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Effects of exogenous abscisic acid on heteromorphic seed germination of Suaeda

aralocaspica, a typical halophyte of the Xinjiang desert region
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Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology, Xinjiang University, Urumqi
830046, China

Abstract: In order to examine the effects of exogenous abscisic acid ( ABA) on germination and seedling growth of
heteromorphic Suaeda aralocaspica seeds, we either directly sowed ( long-term treatment ) or presoaked ( short-term
treatment) the two seed morphs under different concentrations (0, 0.5, 1.0, 5.0, 10.0 pmol/L) of ABA. To further
understand the molecular mechanism of exogenous ABA effects on different germination characteristics of heteromorphic
seeds of S. aralocaspica, we examined the expression of three genes with known functions in seed germination; ABC
transporter family protein, mitogen-activated protein kinase kinase, and DNA repair and transcription factor. Gene
expression was analyzed using quantitative real-time PCR on directly sown and presoaked seeds treated with 5.0 pmol/L
ABA. The results revealed two findings; (1) For directly sown seeds, different concentrations of exogenous ABA inhibited

germination and seedling growth of brown seeds significantly, while these processes in black seeds were accelerated by lower
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concentrations of ABA, rather than by higher concentrations. In contrast, pre-soaking promoted germination and seedling
growth of both types of seed, and this effect increased at higher concentrations of ABA. (2) Real-time PCR revealed that,
for directly sown brown seeds, only the expression level of the gene for DNA repair and transcription factor increased
significantly at 8h compared to that of control seeds. In black seeds, the genes for DNA repair and transcription factor and
for mitogen-activated protein kinase kinase were significantly up regulated compared to those in the control. For pre-soaked
seeds, treatment with ABA markedly increased the expression levels of all three genes in brown seeds rather than in black
seeds. Expression patterns of the three genes were consistent with the results of seed germination. These results suggest that
presoaking with ABA may trigger the internal germination mechanism of S. aralocaspica seeds and accelerate the subsequent
germination process. The stronger response of black seeds to ABA treatment may be an important adaptation to the harsh and

unpredictable environment of the Xinjiang desert region.

Key Words: ABA; Suaeda aralocaspica; heteromorphic seeds; seed germination; real-time PCR; molecular mechanism

Tl OR IR R A A 2 1o AR ) A A R & I LS, A O R BRI A A7 oA A ATT , B S Ak
BRI PR RN e B R SZ BB R IR R S R ARSI B R . 12 A%
SR P OR IR R BH & 2 A8 PR BRI 5 2 L, 76D R AR ) 3145 B30 Bk oot 2 B2 SC B T M IRAE 5 2 2 it 7
i (Abscisic acid, ABA) FlZR%EE % ( Gibberellin 3, GA,) ', o ByE MR A6 K & & I 1/F 22 5 28 ) FR AR ke
PATVE ], A4S AT IR AR S5 A 8 A B TR AP R | JVR I A= 1oy 7 A A 728 1 o R 5
AR BN AR B A R AR AR A5 AR IR X G Pl DA B R 0 b 5 % 0 R S v A A B AR
FHPOT BT ABA [ SR B A AL RE S SR P T R e, EE B A I S A IR T KR AL B ABA 1Y
FEHEDI AR R G R T RAR, F ABA REF X e SE R 2 5 RN 110 2R 28 5 SR T R AR AR IR
AMWFFE RS, ABA FE S 1 410 4] 200 J R o o it 1) -5 J3C A e 1 A IR LS BE Ak, T BUMRAR 9 T 12 S 1 o 3 T 411
Hld RN ZWs R, BNANE ABA BERS I 2 R Rl rg & B R R ARV BE A S
Vi ABA RERS (RIS LUl My Un o 7 P T A 0 11O o v SR AR R i 1 AR AT (A 5G4 ABA
AR SR A 0 1) e R A AB ) b 1 i R AL ] i LA

513% (Suaeda aralocaspica ) EZERN 57 1-3% J& H MR 7 S BP0 — 4P A= SARER AR M Y, A TR B0 A
THEME IR A e 2, 2B KT R B R AL SR B S RE A e [RIIC AR K R E B S A W B A2 )3 5 Y
i, AR AT 5 AR ATAAE 70 Bh S B AE AR AR R R AR DL, R A A ) I X 3 A
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Table 1 Primer Sequence of Real-time PCR

S %FK Primer name J¥31 Primer sequence SI#)ZFR Primer name 5541 Primer sequence
SaABC-P1 5'-GTTGTGGCAGGTCGTATTGGAAG-3' SaABC-P2 5'-CACCAAAGCACATCAGGGTCAG-3’
SaMAPKK-P1 5'-AGTTTAGGGACTTTATTCGTTGCTG-3' SaMAPKK-P2 5'-TCATGGGAGCACTACTAGTCTGAG-3’
SaDRTF-P1 5'-CTACGAGCCATGTTGAGAGGAC-3’ SaDRTF-P2 5'-TAAGAATACGACCAAGACGCTGAG-3'
B-actin-P1 5'-CCAAAGGCCAACAGAGAGAAGAT-3’ B-actin-P2 5'-TGAGACACACCATCACCAGAAT-3’
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PRifEiR2E . BRI A E ) 22 61 Y FH GraphPad Prism 4 {4, FH] One-way ANOVA F1 Two-way ANOVA X}
Fh ¥ &3 i A KT SRR P Rk U A AT 22 S W A B . 1 Tukey 22 MO0 A 4% A [B] Y 22
SFEIKFE
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Fig.1 Effect of various concentration of abscisic acid on germination process of S. aralocaspica heteromorphic seed
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Fig.2 Effect of various concentration of ABA on final germination percentage of S. aralocaspica heteromorphic seed
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Table 2 Results of Two-way ANOVA of seed germination percentage of S. aralocaspica under various concentration of abscisic acid and

seed type
HH% Directly sown seed in ABA 1ZF} Pre-soaked seed in ABA
225 R B [EEPS
amr Sy pmE o e AmE 0% Hyr PP P
Source of variation ) S5 R ) Ryl
df MS -value P-value df MS -value P-value
SS SS

