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Abstract: Seed germination and dormancy are two complex and closely related physiological processes
involving a series of interactions between external environment and internal factors, which are of great
significance to high and stable yield and ecological evolution. Its genetic variation is a typical quantitative trait
controlled by multiple loci and influenced by environmental factors. In recent years, several QTL which are
involved in seed germination and dormancy, and their functional mechanisms have been investigated. In this
paper, the effects of genetic regulation and external factors on seed germination and dormancy were reviewed, the
existing problems were summarized, and the future development direction was prospected.
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FOP 75 AR MR AT A, B AR 19 7 8 A B R
DRl M BIE 5 1~ 117 & AR IR AL A, 328 i e 3 o1 A
TCHH B A e BT B AR A e B

1 IR EF 3 7 5 % F0 ORER B9 5208

T i K AR I R A A i J 30 rp ELA T2
RN SR L Ay 2 e TR R
Bl R KAy OGRE WL SRS R T
R & FIARHR 1

SR & A O A R R R R B R
YN R (Vs o S ol A s
ZER SR R IEAR G, Ao LR TR T K
A3 FRRAC , 7K A3 WA e Sl 15 & 14) A o % 1A
2 U R TR XK A B R AR =AY
B e e s R B R B B, T SRR K SR
Je A R, T 2 i 7K A A AR 5
It 25 FUR A e, K A — A 1, PR BR ol
TARBESEAT KM, Dorone 45 ZEI B I+ o
% E H— AN O R FE S 11 FLOEL, B AER T ik
Ay RS PE SN ES , IT (AR IR 0% S 7K At i
FEFP TR ZE R B ARSI, SRR 2 R ma b T AR
B2 SR T AR TR IR S R R R Y A
SRS, AF PR kA 38 o 5 e 5 7 R 1 A I o
fiff A5 T AR B, BIFSE 2R B, N TR A R k5 1Y
B2 B R IE R T T TR KT FRAIG, 2E 5
W Foft - PR BR 22 Sl B o ol 4 1 % AR IRt A 5
mi , F 5T 2 B, JEHLE 2 B (phyB ) YE 2R RE g 1k
A5 5 IF IR AR R R AR A i, S I R s b7
B FEH T, NO il KARI ( Karrikin 1) fy4L
FRABNS AR TE IR I o 1, IR B R i, A K
BT &0
2 MFHEZSHRRSESFHEERT

TR AE IR R Koy RN 5
IRBE R 1 BB IREAY , 2 56 25 P 19 1 & FAAHIR:
WA R 555 FAH S O R b 71 &
FIVORHR (1) 5 Ml 7 22 A ) P A A DG HRE (R 1),

2.1 Ris%ER ( ABA, abscisic acid )
ABA JEVFZ Y & TN 2 . ABA 2

HERR B ABFEFD - B 0I5 R B , 41 il o
Wik 7 ABA AT LU JE S ABA FHSEHSL A
SRR O A I R R, B IEN T, &
B R R B Br ABA B R R 8AL, MfE A
B, ABA PR K, Fl A Tl 10 e T4 i
TRET ABA LEWA BRI L R Y 28 A8 S b
B, ABA TEFFIRER IS SRR b &35 T E2AE
FH, ABA il 5 58 28 (R i il ORI A2 BEAIR T B AR A
FHILZ T, ABA S il A8 S8 AR AR A P LL B A= AR
ST H N ABA /K RIRFEEE SR,

