
Fig. 3 PyGA20ox protein conserved domain(a), protein hydrophilicity/hydrophobicity(b),
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2.5 PyGA20ox ZFIRIF IS

fif F Codon W1.4.2 %% {4 1 EMBOSS explorer
XPH MRS, SR WE S, WNES
ATLLE . %3 ENC{E R 56.96, #4iL T 61,
vt B % A 1 G R 55 . CALME A 0.202,
HAE T T 0, BEBZIEHRE KA. X
AFNLE R GC Faidifradr, 2R ExR, GCl>
GC3 > GC2, H & & 70 7ll hy 52.03%. 44.99%.
39.57%, K GC % i A 45.53%, H: RSCUfH 7
0.16 (CUA) ~3 (UAG) z[a], Hr 5A4%m1

Phe UUU 1.04 UuC 0.96 0.00
Leu UUG 2.27 CUU 1.30 CUG 1.30
He AUA 1.15 AUC 0.92 AUU 0.92
Met AUG 1.00 0.00 0.00
Val GUG 2.00 GUC 0.73 GUU 0.73
Ser AGU 1.93 UCU 1.29 UCA 1.29
Por CCA1.83 CCU 1.00 CCc 0.83
Thr ACU 1.47 ACA 147 ACC 0.63
Ala GCU 1.52 GCA 1.52 GCG 0.57
Tyr UAU 1.33 UAC 0.67 0.00
His CAU 1.33 CAC 0.67 0.00
Gln CAA 1.00 CAG 1.00 0.00
Asn AAC 1.06 AAU 0.94 0.00
Lys AAA1.27 AAG0.73 0.00
ASP GAU 1.22 GAC0.78 0.00
Glu GAG 1.14 GAA 0.86 0.00
Cys UGU 1.33 UGC 0.67 0.00
Trp UGG 1.00 0.00 0.00
Arg CGA 1.89 AGG 1.26 CGC 0.95
Gly GGA 1.57 GGU 1.22 GGG 0.70

(A % A Bt ( RSCU=1), 43 %1H AUG.
CCU. CAA. CAG. UGG, 25/ %51 K & i
S+ (RSCU > 1), 4 4]k UUG. GUG,
AGU, CGA. CCA. GGA. GCU, GCA. ACU,
ACA. UAU. CAU. UGU, CUU. CUG. UCU,
UCA. AAA. AGG. GAU. GGU. AUA. GAG.
AAC. UUU, &9 # 2 Bt e 1Y % 15+ AAC LU
CZE5RAN, HABE T L GE RN 54, UL A%
A 84, LLUSSEMA 114, Ui PyGA200x
B S TR AE DL A/U 25

RSCU
0.00 0.00 0.00 3
CUC 0.81 UUA 0.16 CUA0.16
0.00 0.00 0.00
0.00 0.00 0.00
GUA 0.55 0.00 0.00
AGC 0.64 UCC 0.64 UCG 0.21
CCG0.33 0.00 0.00
ACG 0.42 0.00 0.00
GCC 0.38 0.00 0.00
0.00 0.00 0.00 0
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
AGA 0.95 CGU 0.63 CGG 0.32
GGC 0.52 0.00 0.00

B 5 PyGA20ox EEHIE X FZFHEXERMESH

Fig. 5 Analysis of the relative frequency of synonymous codon usage in PyGA20ox gene
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Y IR R IE . =M FA PyGA200x 35 K #F
T R TE TP P i e M 22 S R ) R 0 i)
30, 154>, Ul WATRIP s REAR O T R AT B S
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R4 PyGA200x EESKFTE. BREEST., RRE. SETEEAZD T ERRELE
Table 4 Comparison of codon usage frequencies of PyGA20ox gene with E. coli, S. cerevisiae,
N. benthamiana, and A. thaliana
R . IR i HeAE R . BT B L
HILR T R T

Py/Ec Py/Sc Py/Nb Py/At Py/Ec Py/Sc Py/Nb Py/At

Phe uuu 1.59 1.35 1.49 1.62 His CAU 1.69 1.59 1.68 1.57
uucC 2.05 1.77 1.85 1.57 CAC 1.15 1.39 1.32 1.25

