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K A& OsDOGI-like3 # 1B T i it 3 3% B % 8% (ABA) BB ARBEAY FARIK, OsDOGI-likel A2 OsDOGI-like2 % 1B &4
BT, & F CRISPR-Cas9 H KA # T osdogli-2. osdogll-3 $ % REAR, AR osdogli-2/3 3K & AhAn
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#2 8.33%. 0.1 #= 1.0 umol/L 1&:K E A B % GA; &3 1E osdogll-2/3 493 K F42% 2| 45.83%, #it osdogll-1/2/3
K ERRLA R M. osdogll-1/2/3 = R 44T KK E GAs F2 GAsrr JUF 8, KB OsDOGI-likel
st RFEGFF KR GA TR EXESR, RF OsDOGI-LI. L2, L3 =X G EHTE. 5KE GAs
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M, OsDOGIL-2 i+ 5 59ttk b, AEHANE
TFo ZHES5REMFRIR S0 K MR IT4tDOGI
FERF/INE TaDOG 1 L4 FEH 2 [0 AF1E 3 /N FH R 1 £R
SPA, HIX 4 AN JE BT [RIE P R AR D4

NTHRERKFEOsDOGI-likef1 B fE, Wang
SUShE i AR AR IR AR PP R RE 35 R BoKIZ R A
g1 i Rk AR AR 5 FPN22 IOsDOGIL-1
OsDOGIL-2 MOsDOGI1L-3 A7 7K, FHxF T %t
18, RIEOsDOGIL-3 % ik DR R Ak Bl 1 B PAREIR
PERR] T K K$EE; MOsDOGIL-1 A10sDOGIL-2
()i F IR OBME MR I H K 72 e AN K. HBH T 46 R
KW OsDOG1L-3 Tl 8 5k ABA & il (1) % 5% 7K
AR E A T ABA S B, H e N OsABI3
OsABI5 %5 ABAfE 5 5% 3 R %K1, 23
ABABURMERR &1

k3 A AT e B A 55 PRHIR B 93 11 S AR HIR
AR 2 AR R OsDOGIL-1 M1OsDOGIL-2
M RIEEZ, KIOsDOGIL-2 [FIEELE 2
MR R REER . ERBREWN B,
R AEROsDOGIL-2 W#s Kk &+ 9311,
R HAERBMEY, BKERMOsDOGIL-2
FKIEEZWEIN ()5 30 d%2 15d46%) , &
EFL AR A XA, X 57RO 8T
eI . R B, SRR 7R 2 B AR f5
W OsDOGIL-2 FIRIEEHE T 9311, &
B OsDOGIL-2 W] £ ik 5 3 /R IR 2 1 A % .
OsDOGIL-1 FRiEMAN 5 0sDOGIL-2 M %, 'EAE
R R & Ja 2GS, 759 KB B35 IR R &
o311 A A B E I m AR IS

OsDOG1L-2 ik [ 7 ¢ % Xk OsDOG1L-3
5 A Bl OK B I R IA Rl 1 e i R RE PR ) Bl AR
IR E7R, EAN5 KA M RHR IEAHOCUS), i
OsDOGIL-1 W] fig 5 M OR IR AR 0 W 2 1 G BK
N T o RFER R R TIRE TR, AR FH
H# T osdogll-2/3 WA, FFHIE MRl _F 5
OsDOGIL-1 3R, B T osdogli-1/2/3 =54k
HHARBWTERFZE 10 KIS KE (72.92%) H
Et, osdogll-2/3 Flosdogll-1/2/3 W I 2843 5 W 2
16.67%F1 8.33%. X L&\ K5 R HR 2 1IEAH SG ) 2
DRI R A S T HY B 1 B R A R B AL, FRATTXS
RARIR RGN T TTCY g Sk, I+ FHGAs Fl
GAsr MO BE, MBI KRB, KIosdogll-2/3

KGR R A RGN, Mosdogll-1/2/3 (1)
B R LA . AR K, OsDOGI-likel
XK AR TR R AEW B GAS S EXREE, HE
S KRG A I IE W R « IXSHARKFEOsDOGI -
like 55 DR 5% i B 53 1 4% ot 1~ R B AN 1 & ELAT 30K 1
HeshE L.

