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FE  N-HFHE-N-TREAR(MNU)H T /K A8 (Oryza sativa)S2 4% I8 H0528 . 81T /KRR I 2265 o AL 7 2% B FIMNUAA Py [F]
0B R JEARBER IR Y, B T KRG M A AN O MNUE AR 7. 510365 SZRE UN MNU AR BRAH LG, #5426 1 Nt
A= FA AN FIMNU AL 3 B 2 A M B R AR KR B B AR BRI B My -MoBE AR b SO IR 1 R AR 28 T e WIPEAEHANITE & B 1.5
mmol-L™" MNUFI10 mmol-L™" PO3 {220k (pH4.8) i AbFE60 4, F8 A MR I Ak 26 2 5L T2 K IIMNUAL R 19 345 . i —
B A MR, IR T 65 B BUEAR R R B R Al A 7Rk R 51 WEFRE SRR, RGP A 40 M O MN U E ] &
EVRET B o FBAR DR T 7K R I A 0 T R JE DR 5 R B R BT T IR AR S AR R R AL R B R AL AR S
.
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JRBIN-FFBE-N-ME A RS IR A2 77 i, 24l 54, 625-633.

PR AR B A ROR AT . RV 7
(R S A S R T AR R S E 5 A I B
(M J5E 22 R 5540 . BRI B AL DL RS F7 i R —
A Ria% B A H 2 & . /KFE(Oryza sativa) &
LR TEY), BE AR ar Bl N B DR 4 22 AR,
LK FERL 2 0 51 SRR T 4R 85 N B AE 4R 7R
T Re FE TR 4 2R 0k B ot A d MLl /) i 3 IR ZELAF 7
TEVIE M H bR EBR 2R IR =N, KigHk
BRI AR J7 VL IR AL, AT RISV EY) Dy Re BE R 40 A0 & A
BIE 58 P 5 AR AR TT R 1 28 U B AR B A2

TEV R ATEYIGER. EMIFE ML ESET,
YR i AR IR T O 4 S ) BSR40
K92 (Wu et al., 2005). £WiFEA FEIET
T-DNAFIAC/Ds. Tos17 %% i 4 A fi e 3 R 43R Je
CRIPSR/Cas9 %k [X] 4 #H £ A, 15 A H H 3k [R R A8
(Wang et al., 2013; Mao et al., 2018). % TT-DNA
e A4 N B BV E V) RAZ AR R T 5, 7RG R

ks H 4H: 2018-11-13; #25% H i 2019-06-18
FEWH: (P4 RHL 8IHT7 I (No.2014101025)
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AW 24T A2 H IR )5 % . CRIPSR/Cas9%f
S KDNAF E ridm DIRE, ©H TR EY LR A7
FUREE F &1 (Shan et al., 2013); [[AFf, CRIPSR/
Cas9 K HLATAE 1 SR mi it 2w 1 38 4t B A MRS RN (5%
&, 2018), A FEZKAE K PR 25 Y0 1 5 Ok M BE AR AR 5 (Jin
et al., 2019). b2 2 A AL 55 A I BE AL R AE
V)N JE I 5828 () J5 % (Suzuki et al., 2008), B A
fiC. BRI s, AR AR AR R m L A, 2
TERAE R R TRAR R A BT

MNU (N-methyl-N-nitrosourea)s& — il i 55
Fe 4 (GC-AT) 1 s BRI B AL . 9 T K FE b
T BRI K A H) L, Satoh%%(2010)i% A 1
ST K FE SRS O EIMNUE 22 7%, 3l ) 7K 8 32 6
GIMNU A RAAA AT L, %€ 7 &R TR
V5 2 A RTE A IR ) (R 2R A2 (Nishi et al., 2001;
Takemoto et al., 2002; Qu et al., 2002, 2003; Tian
et al., 2004; Satoh et al., 2008; Kumamaru et al.,