Leu UUA 0.20 0.10 0.21 0.21 Gln CAA 1.11 0.60 0.90 0.84
UuG 2.92 1.39 1.56 1.82 CAG 0.55 1.34 0.96 1.07

CUU 1.90 1.76 0.87 0.90 Asn AAU 1.13 0.61 0.75 0.97

CuC 1.29 2.51 1.08 0.84 AAC 1.12 0.98 1.44 1.17

CUA 0.69 0.20 0.29 0.27 Lys AAA 1.12 0.91 1.31 1.23

CUG 0.42 2.06 1.82 2.21 AAG 1.97 0.70 0.57 0.66

Ile AUU 0.36 0.36 0.41 0.50 Asp GAU 1.16 1.01 0.99 1.04
AUC 0.45 0.63 0.78 0.59 GAC 1.27 1.21 1.49 1.42

AUA 2.46 0.76 1.12 1.08 Glu GAA 0.62 0.53 0.69 0.71

Met AUG 0.90 1.17 1.02 1.00 GAG 1.74 1.69 1.05 1.01
Val GUU 0.60 0.49 0.42 0.40 Cys UGU 2.08 1.34 1.18 1.03
GUC 0.73 0.92 1.02 0.85 UGC 0.85 1.13 0.75 0.75

GUA 0.75 0.69 0.82 0.82 Trp UGG 1.06 1.56 1.31 1.30

GUG 1.14 2.76 1.91 1.71 Arg CGU 0.27 0.85 0.70 0.60

Pro CCU 4.14 2.21 1.58 1.59 CGC 0.39 3.13 1.94 2.14
CCC 2.42 1.99 2.12 2.56 Ser AGU 2.59 1.72 1.66 1.74

CCA 3.55 1.63 1.77 1.85 AGC 0.51 0.83 0.76 0.72

CCG 0.24 1.02 0.83 0.63 uCu 1.87 0.69 0.73 0.65

Thr ACU 2.08 0.93 1.09 1.08 ucCcC 0.91 0.57 0.78 0.73
ACC 0.36 0.64 0.80 0.79 UCA 2.01 0.87 0.95 0.89

ACA 2.34 1.07 1.25 1.21 ucG 0.31 0.32 0.48 0.29

ACG 0.36 0.68 1.00 0.70 Tyr UAU 0.99 0.86 1.03 1.11

Ala GCU 1.41 1.02 0.65 0.77 UAC 0.66 0.55 0.64 0.59
GCC 0.22 0.43 0.43 0.53 TER UAA 0.00 0.00 0.00 0.00

GCA 1.05 1.34 0.92 1.24 UAG 9.03 5.42 3.87 542

GCG 0.25 1.31 1.25 0.90 UGA 0.00 0.00 0.00 0.00

Gly GGU 0.78 0.79 0.78 0.85 AGA 2.80 0.38 0.51 0.43
GGC 0.29 0.83 0.71 0.88 AGG 6.02 1.18 0.83 0.99

GGA 2.74 2.24 1.08 1.01 CGA 4.28 5.42 2.80 2.58

GGG 0.92 1.81 0.98 1.06 CGG 0.44 1.59 0.51 0.55

27 BRARZR.ZREMSHMESEESNT
EHM ZREM L RE R (K 6a),

PyGA200x £ [ 148 M TCHNEH, 1354 o 18

Ji LA B2 60 A~ J 55 A1 25 4> pAT M L. 45 4

¥ B 7 LR TE A il (40.22% ) > o BR i
(36.68% ) >fHijEdE (16.30% ) >L & (6.79% ),

FIF SWISS-MODEL [r] i #1511 1 47 PyGA200x
IS EE 1 = e (& eb), Z5REBRY
M FY ( X5CYAO0.1.A)  GA200x1 (1) ] 51 [A] Y&
98.37%, MIMLE R 62%, BEHE R 100%, F&EIFR
AL 91%, B PyGA200x %K 19 GA200x &
FIRR, B =455 F4s Rl 5
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Fig. 6 Prediction of secondary(a) and tertiary(b) structure of PyGA20ox amino acids and analysis of protein interaction(c)
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Fig. 7 Expression analysis of PyGA20ox gene in

different tissues(a) and treatments(b)
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