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Abstract: Dehydrin is the most distinctive group of proteins in the late embryogenesis protein ( LEA )
family, which plays an important role in plant resistance to abiotic stress.In this paper, we isolated the complete
coding sequences of four dehydrin genes, designated AMDHN3.2F, AMDHN5.1F, AmMDHNG6.2F and AMDHN7.2,
in stress-resistant evergreen broad-leaved shrub Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng.
The bioinformatics analysis using DNAMAN software suggested that all four genes carried one K and one S
domain.The analysis of physicochemical properties showed that all four proteins belonged to hydrophilic proteins.
AmMDHN3.2F was alkaline protein, while AMDHN5.1F, AmMDHNG6.2F and AmDHN7.2 were acidic proteins.
AmMDHN7.2 exhibited the largest theoretical relative molecular weight ( 21.42 kD ) , and AmDHN3.2F showed
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the smallest weight ( 10.69 kD ) . AmMDHNS3.2F exhibited the highest theoretical isoelectric point (Pl = 9.01 ), and
AmMDHNG.2F showed the smallest isoelectric point ( 6.21 ) .By in silico prediction of secondary and tertiary structure,
the four dehydrin proteins composed of three types of motifs: alpha helix ( 7.50%-32.63% ) , irregular curl ( 55.79%-
73.00% ) and elongation chain ( 11.58%-19.50% ) .The phylogenetic tree constructed by Neighbor-joining method
suggested that the putative proteins of four dehydrin genes were related to MtDHN3 and AtDHN10.By XSTREAM
software, it was found that the protein sequences of AmMDHNS5.1F, AmMDHNG.2F and AmMDHN7.2 contained tandem
repeat units, which were enriched in the middle part of dehydrin.According to the dot maps generated by DOTTER
software, a large number of short repeats were found in the middle part, implying the location where the shrinkage or

expansion of dehydration sequence mainly occurred.This findings lay a foundation for further functional analysis of

DHN gene family in Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng.
Key words: dehydrin; Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng; gene family cloning;

bioinformatics; tandem repeat
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B T NS PO AR TR S v T 2 Y R
Tii 15 b DX A 1Y EL A IR BT B R ) Y Ak i
PEAR L AR A A AL AL G [ A R 22
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15 77 ( Arabidopsis thaliana ( L. ) Heynh. ), K &
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1.2.1 $REVEREZSHDNA AR AW [ A a4
KA EWBEARA R 5 A4 ) 55 H 20 2 BOA ) &
RBP4 B DNAL BU-80 “CukAf IR RY T4
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4], 55 C/KEIFE 15 min, 12000 r/min Z.0> 5 min;
B B 3% m A 100 pL %5 & PB1 ( Precipitation Buffer
1), VK& 5 min, 12000 r/min & .0> 5 min; B _E ¥ 0
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FR IR A TR ACES LA 1, 12000 r/min B0 30 s, 37
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12000 r/min #5.0> 30 s, FFEE L ; A 500 L i
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FU W B B O B T KT 1.5 mL 2508
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(60 °C 7K ¥ i #4), #+ ¥ 1 min, 12000 r/min & L
1 min, YE/BE DNA. R FH 1% Bit JIg B B 15 L Dk ez
I [H 41 DNA 52 % 14, Fi] NanoDrop 2000 #3 {3 & 43
TGN DNA HREE

122 PCR¥ & Ao 7E 5L 5 = [ i T 1F
SR BB AR PS8 81 AmF 5 -
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5"-CTAGTCACTGTCACTGCTGCTGCTG -3’ ,

519 R b R A PR A BR A R A .
TransStart Top Tagq DNA polymerase . 35 i B 58 17 7]
Wi 7] & Fll pEASY-T1 Simple Cloning Vector DA &
Trans-T1 Phage Resistant /252 254 ffd Il [ It 7T 425
BEVHEARARAFA .

P AmF/AMR 514, ¥ 48 4 it v 4 B
FLIH 2 DNA W, PCR P 70435 ik EFEI
WA ZR A 50 pL: Y0475 L 2H DNA #idi 1 pL .
51 AmF (10 pmol/L ) 1 pL. F %514 AmR
(10 pumol/L )1 pL . 10 x TransStart Top Taq Buffer
5 uL. 2.5 mmol/L dNTPs 4 pL . TransStart Top Taq
DNA polymerase 0.5 uL . ddH,0 37.5 pL.

PCR EFF S B E : 94 CHIAETE 2 min; 94 C
5% 30, 50 CiB 2k 30's, 72 CHEfH 1 min, 35 M
5 72 CHEAH 10 min, 4 CARIR .

