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Cloning of BpTRX gene and promoter and expression pattern analysis under H,S
treatment in Betula platyphylla

WANG Zi-qing, HUANG Ya-ting, NIE Ting-ting, Fan Gui-zhi
College of Life Sciences, Northeast Forestry University, Harbin 150040, China

Abstract: Objective To study the full-length, promoter sequences and its coding structure and properties of thioredoxin (Trx) gene of
Betula platyphylla (BpTRX), and reveal the expression pattern of BpTRX under H,S treatment. Methods The BpTRX gene was
cloned by PCR, and the promoter region sequences of BpTRX was obtained by using chromosome walking technique. The BpTRX
gene, the promoter and its encoded protein were analyzed by bioinformatics software. The phylogenetic tree of BpTRX was
constructed. The expression patterns of BpTRX gene under H,S exogenous stress were analyzed by quantitative real-time PCR.
Results The full-length of BpTRX gene is 351 bp, encoding 117 amino acids. The BpTRX gene was closely related to the TRX-H
protein of castor bean, soybean, alfalfa and grape. The obtained BpTRX promoter region sequences are 873 bp, which contains the
essential elements of transcription and a large number of stress response and hormone response elements. Conclusion The full length
and partial promoter sequences of the BpTRX gene were obtained. The response trend of BpTRX gene to H,S treatment was in the
form of bimodal, which was first rises, then decreases, then rises and then declines.
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m. h. o x Mly6 3, EfTHFEMHEg, dekifk,
AWTFAEA A, 4k, TRX 25
FeAVEFHMBRAGE RS, s —RRIGF. Cc4 gfr
S TEZRRLAATh, TRX REMSAMHIE L1550 15 -1
(apoptosis signal-regulating kinase 1, ASK-1) HJ1EH,
YERFA AL IR RE ) (EANTh, TRX RERE(LHE
AFREIE . P ZEREEROTPED T R, T
BEMT, /NE Triticum aestum L. TRX HEHEKEH
TaNRX FEPIKRAET 2 MhEAAR R, BT FHbbE
TRX FEHRIEZ NS, (ERIEETT Arabidopsis
thaliana (L.) Heynh. [fJf/F5TH, NaCl, NaHCO; ABA.
H,0, 4 FfHAALEE T, TRXO1 i RIBFEAK AR I
Ko 5 ARAH AT T, H Northern 245845 4L b
I BTN R AR A DT, ikt S ]
T TRX REZ 5HIHFmN T &RhPaa s VS . it
Ab, £ TRX SUCEARE IR BT IEr, BEREUR
ACSEHGER, BN Tamarix chinensis Lour. B840
PR RENS S oo Sl B A, X l] T TRX 2
[MIRES 5 T R IR AR =P i A RO e
Betula platyphylla Suk. AFEAREL (Betulaceae) HEAE
W, ) iz, BT TACEER, JENEES) 5,

R AR s R B SR 10, T TSRO
AMHER ATl R, BRI AARE =
FEAFE =R 2RI 5, S BA PR
PO SRR ) BRI HIV 31,
WA g — BRI 2 2 S F >,

ERA R, TRX-h BUAE MR BILN R E
ARG B LR, JF BB S TR SR
e/ T, DR, Azt AP LRI TRX-h1
JLIK (AT3G51030.1) [7l Y5 P ) 2 i DR 2y 1
X PEAT T rokE, 345 T AME TRX FERIFA, s
BpTRX. JF#EAT TR AV EYE B0 0T, [R5t
JLAE H,S AbH R (1) BpTRX K Rk 34T 179 5E o
ARSI IR W], EMRAAL B T, EE
SVFAN P OB S RN, HoS AR PR
IR A b Z e E R &, HS 5%
JE 3L IR AL BT R U EAR S i BARUOL, (H
TRX D e AR IS FMEICEARE (1 26 & A
WA, ASIF9E 0 #8718 BpTRX JE K1 Dl e R IL7E H,S
e N PR HIBEE T 7 5 H il
1 #R57E%

1.1 #FRFnLkE
FI#E Betula platyphylla Suk. UM T ZRA6HRML

KSR Ry, B HER i B, RRAE S

ANIE HoS AL BELL I MEBE 40 B b sEae A kL, R
FI NT [ 4ARE 7RI T (ML 85 1 25 Be @ 41231
S, NT BARFRFLAFE 0.1 mg/L 6-BA Fl1 0.01
mg/L TDZ, 20 g/L 1§, 5.3 g/L Bill§, pH 6.0~6.5,
20~25 RE4RAR 1 IR, 2 IRGRAR S FHAA TR A7 4121
AR NT AR IR b a7 i 7E, 250
mL FE AT 90 mL F597H, pH 5.5~6.0, HFil
Rl 4 g BF M AL, R 15 d 4648 1K,
R RIS N 25~27 °C, JEHEREE N 2 000 1x, RER
JEI 16 h, FEIRHHE N 120 t/min.

