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Abstract: [Objective] The study was to construct three cDNA libraries of root tissues of Taramix
hispida ,to observe the expression of aquaporins under NaCl stress,and to study mechanisms of salt toler-
ance of aquaporins from T. hispida. [Method] Three cDNA libraries were constructed from the root tis-
sues of T. hispida of well-watered and exposed to NaCl (0.4 mol/L) for 24 and 48 h,respectively (named
as control,24 and 48 h library,respectively). And the titers of unamplified libraries were performed; EST
sequences from three libraries were assembled, then seven AQP unigenes were obtained and analyzed using
bioinformatics,and the expression patterns of seven AQPs under NaCl treatment were researched using re-
al-time PCR. [Result] Average primary titer of the three libraries was 1. 0X10%,1. 4 X 10% and 1. 2X10°
pfu/mL,respectively,with a rate of recombination about 98. 2%. PCR detection revealed that their average
insert size was respectively 0. 8,0.9 and 0. 85 kb. The seven ThAQP genes were obtained through random
selection of sequencing process,and sequence analysis showed that the seven genes were highly similar to
the members of four subfamilies of AQPs respectively. The seven ThAQP genes had different expression

patterns in roots and leaves under salt treatment. In root tissue,the expression of ThRAQP1— ThAQP4 was
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up-regulated, but those of the others remained basically stable under salt treatment. In contrast,in leaf tis-

sue,in addition to ThAQP7 gene whose expression was slightly up-regulated at 24 h of stress,the expres-

sion of other six ThAQP genes showed obviously down-regulation. [Conclusion) The ThAQP may be in-

volved in the adaptation of plant salt tolerance.

Key words: Taramix sp. ;cDNA library; NaCl treatment;aquaporin
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—PEIRE. AQP JEDN T AR AR TR vh i 2 dk
o 124 2 N B IF P 3 B i T 35 Flh AQP 4k
3, M /N (Triticum aestivum ) F 438 T 33~
38 R T K (Zea mays) AT 36 R, M
& i (Solanum lycopersicum) W1 4% 8 17 37 Fpt7,
XS AQP A ) 32 H T e R A K 2 i K iR i
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AN TR . AQP B KRR LAEAE Y
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W EEEEMY .
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A 5T X NaCl i ia T W AW cDNA SO #)
F KX cDNA 3 FE iy BEHLIN 7, 4845 1 7 B
AQP FH (ThAQP) #1—J7 31| (Unigene) , 31 i 52
5t 1 PCR $ A #5816 NaCl i 38 25140 T %
HE R 50 AE W B AR M AR 20 8L b g 3R A 0L, DA
WU AQP SN Eh PERI S 5 .

I AR A

L1 # #
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1.1.2 X A cDNA CEWH EIXF &~ Cre-
ator™ SMART™ ¢DNA Library Construction Kit
(CLONTECH 2 7)) ; DNA ] J7 i %] & 5 DY-

Enamic™ ET dye terminator kit (Amersham Phar-

macia Biotech); MegaBACE™ Long Read Matrix
(Amersham Pharmacia Biotech) ; Ex Taq Bl H 5
AP TRCREARAR . 51 h EgEAE T A
AR 55 A BR 2 7 A A .

SR PO E B PCR SR I H TaKaRa 23 w] Y
SYBR Premix EX Taq™ ., £ OPTICON 2 5C B} 2¢
Y E B PCR X (M] Research) b 347,

