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Molecular cloning, bioinformatics characterization, and gene expression analysis
of full-length expansin gene cDNA from Tetrastigma hemsleyanum

SONG Ya-ling, XIANG Tai-he, WU Pan, WANG Bo, LI Jiao-jiao, ZHANG Ting

College of Life and Environment Sciences, Hangzhou Normal University, Hangzhou 310036, China

Abstract: Objective To clone the sequence and characterize gene expression of an expansin gene from Tetrastigma hemsleyanum,
and to predict its probable function. Methods According to the conservative region sequences of expansin gene in GenBank database,
one pair of degenerate primers were designed for RT-PCR. The conservative region fragment was first amplified by RT-PCR from
cDNA template of 7. hemsleyanum. The full-length sequence of expansin gene cDNA (named as Th-exp) was extended by RACE
(rapid-amplification of cDNA ends). Th-exp expression levels in different organs were conducted by semi-quantitative RT-PCR and
fluorescence quantitative PCR. Results The full-length cDNA sequences of Th-exp gene were obtained in 782 bp. Th-exp gene
containsed a 630 bp open reading frame, which encoded a protein of 209 amino acids (GenBank accession number KP693606). The
protein encoded by Th-exp habours a typical expansin structure, including eight cysteine domains in N terminal region, four conserved
tryptophan domain in C terminal region, and histidine function domain in intermediate region. Blast alignment showed that Th-exp was
similar to expansin genes of Vitis vinifera and Tarenaya hassleriana. Semi-quantitative RT-PCR and fluorescence quantitative PCR
indicated that Th-exp could express in the leaves, stems, ordinary fine roots, and calabash-shaped roots, while the expression level in
calabash-shaped roots was higher than those in other organs. Conclusion The expansin gene (Th-exp) is cloned from T. hemsleyanum,
and it could be involved in the development of root tubers in 7. hemsleyanum.
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SIATAEWIL . 22, VIV, ARSI LA X,
XHARIET ERTZ], B AERAEREK 700 m (FIIE
Ll S35 AROR R U B () I T, BT A A, 5%
LB MRS, NHEAMES, SRR
18 CALAFRTIAK; H, /£ BR&M I
KGN, B RERIE B 5 3~5 4EPL,

P EE I (expansins) J&—MHRIR IR HFIZK
%, Hos By y AIS 4 MNKIGRALR, Rraygn ok
(TR Y, | ZATAE T AR AN A 2,
ARERY, T REA R S SIRE0, R 2,
Al i R R g A Ko e ARBFSA =
H YR P B AG T R H K GIED (Th-exp),
HRAT T P9 LRSI 538, hidk— Y e
W =M PR & IR F 58 E A
1 #RE5RE%
11w

=M Tetrastigma hemsleyanum Diels et Gilg
HR WA KT T B L X B AR, WL
BN ZK T AV AR 272 e 4 e S, AR T A0 MM R 57
1.2 RNA BJZENF0 cDNA F—#ME K

R A TAY TR CEED A RA AR
RNA il @ # i =5 PR P ) RNA, Bk

FAE TR S BT, IS RNA Wi
Aoy EETEE R, ORATF T80 “CUKAH T Ja Bsk
5. MAHEREXESEEWEARAT R A AW
TransScript First-Strand ¢cDNA Synthesis Super Mix
I F AT =1 cDNA K5 k. 2 M Clontech A
7] SMART RACE cDNA Synthesis Kit f{ #1525 B4
B RACE 434 1 i) cDNA.
1.3 SI¥I89gitHFIE

FIH Primer premier 5.0 M AITAHICT M (R
D, 5T A TR ChRD B R AT 5K
14 TRE|EEYPEFIIRTE

A GenBank "SGR IFILL A I HH B A5 A5 A
Wby R A KA P HIE 45 G Clustal W EX)
38T, Wk 1 X IF514 exp-F Al exp-R (58 1.
PR 54 cDNA B E4T PCR §1.
P88 S AR R 35 pL A cDNA (Z7 100 ng/ul)
1 uL, 10X Buffer 3.5 uL, Taq DNA polymerase (2.5
U/uL) 1 pL, dNTP (10 mmol/L) 2 pL, iE/ 5]
Y4 2 uL, ddH,O 23.5 uL. ¥R MNFEF: 94 C
TRAZYE 5 min J&5, %M 94 CAPE 455, 55 CiRK
45, 72 CLEM 90s, HEAT 30 MAEIF, &5 72 C
WA 10 min, SRVETHRSE T 4 CLRAESH.