PR (1) HoS HEARBR S AR I 25557 8
d A RERF A, (R IERZRE N 0.1, 0.5,
1. 5mmol/L. Z}HIZEALTE 3. 6. 12, 24. 48. 96 h
JE UM T fa 5286 o XA I N SRR TE R K
FERPAL B 3 KT .
1.2 KT E5HK

Primer star Taq fi§. BEREISCAF G T4 DNA
%W L PrimeScript' ™ 1st Strand cDNA Synthesis Kit
NGRS Genome Walking Kit Y (A /A5 F21%
G TEAY TR CRE) ARAF, pEAZY-TS
B, Trans1-T1 BAZAANM, Tk 4 0E 4
AR (TransGen Biotech) HIR AR 8454 tH4
TAY TR CRiE) A A F A .
1.3 BpTRX EFFEBX LKA TE

DL HERT B o A4 ), B CTAB V48 L A HE
B RNAML R SR A s RNA
cDNA. RI I TRX1 HE (AT3G51030.1)
A7 FH AR 9 2 17 AR A 1 M S A 800 B ocal
blast Lt 3 i 52 TRX F& AP 51 51 3°UTR X %
RS (R Do LLEAKE - cDNA 1R,
HEATRE D b X To e (PCR 7 39) . W i [l iic
TR SRR Sy Wy e slidh, dide s
pEAZY-T5 #fkiEH:, HArapEidi N\ Transl-T1 &
AN, BEAETAEY TR (L BOERAF
WF
1.4 BpTRX EREE#FXFFIAIE

DA EAMER i A Ak, RH CTAB V421
= DNAML, it BpTRX JE[A L i 8h 71X, LU HE
7 1¥ DNA RS, N FH G 440 7 7722851 T PCR
P8, B3 AN NS (R 2 5iRA & AP
BENLS IRCxS, Eid 3 L PCR VY, W HIBER
SRR ERT 5 3 #8438 =W e 2lifh,  2lid =4
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Table 1 Primer sequences used for gene BpTRX cloning

#*3 EEROLEE PCRXAHIGIMFT
Table 3 Primers for quantitative real-time PCR

51494 Fk 319551 51494 % 319551
BpTRX-F 5’-CAAATGGGTGACTTGATGGTAAAT-3’ Tu-F 5’-TCAACCGCCTTGTCTCTCAGG-3’
BpTRX-R 5’-CATAACCGCACGCTGTTCG-3’ Tu-R 5’-TGGCTCGAATGCACTGTTGG-3’

_ BpTRX-F 5’-TTGCTAAGAAGACGCCCGATG-3’
%2 = BpTRX RERFFHELIY asp
qBpTRX-R 5’-CCCAATCCTCAGCCACAGA-3’

Table 2 Primer sequences used for promoters of gene
BpTRX cloning

EIkZ KR ElkZ kel
BpTRX-SP1  5-CACCAGTTTCTTGGACTCGTTTTC-3’
BpTRX-SP2  5’-CCGCCATTTTCTCTCTGATTCC-3’
BpTRX-SP3  5’-CGACATTTACCATCAAGTCACCC-3’

5 pBAZY-T5 #ikiERe, #Ab &Rt N\ Transl-T1
AN, EAETAY TR (R BRhARA
GIR/)A
1.5 BpTRX ERERIBXMBHFFIINEMER
FoM

H DNAMAN 84, 43 87 BT 3845 () BpTRX 4k
W RES, M E LR 551, Widfe
253 H T2 GENSCANPY, /3#1 BpTRX JE[H K
AR IF A 1EZ A4 Protparam 43 #T BpTRX &
F AP Y, ZELR 3 ProtScale Y Kyte
and Doolittle 5175 4) HT BpTRX & A 32 ik £ 122,
TMPred Tl i # 5 45 #2); COILS 7 £k ¥
BpTRX £ 1185 2 e, 754k T A wolf psort 4>
Hr BpTRX 4k [ [ 41 e i £2.%°); GOR4 4 #fr
BpTRX K (1 — %% 45 /P NCBI 48 2
Conserved Domain Search Service (CD Search) 7t
2y M 23 B BpTRX (R4 57 45 #9387, NCBI
5 PE Blastp X7 BpTRX FE [ 51 LA K 4000 1) 24
1 8 A AT [ F FILE T, R RA R i 1R
VIR K& [P, R MEGA 5.0 #AfF, R
Neighbor-Joining LV M H 2 48 K & AL 30,