1 MR5RE

1.1 RXIewa

DLBT B U 3R . g 5 A H A H =
(Nipponbare, Nip) WT. osdogll-2 .54k
(YN-49, YN-56) KFEFT, LLEA#EK 6 > H 1
WT. osdogll-2/3 XA (ZKY-75) Hl osdogll-
1/2/3 ZERAK (ZKY-74) KFERF AR, K
FEAA LM T 16 T g /K IR b [ R 27 e B 5
VU ERAE TR AR & KR SE IR = . B TR
55 (R 7K Ao~ 35 S [ — B [ [i] — AR K 2% A R WOR
12 RWH*E
1.2.1 osdogl-like R TRty 552 @il
NCBI #i#f]3£7% OsDOGIL-1 (LOC_0s01g06560) .
OsDOGIL-2 (LOC_0s05g48650) Hl OsDOGIL-3
(LOC_0s01g20030) ] CDS, CRISPR/Cas9 %
K] G 56 D8 A543 9 B THAE OsDOGIL-1 HI% 1 /N 4b
& H OsDOGIL-3 W3 2 MIMNET, JPAlnE 1.

=1 K8 OsDOGI-like RiEE R IEAIEE S FF

Table 1 The target sequence for gene editing
of the OsDOG I-like family in rice

H 55 #FR Target name F% (5'-3") Sequence (5'-3")
OsDOGIL-1 target 1 TTGGCGAACGACTCGCCGGAGGG
OsDOGIL-2 target 1 CCTCTGGCTCCGCGGGCTGCGGG
OsDOGIL-3 target 1 GACGAACGGGCGGCGTATTATGG

Wit CRISPR/Cas9 % [ 4 # £ A 41 ]
osdogll-2 F osdogll-3 HL.IRRALAR, IS IKFER A+
RN osdogl1-2/3 WRAN F1AG, FFHAE Fr il
5E 2 M RMA AT . LAk DNA BT
PCR "3, Xf PCR 4" 34/ W3t AT B Jlg Al Aot Jlz L Uk
Ry W) PCR it 24 TAY TR (Bl
A A IR, A8 L B3 5 ATy o AN
¥t 2 fizx. {8 DNAS-TAR Lasergene ]
Seq Man B PFo Tl FP 45 SR o FEXURAMAEL (Ffi
ERNAE T HHFRN osdog5-4 F osdog8-1) il |,
PRiEAT Cas9 flA MY AR, AR AR AL LI R
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WARE AR, HATEAL A, Wifk OsDOGIL-1
BW, G osdogll-1/2/3 = FEIAFK,
#F 2 OsDOGI-like EEKEMR AL EFRASIIRFS

Table 2 Primers and sequences used for identification
of OsDOG I-like gene family members

L AT LR SIS (53)
Gene name Primer name Primer sequence (5'-3")
OsDOGIL-1 DOGILI1-F1 GGCCACCAGTATTTTCTCTGC
DOGILI-RI CGCACCAGAGGTAGAGGTTCT
OsDOGIL-2 Sg7047-F1 CACCTATCGCCTCCTCAT
Sg7047-R1 GCCGACAGCGTCCACACC
OsDOGIL-3  GP7029-5796-F CTCGCCTCGTCTCTTCCTTC

GP7029-5796-R  CACGCCCAGAGGAAGGTG

122 REARMTOHRE  IEHCHTEFUCRA K
5 A JG 1 WT 1 osdogll-2 598784k (YN-49. YN-
56) IKFEMT FERUGERI WT 1 osdogll-3 HR
A4k (A9-83) Fi ¥~ o il 1% NaClO &4 E 15 min,
T KIGYE 4~5 I, WP 8CE T A IEAR 3 9%
MLy CBREOL 30§ , MO SmL CHK. &2dH
We— IR TEH K, FABE 3 AMEWHES, T 25°C
TR FEA N, 12 h YGHE/12 h BREIEIAEE 9% . FERE
24 h 58 B SR R E U RRAEA K B =2 mm
HEH R, BRE (%) =IE& K KR 75U at
P 240100, LG 6 N H G WT. ZKY-75
N ZKY-74 /KFEFF, PFIHEE LR HFh7
BT 6 LI (BEFL 16 B , A 2 mL TEH K,
RHEE 3 AMEMFES . BE. LEEMFAERE