PCR /" ¥12k 11 2% B REAHEE e v vk 43 B, IRl
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ZWREY) 2, BT LA RE 9 3 DR 21 $2 ORI &
FEEUSL R 41 DNA, MV &35 2 1 v o 2 BB
DNA, 2 NanoDrop 2000 i i &3 66 B 3G H:
A260/A280=1.85~1.87, ¥ & "k 987~995 ng/uL, £
1% BT W U5 g el AR, 27 P — | SR EURSCR e
(& 1a), 6 HA A 32 U DNA T & R 3 S 25 Bk
LAt N D s AT

PCR 4" 14: ) AmF/AMR 5|9, Vb 4 15 4 i
- H BRI JE 4] DNA AR, PCR o 18 Vb & 35
K K, PCR 7= 91 R 1 2% Byt i W 06 fse v ik
iAo (B 1b), VkGE A ST 9 4500, i T
% [ PCR IR S50 1~9 =,

PATTRE T Y E - M PCR =¥ 5 4k,
PRI PR B 78, $#E4T PCR %58, IFE 51 R/ N3 51
288 bp. 399 bp . 549 bp #1603 bp (& 2 ),

T B 28 PCR %85 S BH 1 1 S B A 7 00 ),
M 45 5 25 11k NCBI blast [t % | clustalX £ 5 41
EL X F1 Genscan X F PF 827 91, B 2459 4 A~ &
A 5t % ORF [ 3L [H, 43 5| iy 44 & AMDHN3.2F
AmDHNS5.1F , AmDHNG6.2F 1 AMDHN7.2,

HE— 2 4y B & PR, 44 [ AmDHN3.2F
AmDHNS5.1F  AmDHNG6.2F 1 AMDHN7.2 &7 N &
¥, Gt = R S )2 95 4. 132 4~ 182 4>
#1200 4>,
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a: PAH A TP DNA, 1~4: JEPIZH DNA; b: YAF UK RN PCR 7384, 1~2: PCR 4344 ; M : DNA marker
a: Genomic DNA of leaves of Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng seedlings, 1-4: Genomic DNA, b: Amplification products
of dehydration gene of Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng by PCR, 1-2: PCR amplification products, M: DNA marker
1 WES5EEZHDNA RiKZEE PCR 154 R
Fig.1 Genomic DNA of Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng and the amplification results of
Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng dehydrin genes

M: DNA marker DL2000, 1-2: AmMDHN3.2F, 3-4. AmDHNb5.1F, 5-6 : AmMDHNG6.2F, 7-8: AMDHN7.2 ORF
E 2 PCR ¥ &ibZERikE AmDHNs EE

Fig.2 PCR amplification of AMDHN genes
2.2 SR A1 AMDHN7.2 iX 4 NMERAWEHR 14 K F B fil—
221 BRIFEESM  FIJHDNAMAN 3 n 4SS A B, Hd AmDHN3.2F &4 1 2R K F
([ 3), AmMDHN3.2F . AmDHN5.1F . AMDHNG6.2F  BtJ¥51, Ui vafift 4 MLl KS Bk 2,
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Fig.3 Graphic presentation of K and S fragments in four dehydration protein sequences of
Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng

222 BUMRREZ.ZHEMSH MERIWTLL 56.21~9.01, H o' AMDHN3.2F [ pl }9.01, J&
A, 4K R 8 H AmMDHN32F . AmMDHNS.AF, - i 4 & 14 %, 1fii AMDHNS.1F . AmDHNG.2F #il
AMDHNG.2F . AmMDHN7.2 [t BRI A X 43 F it 9 AmDHN7.2 288 545 AT, Y BRI 6 19 s oF

10.69~21.42 kD, AMDHN3.2F 735t )y 1069 KD, 7£ 4 JK V-3 R B, 4 Bk Z#JE T 36k vk &
AR Z /N, T AMDHN7.2 40 F it 2142 KD, Ff&,

£ 4 DR R K 4 A Bk R B A5 R (pl )
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Table 1 Physicochemical properties and secondary structure composition of Ammopiptanthus mongolicus ( Maxim.ex Kom. )

S.H.Cheng dehydrating element

- 4 = AR AR B K 2 ¥ e

BT =P NAN Oy i s MM T rh_.ri FIKMET I 2 EL LR
. (aa) (kD) Acid-base Static Grand average of
Protein name i pl T L.
Protein length MW property dissipative hydropathicity H(%) RC(%) ES(%)

AmMDHN3.2F 95 10.69 9.01 TP [ H ff -1.95 32.63 55.79 11.58
AmDHNS5.1F 132 14.52 6.33 PR 1 B fof -1.51 11.36 72.73 15.91
AmDHNG.2F 182 19.79 6.21 Fig 1 L fof -1.50 11.54 72.53 15.93
AMDHN7.2 200 21.42 6.37 fii 1 L far -1.40 7.50 73.00 19.50