© 0000 Chinese Bulletin of Botany



626 Hi¥%4R 54(5) 2019

2010; Fukuda et al., 2011, 2013, 2016; Miura et al.,
2018). HlfEAFEREFERIZH 70 (546 022-55 615
F132 000-50 000~ %: [l (Yu et al., 2002; Goff et al.,
2002). M55 (2015)15 H/K B EE R 41139 0454
FRA R BA RIS EABINEE S, C kKRR E T
HHZ192 0004, /KFETA AR AL RE 737 Th
REFE R %, SR, K2 BUKAEHE B I A9 27 D e
AIIRAGN o e A2 B PRIAE T 15 38 R AR I B 7K g 2
K RAZFPEEAS 2

AR 5038 T 0T 7K A R N AR B 2 AT MNU
A PN [R5 AR BRI O 25 v 45 J5 ARREAR, BASL T /KAE P
A THA B MNUE AR J7 5, AT O & Fl oK F8 2k R 58 A
RIS T A 3R A v RO O SCH%

1 MR5FE

1.1 KEHH

LA/KFH3L £565 (Oryza sativa L. cv. ‘Liaoyan 6'){f
WA RS AT R J5IT 5065 4931, IR0 H R
643 390 B 1 FEE R U RE B £ A9 2552 AT T MINU:
B, A ACREAR T MR IR 2 7R A0 A
FEHRH A T3 T B AR E F

R KFEETEAEIMNUSES et

Table 1 Design for MNU treatments of germ cells in rice

MNU Time PO;~
freatments  moll)  (min)  PH (mmolL)
05 20 4.2 5
Germ cells 1.0 40 48 10
15 60 5.4 20
2.0 80 6.0 40
Control 1.0 40 4.8 10

MNU: N-H3E-N-TE AR MNU: N-methyl-N-nitrosourea.

1.2 EWH*

121 EFREET

AR Ak 3 2 258 401 ff A0 Ak BRI A4 R 79 T A T A EE
LI T I AT A FHHMNUZZ il
X0 3L R 65 I AR R ) B /N A6 7 P A B 2 AT A
P [L 0 AR ER, AT 31 %6F 51 40 it R A B2 e 1 2 40 B )
FD AR BEMNUKIE . AbEERE] . pHAE A B
i R VA VL B O AR BRI R S S A A R A R
Z: 2 IKFE A I FIMN U5 AE 2% /4 (Satoh et al., 2010),
KMNUMKRFE1.0 mmol-L™'. 4b3H4043%h. pH4.8. B

R ERVRE10 mmol-L ™ Axt jE 4, HI T 565 %
RO (P AL o X625 IR 25 23 3l e B AN /K, A
T3 Eh 65 Al 24 A 14 A 5 41 Y (I MINU AR P[] 20 A 2
(F1)o WA R FRA R MR, K E3REK
P BN,

122 ERETLE

BT T %, MHIMNUZE W . 541404 R 5 )
I BRI HE A S AR AR 8 ARk B A6 73 o AR 90 7K 8 196 1k 2 T
B R B, Ak HEFT R BT 3% A AR R N e AT
F SR, WY H N, K2R U E T A
AbFRAE AR B R TT/NE AT R B 24 H 2 BT E 58 BAR 1/
TEBYBR, OR B ALEE Y H B0 45 /N, F A A 5
YA AL Z AR AR EE 2 H R RREVINE S L5 AR )
NFEBTRR, R S2HIFIEM RSN . T H
24:00% %X H6:00, 7E#EG. 20°C4 1 N & 5 5 Bk
PREEHE IR AMNUZE i, Ab 3825 35 34T 78 20 (i
KB, BH K, REMACFREEA.

1.2.3 M-MBHAGE
MM EE S AE T 32 H G TS MO RLEE A BE A L%
ISR MIM O RL, B TMAR R A K E .
DAMAARKFRLEE RS 5%, FhFRER TS, 40T
BEUR bR 2 A0 AR BEAR VT B 8% 24047, I AM, B
AR K B IEOL . WM R i b b 5 Rk IR
(R b TEAR R T My R R B A4 1 58 SR A Mo ARFF KL
TR I B MAE PRI, 075 25 Mo B A (10 K7 b A1 AR AR
PR, B MR A R F br 5 0 AR IR B R AR R
T MM IR R B A RAF M AR R R I B M,
FEARTEAR, AT Mo B S PR st A fae M. xd
PR P 2B T A L MINU AR B 5 52 6 G MINU AL 2 S FRIM A
PRAE AR B FR bR B My -Mo B A4 i SEAR IR 1) A= e g
ITESRET.

