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Abstract : In the present study, mangrove Kandelia candel (L.) Druce were potted in sand and treated with
different NaCl concentrations (0, 200 and 500 mmol « L"), The relative expression of four key genes in
the flavonoid metabolism, phenylalanine ammonia lyase (PAL), cinnamic acid hydroxylase (C4H), 4-p-
coumaric acyl coenzyme A ligase (4CL) and chalcone synthase (CHS) were analyzed in response to salt

stress by quantificational Real-time Polymerase Chain Reaction (QRT-PCR). In addition, the biomass, K
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and Na' contents, the activities of key enzymes, the contents of flavonoid and the antioxidant activity in
response to salt of K. candel were investigated. Our results showed that: (1) the expression levels of
PAL, 4CL, C4H and CHS were up-regulated significantly under salt conditions; the activities of PAL,
4CL and C4H as well as CHS content were increased significantly with salt concentration increasing; com-
pared with the control. (2) The plant height as well as the dry weight of leaf, root and stem were not
changed significantly in NaCl treatment for 3 d and 15 d except the plant height significantly changed in 200
mmol » L.7! NaCl treatment for 15 d. (3) The content of flavonoid, and the scavenging rate of hydroxyl
radical and superoxide free radical were increased, the K™ /Na% ratio and the content of MDA were de-
creased significantly. These results indicate that the flavonoid metabolism in K. candel under salt condi-
tions can be enhanced and may play an important role in the adaption to the saline environment. Accumula-

tion of flavonoids contributes to oxidation resistance and salt tolerance of K. candel in order to maintain

plant growth under salt conditions.
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R 1 qRT-PCR SIS #1%)F
Table 1 The primers for gqRT-PCR analysis

5% 1D Primer 1D FEH 1D Gene ID

2|4 %% Primer sequence(5 —3")

ActineS
ActinA
PAL-S Unigene20269_ALL
PAL-A
C4H-S Unigenel316_A L
C4H-A

41CL-S CL8188. Contigl _ALL
1CL-A
CHS-S CL8403. C2_ALL

CHSA

AGCATCAGGCATCCATGAGAC
TGCTGAGAGATGCCAGAATG
CGAGTAGCCTTGGAGAAGAGTG
CAGCATGAACAGGGGTACAGAC
GGGATTGAGACGGGTGG
CAACATTGGGTTTGGTGC
GTCAGGAGCGTGCGGAACT
GTGCCCTCGGGATCATTTA
TCCAGGGCAGAAAGACCA

TCCTCGGATTGCGTAGTG

1.2 F#M A C4H 4CL . PAL 1 CHS EEFEH
qRT-PCR BiF
R CTAB-LiCl yi 3 27 S o A B RNA

J5 ., % M TaKaRa 2 @) PrimeScript™ RT Reagent
Kit(Perfect Real Time; TaKaRa 2y #] . H AS) 7= S i
FHULEA 5 Bt it i B RNA 5 5% A L cDNA
Bk, RTHH cDNA =¥ F — 20 CIj 4 H .
M4 B o0 B 55 3 20 B0 . v ] PrimerPremier 5. 0 4%
PR3 B B 3 H A Real-time PCR 5] #) (£ 1),
qRT-PCR #% M8 % ¢t & & ik §] & SYBR Prime-
Seript™ RT-PCR Kit(TaKaRa 2y @], H 4%) 16 B
£ ABI 7500 PCR X #E47 73 #r . qRT-PCR Jz Jif f&
%} :2XSYBR Premix Ex Taq(Tli RNaseH Plus)
5.0 pL,Primer-S(10 ymol « L™ ')0. 2 L, Primer-A
(10 pmol » L™")0. 2 pL,cDNA £if 0.5 pL,DNase
Free ddH,O #ME % 10 pL, W FRF R :95 CHiAs
P30 5,95 CAEME5 5,60 Cilk 34 5,40 AN EFF ;65
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min, [ 3% W CHS H G s 42 35 76 B A AR om A
30 pL FE SR BORN 20 pL CHS MW .37 CHE
30 min, 3 VA 5 5 L i vk U . 7R 30
so I HE 5 WK R AR B e N A B TR
JA 50 pL fipRiki) .37 CHRE 30 min, &3 FL AN
VR UES 5 a1 28 E M A B 5] A B 4 50
pL. 37 CHlEE A 10 min, 5 IIA 50 pL 2 1k K
Lk B, fE 450 nm N E WG AE . S AR E
7 b o £, 7 O b o il 2R CHS & &
JUT A S PR H R AR S AT R A
i BR Bradford J5 k! e , L BSA IbsfESE A .
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KRBT ZHE ik,
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PRI B G S LY £ b 22 RoR A
SEBIHEAT 3 WAEW)F S L A SPSS 18. 0 B4R XF i
BTG T P << 0,05 R i 325 K.
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Fig.1 qRT-PCR analyses of differential expression genes