H: o #57%; RC: JCRUNA N ; ES: AE{hEE
H: « helix, RC: Random coil, ES: Extended strand

H 26 1 A] UL, 4 N BOK 2 8 1 B A i 1
Ao - BB TG R 4 il (RC) AT ZE 4% (ES ) 41
B, HOEARDLTCHR A o . 4 BRI 49
SR SR BT T 7 LA TR] o - EE T EE A5
7.50%~32.63% , 2% 5 3 K, Ho b AmDHN3.2F JiF
ke 19 f¢ = N 32.63%, 1 AMDHNT7.2 1Y Ky 7.50%;
ToHRI 2 i BT 5 LA 55.79%~73.00% , T Ad G5 T
Ft 9] 11.58%~19.50%, 4 ) AmMDHNT7.2 ff i Lt 14
A, T AMDHNB3.2F fif i L 4] # 4Ik ; AmDHNT7.2
o - WEE Fb ) A A, TG R 00 5 ik BT R ) A
151, TG HL ) 4 il + A i Y e R GK 92.50%

AmDHNS5.1F I AMDHNG.2F 2 /4™ Jiii 7k & — 2% 4%
¥ £ ¥ )% T 8 A T AmDHNT7.2 il AmDHN3.2F
Z I,

WK R ) = HEEH A 4, i T4 4 4>
JE 7K 2 S5 A4 BT R ) IR [, S B
SR A A, T AMDHN3.2F o- 12
JHE B G FH 6T A v, T TG R 3 il + B e B ) HL 5]
ik T Ho At 3 2 A, 14 B AmMDHN3.2F = 2 45 14
RIEVEMXT K, 11 AMDHNT7.2 o - $2 5% L 191
K, TR 5l + SiEfi % A L A9 17 38 92.50% , 15 1
AMDHNT.2 =G0 4544 R IEHEAIR L o

AmDHN3.2F

AmDHNS.1F

AmDHNG6.2F AmDHN7.2

B4 DEBRAZRERREHELEARN=RE0

Fig.4

23 RBEFIIRRGHNLDH

Mot AR B WA FAN KR
( AmMDHN3.2F, AMDHN5.1F . AMDHNG.2F Fi1
AmMDHN7.2) 5 4l B4 7 ( Arabidopsis thaliana ( L. )
Heynh. ). X & ( Glycine max( L.)Merr.). & Jik AR
( Lotus japonicus ( Regel ) K.Larsen ) DL & % %8 &
7% ( Medicago truncatula Gaertn.) Jiii /K Z 2 ] (1)
FHARLEE 4341, 4 DA F KRR 5 EiR Y Fh
19 W 7K 2= AH Rl EE AR FE A AIK, H: v AmDHNG.1F .
AmMDHNG.2F 1 AmMDHN7.2 5 %2 22 & 15 MtDHN3
AR AR 45 0, 433l 2 61.65% . 47.80% Fil 44.00%;
i AMDHN3.2F 5 % 32 1 5 MtDHN3. 8 1 I

Tertiary structure of proteins encoded in AMDHNSs gene family of Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng

AtDHNZ10 11 A L% e 4 4 3T, 43 1) Sk 57.26% Fil
50.00% ; AMDHN5.1F . AMDHNG6.2F il AMDHN7.2
) 55 AtDHN20 1% A8 {81 B K& AR, 4K ¥k 2y 40.00%
28.95% 11 26.92%.,

WA 4 KR (AmDHN3.2F , AMDHN
5.1F . AMDHNG.2F #il AmDHN7.2) 5 #l i 7% . K
5 H TR DA TE K 3R 2 Rk R e ik
1B ([ 5), 455 7R : AmMDHNS.1F , AmMDHNG.2F
BAE— D/ S, 5 AmMDHN7.2 |76 — 443
32, T AMDHN3.2F 5 5 2 1 15 MtDHN3 5 1F —
AN 4y %, T JE 5 AmDHNS.1F . AMDHNG.2F
F AMDHN7.2 RAE — PR K433, X 5 MK &R
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5 [ GmDIIN AMDHNG6.2F , AMDHN7.2 . AmDHN3.2F & 2% 32 1
53 S 7% MIDHN3 AL 3¢ AtDHNI0 54 5 R , ifi
= AWDENI SR IT ISR A B SR R R KRB S