A B BT ET 6 SR (AL 16 B , &
SN 2mL 0.1, 1.0+ 10.0 umol/L Y GA3 1 GA4+7
WGHAT AR, R E 3 MY ER. HE.
e S AN 7 VR s
124 REARMFOFESH HEER 6 NH)E
) WT. ZKY-75 1 ZKY-74 Fl 1% 20 %i. 30 °C
KR 2~6 h, MFFIRK. WK T %52,
WY1, T TTC Bt 35 °ClEiR &L P 2~3 h,
6 BB R A IRAC S . LA R IR R e R4
B ) 8 RIS D8R, IR 155, Tt
(BR A FIe ATEIE 1. xR T 105 °CHit
T2 h, HEATFFORE, B R ERE R 7 ik
17 TTC ZLtta il

2 HERE5SR

2.1 OsDOGI-like R AFERBLE
X OsDOG1-like BRI 52 1 5 R 9 48 1 1) T2 AR

FEMREEAT S, WE 1 PR, AR YN-49 F
YN-56 ] OsDOG1L-2 3K 4 5l CGCGGGC

(=7 bp) FIHZ GCTCCGCGGGCTG (~13 bp)
aify, %N osdogll-2 HRABRI4AT; A9-83
fE OsDOGIL-3 P sS85k CGTA (~4bp) 4%, %
JE AN osdogll-3 H.R AW 4 & F ; ZKY-75 {E
OsDOGIL-2 Al OsDOGIL-3 I s 4r H Bk %
CGCGGGC (~7bp) 1 CGTA (~4bp) , H.C&4k
fr, BN osdogll-2/3 WIXURAE T ZKY-74 B
1E OsDOGIL-2 1 OsDOGIL-3 7 55 A HH [F] A2
5, 1E OsDOGIL-1 fisidfiN G (+1bp) Hais,
N osdogl1-1/2/3 I =R4AAT

JrikTE L
1.2.3 25 GAs A7 GAsr R0 77 ik IR B
6 ™ H G ZKY-75 F1 ZKY-74 ¥+, Fh-rFiEE
OsDOGIL-1 OsDOGIL-2
WT CCTCCGGCGAGTCGTT GGCTCCGCGGGCTGCGGGGG
YN-49 CCTCCGGCGAGTCGTT GGCTC- - - —— - TGCGGGGG
(-7 bp)
YN-56 CCTCCGGCGAGTCGTT G--- - - ——————— - CGGGGG
(-13 bp)
A9-83 CCTCCGGCGAGTCGTT GGCTCCGCGGGCTGCGGGGG
ZKY-75 CCTCCGGCGAGTCGTT GGCTC-- - -~ TGCGGGGG
(-7 bp)
ZKY-74 CCTCCGGGCGAGTCGTT GGCTC-----—-- TGCGGGGG
(+1bp) (-7 bp)

OsDOGIL-3
GACGAACGGGCGGCGTATTATGGA
GACGAACGGGCGGCGTATTATGGA

GACGAACGGGCGGCGTATTATGGA

GACGAACGGGCGG- - - -TTATGGA
(-4 bp)
GACGAACGGGCGG- - - - TTATGGA
(-4 bp)
GACGAACGGGCGG- - - -TTATGGA
(-4 bp)

OsDOGIL-1 2 [F 1D iy LOC_0s01g06560~ OsDOGIL-2 3 1D Jy LOC_0s05g48650~ OsDOGIL-3 3[R ID Jy LOC_0s01g20030.

The gene ID of OsDOGIL-1 is LOC_Os01g06560, the gene ID of OsDOGIL-2 is LOC_0s05g48650, the gene ID of OsDOGIL-3 is

LOC_0s01g20030.