2 ZR5i1e

21 SEEZERIMEEREKAENZN

TR A%, TS HEM N6 5 K REM A
B 4 T 528 B A MNU AR B 23 #7 4% A 38 BR300t B
MBI AE KRB R0 (£2). 5146652k
MNU AL FRAH EE, 25 20 260 T 79 1 A B 40 A (P MINU &b
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M BRI SESER . TR 4 bk S A Rk
A H R PG P A A0 EMNU AN L 5, M FEfR
A4 K R B 5 bRl A MNUK JEE 389 0 -5 A 2 1] £
JEK RS, BEE pHIE S 0 R AR IR E 1 K,
RIS BRRE T AL 3 IR B KR B AR R
AL SMBEH AR RSS2, IR, BT, KEAR
FEFLUA R AT . BT ST BT S R AN
HIRA K.

2.2 AEAZRXM-MEHFRIERRIEEN

HEM-M AR H PR 1 AR A0 5 R A 55 B AR N RAZ PR
PIVEO AR, FRATEAT 1 2% Ak 2 BRI 3R 6 My -Mo B A4 4
RFIEMI M (FI)o B LM T HMNUL B S 2
M -M B 4 SR LA AT T . TR S,
TWS5HE, SR S5Ht. FirEsSaa SRRy
PERRIE . 56 S M tk, R KE1). it
RARR(E2), FERIAAR(EIZ). RS R (E4)FIFh 5
RAR(EB) ) R Z Rk . 51T #6552 8 B9 [IMNU
AEERARALL, S 2HA AT PP AE T AN IR I MNU AR PR S5 30
RABMRREREET . LA E15 mmol-L™
MNUFI10 mmol-L™" % £5 i) MNU 22 7 ¥4 (pH4.8) %of
PR A B AH B AL BRE0 78, SR MR e A 2208 B
KIE(9.9%), 23T ZFEIIMNUAL B35 (K3).

2.3 G@EEABRTHFMIKE
8 33— 25 43 BT M B A o 2R AR MR 1 38 4R 2 e

F2  MNULELR ZE XL 65 KA AN M B R KR E
A
Table 2 Effects of MNU-treatment factors on growth and

development of M1 populations of germ cells of Liaoyan 6 rice
cultivar

Treatments Setting Seedling Agﬂtt Fertility
of germ cells rate (%) rate (%) raFt)e (%) rate(%)
Variable 0.5 86.1 82.3 82.4 89.3
MNU 1.0 78.6 74.5 771 80.4

(mmol-L™Y) 15 735 683 704 767
20 622 598 617 682

Variable 20 88.5 83.1 83.2 91.0
time 40 78.6 74.5 771 80.4
(min) 60 74.7 69.3 72.3 73.8

80 65.8 60.8 66.9 67.6
Variable 4.2 85.3 80.3 85.3 89.6
pH 4.8 78.6 74.5 771 80.4
5.4 74.5 79.6 81.0 85.2
6.0 82.9 83.7 84.9 87.9
Variable 5 83.7 824 86.3 89.7
PO} 10 786 74.5 771 80.4
(mmol-L™") 20 82.5 78.1 70.6 85.3
40 87.4 85.0 82.8 86.9
Control treatment 89.5 87.3 90.4 92.8

MNUJE#1. MNU see Table 1.

