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& E: HAKEEA (thioredoxin, TRX ) 1EM &AL I A EAE Y LA E A Yy 6 55 Mhae vh B FE 2R o ARDFSE
K HI RT-PCR MR (Hevea brasiliensis) H1sape T i AL & I EE K HOTRX02, ZEEF 4L IX K 594 bp, ks 197
AN EIEFR . T HbTRX02 RIS F &4 21.90 kDa, PGS LN 7.59, & AR SFEE A R b b ir 45 3 BoR
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Abstract: Thioredoxin (TRX), a redox regulatory protein, plays an important role in plant resistance to abiotic stress. In
this study, HbTRX02, a thioredoxin gene, was cloned from rubber tree (Hevea brasiliensis) using RT-PCR. HbTRX02 con-
tained a coding region of 594 bp encoding a protein of 197 amino acids. The predicted molecular weight and isoelectric
point of HbTRXo02 was 21.90 kDa and 7.59, respectively. The conserved domain and phylogenetic analysis showed that
HbTRXo2 had a conserved TRX domain and was clustered with other plant o-type thioredoxin, suggesting that HbTRXo02
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belonged to o-type thioredoxin. Quantitative real-time PCR indicated that HOTRX02 gene was expressed in root, bark, latex,
mature leaf, senescent leaf, new shoot, female flower and male flower tissues of rubber tree, with significantly higher ex-
pression level in latex than in other tissues. Compared with the healthy rubber trees, the expression of HOTRX02 in the bark
and latex of tapping panel dryness trees was significantly reduced. Under cold, polyethylene glycol (PEG)-induced drought,
and oxidative stress induced by hydrogen peroxide (H,0,) and methyl violet (MV), the expression of HbTRX02 gene was
significantly up-regulated, indicating the involvement of HbTRX02 in response to abiotic stress in rubber tree. To explore
the function of HbTRX02 in stress resistance, its yeast expression vector was constructed and transferred into Saccharomy-
ces cerevisiae INVSCI to obtain the recombinant yeast INVSC1 (pYES2-HbTRX02). The survival differences between the
recombinant yeast INVSC1 (pYES2-HbTRX02) and the control yeast INVSC1 (pYES2) transformed with pYES2 empty
vector after H,O,, PEG, and low temperature stress treatments were compared, and the results showed that the survival rate
of INVScl (pYES2-HbTRX02) was significantly higher than that of INVSCI1 (pYES2) after PEG and H,0, treatments,
while the survival rate of INVScl (pYES2-HbTRX02) was significantly lower than that of INVSC1 (pYES2) after low
temperature stress treatment, indicating that the recombinant yeast transformed with HOTRX02 gene improved the resis-
tance to drought and oxidative stresses, but decreased the resistance to low temperature stress. The results demonstrate that
HbTRX02 plays an important role in latex production and latex flow, as well as abiotic stress resistance in rubber tree. The

study would provide important references for further elucidating the biological function of HOTRX02 in rubber trees.
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AR EH (thioredoxin, TRX ) 24K N
JZAER — P BEARSE . BRbE . AR e /Ny
T2 AU, B AEGE B A A ST R SR SRS
PEAL R, HAZO S H  C (G/P) PC (Cys-Gly/
Pro-Pro-Cys), #/>#(k C (G/P) PS (Trp-Cys-Gly/
Pro-Pro-Sen)* | i 234 K 11 -5 5 S804 2 i 5 il
( thioredoxin reductase, TR ) . A J5 70 kA Pk i M2
W "R HERR ( NADPH ) — i # Al 48034 25 1
RGO A E M RS YUAE B AL R
g, TEIEBRIEMEAE . ERrai e n Sk id AR
- v e 4 2 AR O

) E A R SR R R AR %, oK A
(Oryzasativa) ZERZH A 30 4 TRX LA,
EitfE ( Citrus sinensis) A HE&FH 22 4~ TRX
FFUY RIEEERRT Y25, MY 5 A
FIGFER R 53 7 Fp2ERL: £ h. m. o, x. y
2 KRB E A 1A o B TRXFE
WA FIKFE DB A 24> o B TRX BRI,
W EE R, IR IF AtTRX01 B BIIE S 5 1 T4%
RiAA T ATTRX02 BT 41 it 5 17 H R4 A 3 412
2 W gy & B, Ml OT b R Rk
ATRX01 #2151 4% 2 A bk RAE R W8 T iy & 28
F, ARHE T SRR AR AR e T AR R, R
AR, ER A TR IT ATTRX01 58742 (A F ¥
S 2E AR ORI R S K R AR, AL E
o, AR RBIAMAR . H0,. NO /KDL A ik
A A TR, Ak, AtTRXol it 5