x1 3IYF5

Table 1 Sequences of primers
Bk B S [P (5°—37) &
exp-F GG (AGCT) GG (AGCT) GC (AGT) TGTGG (AGT) TA (CT) GG~ RT-PCR #" 3% Th-exp K& )47 57 )55 41
exp-R TGCCA (AG) TT (CT) TG (AGCT) CCCCA (AG) (AT)T
5°GSP-1  GGGAGTTGGGGATGTA 5’-RACE
5°GSP-2 GGCAGAAATTAGTGGCGGTT
5°GSP-3  GAAACAGGCTCCACACGC
3'GSP-1  CCGCAGAAGCACTTCGATCTCTCCC 3’-RACE
3’GSP-2  ACGTGAAGGTGAAGGGGTCGAACAC
Th-exp-F1 TAAACCCAACACACCCTCCG RT-PCR 414 Th-exp %P4 K cDNA J#7]
Th-exp-Rl CGTCAGATGATCTTCAAGGCA
Th-exp-F2 CCAATTCCGCTGCATCTGAA 252 7 RT-PCR
Th-exp-R2  AGCACAGCACTATTCAACGAC
Th-exp-F3 CCCTGGTAGATGGCGAACTT Pt E f qRT-PCR
Th-exp-R3 AACCGCCACTAATTTCTGCC
actin-F1 CCTCCAATCCAGACACTGTA 5 f RT-PCR WS
actin-Rl ~ GGAGAAGATCTGGCACA
actin-F2 GCCCTTGACTATGAGCAGGA Pt ® qQRT-PCR NS5

actin-R2 GAAAAGGACTTCAGGGCAGC
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PCR J“YIHE 1%M SRR ik 45 min (90
V). R LEE (EB) Bett)n, JHSEIH Bio/Rad Btk
BABACHEAT WL 53 i AT B R T AR AR TR C L
W) B A7 R w (B TRE e DNA 2l i) &
[l 2iifk H () DNA Jr B, 4lifb/51) DNA &4
pMDI19-T Til#4k (Takara Aw)), #HALBZAK
AP B DHSo, 9732 D) 48 s A BH M v s 24 T
YT CRE A RRA =R .

1.5 yREQEE S YinFTIREE

AR CLRAR T £ B DR v ) B 4 vt
5’1 3’-RACE 5|%) 5°GSP-1. 5°GSP-2. 5°GSP-3 L\
M 3°GSP-1 f1 3°GSP-2 (£ 1), FH] Invitrogen 2
F] 5’-RACE System for Rapid Amplification of cDNA
Ends (Version 2.0) {7 %Al Clontech /A %] SMART
RACE c¢DNA Amplification Kit 37 &5 43 B3k 13 1%
R 5° A1 37355 5471
L6 #FREBZEEZIK cDNA BIIRTF

FIH ContigExpress A% T 1) 1 A] ER AT
FIy 5oL L 30 e AT R, 193 =
R cDNA JPAIAK. AN, WRIEPHRERF5
Wil 1 X554 Th-exp-F1 fil Th-exp-R1 (& 1) ¥H47
RT-PCR #" H50iF4> K cDNA 741,

17 ¥REQEENEMEEESN

FIH Blast # A} (http://www.ncbi.nlm.nih.gov/
Blast) fEZHEATAX 11 IR AN 28 L1817 41) LU FIER <1 &5
343 H1, FIH ORFinder A4 Chttp://www.ncbi.
nlm.nih.gov/projects/gorf) TE£k 73T cDNA [ 15 5
BEHEZE, FIH Compute pI/Mw B4 Chttp://www.
expasy.org/tools/pi_tool.html) il 4w ith &5 11 o 1) 55
Hi gL CpD) B 231 i (M., FJH KA NRL-3D
(http://swissmodel.expasy.org) HE1T 4 [ i = 4E 45 )
P, A Mega 6.0 #A4 Chttp:/www.megaso-
ftware.net) HE R .