ABA M AE S S iF 2 B RN A B IR
FNEREE A5 5-H8 A w7, xX fifi H R A8 A R BT h A= K
) B 45 R -0 ABA S HAH I3 55 K- 4n ABI3
PA N RIS B ER G AT iz
FEAE ), R B ABA J& 8 22 R IRTE Wi 3=
BEE TN T, EPEEIRIR SRR T, SINCED Fl
StCYP707a 3 N T 4EFf ABA & Jiid f i 21 1 2k
SEPEVE T IRHSAR R, RZEZFh ABA Rk B W] 1R
TR ABA AN HHURR 4 28 8 A, U0 8L B I abi3
( ABA-insensitive 3 ), B Fp FIRIRZ 311, 76401
FST R, R AORBR A 42 9 SCHEEE N DOGT B iIESE
Z 5| ABA W0, 0sDSGI ( Oryza sativa delayed
seed germination 1) Jg&: AIP2 WI/KAEIRIIEY), J& T /K Fd
WY Ring finger 12 R IE L, 18 13 [ A% OsABI3 s,
55 ABA 155, EmifdE R T k7
2.2 FEZE(GA, gibberellin acid )

GA BiFR A AE KIME , 2 SHEYE KO, i
K JERE M T R %Y, ABA 2SI
A RFORIR Y 1E (m) P8 42 IR 7, T GA &1 & 19 1E 1] 4
PN 70 R ABA (B2 . AR 4 Karssen 1986
AEER BB TS A ORI R T B 3G, ABA
F GA TEFh A A 1o 78 vl AV FH % B[] R b, 5 A
], 1M GA 70 il R A 1 1 & b i v ke G S A
FIHL BRI, GA TEAE BB ST Al T8 &
i HEAE, GA A6 O™ B B 1) 58 B R TE
A SMERER O, 72 HBREERAR , JCik
Wi A5 = GA AU IT gal-3 SRR BR AL 25318
SR, T E GA WA e 2w &,

ABA Fll GA J& W fl 2 UM R il it
P HARSC Y DI RE AR RS AP 1 & o FEAEFIUK
VI, ABA 1 GA & BUR i A (8] i 3l 281
SR HE RN A AR RISV 7 O, ke - 1 i
KEETT; T4 /KF I, ABA Hl GA [8] B9 F5Pi/E H
PRILLERE S5 N T A I 2, ek AE T, GA il
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W9t a- KFFETERTE ( hydrolytic a-Amylase ) )
FER IR, X BEK At il ] Aot 25 0B K AL &4,
TR BT LA IR B TR . GA TE7KFE D
T LA E A - TR ( f-Amylase )
1 a- BAIBETHT ( a-Glucosidase ) #,

U0 1 7R, Tuan 254 % ABA/GA P8 #4525
B A ORAR 5 & i 9 S PR BV ERE AT T RS
Horr, ABA i # fi2 i WRKY % 55 Rl ) 3k Sk 41

ABA GA
| Biosynthesis I Biosynthesis l
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Fig.1 Genetic/molecular elements implicated in the regulation
of ABA/GA balance and seed transition between

dormancy and germination (4]
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il GAMYB v S GA 2 %'’ ; DELLA # i 1
5 XERICO WEH, M4 ABA Fil GA (1517 52 B
PEMTR R T & FIRER %, B:= GA, DELLA
P55 XERICO (33K , i Mi4 = ABA #l ABI5 1%
PE, FECT KR (9 245, 90k T #7198 % ; DOGI
AT S PP2C MYERDR TS ABA {55565, i
TP AR 7,
2.3 ZJ&( ETH, ethylene )

ETH 145 4 W) F - 17 2% RN 4 5 T i 56 2 &
B IR, FEVE 2R A B ORI ) 2k i v ke 25 G A
FIYS, ETH X 4 #0785 % A R HEVE T, IF %
HRT ABA RO FS HUAE AT, an e SR O o, ETH #5950
ABA W RFLIE R AR FL 551k, ETH iR REFT 0L
GA fEHFIRIRFNF 1w & , Bl anEs R T, ETH fig
YRR GA B RABIR gal-3 IH 414,
2.4 HSEZENEE ( BR, brassinolide )

MR FE B (BRs) B —REMYERK AT
P v 2 45 Z2 PPV R 2R W B R, FE A6 0 AR rp
B B 0, BRs B AR T BR B4 40 2 i
SKE NS, BRSBTS BR IS S, 5HAWM YIS Z —
BB R ET T (F 1), FEREITF R
WIB B, WAk BR A4 6 iz B, & S ECLTE IR R 4
KM T B HERR, DLCAESNE ABA BIA7HE T, Fh
TR HREAL; H I, BR 7R T3 & a5 b &
RATEC BT,