1.2 1&#H0 cDNA XEHHE

FH CTAB B4 I3 HUH 0. 4 mol/L NaCl &
WALFR 0,24,48 h (R MIAR AR 20 2U8 RNA, M4
Creator™ SMART™ ¢DNA Library Construction
Kit PP B0 1.5 pg S RNA BEAT S 5% 556 1
B cDNA % 2 8095 . & A cDNA £ HH
B KAk, M S/l A7 R Y. B Y J5 1) cDNA
F B4 CHROMA SPIN-400 202043 85 W dE KT
500 bp iy fr B B ¥z s B 3] pDNR-LIB #4453 51
P NaCl 8 0,24.48 h NI B REMIEY cDNA SCHE,
PL pDNR-LIB #4499 3 1 0 7 51 4 M13° \M13™ 2y
PCR #"3451%, % SCEHR A B B B i# 47 PCR 5
W, SCE i I SE #% Creator™ SMART™ ¢DNA
Library Construction Kit i = F M #E4784E, R A
PCR 77 ¥5 K i SCPEAf A v B BE . 28 28 B AL 9k
B0 MHEE MARA LB A %R 35
mg/mL) f/NIE .37 °CL220 r/min B0 3 B
L 20 pL W T PCR 45,98 “C Z44# 5 min; KL W
A o FH A8 7 i (0 ) 51 4 M3 (M3 g1 s
F PCR K SC 4 AR Be iR 2. PCR SR &
9. PCR g (10X) 2 pL,dNTP(2. 5 mmol/L)
1.6 pL.Ex Taq f§ (5 U/pl) 0.2 pl, 5% M13°
I M13~ (10 pmol/L) 4 1 pL. Bi#Rk (40 ng/pl) 2
pl, BB FIKANE 20 pL, PCR R 45N :94 C
TiAs P4 3 min; 94 ‘CA8 ¢ 30 5,56 ‘CiEk 305,72 C
FEAR 3 min, 3 30 MEI; 5 72 CHEAH 7 min,
FAEE WiV Rl E DA = diOR
1.3 ThAQP BEEFIHRIFSHH

F CAP3 %f 3 4~ ¢cDNA XCEF 315 /) EST #
G PEAFPE4E W F BLASTX Al BLASTN L X 43 #7
AT EST WD REH B e &0 3815 7 %% AQP 1)
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M J¥%)] (Unigene) , iy % % ThAQP1~ ThAQP7,
K JH NCBI 11 BLASTX #2J7 #E47 [R] E He #5 . H
NCBI ORF Finder #2J5 £ 4% ¥ 51| f§ ORF; H] $i 1F
Clustalw 1. 8. 1 #4172 FF 51 tL X5 H & 4 Prot-
Param ( http://au. expasy. org/tools/protparam.

htmD 7+ 5 & B8 70 7 B & R B8 45 s

BLASTP Wil {57 X ; | Motif Scan /% Chttp://
au. expasy. org/prosite) P17 4k ¥4 i F & 40 AT .
1.4 ThAQP RIEHIER K KEEE PCR F

TE 74 ThAQP K& PR I i ) 32 HE I » 158 3 52
2t f PCR 519 (R DL 51 M FigAETAY
AR AR S A PR A W AT

&1 AQPEFEKRNSEME 18S rRNA LMK EE PCR W3I ¥ F 5
Table 1 Primer sequences of water channel proteins and 18S rRNA in real-time quantitative PCR

FEH LS YT A1 (53" T WS Y51 (5" >3

Gene Upstream primer sequence(5'—>3") Downstream primer sequence(5'—>3")
ThAQP1 GACAACCAATAGGAACAGCAGC GCAATTCCTGGAATACCAACC
ThAQP2 CTGCACTGCTGGAATTTCTGG AGCACCGAGAGCTGTCACC
ThAQP3 CATCCTTTCATGTCCGGTGG TTGTAGTTCCCTGCTGCAATGG
ThAQP4 CATGTGGGTATGGTCAAGTCC ATTCCCAGAAAGACCACCAGC
ThAQPS5 GTTTGATGACTCGTTCTGCTGG GAGCCAATCCAAAGGTGACC
ThAQP6 CTGGTGCCAACTATACTGGACC CCTTCTGCATTTTTGGCTGCG
ThAQP7 GCTTACGGATGACGGATCAGC GAACTTGAGGAGCAGGCAGG
18 SrRNA GTAGTTGGACCTTGGGGTGG CATTACTCCGATCCCGAAAGCC