1.8 REREEMFTIESN

I3 A HC L 25 S A AR R AR
RNA, WREFGHE =HHY RE AR T, Wit
1 X} 5% Th-exp-F2 1 Th-exp-R2; [Fi}, LCUJLELE
1 Cactin)FE PRk Py 26 Y, BE0t 1348514 actin-F1
Al actin-R1, HHT RT-PCR ., HFIEBFIAN
FER M Jish, Rt 1N R AR S
Y Th-exp-F3 Fll Th-exp-R3 LI 1 X LEHH (5
514 actin-F2 Al actin-R2, Z: R PCEA5M )53k,
HEAT9¢ 6 E B PCR (qQRT-PCR) 43 #7.

2 FEREHR
21 ¥ REFEEDEGRTFEIINRSE
=M H YA cDNA 254 exp-F Hl exp-R 51,
7E 250~500 bp X HHL 2 M4 (B 1D, &
BEM ), 45 K/Nor 5k 479 K11 276 bp. 4 Blast
Xt BRI BES GenBank A% B B4 2 A 6 55 (1)
#l % Vitis vinifera Linn. 1 i W 16 Tarenaya
hassleriana (Chodat) Iltis 254 & 2% 1 L A H AT AHAL
PE, WR/NE R B S YR E EE AR .
SERRIRTG I R BN = 1 e B SR R
oA, KA 44 Th-exp.

M 1

479 bp
276 bp

M-Marker 1-PCR /=4
M-Marker 1-PCR product

1 RT-PCR 3% Th-exp 8] %
Fig. 1 Result of RT-PCR for amplifying intermediate
sequence of Th-exp gene
2.2 Th-exp EE 214 cDNA FIIMFEREME
BESH
5’-RACE § {5 & =)0 1 A5 (8 2), &
Se RN P32 164 bp L THFIRFS1. 5 cDNA Hiji
TRy BUFAIAT 82 bp IESX, HES XKLL
Se4AlAl. 3°-RACE # MY 28 =My 3L 1 MK
R SRS A T AN AR S A (B 3D B8
KRR S I P 45 R4 314 bp, JRiTAT 35
Poly(A), 5 ¢DNA H[aEl{&~F Bty 66 bp HZ X,
HP U 1 AM3E 2 5. 101 ContigExpress #A4- 9t
M 1

164 bp

M-Marker 1-PCR /=4
M-Marker 1-PCR product

2 5-RACE PCR # ##45R
Fig. 2 Amplification of S’-RACE PCR
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F2, A3 =P e 8 LK cDNA JF41h 782 bp.
[ I, MR PFEE cDNA P8Il 1 X514
Th-exp-F1 F! Th-exp-R1 #4T RT-PCR 44 (& 4),

3t a5 R 221 v I e R WY cDNA FP 41 IE A

M 1

314 bp

M-Marker 1-PCR =4
M-Marker 1-PCR product

3 3-RACE PCR # #8458
Fig. 3 Amplification of 3’-RACE PCR

M 1

— 782 bp

M-Marker 1-PCR /%)
M-marker 1-PCR product

4 PCR##£2£4 cDNA
Fig. 4 Amplification of PCR for full-length cDNA

Z K cDNA JPAIH & ARG %S T ATG, (i
AT ATG BUESE 3 METTR N SIEY (G,
BIRAE ATG J5 I AL T IR B S5 (G); T H.,
5 1A ATG IR 2 A Fy 77 [ AH AT H 2% 1 F 5
+ TAA. AUG BEUHZ 15575 Kozak KU
A/GNNAUGG. [A]i, 7E 3° ¥ EZm S [X (untranslated
region, UTR) 5 35 4> Poly (A), TEH k&4 5
BT 1 AN NS 5 G/AATAAL-3 (] 5.
R T 52831 Th-exp FEK 4K cDNA 31,
Th-exp KPR &7 FFBO BLAE 630 bp, Zihidh 209 2
Hg, BA MY R OS5 MREE, BN i
A 8 MRS IE AR A L, C o 4 MRS
IRGRR, HA 1 ANEERI R (5
). A Compute pI/Mw HAF, Tl & 11 )5
() pI 4 9.24 K11 M, 4 22 961.21. F %A NRL-3D
TIP3 1 5 = 4 4509 WL 6