1
Fig.1

OsDOG I-like BERRTERR RRELBIHEE
Identification of mutation types of OsDOG-like gene family members
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22 osdogll-2 BREETFHFHLENTK
B 2 770, osdogll-2 HFEAFAK (YN-49 FlI
YN-56) [RERl v (& 2a) AMigg 5 & 5 b1
(K 2b) , TELHEKFEFE, $HkEE WT L
B 225, £ OsDOGIL-2 3 5 HAh 5%t 1% 5
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Fig.2 Comparison of seed germination
potential of osdog1!-2 single mutant

23 osdogll-3 BREETFHFHRLENTK
I 3 AT%0, osdogll-3 .87k (A9-83)
WHEERIT, ELEARF, BiRES WT L &
Z5 . osdogll-3 HIRAFARMIHA KEHAEE 2a 11
osdog11-2 FRAFARF I AR ARBL o PR PE — 35 H At
I ST BB, TRER OsDOG I -like ZX Ttk

- WT - A9-83
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12 I [A] Seed soaking time (d)
3 osdogll-3 BT TFREL B RILLER
Fig.3 Comparison of seed germination
potential of osdog1!-3 single mutant
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2.4  osdogll-2/3 ¥ osdogll-1/2/3 ¥ & FHFiE %

ERT

XF AR A JE A AT BRI ) DNA $28L, W7
Y, RILWE 1R ZKY-75 N osdogll-2/3 (1)
WREEA T, 1 ZKY-74 N osdogll-1/2/3 1) =54k
G HE 4 wH, M gBoR I 6 S H
H, fEIRFNEE 10 K (day after imbibition-10, PLF
B A% DAI-10) , WT i K% m (72.92%) ,
ZKY-75 HIH R FBAR (16.67%) , ZKY-74 (5K
AL (8.33%) . UWHIFEAE OsDOGI-like ZX i 5
Z MR R RAS, HFh1 3% J1E 2 A%,
AN SZ At . X 5 IURIT dogl-1 T 75 v 4 K (1)
R — AN, 7R T /KA osdogl-like AL
R FIE AR E WA — 2 k. 46
osdogll-2 1 osdogll-3 B9 P T 1 W K HR 5
WT $5lt, 1M osdogll-2/3 (ZKY-75) iR FHEAR
[T WT, Xt T OsDOGI-L2 5 OsDOGI-L3 %
RAF BA — & IR i SR BeHs OsDOG1-L2
8¢ OsDOGI-L3 ) HANRIEEARFE N osdogll-2/3,
HIRetk SR AN R, w457 & A E DI Re
TR

-= WT

-~ ZKY-75 = ZKY-74

100 -

x©
(=]
T

B N
(=) (=)
T T
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Germination rate (%)
(3]
(=}

’;/4}—4}—{'/%
0 N 3 I I

0 1 2 3 4 5 6 7 8 9 10
12 (] Seed soaking time (d)

4 osdogll-2/3 MELMRS osdogll-1/2/3
= ERTFMFIEL BRI
Fig.4 Comparison of seed germination potential between
osdog1l-2/3 double mutant and osdog11-1/2/3 triple mutant

2.5 osdogll-2/3 WERB KM FIBELEI GA FS

AL A NG R 1B 5

H & 5a 1 %0, 0.1 A1 1.0 umol/L GA; 7£ DAI-
10 BF, ZKY-75 8 K %42 5 2 45.83%, = T4 HRH
B R (16.67%) « H 0.1+ 1.0 umol/L ¥R 1) GAsss
AhFE, AR R A GAs A BRI 4 B &, (H
AAM S (K 5b) o X osdogll-2/3
XIS AR [ 7 B e — e F2 BE B A3 GAs Ml
GAsr TR, ZRABMBIFE GA 55, R
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= WT - ZKY-75 -= ZKY-74
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2
MEo60f
.8
BE 40 I
£
5
© 20Ff
0b—s R e e S
(b) 100 GAs
S sof
2
52 60¢
.S
=2 a0
£
S 20t !:i
0b—s ol IR 11, . .

o1 2 3 4 5 6 7 8 910 0 1

2 3 45 6 7 8 9100 1 2
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12 ] Seed soaking time (d)
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Fig.5 Comparison of seed germination rate of osdog!/-2/3 double mutants and osdog1!-1/2/3 triple mutants under GA treatment

H GA Uk
2.6 osdogll-1/2/3 ZERTHRMFIHLEIT GAE
S IR R 1F R
MK 5. B 6T, osdogll-1/2/3 =52k
(ZKY-74) TCIEWARIKE GAs R 2 M1 &,

