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Differential Analysis of Salt Response Genes by
cDNA-AFLP in Mangrove
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Abstract: [Objective] This study was conducted to elucidate the gene expression response of mangrove to salt-stess.
[Method] Gene expression of Kandelia candel treated with fresh water and sea water was analyzed by the technology of
c¢DNA-AFLP. [Result] Two hundred and fifty-six primer combinations were used to investigate 15 000 cDNA fragments. Sixty-one
differentially expressed cDNAs were found, 36 of which were up-regulated and 25 were down-regulated under the salt stress. The
sequence analysis showed that 38 of them were with high homology to the genes in GenBank. The ESTs with significant protein
homology were sorted into eight functional categories: basal metabolism, transmenbrane protein, signal transduction, protein
metabolism, transcription factor, cytoskeleton, disease resistance protein, hypothetical protein. The rate of the basal metablosim
related genes was maximum. [Conclusion] Gene expression profiling in response to salt and differentially expressed genes of
mangrove Kandelia candel were revealed and identified via cDNA-AFLP analysis. This work begins to reveal potential molecular
metablosim for salt tolerance of mangrove.
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HATIAL R ARG SR R R AR 2R, S84 7T £
FURELLGEIEN . 1A K R 55 R H] DDRT £
AR R 1 LT AR 1 i 238 v oy 0 30— AT R A G
cDNA, HA Toshiaki FJf] DDRT J5 7% WA B HEIA
Mirh oy B B 4 F 22 R IA M) mRNA 7,
T F ARG FIH RDA HER M EREE T 2085 T 2 ANt $hAH
5% cDNA F B4, (H H e L Km L2
T S T AR PR LT AR 1) A 25 2% R AR 7 T I 9
Xof 21 B R A 1 ML T e 35 DR 19 43 3 0 FH O T
RIEIRD o h T 7055 R B FE R B8, Ay F/KF
AR ER AL, 26200 7 n s #5143 AR A 2 Tk
I ORI ALY AR cDNA-AFLP £
AN AS [F] A B 4% A L0 K 40 - RK Ot 1) 3Rk 2 S 3R AT
SN, ST ARG BT B SR R A A
(i ERAFOCEE R B . LA D i) O 1) 8 ] A5
NI s A KSR IE AR DGR, WA F/KF |
W ER A AE ST R0 PRI LA 25 5 S Al o
1 #RIERZE
1.1 EYe

R LW R RN (Kandelia candel) , {51
BCGAR, BURAHTME T KR, AR
POKGERE AN 3 - 1, EAREUE ) G
ARSI se ) o IR BIALHE 6. 12,
24 F1 48 h, WR/KALBR A REHE . WCAR AR BEAS [R] IS PR AR
FH-F RNA $2H.

cDNA-AFLP #1IR 7 S ik &0 [ Promega 24
ml; TA 7R F & pMDI18-T Kit 6 B =AW A+ ;
IR R A T AR TR R AR 452 7]
56
1.2 EARNA B93RERR W HE cDNA & FX

FOMAR S RNA $2HCR I SGdE ) CTAB . B
BT PR 2R PO RO BIE A, I N U S e 4t K
K N 65 CHiH CTAB il (2% CTAB; 100
mmol-L™! Tris-HCI, pH 8.0; 20 mmol-L™' EDTA, pH 8.0;
1.4 mol-L"' NaCl; 2% B-$i3t 4WE) 1R5); T 65 Cill
B 30 min; INSEAA AT/ AEBRRS), il E 2 min,
4 °C 10 000 r/min &> 10 min; EEKMABEY —5
DT, F AR 2 PR AU A A B AR DU,
SOOI B B REBAA—EEOE T, A 173 1k
B8 mol-L”! LiCl, —20°CytiEil#; 4 C 12 000 r/min
20 10 ming 57 B3, UUEH 70% OBHEDE 2 Xk, 13
HELLE, SR HA T, 200 pl TE %, H

b B RE A HEAT LUK O BT RV AN A, K A% Ak B
RNA WJE M EAS% . % DNA JERA7% 5,

AL B ) RNA TR A, R 2 AR
o GRAKAEE, WKAEFE) o K SMART AR A%
Wk cDNAV, HAAERES AR U . Lpif
PCR 434, H{ 5 pl PCR F=4), 1.2% 1 B Bbi e Al «
1.3 cDNA-AFLP it ZE R EE