62

GmDHNS5

38 MtDHN4

AtDHN7

42 AtDHN9

91 AtDHN3
i'E AtDHN6
AtDHN4

LjDHN1
55 —— GmDHN2
L GmDHN3
— LjDHN2
69L—— MtDHN]1
AtDHN3
AtDHN10
A AmMDHN3.2F
MtDHN3
A AmDHN7.2
A AmDHNS5.1F
A AmDHNG.2F

77

45

66

83

—

98

100

100
38
SRRV IKE ; At: UREIT; Gm: K55 Lj: KR 5
Mt: BEFLE TE
The triangle represents the dehydrin of Ammopiptanthus mongolicus
( Maxim.ex Kom. ) S.H.Cheng, At: Arabidopsis thaliana ( L. ) Heynh.,
Gm: Glycine max ( L. ) Merr., Lj: Lotus japonicus ( Regel ) K.Larsen,
Mt: Medicago truncatula Gaertn.
WEFANHAZSUBIF KE BRRMEZE
Btk R Z B REHL S
Fig.5 Phylogenetic analysis of the cloned four
Ammopiptanthus mongolicus ( Maxim.ex Kom. ) S.H.Cheng
dehydrins with Arabidopsis thaliana( L. ) Heynh., Glycine
max ( L. ) Merr., Lotus japonicus ( Regel ) K.Larsen,
Medicago truncatula Gaertn. dehydrins

AN 58T AtDHNL0 84— R4 |,
2% ] AMDHNS5.1F . AMDHNG.2F . AMDHN7.2 3% %
X BRI, T AMDHN3.2F 53563 & 7% MtDHN3 3£

B 5

UK 8 T AT o 3 2 45 0% R ARG , 3X 5 =22 i [ U5 AH A
Pk LR R 25 SR — 3

I K E VAT 4 MUK R E A RSB
FE(TR) B (E 6), R B EEFH) EE4E
e B 7K 28 3R B P DR 4, A 25 7 8 RO TR (i
SHRFEFLEE T, BB S e MU 1
B2 A2 4.27, 1 AMDHN3.2F 34 FE T4,

AmDHNG.2F

AmDHN7.2

AmDHNS. 1F

AmMDHNG6.2F , AMDHN7.2 1 AmDHN5.1F J& v
WA KR EEHN A
AmDHNG.2F , AmMDHN7.2 and AmMDHNS5.1F are the names of cloned
dehydrin gene from Ammopiptanthus mongolicus
E 6 FERERDEERIKE AMDHNs FREJEREEES ( TR )
Fig.6 The Tandem Repeat( TR ) patterns in the cloned
Ammopiptanthus mongolicus ( Maxim.ex Kom. )
S.H.Cheng dehydrin AmDHNs

T 7K R ZE AT 5 3 M il 48 7R B FAE A ) Ak
M, LIV AEF IKZR E 1 AmMDHNT.2 J7 41 Hh[a]
#8453 ( A 80~180 Z FE R 5% JL ) 1 4 Vb4 5 ik
ZHEALELRH(F7), BN EL ) EEETE
HER 43, R BH R L BT 9 IR 4 s ok B A R
FEHEIER A XTI & R0 57 - 137 - RIm s
PR R 5F , it AmDHNS 2 [ 57 5 91 7 o (1]
T4 A REATAE K A B i A e =

AmMDHNS5.1F d AmMDHNG.2F
)0 100 0 100
3 AN 50 \ AN
%0 \\ s \\X\
000 N\ 5 100} i\ N
<
150 F \ 150 NN

B7 AmDHN7.2 FiHE A& E kR B SPEE
Fig.7 Dotplot of AMDHN genes analog AMDHNT7.2 against all other AmMDHN genes

a AMDHN7.2 b AMDHN32F .
o0 100 o0
o 50F \\\ o S0F o
~ ~ ~
Z \ =z =z
T \\ \ T 3 T
%100 % 100 %
< \\\ < <
150k 150 \
A
A ‘
3 iTig

TP A 2 T 52 F IR A5 Fh A= M I

AW, D T AEAT ST WA AR R R Y
T AL, X PR AR fme A A mE L, K B R
IKRERG IR IR DK T 5 RS A S A



5 4] WA DA UK RN W 71 Sk 5 781 o 1323

i 20T
31 WEBHAEERGEESIRERR

ik R A AE TR b ) I U 2 R
BB I AT A, AE RS B IF e RUK RS
A % T 134,10 A1 8 4~ DHNs B i, A
WF5T LA VD 4 5 LK 2 DNA SH R, Tekeis 5] 4 4~
A 5E % ORF H. o KS & 1) 3t [ ( AMDHN3.2F
AmDHNS5.1F , AmDHNG6.2F . AMDHN7.2 ) ([ 1~3),
]2 A B K AR ST RS a2, B Vb4 5 Kk
REAFEEH Z A
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