4N, Blast 2041 ks, Th-exp R & o4 i i)
W OURPHIERE E BRI (R 2 FE 7.
2.3 Th-exp EERFIEST

g fE RT-PCR W1 Bos, —H5rnt. 2.
W IMANR A ERTE AR 4 Fhas B8 oK/
500 bp 47, LW Th-exp R 7E =m0, 25, %
AR ERTE AR A R0k, (PR b R IA T 8
TFHALA L g (K 8). #E—b% e R PCR 45
REoR, PRI RA R, 2. R AR
P RIEAR W EZE T (B 9.

| eatttaattaaacccaacacaccctccztzzzczzztehtgeczazczztzcztaczcec

M A S G A C A L

61 tcgagcagcgggcocgtgggggagattcgaacaaggoctacggcoctggagacageggocgoctaa
E Q@ R A ¥ G R F E @ G Y G L E T a A L s
121 gcacagcactattcaacgacggcgcggcgtgtggagocctgtttocagctecatoctgcgteo
T A& L F N D G & A € G A € FQ L I € VvV H

181 actccaaatggtgcagaccggcocgoocggagcaatcocgaataaccgocactaatttotgeo
S K ¥ € R P A A G A I R I T ATWNTFGE P
241 cgccgagctctacatccoccaactoccctggtgcaatccgocgocagaagcacttogatctot

P S S T s P T P W € N P P Q K HEEagw L S
301 cccaatacatgtttctgaagttcgoccatctaccagggocggocgtecgttococggtgaagttce
QR Y M F-L K F-& T Y .Q G G ‘¥ ¥ P ¥V K -“F R
361 ggcgggtgcggtgccacaagcagggcgggatgaagttccagatgaacggaaatcocgtact
R ¥ R C H K @ G G M K F Q@ M N G N P Y W
421 ggattcttgtgttggtgtataatgtgggcggcgccggggaggtttcgaacgtgaagztza
I L v L ¥ Y N Vv G G & G E ¥ S N Vv K ¥V K
481 aggggtcgaacactgggtggattcagatgcagocggaattgggggcagaattggctgaces
G S N T G ¥ I @ M @ R N ¥ G @ N W L T G
541 gecctggattggtgggacagaggttgtegtttcaggtgacggccagtgategtaggaces

P G L ¥V G Q@ R L

S FQ v T A S D G R T V¥V

601 tggagtcggataatatcgtgcoccgeoccacttgggocatttggtcaaacatttgagggccata
E S P N I Vv P P TJX A F G Q TV FEGHTN
661 atttt-!aactgatgtatttgttgtggtgccttgaagatcatctgacgaataattatga

F *

721  atgaatttaaaataattattttccact

781 ==

BIGHEM T AL EE T ERR, AL R D) BE A A

Translation start codon and stop codon are boxed, and functional domains are shadowed

5 Th-exp E£E21K cDNA F5IRETNIRERFT
Fig. 5 Full-length cDNA sequence of Th-exp and its predicted amino acid sequence
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6 FMEY Th-exp EERHIPER =4 LHE10E
Fig. 6 3D Protein structure prediction of Th-exp gene

3 itig
AURRE, ¥REQEFPERESRNEE
CRLFTHR IR 38 B A K R ) B 35 A 5 - Cho 25121 1)
RIS B RARAR R BERL, T e B X R e 3R
tﬂ@%ﬁh‘%%é{ﬁl AtEXP7 F1 AtEXP18 {41kt
O, GERERW, MR E RS IREBXY RE AR
lﬂﬁﬂf#j‘%'rfﬁ%ni BB AEK . Lee 21
UrETHRESHEREMN KRS EBEARLRN
GmEXP1, iR EIR, WIAEMRFIRAMR A E
5 GmEXP1 3L K] (#8635 8 S EM % . Colmer £514