HY 250 ng cDNA, EcoR I /Mse [ X 1 h, &Il
DI SON: o BT ISR TN AT . PR R H) 428 il 2 S
HHATIER: 1 he BUS pliEB=WEN, LK)
AT 8, RNFEFUWR: 94°C 1 min, 94°C 30 s,
56°C 30's, 72°C 60 s, 25 fif¥; 5 1% PCR F=¥#
B 20 R5 MR, JEREMEY D1 T A 2 % PCR,
RNFEFU R : 94°C 3 min. 94°C 30s, 65°C 305, 0.7
TR, 72°C 1 min, 13 fff3; 94°C 30s, 56°C 30,
72°C 1 min, 23 fG¥, 72°C 5 min,

22 YIS, W20 ul AN R FEE L
FEE R (90% I, 10% 5XTBE, 0.25% M
0.25% —FZF) , 95 ‘CAPES min, 6%[F15K Nk
il vk, FIKE ARSI (T kE) M7
B,

1.4 ERFBHZERFIISH

[A[CR T & D PAGE i [ 2 5 31K cDNA A
B, F Iy HAH R ) 5 | 0414 1 PCR 9 S R P
B, 1.0%I IERE A I o (RIS e Fr BeadbAT e Pt
WFF FFH T
1.5 ZERFHEHRIRT-PCR 247

RTINS 5, Primer 5.0 A5 190 . IWFAS
FEMM AR R 2: DNA ) RNA BRIk 28—
cDNA, #4T RT-PCR [, B AR#E:AES RGN
B 1.0%5 TR e b AT A U
1.6 ZEZ%FEEAY Northern 94

hRE— DRI BT o b P BEAE M B 451 T RIS
O, EPEIHHES S EST H BeiEAT Northern 2448 7047,
HARERAE S IH Lo 1 5 B 307,

2 HRE5SH
2.1 W4k cDNA BIS B

I et (1) CTAB A SRR K FIIR K S5 1F T IR AK
AR RNA. SMART RG0S cDNA, £ 21
MEFREAT PCR 471, & ) XUE cDNA v BLf R/
T 300~3 000 bp, nJ ] T-#—34T cDNA-AFLP
I3HT o
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2.2 EFFIEERATHE

K 256 %} EcoR I /Mse I 5144555 i K ab B
R 7K Ak 1) 20 &)y 1 AR S e I8 S R AT TR
AFLP ¥ 34 i Bt K/ T 50~500 bp, FR0I5 4 &
SEE A 60~80 4 XA . B 1 Fin i PAGE IR

H SH S HS HSH S HSH S H S

KRy 8 451 414 H41¥) cDNA-AFLP F=#)7E PAGE 2 L1043 B . H:
WAKALTE, S: HhoKAREE. HSkBs b 22 il i B

The cDNA-AFLP products of eight pairs of primes separated on PAGE gel
were indicated. H: Sample treated with H,O; S: Sample treated with salt.
The bands differentially expressed were indicated with arrows

Bl 1 cDNA-AFLP S35k ARk AMBLT 4 B AR ERE Rk
Fig. 1 Gene expression of roots treated with H,O and salt by
the analysis of cDNA-AFLP

YTy AFLP 3724

28256 XL 5 A XL 15 000 NIEA A Beidk AT i
e, JLORE B 22 e ARIA K BE 69 AN, 2y B IR B
0.4%. 7= 5 R FRIAB AT 20 w2, B ER /K b 215
S FRRIA LA R FRIA SR, o RRERIA
R B 41y, NIRRIAFER Bk 28 4,

PAGE JIg I [l i 22 53235 ¢DNA Jv B 51+
P HAR 514 A R PCR R kAT
WG E, AT WP
2.3 ERFIEEER RT-PCR 17

AR P25 R Be vt 514, BLJ: DNA AR RNA
BEHCIEAT RT-PCR V. R M], FHIERIN 69
NS Bh, 61 MRS P cDNA-AFLP ()
SEFIEWIET), T AN BAT 2 PR BT Rk 2 AN
W, VASRY I A M B BTEE 88%. Kl 2 Pt
7N N HB4y ESTs [f) RT-PCR 45 %,
2.4 ERFEERREHMFINH

H4 10 1 TR SRAT 0 61 A2 3R IA ) ESTs JFALE
GenBank |iF17 BLASTx 4347, SHlEEIF. /KHE.
B8 [ YRR A e HLEOR 45 S EBAIK T 1e-05 1) ESTs
PO TAER, 3k 38 A L Ehia i 3Ria ) 27
AN IR FIFSRIEN 114 SR RVEER(,
R B W E A g R, A E W DNA b
XS5 R EST, PRI TR LR, JL23 4 H
T ERIME T FRIA N 14 A 7EIX 38 AN TAFER T,
AL T — L D HROE 1 5 B a AR DGR, 2 2y
FIA B A P 2% (multidrug and toxic compound
extrusion, MATE) &K, /KilliE & K (nodulin

