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Effects of Exogenous ABA on Seed Germination and Expression
of ABA Related Genes in Chenopodium quinoa
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Abstract: Preharvest sprouting (PHS) could cause serious damage to grain yield and quality of quinoa, and

the abscisic acid (ABA) is closely related to seed germination and seed dormancy. In this study two sam-
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ples susceptible to PHS such as BBQ3 and WQ6 and two resources unsusceptible to PHS namely SBQ1 and
WQ4 were used as experimental materials. Within 3 days of seed germination, they were applied with dif-
ferent concentrations of ABA and fluoridone (FL) to explore its impacts on the germination of two-color
quinoa seeds, ABA content and the expression of ABA synthesis gene NCED, lysis gene 8'OH and signal
transduction gene ABI3. The results showed as follows: (1) the application of different exogenous ABA
concentrations had inhibitory effects on the seed germination of all quinoa materials, and the 25 pmol « L'
concentration had the best effect. Low exogenous FL concentration had a promotion effect on the seed ger-
mination of all quinoa materials and the 2. 5 pmol * L' concentration was the best. After the ABA and FL
were applied, the germination rate of SBQ1 and WQ4 decreased and increased respectively less than BBQ3
and WQ6. (2) The endogenous ABA content of SBQ1 and WQ4 seeds in the control group was significant-
ly higher than that of BBQ3 and WQ6 seeds, which was consistent with the results of PHS resistance and
seed germination. The treatment of exogenous ABA could significantly increase the endogenous ABA con-
tent of quinoa seeds, and the ABA content of WQ4 seeds was significantly higher than that of WQ6 seeds,
the endogenous ABA content of SBQ1 with slightly thicker pericarp was significantly lower than that of
BBQ3. The endogenous ABA content in seeds of the four materials decreased after exogenous FL treat-
ment, only SBQI reached a significant level, which was consistent with the results of seed germination.
(3) In the control group, the expression levels of NCED, 8 OH and ABI3 genes of SBQ1 and WQ4 un-
susceptible to PHS was respectively higher than those of BBQ3 and WQ6 susceptible to PHS. After exoge-
nous ABA treatment, the expression levels of NCED and ABI3 genes of SBQ1 were significantly up-regu-
lated at 12 h, the expression levels of the three genes of BBQ3 were significantly up-regulated at 6 h, and
the expression levels of the three genes of WQ4 were also up-regulated later than that of WQ6. Under ex-
ogenous FL treatment, the expression levels of three genes of SBQ1 were all up-regulated, but the expres-
sion levels of NCED were significantly lower than that of 8’OH ., the expression levels of NCED and
ABI3 of BBQ3 were down-regulated, and the expression levels of 8’ OH were significantly up-regulated.
FL mainly inhibited the expression of NCED and 8'OH of WQ4, but had no significant regulatory effect
on ABI3, while the promotion effect of FL on 8’OH gene expression was higher than that on NCED gene
in WQ6. (4) The results of correlation analysis showed that seed germination rate and ABA content were
significantly correlated with the expression levels of NCED and ABI3 genes in black quinoa and white qui-
noa. The results showed that the germination rate of quinoa unsusceptible to PHS was lower than that of
materials susceptible to PHS, and the ABA content was higher than that of materials susceptible to PHS.
Exogenous ABA could significantly inhibit seed germination, and the sensitivity of materials susceptible to
PHS to ABA was higher than that of materials unsusceptible to PHS, and the expression of related genes
in materials with high ABA sensitivity showed earlier response to ABA than other materials. FL can pro-
mote seed germination, but it may not directly regulate ABA synthesis by inhibiting NCED, ABI3 ex-
pression and promoting 8’ OH expression, but by affecting other key binding sites.