F+3 L6 T /KFBA AN A FFIMN U A 2 PR 25 5% M- Mo A HR S8 PR R 1A (1 52 1)
Table 3 Effects of MNU-treatment factors on mutant-character expression in M1-M; populations of germ cells of Liaoyan 6 rice

cultivar

Treatments of

Number of mutant characters

Incidences (%)

germ cells Seedling Culm Leaf Panicle  Glume Seed Total
Variable 0.5 3 2 3 1 1 8 18 4.6
MNU 1.0 4 4 4 2 1 15 30 7.6
(mmol-L™" 1.5 8 6 5 3 2 15 39 9.9
2.0 5 3 2 1 - 6 17 4.3
Variable 20 3 2 3 2 - 5 15 3.8
time 40 4 4 4 2 1 15 30 7.6
(min) 60 5 3 5 1 2 15 31 7.9
80 5 3 3 2 1 6 20 5.1
Variable 4.2 5 3 2 1 1 9 21 5.3
pH 4.8 4 4 4 2 1 15 30 7.6
5.4 5 3 3 1 1 10 23 5.9
6.0 3 3 3 - 1 6 16 4.1
Variable 5 5 2 3 2 1 7 20 5.1
PO} 10 4 4 4 2 1 15 30 7.6
(mmol-L™") 20 6 3 4 1 2 7 23 5.9
40 5 3 2 1 1 6 18 4.6
Control treatment 3 2 2 1 1 4 13 3.3
MNUR#1. MNU see Table 1.
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Bl 3L 565 /KA B 40 M 22 MINU b B 75 £ Mg -MUa FE A o (R AT TR S AR R
(A) BFAETUET; (B) £ BEFT; (C) 4 BEFT; (D), (E) #%4LFT. Bars=10 cm. MNUJRFE1.

Figure 1 Mutant characters for culm form in M4-M3 populations obtained by the MNU treatments of germ cells of Liaoyan 6 rice

cultivar
(A) The wild type culm; (B) Multiple-tiller culm; (C) Less-tiller culm; (D), (E) Dwarf culm. Bars=10 cm. MNU see Table 1.

B2 7265 /K FEAE A 40 M 2 MNU AR B BT 75 My -Ma B A I T 50 €0 98 45 PR
(A) B4R (B) %8 (C) 403 (D) BH; (E) &M (F) EE4H; (G) FM4E; (H) KA. Bars=5cm. MNUR#1.

Figure 2 Mutant characters for leaf form and leaf color in M1-M3 populations obtained by the MNU treatments of germ cells of

Liaoyan 6 rice cultivar
(A) The wild type leaf; (B) Wide leaf; (C) Narrow and rolled leaf; (D) Vertical leaf; (E) Deep-green leaf; (F) Light-green leaf; (G)
Yellow margin; (H) Spotted leaf. Bars=5 cm. MNU see Table 1.

B3 0 #5645 /KA A A0 4 MN U AL EE BT 13 My -Ma R FR A BT S50 € 5 AR MR
(A) BFAERIEL (B) JEAL, (C) AFHML (D) 4., Bars=5cm. MNUFZE1,

Figure 3 Mutant characters for panicle form and panicle color in M4-M3 populations obtained by the MNU treatments of germ

cells of Liaoyan 6 rice cultivar
(A) The wild type panicle; (B) Short panicle; (C) Sterile panicle; (D) Reddish panicle. Bars=5 cm. MNU see Table 1.
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I EEN] s2¢008 s

ITRY % I ITT

B4 565 /KFEL YN MNUALEE FT13M-MaREAR h R8UE 15 58 (0 R AL MR
(A) BFATUET (B) AR (C) 4B (D) AAZR

Figure 4 Mutant characters for glume form and glume color in M-M3 populations obtained by the MNU treatments of germ cells
of Liaoyan 6 rice cultivar
(A) The wild type glume; (B) Awning glume; (C) Purple-black glume; (D) Reddish-brown glume. Bars=5 mm. MNU see Table 1.

A
2660 0

-

Bars=5 mm. MNUFR#%1.