S: FRIKAH, H: WAL A: KALELNHERA LS EST (1 RT-PCR 4347; B: HhACEE R I3RS 15 EST 19 RT-PCR 4347, HEZk#5

R 2 FHAL B ZE 5 AN K EST

S: Sample treated with salt; H: Sample treated with H,O; A: RT-PCR analysis of up-regulated ESTs under H,O; B: RT-PCR analysis of up-regulated ESTs
under salt stress. The underlined sample indicate the EST expressed same under H,O and salt

B2 #34>%5 EST B RT-PCR £ 477
Fig. 2 RT-PCR analysis of differential ESTs
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family protein) K] R A W5 I B JE A1 ( methyl
jasmonate esterase) 55, IX{E—E A BB T 2
i 126 (1) AT SE P o

PR CAFE R ) 38 A EST, %L RE 7> A 8 K
SR BIRED. F9RT. BORGH. Bx
K7L dise. pumsEn. BEEA, WER.
X2 RW], EST PR ML 2 5 2R 41 o
TGS . 761X 8 KIE EST 1, = H A
W R Z, &2 31.6%.
2.5 EZRFER Northern 2%

Rk 0 IRAG ) 2E 5 v BT I o b,
ER T T B R SR ) 7 T 2 1 BE DR SR AR I
Mg AAUBE R EAT Northern 2858 70 #1. &5 KK, WK
AEFETR, AT REAE RO TR e 0, o SRATR
PG MR A S L A ) Rk = Lk Ky 10 F5 6L E (&
3). X 4Ry RT-PCR 43 A £, HJE Northern
HRAT XTI P A e DA 7 K AR 308 114 A J st e s ok
*o

H: SOKAEER, S: M/RAREL; 1, 2 fRIACRAKIEIE 2 12 AN SR TR
HRE R RS UL R

H: Sample treated with H,O; S: Sample treated with salt; 1, 2 indicate
nodulin family protein and methyl jasmonate cleaving esterase genes
respectively.

3 ZEFFHHE Northern 3%
Fig. 3 Northern blotting of differential fragments

3 1Tt

ST — Pl A LE R . TE A R D3 O A
KA, EA A4 R KLt
e, CBEWHEA RO m R AT IE N T, Rk
FE BRI TOBOK 43, A AL S A AL 25 e A AR
R, SRRSO E . (0 H RO
T N R 4 AL M E = R, Sk N &
G2 DI 22 ik, S HEIR [ FE LA A
S e A A A0, LR E A AR K 4 2 5
K10 cDNA FE, AR 5B Hh e [ A

x ERFEMEST RABRBHER
Table Differentially expressed ESTs and putative protein

P = SICR {6 = A B SRS

Function type  Number (%)  Name of Putative proteins

HEA AU 12 31,6 JLRZNGEA
Primary Photosystem II G protein
metabolism A (235 PASO FAE Al

Cytochrome P450 monooxygenase
PRV R A A AL
UDP-glucosyl transferase
PR R
Chalcone synthase
NADH fii &
NADH dehydrogenase
B-AHE T
beta-D-xylosidase
WUEE AL
Myo-inositol oxygenase
LR REAMREA
Serine protease-like
ANt P450
Cytochrome P450
PR 6 158 HiE TGz EA
Membrane Manganese transport protein
protein S50 A KR
Nodulin family protein
PRI 2 A
Lymphoid-restricted membrane protein
Z YN BEAL A R BT
Multidrug and toxic compound extrusion
TonB K=z 44
TonB-dependent receptor
SR RIS N
Leucine-rich repeat transmembrane
protein kinase
(i 4 10.5 iR IEA
Signal Frizzled-like protein 6 gene
AWM SR
Protein kinase family
SRR TGN
Methyl jasmonate esterase
RGN
Ubiquitin-conjugating enzyme

H AR 5 132 ZERGURIHAT

transduction

Protein Ubiquitin system component Cue
metabolism 16S I Hi %R
16S RNA
WPEEMRT G
Translation elongation factor G
pE A& N S12
Ribosomal protein S12 gene
ek KT 1 26 BHEERA
Transcription Zinc finger protein
factor
il IRt 1 2.6 PR HA
Cytoskeleton beta-tubulin
R EE| 1 2.6 BHEREGEXAESARTEEI
Disease Wit A
resistance NBS-LRR type disease resistance protein
protein
A& A 8 21 fBAREN
Hypothetical Hypothetical protein
protein
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SURERE R RN ) AR %, AR AL v T
HET B T-DNA FR28yk. JPA e VAR 22 S R I8 oy
Brid Bl 754y 1 22 S R SE IS, cDNA-AFLP
BT SAT RS . PR AR ST 2 S
SMAEANY, g SR ] cDNA-AFLP $iAR 4
SRR T KRB AR 5 AR ) 2 e R A B R B S600,
SR B OSR B BAG H) cDNA-AFLP 35 B o B 43 55
T 10 &ETEAFSFRERNE, 2SR A
cDNA-AFLP FEA M 4 1 558 10 8 TN it A o 2 ol
BB — 0 A B -cetr132. ZEE IWF A % )71k
M ERAE DRI Th 3R A T 2 R RIE B 61 N &4
5 B 530 )¢ RT-PCR A llE S FrafiAe 2= 7 v Bedar ok
HELW . XBegh R, Xk ko 3 2 kil
FSpZY o S