Key words: quinoa; seed germination; abscisic acid; fluoridone; ABA related genes
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*1 BHHNERBRZHTEEZ PCRII#ER

Table 1 Information of primers for gqRT-PCR of target genes

FEH 1D Bt/ 1Y TG

Gene 1D Forward primer (5'—>3") Reverse primer (5'—>3")
XM_021893846. 1 GTCCACAGAAAGTGCTTCTAAG AACAACTCCTCACCTTCTCATG
XM_021863178. 1 CAACAACAACAACCCAATCACC CTCAACCATATCCAACGCGG
XM_021879907. 1 TCAAGCTCGCCATCTAAGGTAT TGCTTGCCACAAACACATGG
XM_021911759. 1 TCGTCTTGCCCAAGAAGGAAG AATGTCTTCCATGGCGATAGGG

1.2.4 ABAHXERRZEEWRN HHlE LN 6
h.9 h.12 h fFF M ABA.FL T /E W f7E 8K
CH I35 Uk L BR 25K 40 5 57 BRI YR R0 A R T A
fE—80 CHEN — 2505, M NCBI Mk A
fIE %M NCED . 8'OH 1 ABI3 JE R 751 Fil 22
AL A F Y], 6 A H Blast o BEAT H 445 51 32
A 3ANEEEN S T 5. ORI S % 7 5wt
YLSlR A g 1, DIEEFE B-actin-1 (ACT-1) 3%
g 23, i ] SYBR Green ¥ 78 ABI 7500
PCR Y 41l NCED .8 OH Fl ABI3 #& K 78 Jiti hn
SMIE ABA J5 6 ho9 ho12 h =B Bii Rk & B
TREEVE A TR S IR TaKaRa 24 ] %6 6 i 237 £ Uk
Poo SRA 2 2T P AR A X R A

1.2.5 HiBESH B H Excel HMAiCFIF A EL
I8 1) - S5 {8 B b o Al 22 5 i Prisme 8 BRAFAE BT %
H SPSS 20. 0 &4 X #3847 7 22 40 81 Fl Duncan
ZHEILK,

2 ZER 55

2.1 SMEBREBAMERRANZEZMHTHLZOZME

2.1.1 RFEEXR K1 BnR,ERFP,  RBES
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Fig. 1 Seed germination rate of four quinoa materials after treated by different concentration hormones in 3 days
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Fig.2 Seed germination energy of four quinoa materials after treated with different concentration hormones at 9 hours
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Fig. 4 The content of ABA in the seeds of quinoa

materials after hormone treatment for 9 h
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Analysis of different treatments on expression levels of ABA related genes
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AR 9~12 h W3 3 L, M BBQ3 AE I ]
L HEmANE FL JE, B SBQL W 8'OH 1)
FikEAE 6~12 h Vﬂﬂjﬁﬁiﬁ i BBQ3 1) 8

OH FikmE6 h BF FH.7E 9~12 h WA THEE
A AR ER AN B . B REAENE AR ABA J5

WQ4 B 8'OH Fih®AE 6~12 h NEW I, IF 16
12 h i e R 2% AL 0 WQ6 1 8'OH ik i
169 h I8 3% b FZEAE R AR FL J5 . WQ4 1Y
8'OH Fikigfe 6 h if i & F 8. J5 &l EF-. 7 12
hif R E L, WQ6 19 8'OH FiAETE 6 h it i
FETV A 9~12 h B E FiM,

2.3.3 BEBRESESER ABI3  BEEN
MR ABA J5 L 5 X A E . SBQL B 35 TR A7 5 #;
SN ABI3 WA RTE 6 h i LE .76 9 h i & 3%
T MAE 12 h B3 B BBQ3 th ABI3 RiAHAE
6~12 h ¥ W3 Eil (B2 HZE R BERJE 5,
MALE M AMNR FL J5,SBQ1 1Y ABI3 ik #71E 6
hif i3 FE. 78 9~12 h B & 4 ; BBQ3 1y

ABI3 F£IKEAE 6~12 h NI T HZW K. A
AAERE AN ABA J5, WQ4 (1) ABI3 F£iKBTE 6
~12h ¥ . B 9~12 h B E FiH; WQ6 1
ABI3 Fikg7E 6~12 h @ F LM I 2uen)s
FEACR Ra s, AZELEREINANE FL JE, WQ4 () ABI3
(FRIKELTE 6~9 h NG T AL 76 12 h B [
WQ6 ) ABI3 ikt fE 6~12 h NI HE B,