ABA Z{K PYRI1 ( pyrabactin resistance 1 ) HAES
5 ABA {55 &Y. XEE o B TRX XX
PSTRXol B HF5E A 3, TEMHFE BY-2 4 g v i 1 5%
ik PSTRXo1 $& 5 1 ik S Ak S0 5 PR LA K A Wi AH oG
FEHFE I ERIL, BEILT H0, I NO &it, 4
e T H KA S AR JFR A, SR T R L4
J et AR BTN HRE, X o B TRX %
H A58 RIRA, B AtTRX01 il PSTRXo1 4},
WA R HABAEY) o 7 TRX JE R DI e 52 1 i E -

I ( Hevea brasiliensis ) 1E b —Fh 8 22 1)
PAF L TEMOR, R E Tl R R SRR ) 22
SRR, FRERR B M AL 113.33 J7 hm®, 4h
MAEWER . A AR SFHIX, 4R RIRG L
80 J3 U0 IR . R KU S MR e R AL A
KRB AR 3 M EER G cERT 1,
& = A% e W B i T ( tapping panel dryness,
TPD, EWNHEANIEI ) KAERE, RBU™HE
F2o R T HRST o B TRX & K 7E AL e A 381 1o 10 A
A A Y e 2 AR T, AR BT e A AR A
HbTRX02 JE[H , 4t HaRahRetk, A EERE R
IRRGS NI EYIE (EAb . RIER
T5) sirrhmige.
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¥ . BB EGETE F AN HDTRX02 Soff . Fik M IhRE/Hr 2001

SR ZURE SR A v E G RO R B R 56 37 75 BA
PR Y FRAIT 7-33-97 (i FREAR AR (RIIE 16 4F ) o [A]
BF, TEAH[FIRAL, EREFIL 70% 254 ASHERE 1 #
T T IEAR B, RSB FL AR B A i o ARAH 2L

iR HIIF 7-33-97 HEE . BN SR AR A TR AU
%, —80 CH-AF, HIT B RNA 25, B4k 37
8 A~ H R BEIAE 7-33-97 ¢l %5 1 FH T4 FhAE A= 4
[USIER L

1.2 FHik

121 EAHmas®E E (4C) . o=
B2 (PEG) iESW T 2EMia . HILEH (MV) #l
S (H0,) A A L B2 FAE 3T
25220754 . PEG SR FHIYJE PEG6000, AL % Ky
30%. MV Fl HyO, ZAbFRHRE 43514 200 pmol/L

20 mmol/L. #J7EALFR 0, 3, 6, 12, 24, 48 h i,
KM F RS, BT 3 WY EE, BE
i3 BRfEMR. FERCRES B TIRABR, —80 C
A7, T B RNA $2HL,

122 ¥ RNA RERA=R4#EE  RAHYEHE
BOAA & (AU AR A YHEARARAF ) $EH
BEEz . BTAS . HEAE . HEAE . RGN BN RIR
s RNA, % RNAprep Pure £ K A
RNA #2007 & ( RARAEMRHEABRA R ) $2H
K FL E RNA., RNA & JR&E &G, RH
PrimeScript RT reagent Kit with gDNA Eraser
( Perfect Real Time ) ( TaKaRa ) J2 % 5% & ik