FF PlantCARE (http://bioinformatics.psb. ugent.
be/webtools/plantcare/html/) 4347 BpTRX 2K )i 5
TR,
1.6 BpTRX ERE7E H,S frEIE TR FRIES

PLEHERE SR SR (tubulin, Tw) AR S
JE[HB, 514 W4 3 PCR RV AR R 1R : A cDNA
2 uL, Master Mix 10 puL, 1EX[A5[#) (10 pmol/L)
% 1 uL, H ddH,O #h A2 42 547 20 uL. A1 Applied
Biosystems7500 ¢3¢ i PCR ACGHATY 1, [ V%

J¥: 95 'C. 30s; 95 'C. 5s; 60 C. 34s (JL40
AMIEFR); 95 CL 15s; 60 C. 1 min; 95 C. 15s.
R FERTES 3 K. HARIERIZRIA K Pis F AR &
B 27 B,

2 HRE5SH

2.1 BpTRX £EFBXEKFMBHFFINNELEE

PLEHEN - cDNA b T PCR 974, %
$2 pEAZY-TS #ifk, AbigfEidE N\ Trans1-T1 &2
MRS, 5 TS TS SF 3°UTR
X ff] BpTRX J#%1 561 bp, il NCBI ¥ %
blastn X, #fiEsk1S T TRX EREFH, JHms
BpTRX. Zil ORF 73#7, 3R4#FH) BpTRX J X 4
X 4K A 351 bpo. it LUXF, 5B Juglans regia
L. fi A & & H ® & RBP4
(XM_018965535.1) 3 tE A 85%: 5 EIJK
Ricinus communis L. Ti%EEE 1 H R RIT
(XM_002510410.2) B — %tk R 83%: HKE
Glycine max (L.) Merr. %05 1 H MR T
H (XM_003527856.3) [f—£: N 80%.

Wit DNAMAN 5K A4 43 b F0 7000 i 3k 43 1
BpTRX 2 R 4afid X 4K, HEM Z 518 7 51K T A
116 N AR, WK 1 PR,

2.2 BpTRX ERR—REHBI D

221 BTV EACTE TN WAL TR
1} Protparam 73t BpTRX FE A 2 JE R 7 471) 1 B A
Jiio BpTRX & AR /> 1 B4 12 899.00, %ifidh
116 MR . Sl (pD K 5.20; ANFE &L
H 24.62 (AFE REUNT 40 1, FUNER (RS AL
RZWAFE), MEEREA; BFHsAKER
—0.009, VL% HASRKIEE .

2.2.2 BRI/ SRR XN SR B K P 2 S R
(P2H Rt B 1 AT 8 R B IR B ), SRsi Kk T A
W R A B P A Hr TR
ProtScale H'ff] Kyte and Doolittle 57543 #T BpTRX
HEARHKTE (>0.5 FXBOYH AKX, <-0.5 1)
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1 ATGGCGGAAGAGGGCCAAGTGATTAGCTGCCACACCGTTGAAGCTTGGAAGGAGCATCTC

I M AEE G QV I

S CHTVEAWEKTEHIL

61 CAGAAGGAAAACGAGTCCAAGAAACTGGTGGTGGTGGATTTCACGGCTTCATGGTGTGCA
2. Q K ENESKI KLV VVDFTASWCA
121 CCATGCCGTTTAATGGCCCCAATTCTGGCAGATTTTGCTAAGAAGACGCCCGATGTCACA

41 P C R L M A P I

L ADFAIKTEKTU®PDVT

181 TTCCTGAAGGTTGATGTGGATGAATTGAAGTCTGTGGCTGAGGATTGGGCTGTGGAGGCC
¢ F L KV DVDETLTZ KZSVAETDWAVEA
241 ATGCCAACCTTTATATTCATCAAAGAAGGCAAATTAGTGGACAAGGTTGTGGGTGCAAAG
8t M P T F I F I KEGIKTILVDI KVVGAK
301. AAAGAGGAGTTGCAGCTGACTATAGCAAAGTATGCCACTGCTGCTTCTTGA
o. K EEL QL TTAZKYATAAS %