XPIRAFI 38 A CUAISE L e 73 8 KK, U
AR E(E NSRS C NN Y N B SRR RS A
whstet, AMUFFEREMD AR ESEE
Hisk, EHEFSHS. BXNTFENS Y, X
e gy g 01— U9 )N %2 EST Bt o 11 Le g ok
s ALT- LU AINT 5 0 1 R R 1 B8 22 1k H B 5
AU RE I W BG 5 ) 3 i . X— IS BT A 3
AR BRI Rl — AT

TEFRIEEIN 38 /N EST W, S 5EMARE T RZ,
LE) 31.6%, FEHEAEHAR. HIEHERE
RNFIR RN . 25BN RW, CRENG &
1. NADH. #fita 5% MmLAmREARSENZY
PR N H o 6 A AE IR AR I AR S 28 5 | WAy A
AR I AR, A A3 2B = A2 36 3 (1) 38 Y
AEDO]C

MY BIOE T, 6 —SHMEAE K,
o5 H A A OCIE R IR S 5 . BB
S 16sRNA JEZ 54 iz B PR 5y, AR R
P EE AL AR AR S 7 B A R B PR R A AN
[l R 4 FE Y . G Aeh DR S A R 1A o bl o
tRNA &5 & TR SZ ARG s B 5 1 1, 2 IL3RIA
TR N R RN S O 2R AR B . Tz R R
GeEE AT TR, SN T2 Z RE M
WORFIR IR, L0 AE )R 5 ) [R] I 7
o B A LR B AR g R

T R ER B 7 AR ) B T s B AN A
K2R pidi e e B 2 S i . s DL R,
K7 BIBUBNR NI WS IS N IS I LB E 1 RrEAI 057 S
P8 S e | WA BN S R P A N R LA S ANDART 374

s SR A5 5 2 PR T 7 Py 2524260y 1 g — Pl KU 2 3
FEREZK P R R ) — 200 AT 3 ek 28 0k K ) I i 2
L, BHARANEHE sl DIARIRTT A S
BT, AR AT IRAFIY 38 AN EST 1, B5J
HEAM 15.8%. KEEHE (MIP) ZHrp—F iz
OMAG TR AN SR L ZKE T AR T AR R R
KIS HEIE, FVFKE BB, kR E I e
MR Z 15h . — Mo T 52 S5 fe 45 /KiE
EEAEEYE O, FUARRIID i EE A
FIXTFRERT 2B (M R, 4R /KO8 18 8 1 25
FERAE BRI NSO R R, S HTAIIE S
S5 RZIE R R £ P R L SR A
A 2 Sl 1 R o e ) R AL B A e = AT

KRR IR (JAS) ST VZALAE T = S R
() — BB B R AR P, AR TR AR KR
e e U RN AR . JA B ILH
FEE (MeJA) JHAEAE T4, JA {551 Hs 5
JEIERE MeJA SEHL . YREY)Z BIAEE 5
TE L R 307 2 R MeJA o VE I —F M5 541,
MeJA REAEAN A 40 R ANAE R 2 R T K BE B s i,
T o A5 A A S ) 40 R 2 AL A T AR . R
PRI B AN 5431 LIS T8 Ik ST P I /K AR
HRFIR, HENNM, HEmnIRp DN, 3 m A
TR 00855 11038 I g 750 DRI, MeJA [A] JA (1AL
BT A MG MNIEE 2 — . BHE TR
I NAE R e T RO, S LR 4G
RO, SHZIE R RERF IO R T2 T
KRG Fite, MAbARYS PR A M 5 S
HLH

HRTIT S, FEYx S bd g 2 22 BE %6 1
Kok, LA B AR AR R JE R TR A B P 4 FH 1
gEIL, FEIXULILDN R, MR SR, Wi
(IRT9E. IX SR AAEY) EST Bl 3k43, hidt—4
VU E L] e B £k e IR FT R 7 Atk

4 i

4.1 J cDNA-AFLP (17305 T a4 T, 4
PRI A0 /KT bR R 2R IR i
4.2 MIERAZKN ERNT 38 A5z b Hhia i S e
R IA . 5 ZUR N SR AR SCIRHE A
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