cDNA, FARSRMET S BRI R & i W 45
1.2.3 HbTRX02 A B &9 5uFs KR IF AtTRXo1
FEHFH] (NM_129053.6 ) 7EIZ B HeveaDB 4
P& % ( http://hevea.catas.cn/home/index ) 1 #47 H
Xif, FRAGAZ AR Y [R] PR FE R scaffold0032 237207,
B HAi 45 A HOTRX02, #R#E scaffold0032 237207
F %, #] H Primer3web ( https://bioinfo.ut.
ee/primer3/ ) TELHAF BT 1S 58 B G bt X 1) 5|
Yy, JETEIE . a5 554300 Kpn 1, Xbal
T Uo7 R B S, LU T 5 S e B 30
Bk, EH5I9FS]: 5'-TAGGTACCGGTACGAC
CGAAACTGCATC-3", Jz [ 5| ¥ )7 41 . 5'-GCTCTA
GATTAGTCCTTCCCATAGAGTTCTTC-3' , PCR
P HARRE, RMAKRZFR: 2.5 U/uL TransStart
FastPfu DNA Polymerase 1 uL . 5 X TransStart
FastPfu Buffer 10 pL. 2.5 mmol/L dNTPs 4 uL.
10 pmol/L 1E/R M 5144 1.5puL . BKF. cDNA
3 uL.ddH,0 29 pL, ¥ HFEF: 95 C 3 min; 95 C

20s, 56 °C 20s, 72°C 45s, 35 4MEH; 72 C
10 min, 1% BHEERS LUK AKL I PCR 724, IR
FHl Gel Extraction Kit ( OMEGA ) [slWic4lifk H#x A
Bt glifk i Bt % 3 pEASY-Blunt Simple Cloning
Vector (At & XBAEWHARAGRAHE ), Hik
Trans1-T1 Phage Resistant K7 #T #8432 A5 41 Y,
P HCBH 1 B 5 B 2% 22V i Al LU A D B R A BR A
M o

1.2.4 AHFE 854 i SoftBerry (http:/
linux1.softberry.com/ ) 7¢ 28 5% % " i) FGENESH
L0 PR G A X e FL G B () 2R T A 5 il
H Compute pI/Mw( https://web.expasy.org/compute
pi/ ) TELIMF AT E A T RS A
CDD ( http://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi JTEL AR FFi Il HbTRX 02 & FH IR 5T 45
Pkl ; M NCBI £048 T #OH A AE Y 1 i AR e
FE, fiH MEGA-X 84 HH 948 4% ( neighbor-
joining ) M H RS UL, bootstrap S E N
10001,

1.2.5 B % EZE PCR (qRT-PCR) 447 F
AL T. 2 Primer3web %11 HbTRX02 i) qRT-
PCR % & 51¥), IEM5I¥FY): 5-GCAGATG
TTGGACGCTTGAA-3', a5 |#F %1 5'-ACCC
ACTGTCATTCCATCACT-3" ) . W2 %k H fdi J1]
HbUBC4 ( IE (8 51 #))F51 . 5'-TCACCCTGAACCT
GATAGCC-3', m5l¥Fs): 5S-TTTCTTTGG
TGACGCTGCAA-3") Y, qRT-PCR X% /] TB
Green Premix Ex Taq II ( Tli RNaseH Plus ) , S
TR 2 R R 45 2 BRI 45, R D SR
CFX96 #1557 PCR X (Bio-Rad ) . HEPIAH
Xof ik B TR 2744CT 251 SR WPS office
BAFHATEAR A T 5w E, H SAS 8.1 Fftbsr
MreE S g (P<0.05) .

1.2.6 4 HbTRXo2 & B &% fii ] Plasmid Mini
Kit I ( OMEGA ) $2HR b 34 5 1 fffy 5. o 28 0 e £
FIREIK pYES2 kL, #E4T Kpn T A1 Xba T XX
P DT o 1% B JiE AR VR U i DK A I g U0 7, SR
Gel Extraction Kit ( OMEGA ) [l 4lifk B #5 F B -
{4 ] T, DNA %420 ( Thermo Scientific ) 5 [m]1k
) HoTRX02 J£[H 5 pYES2 #ifki& 4, RIGEA
A& pYES2-HBTRX02,, >R #2634 422 77 W) e
L KA HE DHSa 28400, iR TFaETHE
% 100 mg/L 1Y LB A4 1,37 CHEFR R
PR T RE AT 7% PCR il , 5 14%)R FH pYES2