ZEA LA LAy M a] g0, 6 R AL, PR R ZE
SBQ1 #l WQ4 tf NCED .8'OH #1 ABI3 %X %k
SAEFP T & 6 h B3 A TR N A B R 2 U Y
BBQ3 Fl WQ6; J Fifi & Fh + 8 & B [8] A HERS . 9 T
ABA F AL, SR RS B B IR R EAESE. [
HF Lt ABI3 SEH 2R 3RT0 7 . 6 IR &k 28 b ok
MEL SBQL Al WQ4 R IAHFE 6~12 h N 3
T HIMES 1 BBQ3 1 WQ6, B ABI3 JEH B #
FEIE MBI R MR PE T 58 5 5 X0 BEAH L, B Rl &
MR ABAFL 403 J5 10 35 42 #F 5l % 10 il ABA &
B AR RS 5 5 S A OGS P i ik, HORfE AT 2
2 MERE T B ) A 25 5L UL BH ABA AH OC JE R )
HMIR ABA I FL 7= A 7 i i, B85 & 5 R BR 1T Ag
HRENZEE R MER L, J1oh 16 4 (R FEE M
BH X B, ABA A BUEE K NCED F1 24 3L 4 87
OH W £ ik i ¥ W F AL T # 5% N+ ABI3, #fE
ABI3 B K78 Fh 8 & o 7 vk 21 SCBEAE
2.4 EEMMFABASEMAFERE ABA HHXE
AHERREKEXR

Xt 4y H MR R TR ABA L R 2R A
ABA G HE 1 % 557K S E A7 A0 G0k 2 A, 25 SR
(R 2OV, 4 EEMEHNIE ABA & 5F+
K ZF R UM O BT NCED $E K i 32 387K F
AR 5 ABA Bk W A OC, 5 HE A
M 2 E A OC, M AE T ) 5 3L ABA % iR
WE IEAOC, 5 ZF R EH A OC 4 224 MR
LR ABI3 BRI FRIAK S ABA BB E

K2 ABARE AFEXENERAERRZAKTFEHNBEXRY

Table 2 Correlation coefficients among ABA content, germination and relative gene transcription level

MK Black quinoa material

[1ZEH £ White quinoa material

T 5E 35 4

Measurement RHFFR RHR
index Germination NCED 8'OH ABI3 Germination NCED 8'OH ABI3
rate rate
ABA &t ABA content —1.000"  —0.974" —0.716 0.994" —0.995" 0.999™ 0.038 0.892"
K 2% Germination rate 0.989™ —0.027 —0.996™ —0.839" —0.057 —0.866"

o FIRTE 0,01 K OB b 5 A5G 1T * RIRTE 0. 05 K ORI | 5k 2540 ¢

Note: ** indicate correlation is significant at the 0. 01 level, while * indicates correlation is significant at the 0. 05 level



302 ode Moy % iR 43 4
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ABI3 [N 75 22 2 7 7 B % 5 R HR w9 9 4
R

31 ®

B 2 P L8 5 A0 A v T A A e — i R Y A
Yo, BRI — A R BN R A,
Nonogaki %) i BIF 2 156 B 18 3t 4 90 0 25 99 75 e
FHRTRENE, AR R B RN R R R
J& ABA fil ABI /S 015 55 5 BER 28 5 Fb
T EMKIRZ DIA 56, F 2P E . I ABA,
GA F1 TAA 25455 %0 8 & AR IR 8 75 A &, i
ABA EFIEEAEHSY . MHE & ABA {2 i
WY & 1) I 5 38 22 T A9 AH S B 18 0 2 e W I ik
SN A LR SV S A & S L EC UECE |
VI A S 0 Fh AR HLEL RN R 2 PR L 2R Y
DCHR T S AR B L, EARBESE T, SRR ABA
b B ) RE 2 BT R E I S, R ABA XFEEL
PP R IR B LA 7, 5 A AR sk
ORI A R — L, (B AR B S FL R fig
F NSRS B R ZE L HEN FL X R T & A4
FZ ) HA B R 5gm ., e xd Bl v, Bl R ZF 0k
SR AR SBQL AT B9 ABA & T B M S Y
BBQ3, H SBQ1 1% 2F % 8 (L F BBQ3; 12
Mo e B S IR, AR R T R O R
R TR ABA S BTN R ZFE R B R
FHOG HEDN b T 85 & SRR Z 3 ABA W8 (Hib
MR Z R 5 A