Table 1 Hormone related genes involved in seed dormancy and germination

e i HEH i 22 ik
Hormone Plant Gene Function Reference
ABA LA ( Solanum tuberosum L. ) SINCED . StCYP707a Jit BRI PR AR [33]
HIFGIF ( Arabidopsis thaliana (L. ) Heynh. ) abi3 FhFIRARSZ 4 [35]
HIFIST ( Arabidopsis thaliana (L. ) Heynh. ) AtABA2 HER K 2 [36]
JKH& ( Oryza sativa L. ) 0sDSG1 5 ABA {55 e ki & [37]
GA {IFISF ( Arabidopsis thaliana (L. ) Heynh. ) gal-3 ISR NSh [41]
JKF& ( Oryza sativa L. ) hydrolytic a-Amylase b7 S Ui 2 [43]
JKF& ( Oryza sativa L. ) B-Amylase 175 AT & [43]
JK#E ( Oryza sativa L.) a-Glucosidase PR ik [43]
JKF& ( Oryza sativa L.) miR156 R GA RIS PP IRHR [43]
IKF& ( Oryza sativa L. ) OsVPI PRI [43]
ETH Fehihi ( Solanum lycopersicum L. ) ERF2 fEuEig % [48]
] H 3% ( Helianthus annuus L. ) ERF1 HCN 55 ST AR [48]
BR JKAE ( Oryza sativa L.) lea33 I8/ BR BLEFIIETR GA [53]

B G RTRT R 2
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i1 2 FARHIR 2 A2 4 H S e R 110 A 2
AR, FEZ R AL TR, B 2 A
FERDF ] A FRIR rh /R (3R 2), &8 Tom Mtk
wAE .

FEFE R, ©A AR5 2 B 5k 42 ik R 4 SR HK 43
BRI 35 PR ol ek 0IE , 3240t — A s e an A
PRI () BL K SIMAPK 11, Hirp, SIMAPKI1 %5 7E
PRAR AR i 22 1k ik B 2 2 TARIRAR MR, L I
K3 22 TR BR IS P IR T & 2F %6 SIMAPKI 1 33 323K
FEREXT ABA B0 1o B R URR , [ 52 M ABA 5 A%
R AR I R Rk, YA SIMAPK 1 J& 75 hh
TURAR B 1E P8 32 N 7, HoE 4 WL AT REFI ABA &
FRARSEHE

WA AFFE R B AE R A3 i i A = K
13 - 3.0 CSSLs ff A, i — P2 H M2 T T
SEREHY 75 S Bk B Y CSSLs BEAA, X} CSSLs #E
IR T AR B %5 58 F0 QTL 224, K 3 12 4~
55l PR IR AH 5C 19 QTL A 5, Horp, gD-1-1 . gD-
9-1 MK M B RHR Y QTL 47 45,0 FE3X 12 4>
QTL i i b, XT3 27 A~ 540w I [R) PR 0 i [,
o6 AN R A S 33k S I PR K e ORI 114 74
B T OCHEVE T E R R SE R B PR HL A T
%Aﬁﬁ%umo

DOGI ( Delay of germination 1) 345 5 845 Fh
TFIRIR L, C %2 0 2 58 R I IR IR
Tl AR S0 P PR AN, L, B R 3 o A7 T RN 2 AR A
ST s BEAR IR 4G 7T Cape Verde Islands ( Cvi )
AR E T M DOGI 2 5 ABA
W& & 2. J5 ok Dekkers 25 N b DOGI &
ABA 15538 J& 4T W45 Fl KR, Graeber 25"
W2, DOGI 8 I 1] GA 845 1) 4 i 240 if 1
YRR PR ) e 3R R s e Bl 1 1 kL AR
i T A2 IR R R S W 5 AN, DOGT 25 el 738 i 7 v
GA A=) LA A% K T 336 R 2 38 1) T P A 2k
Kendall %" HF5¢ & BL, 7ERU I b T i GE R
DOGI W35 FUKIRE 3 AN U2 ABA I, i
ZHMLIEA GA BT LAk, DOGI 5F KN
RESEPEAR DG, FLFR A BN T 10 AT S . BT
R P DOG1 & [ i 5 R BR KT 2 18 2 0
AH I, FE AT G B v GRS 34 i DOG Y %
SRR K, S RIR K P B4R E AR X