2002 o AE A F AR

445 8

HAKFE 514 (5'-CCCGGATCGGACTACTAGC-
3') MY B HOTRX02 3[R Y 5 a5 4
Plasmid Mini Kit I ( OMEGA ) $#£H PCP #:illl iF #ff
MO R R, S M pYES2 # 1k Ui B B
(Invitrogen ) il £ BRI B BE B AR INVScl JBAZ 35
YA SR HIEE PR 5 L4 pYES2-HDTRX02 Al
pYES2 #R Ak 7 il AR Z S, iR+
SC-Ura [#& & % £ % 7% % [DO Supplement-Ura
( Clontech ) 0.78 g/L. Jozd LM LE AR 6.7 g/L .
% 20 g/L . BIEHR 20 g/L] L, 30 CHE R
3do PR3 APATERERE DA, SR FHEERE R R B
& (OMEGA) 42Uk, KM pYES2 #{AKIE
514 HOTRX02 &K 2 ] 51 5% pYES2 # {4k
K514 (5'-ATTAAAGCCTTCGAGCGTCC-3')
#FE 47 PCR #& W , 4K 1% & 240 B &k INVScl
( pYES2-HbTRX02 ) fiXt Fa %L INVScl( pYES2 ),
127 @i+ HbTRX02 & ktml  Frik
R TE R INVScl (pYES2-HbTRX02) FiXt
W EE INVScl (pYES2) XIJ£EF SC-Ura Ak
PEVEFRAL b, 30 CHEIEIEFE 2 do PR EREFN T
2 mL SC-Ura ¥k £E5 725694, 30 'C . 200 r/min
PR 3% 24 h, M H ODeo (. B— Ay RE
TR, BEOWCEERK, SR)5 H SC-Ura MRS 555
F£FE[DO Supplement-Ura ( Clontech ) 0.78 g/L .
TREBHFRE 6.7 g/L. kI 20 gL1EEHE
A, I ODge=0.2. HL 10 mL, 30 C, 200 r/min
B RFE 24 ho S MREERE B RNA P $E 507 &
[AETAY TR (L) BOhA RS AR IRE Y
P B FXT B BE B RNA, ffi ] PrimeScript RT
reagent Kit with gDNA Eraser ( Perfect Real Time )
( TaKaRa ) 25554 8 cDNA ., DIERBEEEE Actin
FHEHCERSIYFEY) : 5'-AGTTGCCCCAGAAGAA
CACC-3'; Ia5I¥F5: 5'-TACCGGCAGATTC
CAAACCC-3" WE K N2 3k F 1 2 B 5EH cDNA
AR, T HOTRX02 3t A 5| % Ml ik A 7
PCR "1, PCR W&k & : EasyTaq DNA Po-
lymerase( b 2B AEMHEARGRAF )0.5 uL.
Buffer 2.5 pL .dNTPs 2 uL . 1E/ 18] 5 #4% 0.5 uL .
cDNA #i#z 1~3 pL, #b ddH,O & 2K 25 uL.
FRFEF N . 94 CHIAEM: 3 min; 94 CAEME: 30's,
58 ‘CiR:k 30's, 72 ‘CHEfH 455, 35 PMEH; 72 C
FEH 10 min, B 10 pL PCR ¥i#AT 1%M9 5008
YR JE EL DK ARG

1.2.8 A a®  HEHEHMHY INVScl

( pYES2-HbTRX02 )HI%} i £: INVSc1( pYES2 )
RIZERE TR b, SR8 B3R 1.2.7 i ik doik
PEEEFE 24 h FA SRR R 24 h HL— 0 m IS TR,
BLOWE R, AR5 K E LR, JFRE
ODg00=2.0, %8 AL Wit Ab FHAH - B 2 b 1) T IR
0.5 mL, /il A 20 mmol/L 5§ 30 mmol/L f H,O, &
% 0.5 mL iE2); T Wria b B B 0.5 mL,
4000 r/min .0 2 min, £ LW 0.25 mL J5iIA
40%M1 PEG6000 ¥ 0.75 mL iR 27; # LA E4&A4b
FEZHE T 30 °C. 160 r/min FER I, K AL
A . B 0.5 mL, fiIlA 0.5 mL JCE K, 1B2)
JA B T-20 CUkFE . B 12 h BUR RS B
—20 CUKF AL B S AL il AR 3 o X R DA 1 d,
TRALRAATE 0 (X)), 5. 7 d, HEHEAKRK
SIS AT 5 AR EERRRE . IO R R
B TR A 5 uL 430 A5 FEAE SC-Ura [B{ATEHE
Wik b, R0 H 3 ER . 30 CHElEEESE 3 d,
WREE LB TR VR I A K 22 5