E5 65 /KREEEANMZMNUALEEFTSM-Ma Ak o i R 5~ AR AR

(A) BATM T, (B) AKAhT; (C) 448UKESL; (D) MEEMBHIERL; (E) S4ifEdl; (F) BiFIELL; (G) M GESL; (H) *

3 L, (1)

AR () AAKI; (K) a&tBiEd; (L) stiffl. Bars=5 mm. MNUEZ%1,

Figure 5 Mutant characters of seed in M1-M3 populations obtained by the MNU treatments of germ cells of Liaoyan 6 rice cul-

tivar

(A) The wild type seed; (B) Slender seed; (C) Wrinkled endosperm; (D) Abdomen-sunken endosperm; (E) Shrunken endosperm;
(F) Waxy endosperm; (G) Dull endosperm; (H) Floury endosperm; (I) Core-white endosperm; (J) Periphery-white endosperm; (K)
Reddish-brown endosperm; (L) Green endosperm. Bars=5 mm. MNU see Table 1.

TAVIRAT T Al & B R R AT TR AR 324« I IRAZ 1k
344y FEIRARO KR S ARAR601y o« BT TSR 948
MEMLHEZ 3 BE. Do BES AL RAZ R (EIM1B-E), %
WL GBI BRERE . AR, B S S BE R AR
%(2B, C, E-H), %5z LR A4 (/&3B, D),
B R BAE R (K4B, C)LL 4K ki (KI5B)
SHEEMIME . 4545, . B B R, oE. HE.
g, SRR IR MR (KI5D-L).

24 e
2.41 MNURIE B S8BT WM
1L 65 7K g 9 14 AE BE 40 i 2 MIN U &b B Bl 15 M AR

FPRDRAR S S A7 R A L o 3 S AR bR R
J AR R ] B 2635 5 MINUIK 5 J A 3 1] 52 471 A
K, B pHIE 5 BEIR £R M 52 A1 K 255 BRI 5 T v
I (F2) . M BEIR AR E TR AR AL R ILAEAS
gisi. TR, BRI, KA ARBILULALE . 3
WH S W E . S5t S R B IS, R ZMNU
(10 B S L 1) S0 1k TR AR B ONE o A P 1 2E B AN
HEMNU AL 2B 15 B M -MoBiE R - L5 21 2 FEAL I
T RRARFRL R AR VAR (B 1-1815). 5 32 H5 I FRIMNU A&
AR L, & 426 M A B 40 A I MNU AL 2 3 3
M FEAR AR B 1R AR B2 PR My-MofiE i rh 5828
WRAERLZEFEERS). LR RRY, KAEHE
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A FE A IR MNU AR B AT 55838 42 s i i AR 0K, IS
HIMNUK P Ab BRI (] pH R R0 IR £ vk 2 4
P A B 200 P R MINIU 75 728 25028 o R A 1 0 B2 % A o

AR I 2 4 8 ThREBE R I Rl A . R T
7K 3 P 2 0 i PR MINU Ak 38 355 R T R (1) T
T (E2). FRL(KI3). F08 (El4) Rk 2 (15) SR A PEIR o
KT IX KA IR, O % 8 I PR R IR L A
0B (R BiE %%, 2018). 1144 B 3L K (A
EEEE 2018), eI IE R (RIELE S, 2017). 19
ANBE IR (B4, 2016) 2075 4R K 5 A 41
i 43 SEAF 2 1 3 IR (U445, 2018) LA K —SHp i
JiE A4 0 R FL IR RAR B R () 2 4%, 2018; X1
T35, 2018). SR, IR FGAE AR SRR ) ot
ENLHIRE SR A, REMRMIIGEERFAHFEE. K
W FLIRAF 2l & S R B g o, et (K12B), IR %k
H-(2E) 5 35 2k (K 2G) RARA, 12 21 ## (&I 3D) R A%
i, ATER(EIAB) S 5 B A(EI4C) RARIR, JEHE MR
JEFL(FI5D) 21 46 € i 7L (1 5K)-5 4 0 ik AL 5848 1k (P
5L), #J2 i WLARIE ) B S AR A R, R TR A Th
RESEIR I %552 . 5 AR MR R 28 () 584 Ak e 2 5
T 1) B AH SR B AR ML 00 =