PLAS ] kb B A ] (NaCl AR BE 0,24.48 h) K B A%
WA TR 1 2 (AR L) eDNA Shffz . LA 18 S rRNA
(EF416283)1E NS FE W, 43 5974 7 A~ ThAQP
FEHF 18 S rRNA BB ¥k 3 IKEXH . PCR
e RiR %K 20 pl: SYBR Premix EX Taq(2X)10
Lo cDNA 2 pL, b RS (10 pmol/1) 45 1 pL,
HApHEE KRR, RNFRF: 94 CHlAE % 30
s394 CAPE 12 5,58 °C 45 5,72 °C 45 5,78.5 Cii
Me 1,45 MER . RIME G, LL 8 g/L B g b e
i FL R I 1 28R . R OpticonMonitor 2. 02
B R 18 B AT DA AN 3 BT AR R A e X
FEPR A AN 8] i 38 b BE A B R B A X R A X =
2700, AP X X KRB CT 2 PCR 4
Bk R PG P W) B SO AE 5 38 B R (A I T
TR TR TR N G

2 RS0

W) cDNA XEMHERENFRBKERED
WA L) cDNA S5 1,55 2 8 =W H 8 g/L 1)
TN W R A 2R AT R K R U, R R e R S K
Mk 1 kb, PR K EEETRTE 1 kb 2245 (B 1), A
I 5 0. NaCl A 0.24.48 h AIEEMI cDNA
SCRE R A EE A R 1. 0 X 10°, 1. 4 X 10° FiI 1. 2 X
10° pfu/mL, EL %K 98. 2%, LA NaCl Jifif 0 h 3¢
JBE R i) R F PCR K I SC % F- ¥4 A R B K, 485
RWIR, 10 DFEER PCR YK ER 0. 4~1.5
kb, B3 & 51 0. 12 kb, F ¥ A B B K E R
0.8 kb(J&# 2), [FFEJy 245 NaCl frift 24,48 h i

2.1

AIEEMI cDNA SCEE V- S48 A BOK BE 430 4 0.9 FiI
0. 85 kb,
2.2 AQP EH EST F I M=

M3 IR A cDNA SCPE P L3045 11 4%
W AQP FE[H Yy EST J¥ 4, & )7 5 P4 5 3k45 1 7
% AQP [ 3. —J¥ 51| (ThAQP1 ~ ThAQPT) , H:
ThAQP4 4= KJF 5, HAth 6 Zx RT3 P4 (R 2) .
2t BLASTX JFBIHA 3% 7 A ThAQP JE[H %i i
P10 2 B R e 91 43 il 5 7K Gl T AR 4 A4S M 5K
AR Y R R Hoh ThAQPT, ThAQP2 5 1
I% (Arabidopsis thaliana) Ik (Juglans regia) i)
TR N TE S H (Plasma intrinsic protein , PIPs) By [f]
JEESY 54 90 % M1 91% ThAQP5, ThAQP7 5 i
Wk (Ricinus communis) \F H A (Populus trichocar-
pa) BRI IR N 1 8 1 (Tonoplast intrinsic protein,
TIPs) 9 [ 52 43531 S 88 %6 il 89 % ; ThAQP3 5
# (Atriplex nummularia ) H 8 B 3L 4 K E K
NOD26 N7 & 1 (Nodulin-like intrinsic protein,
NIPs) 9 [a] 4 ik 2] 82 % ; ThAQP4 #1 ThAQP6 5
FH1# (Populus trichocarpa) | 5 % (Vitis wvini fe-
rai) By /NGy F 98P N 7E 25 1 (Small basic intrinsic
protein, SIPs) #y [A] I ¥k 43 %1 b 6026 Fl 612,
BLASTP 7 #4553 (18l 3) KB, 3X 7 4% AQP & [H %
& R LRy 5 AR & A B AR B (Mem-
brane intrinsic protein, MIP) & #1557 X, 3 H K
whor FE W& A MIP 2 W K% AR 5 7 s CHIN-
PAVTFG) FI{# 5F i) NPA 3 J# (asparagines-pro-

line-alanine) .
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Fig. 1

W B AL cDNA 25 2 5/ H ok ke il
1,3. DNA Marker DL2000;2. Xf B NI BAEMWIHY ds cDNA;