of flavonoid metabolism in K. candel under salt stress
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Fig. 2 Effect of salinity on the activities of PAL, C4H, 4CL and CHS content in K. candel leaves
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Fig. 3 Effect of salinity on the contents of K™, Na' and flavonoids and the antioxidant activity in K. candel leaves
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Table 2 Effect of salinity on biomass of K. candel
B 5 B NaCl ¥ B W A#k T # Dry weight/g

NaCl concentration

/Cmmol + L-1) Height/cm

Cultivation time/d

I Leaf M Root

e Q
Z£ Stem

3 0 36.81k2.1a
200 38.1k1.9 a
500 35.91+2.3 a
15 0 40.2%2.2 b
200 43.9%+2.1a
500 37.5x2.5b

0.
0.

.250 6+£0.0313a 0.
.2718+£0.0320a 0.
.236 1+0.0316 a 0.
.298 44+0.027 4 ab 0.

327 2£0.039 6 a 0.218 6£0.025 3 a

350 82£0.030 9 a 0.2328%£0.0237 a

310 2£0.0325 a 0.210 6£0.022 9 a

359 6£0.036 8 ab 0.250 240. 026 2 ab

326 9£0.0257a  0.3955£0.040 2 a 0.278 8£0.028 4 a

280 4£0.0294 b  0.331 8£0.0352b 0.221 4£0.024 3 b

L < R PR 5 B R R AL BERITE 0. 05 /K bk 21 2 35 4 28 5 (P<0. 05)

Note: Different letters in the same column indicate significant differences among treatments at 0. 05 level

EALFRR R E 25 (K 3,B), [Fit A MDA & &
A I 55 %6 B AR L BRI v 2 B i TS bR R
FEE A BB 7 At S50 bR R e S a3 B 2% 1ot
(P < 0.05),200 F11 500 mmol « L™" NaCl 4bH 119
¥ 1R BE I BRI 430k 39 Y6 R 45 %0, T EATTAH
IO (1 68 SR B B 7 ARl T R R T 43 S Dl 27 D6 R
37 % AEL T £k Wy 3 b B E] G R 3 25 5 (& 3,CLD).
TN HEFR A ST BOE  KT i S e IR
LA BEA(P > 0.05) MM Hh Na™ & &
Wit 5 6 Ve B 0 s i b 2 (P < 0..05),200

500 mmol « L ™' NaCl £ B A% Na™ & & 2 51 L %F 18
HBELETFT 9% 31% . N FE M A h K/
Na" Fifi 25 5 v B 1 T35 1 S 2 B A% EL vy 46 b 2 %
IR EE K (E 3.E.F) .
2.4 HEMEBTRAEWESHT

A0 A 0y S e 0 A0 T R O e LR
WdEAR. 2 2 W 5% BRALM L L 76 45 e 5 3 s
AER 3 dJE B A AR DA RO 2R T E R K
A EE AR A EER AL PR 15 d ) . B R0 kR S AE
200 mmol « L™" NaCl Zb ¥ i 2 55 T XF B4l (P <<
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0.05),7F 500 mmol « L~ NaCl 4b 3 F W% T %
WEZH {H 22 53 A 18 35 T[] B3 Bk AR L 25 e T EL 7R
200 1 500 mmol « L' NaCl kb3 F £ 5 % B8 2 )¢
WEME2E . AL UL TR AR S T Y Ak 3 v B A Ak
FRET ] o BRI AE R AR A 52 20 5L W38 5 2 )
IR HE A 1 i R 3 B ) .