2 HRE5HMH

2.1 HbTRXo2 BEEMZRES F 55

K RT-PCR M W i 7L b e B T
HbTRX02 JE A, P45 R R, sk R By K/
h1 683 bp, FEH TR, HbTRX02 i [H 4 it [X.
KJEHN 594 bp, Gt 197 DMEIERR . & A BEMER
T2, HbTRXo02 FH RIS Tk 21.90 kDa,
PSS TR 7.59, PRSP RS (1),
HbTRXo2 & & A TRX {57451 pfam00085 ),
BL 45 88~192 i A HEMR , HAAMIE SR i PR A%
DIFFIN CGPC, i T45 119~122 (&G MR, F*
RN Tk Y = P9 )i A
22 HbTRXo2 EBMRGH LS

M NCBI B0 2T 20 [7) 28 8 1) R P i 438
#H, 5 HbTRXo02 HH—EWHERFEIIK,
SR 2 PR, R AR E AT 48 7 2
m, f, h, o, x. y fil z, HbTRX02 5HABMY) o
RIS B TR AE— 2%, OB F o BB AL ER
Ho o BIBAREH Xk 2 M : THII . W
41 NBATFIAEYI o BIREREN, Bk
OsTRXol. ¥k ZmTRXol Fl/N# TaTRXo; W4
[T AP o BIRTAERE A, IR HH
HbTRXo02. AZ MeTRXo02. FEXH JcTRXol .



%510 3 B WREE AR AR B A 2R L HDTRX02 Fafe . ik R RE S #r 2003
GCAAGAACAATCAGATATTGATAGAGAGAATGAGGGAAATTTGTTTGATTCGACGAATTT TTGATCGCCGTGGTGGAATCAATATCTGTTCAATTCGTTCATTCTCACGTCTCTATGAAT
M R E I C L I RRTIF DRI RSGSGTINTITCSTIU RS F S R L Y E
CCCCAATTTCAACACCCATCATTGTCTCATCACCACCCAATTCTTCCATTCCTTTGAAAT CATCGTTCTGCGATGTTTCCTCCATTCCTGCCACTACAAGACTTCACTTATCAAACCCTT
s p I s TP I I VS S P PN S SsSs I PL K S S F CDV S S TITPATT®RTULUHTILS N P
CTCTGCAATTTCAAAGAACTCTTTGCTCGTCCCCAGGTTCATCCAATATTATACTTATCA AGTCAGAAGAAGAGTTCAATGGCTCAATGAAAAATATTCAAGAGAAGTCTCTTCCAGCAA
S L. Q F Q RTULCS S 9P G S s NI I L I K S EEUEFNG SMI KNDNTIQEK S L P A
TATTCTATTTCACTGCTGCATGGTGTGGACCCTGCAAGTTTATATCTCCTATACTTGCAGAGCTAAGTGAGAAATACCCTCATGTTACAACTTATAAGATTGACATTGACCAGGATGGCC
I F Y F T A A W CGU®PCI K FTI S P I LA EUL S EZKY P HUV T T Y K I D I D Q D G
TTGGAAGCTTATTGAGTAGATTATKTA;TASTGETGTGCCAACTCTTCATTTCTTTGAAAATGGCAAAAACGCGGCTGAAATTGTTGGTGCAGATGTTGGACGCTTGAAGGACACAATGG
L GG sS L L $ R L Yy I TAV P T L H FFENGI KN AAZETV GADV G R L KDT M
AAGAACTCTATGGGAAGGACTAA
u L Y G K D a
FRILH Ay TRX (RSFLEHR, 5 bt R A T e 2000 91
The conserved domain of TRX were underlined, and its redox active sites were marked with the asterisks.
B 1 HbTRXo2 BEEZEHERFIIREABHIERFT]
Fig. 1 Nucleotide sequence of HDTRX02 gene and its encoded amino acid sequence
100 Eﬂ%ﬁRcTRXoZ(XP 015583986.1)
99 L BEWHbTRX02(XP_021642099.1)
B VVIRXo1(RVW15757.1) ;
L
HA VVTRX02(XP_002275152.1)
0
100 { I ITAtTRX01(NP_001078006.1)
R ITAITRX02(NP_564371.1)
—— EKZmTRXo1(AQL05252.1)
58 97 /NETaTRXo(XP_044433013.1)
1{ BIRFFAITRXENP_197144.1)
100 HWPITRXAXP_002325907.1) f
JKFEOSTRXA(XP_015616604.1)
44 JKFEOSTRXh1(NP_001389959.1)
Py I: #IBEIFAtTRXh1(NP_190672.1) h
99 CsTRXh1(KAH9711194.1)
7K RFOSTRXm1(Q6HTE4.1)
100 IFIFFAtTRXm1(AAF15948.1) |m
94 AEMeTRXm1(XP_021633704.1)
36 BIBIHFATRXy (NP_177802.2)
100 AEMeTRXy2(XP_021600142.1) |y
FKFBOSTRXy(XP_015622279.1)
s o
83 100 AREMeTRXz(XP_021609174.2) |z
JKFBOSTRXZ(XP_015648902.1)
45 7K FEOsTrxx(Q7XKDO.1)
100 PIRIFFATRXx(NP_564566.1) |x
L 02 95 FHBCSTrxx(KAH9771731.1)