4. i

48 h NI EAMI ds cDNA

The gel electrophoresis detection of

ds ¢cDNA of T. hispida

1,3. DNA Marker DL2000;2. ds ¢cDNA of T. hispida
of well-watered;4. ds cDNA of T. hispida

exposed to NaCl for 48 h

1 2 3 4 5 6 7 8 9 10 11

2000 bp
1000 bp
750 bp
500 bp
250 bp

100 bp

2 NaClJfpi 0 h BIEEM cDNA SO
1 A Boiy PCR G
1~5,7~11. WA FLFE R PCR 74 ;6. DNA Marker DL2000
Fig. 2 PCR detection of inserts sizes of cDNA
library of T. hispida under NaCl stress
1—5,7—11. PCR detection of reconstructed

clones; 6. DNA Marker DL2000

F 2 TARIEEV/KIEESEAQNEE
Table 2 Characteristics of seven AQPs from T. hispida

B GenBank SR HAER KR/ A 43 F Bt /u A5
Protei e = Gene Amino Molecular Isoelectric
rotem GenBank No. annotation acid length weight point
ThAQP1 EG971612 PIP1;5 175 18 552.9 9. 60
ThAQP2 EG969276 PIP2;4 208 21 918.7 9.25
ThAQP3 EG973440 NIP1-2 140 14 667. 1 8.13
ThAQP4 EG969022 SIP subfamily 128 26 463.2 9.85
ThAQPS EG972096 TIP, putative 105 10 807.5 5. 97
ThAQP6 EG972618 SIP 1 93 10 552. 4 9.47
ThAQP7 EG973248 TIP 165 16 923.8 6. 27
10 20 70 so 90 100
T S | RS | e R | S [ g =y | Fepswe | EESOSUS jyevmion ISunny Py ey FSSIsy | MVSyen | FSeesiey | sopees P
ThAQP1 "‘"'\IN'P——AVTF FLARKL] 'ranF QCLGAICGAGVW GMTIYQLQGGEAMEM{————
ThAQP2 1QKGPCDGVGLLGIAWSFGGMIMWCTAGIssuu IHP--AVTFELF IRAVL QCLGAVCGYGL Emsuccc'rmum{————
ThAQP7 —-—————— GGFALFVAYSYGANT S GGy VNP ——AVTFEAF IGGHTZLLRSTL QCLGSWACLLU ATEGLTTS--—-AFALSS—-——
ThAQP6
ThAQP4 ———— M GGIGLLVADFILsmmwsspLIKILVSI@LGLGMHTEEIIRYSLEIINLFFESB{AWSKGGAMLTVLAGGLSGNFSRFLESIGARIPA
ThAQP3 '“S.ASICASFAL‘AVF}[PFMSG————GV §-——-
ThAQP5  —ommmm e MGGVA GRFDDSF CHTSIQAY TAFFISTL IFVFARYGS--——
ThAQP1
ThAQP2
ThAQP7
ThAQP6 IIIFK
ThAQP4 QVLGS LIGTFP]
ThAQP3  -————- IGQAFALl
ThAQPS ﬂmmm]'rsmnmuwnunl
ThAQP1
ThAQP2
ThAQP7
ThAQP6
ThAQP4
ThAQP3
ThAQP5
B3 7 AN B MK GE 8 = R T 5 1 b X
TFRILAR ST MIP ZERR B AR <1 Fp 910 5 13843 0 AR ST A9 NPA BEJ 5 B 60 5 55 0 [R5 P LU0 4 7 971 5
TR A S 5 A R 1 LA 1 )5 41
Fig. 3 Multiple alignment of the deduced amino acid sequences from the seven AQPs of T. hispida

Conserved sequence of MIP family is present in underlined; Conserved NPA motif is present in square frame;