2 Th-exp EEK HHmIZE TR Blast D44

Table 2 Blast analysis results of Th-exp gene and its encoding protein

eyt HVR FEIN Bk 2R A 544 7K & GenBank 5% 5 AR/ %

R I expansin-A25-like ZEK (XM_002267068.2) 81
Gk} expansin-A23-like J£[H (XM_002276604.2) 69
PGEAE expansin-A25-like 2£[5 (XM_010530101.1) 71
g3 expansin-A25-like 25X (XM 010682423.1) 69

HHR Gk} expansin-A25-like il [ (XP_002267104.1) 84
[igi expansin-A23-like i i85 1 it (XP_006484347.1) 68
g3 expansin-A25-like %% it (XP_010680725.1) 67

Th-exp (Tetrastigma hemsleyanum Diels et Gilg)

— CXpansin-A25-like (Vitis vinifera)
expansin-A25-like (Beta vulgaris subsp.Vulgaris)
expansin-A23-like (Citrus sinensis)

putative expansin-A26 (Beta vulgaris subsp.Vulgaris)

[expansin—AB—like (Cucumis sativus)

expansin-A22-like (Cucumis melo)

—
0.05

7 Th-exp 4F5EH RZRIFELH

Fig.7 Phylogenetic tree of Th-exp encoded on protein sequences
M 1 2 3 4

= b

Th-exp

M-Marker 1-M 2-2% 3-JR@4IAL  4-BRIZHRIR
M-Marker 1-leaf 2-stem 3-ordinary fine root
4-calabash-shaped root

E 8 Th-exp EEEALREREPHEE RT-PCR 21
Fig. 8 Semi-quantitative RT-PCR analysis of Th-exp in
different organs

2.5
2.0

dnnnl

0 22 3RIAIE 4-BRRHR

1-leaf 2-stem 3-ordinary fine root 4-calabash-shaped root

5 9 Th-exp £2EEARERE P H RT-PCR 74
Fig. 9 Quantitative RT-PCR analysis in Th-exp gene in

AR iL

different organs

el RO E R Rumex palustris Raill. 45
BET 134 o WHGMP e H AR, Hrh—2eht
5RO KA 6. Kwasniewski 25 HfH,

MR sl T B WK G etk A 5 R HVEXPBI,
IR SIRBIAEKAG N $4h, Kim Z 050 R
ANFAMRERA B A Cndl R F R KRGS, 2
PR AR 1 L AR B 2 R T 4 AT R ABL 1 1) 1
PR PMEASETHGE T BRSO T 1 A4
K R R 5L MhEXPL, 28 7Em b ik &
TRAK, ARLEFTE MR T R ERIE, JF2 5 IBA WY
(1 ELFH AR R AE KR - Won 25 HRAE KR AT K
TR B R MY & 3L OsEXPBS Fi
HVEXPBI1 {EAR B/ 2 it i 4 v i 428 40 P e 10 A=
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Ko 2011 4, zhi Z5ENRE KR PP R LR
OsEXPA17 W 15 /KR EANMIN K Guo 250l
KGH B WK GmEXPB FEK7EARE Yt R 5S
T, BRAREIESEREVIMK. FiRE 2R
Wy e AL N2 5 T DA AR ar s sl V2 it
P B B KR T AN A )5 e A R R )
OB REMIhRE T, R E O A s
R R B A5 At — 2D AT . Ao, i
TR 5140, FIF RT-PCR 454 RACE K, W)
SiFE T Th-exp [ cDNA 4K 341, Th-exp JEK 51
i BRI E TR A OCy e t E BE DRLEAT —E 1 [R]
Pk, UEHYT R R R — AR R S (R R K
o g EMYSEERE PCR KIANHT /R, Th-exp
FEETUR TP RE = T HAR AR, $98 Th-exp 2
KIRTEZS T =M BRIBYARI R B i . =MH1E
HIRERAT ML YY), DIHERE R PURYE R 3=
BGZA s A FREAT T =75 TR R TE I PR 22
18, ok nia Tkt ik, BT ILEUR R I
BUBIHEA P Sz BAT N M . AT 3R AT =
AP R ASEE 4K cDNA, il DH0 EE
R =M BRIEYMR I D RESE T A6l

SEHR
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