B 2 HbTRXo2 FEfiE¥ T X E B K R G B
Fig. 2 Phylogenetic tree of HbTRX02 and other plant thioredoxins

HEBR ReTRXo02, #FST AtTRXol Fl AtTRXo02,
#i% VvTRXol Fl VvTRX02, HbTRXo02 HA %
MeTRXo02 4K FR i, AILMRITH—ZHER
83%, H BB JcTRXol FIE JE ReTRXo02,
BHERRIT ) — 533 70%F1 65%.
2.3 HbTRXo2 EEAMHELARIEFFE
K qRT-PCR 51l HOTRX02 # [K 7E 44 B W)
F AL R FRIRFENE, 255 WA 3 Frs . HbTRX02

FEHTERR AR . AR . T . e | gt
A . MEAE R R Sk, IR R B
2%%'0 EFLH HOTRX02 JE M (ki i, W

HAHZ; it S bRk Rz,
Qﬁj‘jﬂl?’[ﬁ*‘%kié@ 1/3;5 HiRgh ek a ik,
AREFL 1710, [R)fd AR A AR L, 1 T
IR e A FL T HDTRX02 JL I 1%k 3%

Rk (K 4) .
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ANRNEZRRRZFBE (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
B 3 HbTRXo2 EHER M EHARKRIE
Fig. 3 Expression of HDTRX02 in various tissues
of H. brasiliensis

ARNE FREFRRZERBE (P<0.05),

Different lowercase letters indicate significant difference (P<0.05).
4 HbTRXo2 #E 2 FR 5 81 i # A B FLF0
B K R Ry R IK ST
Fig. 4 Expression analysis of HOTRX02 in latex and
bark of healthy and TPD rubber trees

24, 48 h B}, HOTRX02 )31k g & = T AL By .
Hrp, ZbFE 48 h B} HOTRX02 KA e, N
REPRHT Y 4.4 £% . 75 Ho0, Al MV 5 51 AL B E
T, HbTRX02 JE [ iRk HARRL, B
T e FHas . 7408 6 h i, FkETEE
RKAE, WEZE TR, AR 48 h i, JEAT
MR IEH K. UL EZ5REN, HbTRX02 #£H 1

24 HbTRXo2 WRIAZIFEMFEEMEBFS
¥ qRT-PCR #:1ll HbTRX02 % K 7K Ik
TRV AL e T i a2k, S5 mE 5 pr
7R o ARTR A AL 38 i 2 F R T HbTRX02 2 K Ay %
ik, fEALBE 3. 12, 24, 48 h i}, HbTRXo2 iy
KA AL BRI 1.6 f5. PEG i ST 5 ha4b
P EJH T HOTRX02 JEH B Rk, 7R 3. 6.

- 25 RIR 50 T8 a
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g 20 a 2 40
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T“; b b E be b
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