3w

AR R R A P 2K R A R ) B R
AT HRNEM .l F PAL.CAH F1 4CL 3 /> 5 4k iy
AIVE DT R R N R A A 478 B CoAL 4-F
it CoA 7E CHS BYAE H T IE B4 K . F it CHS
S SV ) G B aA R 0 PR T AR E O 4 2R
B #h i T Bo i i PALCAH (4CL Fl
CHS JEH (5 s K- o [a] I 39 58 1 Blosti it |- PAL
CAH ACL iGM:M¥EmT CHS & &, PALHFH#T
Y AECE Y BERE N T 5 UV-B 58 55 A5 YY)
R ARG TR F 2RSS RN
VL ZE B (Curcuma aromatica) 5578 R 56 418, 43
VAR B NaCl 47 #6 i 3a 4b 22, % L AE 50 ~
100 mmol « L™ ' NaCl 438 F . PAL 3& M B F =
WRAi s R BTE A~8 d P 7RG Rk AL BT
A (Ginkgo biloba 1L.) 4N PAL 354 i & 5 ik
Ry B an, H NaCl e BF # s, B 05 1 85 .
AR S R 5 ATA — 3. CAH 3& P AT LLSE m 2
R T2 A AR 2 S AR S s T g AR
il & %[ (Sorghum bicolor (L.) Moench) ]
CAH 1 Pk B #2252 W0 R 50 3R 1 45 105 B v i 45 R
WM FE (Fagopyrum tataricum) FE UV-B i T 2%
B E &S FrtCAH R R EEEHLLR,
ACL 2 28 W A 32 R 428 1] 43 SR AR e T i —
A CHERG A S B EAE R PR T A C
BEUEH . AP RE.UV-B A BT 42 S 4 ACL
T 1 o A 5 O AR A o 1) AR B 3 — 20 1 S AR B 1Y
PUAALRE 1T . CHS Sk 2 o i $12 48 i AR 1 i 42 4%
L, R B AL R G R AR . CHS 23
2 v R ) 5 1) OC B T HC A By SCTE AR ) RO BB E
TR MBR LB Y) BTG DL K A5 5L A i
RAE MR B MY, APPSR R CHS &
S TRk B T GO0, X R A R

CHS &5 (34 Ay B 7RO v R b 88 i L A7 =
S5 YA A BT 1

T A R s R BIF 5 2 W 258 e A AR A
1) 2 B O E A BT AE A AR AR RO B IRPT R HE I
A RS 2 i R A Oy T B AT B R Y AR g
KR8 15 d 5,500 mmol « L' NaCl 43 T (1
B AR AR ZE 0 S ) R A A Y TG T 2
S5 3% U8 B e SR 30 0 B MR RO A . A L A
WS N 5 B BRI 2% 7 A A% o O AR AR D L A 2R
B 5 T LA ) 2 R HL A A 5 1 BT A AT
FEBERE Y . FEIREEI I S50 TR AR W 8
AL A PR 21 BT AL 5 00 Ok B A B 55 ik 3 28 B 2
Y25 PR & 0 — . B —ERBRAE A h
FE AR 8 R A 30 358 W 36 X A Ak 40 £ 952 45 % 4
M EA B RE . E SO N R B T R
BB S M [ (Ziziphus jujuba Mill. var. spinosa
(Bunge) Hu ex H. F. Chow) | v 28 Bl &
mwEWI., BB, 28 (Reaumuria soongorica) 28
IR & AR UV-B 58T o 3 m, v s Ak g
B A RS R T R S 30 6 R AR 3 S A A 4R
G5B — e R B0 S R AR SR A R B
AT KT A R BT, Na ™ S BB i 7E
AW ARG K & e ha R
B W E A, Na® &8 T, KT /Na® Bl X
Wb B RO TS B TP 09 BE D BCsR . MDA 2 AR
Ao S R 7 HG A e RS T A0 TR i 4R
A R T FIA R 52 30 B8 0 5 O AR B . R T L Bkl
J PR R G 7 R 38 R ORI A 1 B BRSO A5
PUANnGE I H AT S AL B8 ) 15 268 s R % B R AR OC
X5 1B ST AR 5,

5 LI S WA B S K0 E PAL CAH,
ACL 1 CHS JE N F kK 3% EIR, e ik PAL,
C4H . 4CL {& A CHS % i 3 82w . 5 R A K
A AR W 2 B R 0 S S A e i e T i
AR R RECR KT /Na® BEIL, R BOG A A H
L B T BRI 3 A DT A5 BA A A ) B L R
IR HEABA Z B ANk e g R U 2
i) A8 3 A 1) o i 55 RO 0 SRR TR PR RS R Y Y
$8 58 5 UIAH 5C » £ A B it e e 0] 47 25 e 438
o 3 IV (e R PR B L R 0 — A R
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