High homology and low homology of sequences are present in black and gray background, respectively
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(B2 BUAE B3 24 b Bk G2 IR i 0 h il 4. 4~
10,9 £5) s Eh Wi 48 b B, 53X 4 253 PR A AR X 3k i
BT B A S TR R CEXT IR 2. 2~4.0%) .
ThAQP5~ ThAQPT 3 M 75 £ Wy 381 i 7% rh A1 % %
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# Root
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T 7K 3 T8 AR 0 23k 32 B0 B0 a6 e e A
P GA R R BRI B (R 4>, . BR T
ThAQPT FEMif 24 h W AR X 38 B P/ 1
FECHXTRERY 1.1 A5 Wi AEME 48 h AH X R 3K i X
T B T B AL L HoA 6 45 AQP FE [N ¥ Bt 5 3
P[] 9 S, ORI AT R 3k & 5 R ka3 7R W3 24 h
I B S X BR Y 33 %0 ~88 %6 L 7E il 48 h I R [
XTHE W) 6% ~36% , Jt L ThAQP1~ ThAQP4 T [
W EE K

=
N
]

[=1
o
T

I
[

X RIEE
Relative expression
=
(=2}

f=1

ThAQP
ThAQP
ThAQP
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3 3
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Fig. 4 Expression pattern of seven ThAQP genes in leaf and root of T. hispida using real-time quantitative PCR analysis
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Y AQP J& — 25 BB A2 1k /K | H Tk A0 Al /) 17
rh PV I a1 RRE T AR A . B R B AT
Xof 240 A R 240 B R) B K G s B AT S T A
W RAE AQP 1 W 41 i a2 A7 I 45 A 7 91 TR U 4
FrA R AQP 3443 Sy it B P A B 11 (PIPs) \ W)
WBE N 78 3 (1 (TIPs), NOD26 2 )l i 78 & 1
(NIPs) } SIP N 7E#E 1 (SIPs)™ 1 AR W58 NI
FEMIAR Y cDNA SCHE ARSI 7 45 AQP JE N, 43
J&TIX 4 AR E WKW, 8@l 7805 Br kB
X 7T AS AQPs JEPR gt 25 1 Y S B IR P 91 40 & A
1~4 4 Cys Gk, AR KM, XL Cys 5 I
MIP 2Bl 2 1147 1 5% 32 D) g fr 0 % 19, X 5K %
B S He' 454, S8 AQP M LA, A
B K A e 38 K H b it

) MR 2R i S R B PRl 4 48 K 43 B 3 vk BE () AR
b, G O A2 A5 S Y T, 38 S AR o Ak #
R N TR I i 5 W R LU N ¢ N )

FNIEREM AR, 7 % AQP FEN7E NaCl kb3 J5
T[] (24 1) PN AH X 2 3K I 4R 35 R, LA X R A
TR L B P B R . AQP 3 PR A e 3 g )i
A BE 2 W B AR AR 0 20 it A A1 T8 3 AR B S T
Bis 1 Ff PN A B 7 ik B (o N ) 3 /&5 1 & A= 19 0 38K
FRE o AP 2 P 30 B T80 1) 228 4, Shy s 20 40 S XoF 7K
O3 BB PR R A0 N 7K 43 DL TG B2 G A K Gl
iH, LT AQP JE [F i AH X ik & F R . b ml L
SR DT« 91 6 M0 ) Tt 56 5 7K 3 T R R A Ok

AN ) By L 4 2] ) K S T8 R 1 R H SRR A B
X AR B e 360 B e N 2 O R Y . BURE ST 1Y PIPs
Xof 5 i 260 o 7 458 R ik aE B Ok BH B, HL4% PIP I
FE I 5L 0] 76 S TR A 23 v 11 32 38 185 20 B W 1) 22
S, Liu S K RE 4y B 8 2 A K T R E
FE rMipl A1 rTipl A8 W)L 27K 43 k36 L 3 i 3a
KAMIE ABAVERITE o r Tipl FEM i FAR &8 A 36 15 1
ST rMipl RAEN B Rkt ARG K B, W
BRI Y 7 A K TE A O T R W AE 5 AT B
AL EAE R R, i ThRAQP1 ~ ThAQPA
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