ABA ¥R

(ZUR_ 4 517.4 129.3 8.894 <0.0001 4 637.9 159.5 4.096 0.0090
Concentration of ABA
FF-2KAY Seed type 1 3836 3836 263.8 <0.0001 1 1983 1983 50.93 <0.0001
A HAEM Interaction effect 4 488.4 122.1 8.397 0.0001 4 610 152.5 3.918 0.0112

AFIHE ABA AbBRAY 5753 52 RUR 12 i A I DUAF AR BOR 22 5 (1 35 BRI 4 i) , Al i R AL
BE ABA ¥ B2 TG | LR AR (RN R (RN 40 B A RS2 B ) S o], ELR 2 AU Sl 5 17 5 o Ak B A X 4l
O R AN EGE , BARHRIE (0.5pmol/L 5 1.0pumol/L) ABA X &Iy A <7 A — 2 S AR

X

10 (50
\

)

s,

B3 ATF ABA REMFFEFEMFHEERNZM

Fig.3 Effect of various concentration of ABA on seedling growth of S. aralocaspica heteromorphic seed
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XoF S LT T RS AR K A S R R AL S R IR AR K R R, 3 = 1]
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R T HE—2 T RS INANE ABA fR 33 T RN W R RN B AR R P ZE AL, B T T E
AUFP T &t B mRNA (cDNA) (922 5 R IK 0T 45 8 (B R WoR ) AT R 1 H A vl 58 570l & ARG

B =AFE 4345 - ABC Feiz S (SaABC) | 22 4 15 Ak 2R 1 BB 5 ] ( SaMAPKK) \DNA &5 Fnf%

SEAFFE K (SaDRTF) , %} 5.0 pmol/L ABA BN HI & 0 h(XFHR) (8 h(# & M) F1 3 d (4 F-4) i
ZREMITT T Real-time PCR 4347,
2.2.1 ABC iz K (SeABC)

WKl 4 PR, 76 5.0 pmol/L ABA EL#EAFE T 3% R AAp 1 Lt f v ABC Heiz 8 U L I 2Rk 5 X
HEAA 1L 0 B AR (4B RhF7EAL 3 3 d i) SR AP FAEALFE 8 h B , 20 Ab S e €5 F PR G Fh - i R A
8 h 1 3 d B ¥ LK il & (3R T 48 (b rh R B B 3 19 (P<0.001) ,

1.5 —

L ] H0
3 ABA
a a a a
1.0 - = b a = =
C
Hok b *x
b b
C b
05 |- B I
: l
.S
g
g 1w
= s*okk
< a
-4
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10 F = - —
05 | L
0
br-0 br-8h br-3d bl- bl1-8h bl-3d

4 Real-time PCR #il] ABA 4038 T ABC i E B EE (SeABC) IR EME
Fig.4 Real-time PCR analysis of the expression pattern of SaABC gene in S. aralocaspica under H,O and ABA treatment
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A ] A ) FRR AR AN 3, T ABA ELF& SR A PRI AL BRI JE DK () ek Bl st () A 1 s a3 (I R B 22 5%
2.2.3 DNA B& F sk N+ 5L 5 (SaDRTF)

5.0 pmol/L ABA Il iz Fi it BEAE (o A1 R (B Fh 07 & b #2 h DNA 852 Fillie 5 [ 1 JE R A 8 h B [ 3R34
BIHoKk B E T (E 6) ,3 d B B R R T RN RS aFp T2 3L i 20k ok b 835 T, Bi%E afh 7
MR RO TRE SR EES,

3 itig

ABA 2 20 fiE20 60 AF(UL B — Rl b &9 N R E RN R Z -2 5HEEY N ER LT
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Fig.5 Real-time PCR analysis of the expression pattern of SaMAPKK gene in S. aralocaspica under H,O and ABA treatment
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6 Real-time PCR #&il] ABA 43T DNA £ S #1% R E FEE (SaDRTF ) HREME
Fig.6 Real-time PCR analysis of the expression pattern of SaDRTF gene in S. aralocaspica under H,O and ABA treatment
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BRIZOLHI S WARIE . ASBFTEE R ABA X 57138 S B0 A~ W el R 1) 532 ) KA DG PRI 1) 835 03 B, 00 26 PR 1)
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AR AP T5 2, 0 ARG AN [R) 30 St R ) R IR ] A9 b 3, 25 2R W75, ABA X S 132 b 1R 1) R (5
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ABA X} 53RN 8 5 | AR FHAHEN 5 3R ATRE S X 8 AR OCIE R R AT 85 A0 & . A TIRE
ABA X S F M1 & AN i AR AR AR T INTERILARL, FR AT FH R A S 1 e AR i i R b 3R A
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