Xiang 25" ) % 5 1y #00 B JF Fh 7 o Delay of

germination 18 ( DOG18 ) B MR A 15, %A 15 02
P IR A9 [ SR A8 5% DOGIS %ifith PP2C % [
PR i ( 2C protein phosphatases ) %% %, 2 Hij F ifF 5%
HBs H UK 58 N Reduced Dormancy 5( RDOS ) #E A,
JE P PRH A 1E 81 9455 55~ R NIL-DOG18 Fil
Ler 2428 1 F, BEARIEAT IE R & 47, K DOGI8 [X [H]
45 /NF 445 ek 700 kb B IX ], P T
RDOS LN, ik — 3 b A ) Ak 2 R 1 412
W RDOS AR 2 BRI VEH . DOGIS TE4Ulrg
IEAFATRHE AT )32 1750 2% S R A3 1) D) e
B SENLFEN . DOGIS X TR B i /E FH AT DL
i HABARHR 7 5 50 DOGI 1 DOG6, U R Bk AEFh
TG R 2 T BT Skl

Sdr4 FEF REME AR K R T-IRHR , 12 3L P 9 =
K32 B 5 B I OsVPI 9 IE [ i 45,
T IR AR X, T4 i Jm B g &
ik, X R W Sdrd TE R0+ BT B TR 2 T E]
PRI, Zhang 457 Sg ke th/INE v Sdird 1R
VR IE [N TaSdr-A1 M TaSdr-BI, 5 Ff 1 VK IR % 11 41
XK, TR T AN R A CAPS ( Cleaved Amplified
Polymorphism Sequence ) #3iC Sdr24 Fl Sdr2B.

I Ah, 5 1 K #F ( Hordeum vulgare L.) Fiff 1
PRI B W A~ 32 2 QTL i SDI1/Qsdl 1 SD2/Qsd?2,
53 A T 4y AR SH Y & 22 K% F i A B 3. Han
SOV SDI L E B — A 4.4 oM BIBRIC XA,
Gao %71 SD2 i 25 1 F] — 4 0.8 M 1 b5 1L
X ], o, W APESEA LN Osd2 dmtish 22 34 )5 i 1k
& 1% ( MKK3, MAP Kinase Kinse 3), T MK
IR B A= R v s B () S5 5L ) Osdll it P = IR e
S ( ALaAT ), $2 5 3 Rl T ARIR 7 R AR IR
FERIFE R R S 2R 0K A DR BIR RN AR i 55437 2 [
i i) 9OAIaAT [ TR (E PR 2SRRI AL b A7 AE 22
ST B A RS Y B K R B A 0 A,
H602 £ IS 214 DEIERR L T2 2R (L) 2
KRNAR (F) B3k R L FE R R A, B E -+
TR,

VB W BRI LK, 4 Flowering Locus T
(FT) ') Short Vegetative Phase ( SVP ) T
Flowering Locus C( FLC) '™ %2 55h T MAKIR 2
R (3R 2), X R AR IRIRFN L1 2
FIREEE T REA HE . HHYBIRIE L BESS & &
F (PEBP) FKRAFAE T4 Rt b, = 5 Y 2 Fh
HHREAS™ Flowering Locus T( FT) Fl Terminal
Flower 1 (TFL1) ¥4 J& T H W5 G, TE4UrE T 1,
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FT 1 TFL1 P85 W r I W FE BT ], b, FT
VLW HE R F A6, 1T TFLT 30 ¥ 48 ; Shingo 2%
/NSO A A R TS I AR /N2
BRI i 22 S AR L JRSEE t— H
2 FT Rl TFLI [A)J5 i) 3£ X Mother of FT and TFLI
( MFT ), 255 RS/ INAZ 1 & R B8 5% M AR
W I B A S R 7 22—, MET 9 3 3% 25 25 il