O LB K Sterile water
GA;
100 ji

i R %
Germination rate (%)
IS o o0
) S S

[
(=]
T

0

WT ZKY-74
ARANGFRFREREE (P<0.05) .
Different lowercase letters indicate significant differences (P < 0.05).
6 TE GA RIBALIET osdogll-1/2/3 ZFREEMFALFIERME 10 RIWEL
Fig.6 Germination rate changes of osdog!I-1/2/3 triple mutant under different GA soaking treatments on 10th day after imbibition
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2.7 IK¥§ osdogl-like REIRNEEKIFREIT
7 Ar%n, 7EGH /K DAI-10 42 R, WT

B R A K LB I, ZKY-T5 S A K2

ZKY-74 B4 AR K S RS ™= 2, RIS Hg & B b

TEL B AEKIESE . ZKY-74 £ 10.0 umol/L

GA; (b3, HW R R G A KA — E F2 B 1k

m 0.1 pmol/L

IXAE 10.0 pmol/L GA3 &b BEIN BE #2 = i K F 2
27.08%; 1 10.0 umol/L ¥ FE ] GAsr KEFE, A5{k
B GAs b EEARML (5 FIE 6) o mkal i,
osdogll-1/2/3 =B IRAZARKI P18 KA TH 2 GA 5
SRR, XS dogl-1 ML, A

m 1.0 umol/L

100 f ji

@ 10.0 pmol/L
GAyy

R %
Germination rate (%)
IS o 0
S S S

33
(=]
T

o GAsr OB A RUMER . osdogl-like RAZ
R IR I AEKR TS GA KBS
AR, = BA — @ A, RIS AR (R 3R
AR KT AR, = ERARK T E R K
TRGEAR
2.8 7K osdogl-like FREZ 1R REBATE FIHOAE N

RN R ZKY-74 FEEAH K ghiliA KRS
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JCHE /K Sterile water

0.1 umol/L GA,

1.0 umol/L GA,

10.0 pmol/L GA;

teze @&
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]

7 osdogl-like LT FIELZEEE 10 RISTEEKIFR

Fig.7 Seedling growth status of osdogi-like mutants seeds on the 10th day after germination

GFRMEBTEMFIE AR, MEFETFETT
TTC & Ikl . mfE 8 A, &3 il KiG 1 WT
() PR ARY B, BIFTIEEE 1, KRR
R A 7 ETT AT . WT. ZKY-75 fil ZKY-74 ()
P A6 (R B LU — 3, S B A B R
71, XFEW ZKY-75 A ZKY-74 ()Fh 785 K R
HAERMAGTE J13- K, M2 B TR 8 & 8 385
R FER B AS IE 5 B S 300 .

T
LY

ZKY-75 ” “ u
-

8 osdogl-like RERMIAERS TTC L BLER
Fig.8 Embryo TTC staining results of osdog-like mutants

2.9 IK¥§ OsDOGI-like EEREEMEERRER

InEeFm

HFIH String fEZ 73 3 44 (https://cn.string-db.
org/) T EAERE L, HARAS B 2R 75 40>0.400 1y
i, Z5RWE 9 iR, 5 OsDOGIL-1 3£
#h5 [ BTEHP2_ORYSJ & H & A& HAE 8 A
1 s 5 OsDOGIL-2 3R 4wh5 ¥ QODG03_ORYSJ
EAHEMNESAE 2 F, HAE b QOIIMI1
0s04g0643600/0sCNGC6; 5 OsDOGIL-3 %K %
i) AOAONTKCUO & H HAEMIEEAH 7 F, HH
Textmining 5 X IR1F, o BAR 73 B0 = 0 2 7K A8

(@) (b) Q7XTV6_ORYSJ

B7EHP2_ORYSJ

®/AOAOPOV8V1

—

@QODGos_ORYSJ

Q0J9M1_ORYS]J

© 2) sdr4
Q941V2_ORYS]

&

@ AOAON7KCUO

AOA0P0X994

w)

Q84R37 ORYSJ

AO0AOPOY3S7

AOAOPOW212
Q5N8X4 ORYSJ

(©

@)+ (b)s ()4 HIA OsDOGIL-1. OsDOGIL-2+ OsDOGIL-3 %X
HAER AT . ()FI(e) AT K OsDOGIL-2 FEF ST R 11 1) =4
a5,

(a), (b), and (c) represent the predictions of the interaction proteins of
the OsDOGIL-1, OsDOGIL-2, and OsDOGIL-3 genes, respectively. (d)
and (e) are structures of OsDOGL-2 protein by SWISS-MODEL.