1 BpTRX EEFIIEKEHENMNEERFT

Fig.1 Gene coding region sequences and speculative amino acid sequences of BpTRX

XA AKX, +0.5~-0.5 AP, 45k
B, BpTRX & HAILA 12 MBKX A 7 ANEKX
(2,

2.2.3 PSSR TN 04T AR GE R B
74 e i A BT — Bz SR By, et B R
L5 R P A B PR P A P RD SR 5 A A
Sk, W H 20~25 MUK IERR IR ILA G, F
F R a- i e M0, Sl R4 T A TMPred 4047
BpTRX MBS ELE R . 45 5 &0, BpTRX H A
A 1AL, B K 3 kiR, L,
MW ES G—~o) MBI HEA 14, 7T 31~
50 7, ECH 675 (HE>500 g B E S RRAE R
HAMEIN Co—1) MIBEELS AT 1 4, 7T 31~
47 57, Sk 423, Tl N BISMY S IR S S B
A B PN ) I 25 A Sk BE AR T A . 4 N-terminus
outside B Afr R W, Horr i—o ) 31~50 7 HA

20r Hphob. / Kyte & Doolittle —
1.5F A‘ "‘lh‘ ﬂ
Lot /\ N M . I
Bl n | A
oy [ VWY
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2 BpTRX EHMIFEK/ERKMES
Fig. 2 Hydrophobicity/phydrophilicity prediction of

BpTRX protein
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Fig. 3 Transmembrane domain prediction of BpTRX
protein

S Z 1) % R MB e 45 44 o BBk /M, BpTRX R 1R
1 P BIAMREE T RE ), S ER AN BN 5 R R
224 WAMGER TN RHAEVE R I7E, 4
WraE WAL E Ry, FRE5GHAG TR, B i &
RKMESE T, HAMTHREAN DG, T#
FAMMABEAEM . AT BpTRX & (1740 i &
B, TBIEAEL )M T H WoLF PSORT, 4)#T BpTRX
e SR et s T P QY WSS T Pa Rt BV /¢S
g, TRU o i R I TINS5 IR R
B, BpTRX £ /R4 M UL i3 730 9, FEM SRk
390 3, AELRARAT A 1. UEHH BpTRX & 1]
RE B T Al s 5L
2.3 BpTRX EHR _KLEMBITNFIS 4

il GOR4 /3#t BpTRX KM —Zh 4k,
BpTRX £ [1HH o 88JE. fEAMEE. TR M4k,
HA AN ER . BpTRX & A H 44.83%M o 12
e~ 34.48% 1 LA 1 A1 20.69% ZEMEEL] (P 4) .
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4 BpTRX EH R LT
Fig. 4 Secondary structure prediction of BpTRX protein

2.4 BpTRX EHR=H4EHITN

T AEL 53 HT T 5 Swiss-Model, 31T BpTRX &
H = AR RE S, JFH Swiss-PdbViewer #ff:
B AR 45 01 BpTRX 2R 1A ) Y A 46 SRt %] 5
I o [RIE, S BRI o BT T A £ B Dl R
BN AA, B 1 AMRIES 1 AMRRE PR %A .
WL AT A, IR BT (8] 6). BpTRX
AR A TE R, A BRI TAZOIX
5, R\ MGEREE. Kk, IR 7
BpTRX i [ [ B 7 91 IR B 4 R T 4
2.5 BpTRX HEHRAEMFF X KRR S5 HY
Fouim

it NCBI #4fs /4 Blast %} BpTRX &K 741
LR HE WU 1) 4 1 2k 9 BEAT [R]85 21 EE T Blastp b
Y&k R0, BpTRX & 15 B K Ricinus communis
L. (XP_002510456.1). WA Theobroma cacao L.

l(/%
A o

5 BpTRX &BH =KL
Fig. 5 Three-dimensional structure prediction of BpTRX

protein
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Fig. 6 Ramachandran plot prediction of BpTRX protein

( XP_007046793.1 ) « & % Medicago sativa L.
( AAZ32865.1 ) ¥ Bk Juglans regia L.
( XP_018809255.1 ) « 3 % Malus pumila Mill.
( XP_008338022.1 ) . Z )k Sesamum indicum L.
(XP_011083162.1)« Hi& Brassica oleracea L. var.
oleracea ( XP_013602897.1 ) . #f & Gossypium
hirsutum L. (XP_016678610.1) . ¥ Nicotiana
(XP_009778392.1). K. Glycine
max (L) Merr. ( XP_003527904.1 ) . il ¥ I
Arabidopsis thaliana (L.) Heynh. (NP_190672.1)+
#i % Vitis vinifera L. ( ADN96593.1) FI B f#%

N

sylvestris Speg.
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Eucalyptus grandis Hill (KCW56688.1) i %814 &
HH 8 EE RS, — B 81% 77% 79%
78%- 5% 78%- 76%- 75%- 3% 79%- 75%
73%- 70% (& 7).