Yo 4 R T 5 R R ZE G ABA A G 5 A
T 88 /0  ABA & 1L AR IS 5 5 T i 2 H &
FEHEAER T RSB R IEEIL AR R, Wu
SEUEBA T ABA XFEL A B F W & 0 40 AR L O i
FE T 5 ABA FHIC I8 32 Bl 707 & 1) — 2 2% 55 3R 5K
SN /NSRS B R 2RO RS TR R A
) ABA &2 57l fgf2 i TsNCED1 )2 5 % ik
R EEIF R NCED9 #EW 2 5 7 Fh
FEABESE D ABA SR AR P,
HMIE ABA b PREEE FP T J5 . NCED S H ik 4
FEI R, L A R ] B A R Y
25 ,H NCED %Lk ABA SRk
R EME UL T NCED KA R 11 & h iy
KHEAEH . B, NCED 3£ HFEFp 7 o 1 235 7K F
A DAAE S DA B 2 A [R) 4 ) A & 28 SRR 1 — A

PR, RIS, TR ABA K32 30K 1R W) A BRI
O3 M AR R, 8- Akl 2 12 0k R 1 G B ) AR
WA . ARBESE L AN ABA KR BRJE 4 {5 32 A Fh
Trp S'OH KA a B2 7RI BRZ
SRR RS ABA FRAEZFREA ZWEE
AHE PR HED & AT fEAE ABA @A it h oA
RHEMVE T, BARHLIA Rp ik — B R &K . 74 A0
FEER M, A K E O RS ABIS . M 52 Wi Fh 1 &
B AR ZEESMEIN T TAAS i@ T 48 g IF
Wi ABI3 23k T A2 F Bl 7 85 &5 . FE AR IS
L XTI 4 SBQIL Bl F B9 ABIS e R £ A B 7 6~
12h N R ¥ T BBQ3. WQ4 ¥ B35 T WQ6;
A ABA AL PSS ,SBQIL FhFrh ABI3 I # ik hE
BTG TH %, BBQ3 5 Xt AR b ¥
L. WQ4 Fl WQ6 H ABI3 FE[H 35 B 5 % B AR
ey B3 B, H WQ6 i LR kK, BRit
ZHAh,ABI3 R Rk S ABA & it W 3% F A
K HRFRL R ENMC, XKLL REY, ABA
XF ABI3 A IE ¥ A1E T, Bl A FhF 0 & ERE iR
ABA USRS L 7R AN ) 32 42 kL 22 ) 5 2
) ABA K14 25 5 DL KRR F X7 ABA 1 SR ]
R X6 22 22 P 19 A I 0 %o o 2F I SRR M A R 5 Y
M, FERER > ABA A A BAm i 550 1 6 BE AR Ak
A SBQL ' ABA M CEE P ) Rk K F 5 F ABA
AL TR X 55 28 2 AT R B 5T 4 B AR AL o ) 2
22 K AT RE T R W R A — E B AR AR 804 FL
O 28 iE AR 3577 AEVE A iy T b Bz BELAS L IR AR TG
eV SR Tl N YT T aa S O OO (1 S S - (e
AN EHF Rl ABA 5 5 B AR HL L R 360k i
EAER LG . DA, FUNE R AT RE N 2 1 E i 4
il NCED \ABI3 By ik FE ik 8" OH 2 ik 2k 7
5 ABA A, 11 A 30 ok R ) Al O B 4 A 4 A E
Frifds , o LR A TR EIE

DA UL, 76 22 22 P i ok B ep L 4 00 32 32 MR BB
T ABA M Z R TR £ 2l NCED f1 ABI3
HEHEM S RBEER., N ABA AP A K&/
(NCED) .ABA 4y fi#t AR i 72 (8'OH ) Fl ABA 5
SHFIERABI W EAN RIS S TREM T
Wi & %A B BL ABA & iR L B i TR 2 ]
RN 5555 S, E 4 (B E MR
rrEAS TR, DT 52 0 Bl - 07 % 9F R . A B 5% 1Y 25
N Ry 157 A R 2 I B A o R BRI B R SRR OF
Sk R R 2R AR G SE R ) g 56 UE 25 S
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