®2 SE5EMFRRMFLOEXER

Table 2 Genes involved in seed dormancy and germination

Ff k. EREGIFTR, FT A TFLI %A 240k
B TIFR, M MFT 32 EAN IR G, FT
1 MFT #JREERFIRIR . BRI, 7/ NE FIRK S
th, MET 1 [R) 52 R R 2 5 I8 4 Fh - R AR A 2o
TEPLEG ST, MFT 7E ABA F1 GA T4 & 1
5 g R EEAE N, R EZ 5] ABA {5518
e SRR 7 ABI3 il ABIS s,

it/ A Uise E= BTN
Plant Gene Function Reference
K2 ( Brassica Pekinensis ( Lour. )Rupr.)  Homologous genes in Arabidopsis PR IRHR [56]
T i ( Solanum lycopersicum L. ) SIMAPK11 PEAD ORI [55]
K ( Glycine max ( L. ) Merr. ) MFT homologous gene R TR ERR S SRR [81]
423 ( Lactuca sativa L. ) DOGI homologous gene PR FORIR R AL 7] [59]
IRGST (Arabidopsis thaliana (L. ) Heynh. ) Delay of germination 1 ( DOGI ) i R AER [57]
Delay of germination 18( DOGI8 ) RHIEIR [64]
Flowering Locus T( FT) VA TT AL ], 25 50T [76]
Mother of FT and TFL1 ( MFT ) PEIEORH , P TFAERT ] [76]
Flowering Locus C( FLC) AL AR & [78]
Short Vegetative Phase ( SVP) VR AERT 8], 2 SR IRAR [77]
JKF&G ( Oryza sativa L.) Sdr4 {RHERT-IRHR [66]
INFE ( Triticum aestivum L. ) TaSdr-Al VG ERININ [67]
TaSdr-B1 PG IERININ [68]
MFT homologous gene R 2 [81]
K ( Hordeum vulgare L. ) Osdl FEHAD AR [69]
Osd2 P IERANIN [70]

4 E@ESRE

4.1 FERBHA

4.1.1 THFHEMRERAEFVIESRNEE f1
PRHRJE R 2 2205 1T ), 15 E RO 5T 32 A R 7E 3
F 71 A ABA FIl GA XA 5 52 1, oAt 52 i
TR FEAse /b, i ELORAR 525 AH B 52 0 (9 HLIEF 55
WA/ HAE DL A o3 A, B 5 2
S ER D b % LA SR SV E P IR AR ML A F
FERD ST UE GRS, 52 1 ik SE/EY) G TR
IRAHOC Y 7 Fhmic it & R

4.1.2 HEFRITHFAEHKRMIEESRZE T
A BT, B TAES T AR USRS S B G
il AERAT A4 RE R R R IR 1T AS BE S Bt i 2 ol
B A E /D, BTG R JCIR AR 7 & 2R % X

BEHR RO TARHERR . AESCPRA ™ i, B 2R R
Y , ELARIRLRE K23 R S I TR A R R IR A
BIR , AT Al PRs i e, (H 2 AR ] et A
S5, ARMERS ZBIBRHRE ST — B PR 2Tk, 5

Wi 1 AR A AR IR T BT A B

F3HN TSR A AT — SRR PRI 11
TEAEMCR AL B T R85 A 9 BLGE, % T %M T
VEA —E 2, B H AT OC T B B9 I AL LA
NEXHE RS
42 RE

Wi o> T e AR (R B R R, AT
A0 A At 1 PRI W AR PR st A 42 T 7
s RO B A A IR TR R ST
51 A ARHR, 75 2 ast (e ot , BEm AR E
MR E SRR T A A Y B A
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