B 1 0T 45 AR B B T — B ST IR s R R
Fe8l, HARRREEMAMMSTThaE. T %
SRR Az R, — s T R E T &

T BT BRI 2% () &5 ﬁo$EE%MﬁL%ﬁ
100~400 NI ILA B, B H ST RE T

Betula platyphylla (BpTRX)
Arabidopsis thaliana
Brassica oleracea var. olerace
Eucalyptrs grandis

Glycine max

Gossypium hirsutum
Juglans regia

Malus domestica

Medicago sativa

Nicotiana sylvestris

Ricinus communis

Sesamum indicum
Theobrma cacao

Vitis vinifera
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Brassica oleracea var. olerace
Eucalyptrs grandis
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Gossypium hirsutum
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o AR E [ A] ReAE AR AH R R S5 R 38 H i,
TS5 R o AT T N T TR R A R g
1 ik NCBI #0476 2k 4 1 L H. Conserved
FR 4 JL
GAL R R AL F

Domain Search Service (CD Search)

AR HE . i il 4

&l A AL R DY SR AR TP 1 ME BpTRX 2 (&
PG A RERYT, S s T TRX KR,
Thioredoxin-like 5%k (Kl 8),
ERSETE S

L i H K 2 751

'“(GP(RFI APFRAPILAKELPNVRIFLEVD
WCGPCRFIAPFLAELAKK@PNVIJFLEVDVD,

AP}"%L AKKELPNVIHFLEVDES
I
WCGPCRFIAPLATEAKKLPNVTFLEVDVD,

KLIVVDFTASWCGPCRFIAPFLAELAKKLP) FLI\\ D VDS
FK\'D\'D 68
AP[L %]Eﬂ-ﬂxleP\\TFLK\'D'\'D 68
APFLAFLARKLPNVTFLEVD VDY

W GQvIECHT VEAWHEQLEIK GO ERMKKL I VVDFTASWCGP CRFTAPHLAFMAKKEP NVTFLEVDV DR
N ARERRJEGQVIGCHT VEAWHEQL QK NISKKL 1 VVDFTASWCEP CRF1AP FIAELAKKLENVT FLE VDV DJRA)

SKKLEJVVDFTASWCGPCRFIAPFLAELAKKLPNVEIFLKVD VDS

100

110

116
AMPTFMFLEEGKIMDEVVGAKKDELQEJT 1 A K H|H A S 114
114

Medicago sativa 'A\n\mmﬂr.rLuch.mk\\m[]hE[]LQ1|kH 117
Nicotiana sylvestris VAINDWAVEAMPT F\IFLI\EGNI\D]\\\G-\]\]\DELQI-\]\H 117
Ricinus communis AJIDWAVEAMPTFMFLKECGKI VEIKVVGAEKEELQMT I AKH ATP\GA 118
Sesamum indicum VAEIDWAVEAMPT FnFLl\EGI\I.DE\\GH\]\EELQT-\]\H 120
Theobrma cacao '-\D'\‘.-{\E-\\11"[F\[FLI\EGI\I\D]\\\GH\]\DLQ'I-\]\H 118
Vitis vinifera '-\D'\‘.-{\E-\“PTF\[FLI\GI\I\D]\\\G%]\DL'II-\]\H ----- 115
r— 7%
7 BpTRX HIRERLFFILLXT
Fig. 7 Amino acid sequences alignment of BpTRX

thioredoxin (domain architecture 1D 10121244)

thioredoxin is a thiol disulfide reductase that catalyzes the reduction of protein disulfide bonds using an active site dithiol, present in a CXXC motif
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Query seq. HAEEGOY TSCHTYEAUKEHL QKENESK DFTASUCAPCRLHAP ILADF AKKTPOVTFLKVOVDEL KSVAEDUAYEANPTF IF TKEGK KKEELQLTIAKYATAAS
cat residues
specific hits S
Superfanilies Thioredoxin_like superfamily
Search for similar domain architectures | @ Refine search | @

List of domain hits .

Name Accession Description Interval E-value

[+] TRX_family  ¢d02947 TRX family; composed of two groups: Group |, which includes proteins that exclusively encode a ... 18-103 1.08e-34

8 BpTRX {R<F

LEHgIE TN

Fig. 8 Prediction of conserved domain of BpTRX protein
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Fig. 9 Phylogenetic tree of BpTRX protein
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Table 4 Analysis of cis-regulatory elements of BpTRX promoter
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Fig. 10 Relative expression level of BpTRX at different time point
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