9  0sDOGI-like BEEZRiER R EAEE BTN
Fig.9 Prediction of interaction proteins among
members of the OsDOG I-like gene family
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PRI QTL [ EHIER Sdr4, H UG 050320728900
0s07g0637150 A1 Os11g0578100 2555 1 .

T Plant-mPLoc 1 %i#, OsDOGIL-1.
OsDOGIL-2 1 OsDOG1L-3 FE R 4 i i) & A i 58
fTgifix, HARv R B A HxFFrThae. &
T SWISS-MODEL, X 15 %] | OsDOG1L-2 & ¥
=425 M) (https:/swissmodel.expasy.org/repository/
uniprot/q0dg03) (B 9d. 9e¢) , T{EEIR N
93.17 o 5 H 45 fg AH L E o 10 R BB B a2
8gyz.1.A, HIUFIT ¥+ TGAT Fréwid. FIH
UniProt & [ i £ % Chttps://www.uniprot.org/)
i) OsDOGIL-1. OsDOGIL-2 ¥l OsDOGIL-3
%} F) 2 1 BJEHP2_ ORYSJ. QODGO03 ORYSIJ.
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Influence of OsDOG-like Family Mutants on Seed Germination
Potential and Gibberellin Sensitivity in Rice

Huang Xinyuan', Zhang Ying?, Tao Yingmei', Jiang Qingshan?, Wei Piwei'3

("College of Food and Brewing Engineering, Sichuan University of Science & Engineering, Yibin 644005,

Sichuan, China; 2Yibin Academy of Agricultural Sciences, Yibin 644000, Sichuan, China;
3Sichuan Provincial Key Laboratory of Digital-Intelligent Management and Ecological Decision-Making
Optimization for Baijiu in the Upper Yangtze River Region, Yibin 644005, Sichuan, China)
Abstract The Arabidopsis thaliana DOGI (DELAY OF GERMINATION 1) is a regulator gene responsible for
the quantitative trait locus (QTL) controlling seed dormancy. In rice, the OsDOGI-like3 gene promotes seed
dormancy by enhancing the abscisic acid (ABA) pathway, whereas the functions of OsDOGI-likel and
OsDOG-like2 remain unclear. This study employed CRISPR-Cas9 technology together with conventional
crossing to generate osdogll-2 and osdogl!-3 single mutants, and osdog!!-2/3 double mutants and osdogii-1/2/3
triple mutants. The results showed that there were few phenotypic changes in seed germination rates in osdogi/-2
and osdogll-3 single mutants. However, the germination rates of osdogll-2/3 and osdogll-1/2/3 mutants
decreased to 16.67% and 8.33% respectively, in contrast to the 72.92% germination rate of wild-type (WT) seeds
at 10 days after imbibition. Treatment with low concentration of gibberellin (0.1 and 1.0 pmol/L GA3) increased
the germination rate of osdogll/-2/3 to 45.83%, while the germination rate of osdogll-1/2/3 remained largely
unaffected. The homozygous osdogll-1/2/3 mutant seeds exhibited insensitivity to GA3 and GA4+7, indicating
that OsDOG1-likel would be critical for rice seed germination in response to GA signal, or that OsDOGI-LI,
OsDOGI-L2, and OsDOGI-L3 had functional redundancy in the regulation of seed germination. High-
concentration GA3 (10.0 umol/L) partially restored the germination rate of osdogil-1/2/3 to 27.08%, with GA4+7
treatment showing similar effects. These results suggest that OsDOG-like genes act upstream of (or in parallel
with) GA signaling to regulate rice seed germination. Embryo viability in both osdogll-2/3 and osdogll-1/2/3
mutants was confirmed to be similar to that of WT by TTC staining, and normal post-germination growth
occurred in the germinated seeds.

Key words Rice; OsDOG-like gene family; Triple mutant; Seed germination
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