242 MNULEHSHIF TN IE

IKFESZHRE SR T LS R B ¥ S /N AR B A B T B
ZREFFP T I KABAEFT A5 R o028 /M. 1A
ANEER VB /NI 2K080R R 32 /MEZ K (Itoh
et al., 2005; VEMEMZA2E5, 2017). H, TE/NE
S R[N, 2% NAL/NE BB . B /NMEHAE
oo IDAME. ADAFE. 2D 6T/
S B8N BMALZIKE, TR MK E
AR o T AR B 1A T 58 B E TR I% F12
MET. 10 BIIRER K E, 1EIRER A A2 B
JRHE, B SRR, 24 Bhaii. 14
S 5 3 S AR 4 . 1K T IR i R
TR RGN, 53—k -5 v S gt Mo b & e 2L 5%
LRz RGO b, I A B A0 R Ak T 4> 2L RIDNA A K
BIEERIT B, 5 2 A N P A A o Ad FHMINUZZ ot
TN K FE P I AR B 2 AT R N R AL B, S B
) T MNUXT BF 40 g 5 K SR 7 1 R R AR, oK
857 MINU S 194 4 2 B 200 i 356 K1 1 175 A% 5 P55 R0,
BERR T RBMHER K EZE,

K FE AL 5 AR S 4 T MNU . EMS (ethyl-
methylsulfone)%f # ¥ {11520 75 . MNUFRIEMS )75
A WL ELAE I 3L B ) A0l ) E AR E (Swain and
Scott, 1953; Neale, 1976; Engelbergs et al., 2000;
Cooke et al., 2003). HH1, EMS & B4 % = f ik -
e BHRR I (S B I SN2 B AR ), B
DNAH S G i AL A BUR 7, AR DA SR 77
Sk, KBIEE RGN SRR EIRRE. 5§
EMSAF, MNUZ A BULSH HIK SN AL IE AL 7, Xf
DNA ISR AZ M vt 55 707 0 BT v S L,
ST B R RS BT AL (GC-AT)E K R
A% HTMNU S EMSH AR HLEEAN ], R KRS w1
AL TE AT T MNU 4 28 7E $2 15175 A2 S8 [|] I, RES ¥R
Je BRI ) 75 A2 1

243 MNUSTAZHMNER =

ARHIF A L 1R 5 AR D7 v T IR B v S TR AR i R K
B, I JTIER KRG TR R AL T A 3Rt w5 2
(RIBEAR S 4% o KRR AL T & 1R KRS 98 A% A B F T 8t A%
M. BAMRIE. #R4/cDNAKE . 3K 5T [/
B 2R [ AR AT OB SRS B SRR B R R R IR AR,
A B KRG AR AT RE LR I %« MR R IE AL AL
il 1) ) 1 DA B 22 FEAL A R B A ) S B

SEH

ERE, FEE (2017). KFEHEEFEA R AR, EHY¥
# 52, 19-29.
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Method for N-methyl-N-nitrosourea Mutagenesis on
Hermaphroditic Germ Cells of Rice
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Abstract N-methyl-N-nitrosourea (MNU) has been used in mutagenesis of fertilized eggs of rice (Oryza sativa). In this
study, the method for MNU mutagenesis on hermaphroditic germ cells of rice was established by in vivo synchronous
MNU treatment of mature germ-organs in the rice cultivar Liaoyan 6 and the screening of the progeny populations. As
compared with MNU treatment of fertilized eggs in Liaoyan 6, MNU treatment of hermaphroditic germ cells under each
group of conditions significantly decreased the growth and development indexes of M1 populations and increased the
incidence of mutant characters in M1-M; populations. When the hermaphroditic germ cells were treated for 60 min in MNU
buffer (pH 4.8) containing 1.5 mmol-L™" MNU and 10 mmol-L™ phosphate, the incidence of mutant characters was about 3
times higher than that based on the MNU treatment of fertilized eggs. A series of homozygous mutants including novel
plant and grain mutants were obtained by further screening M3 populations. The method for MNU mutagenesis on mature
hermaphroditic germ-cells of rice significantly improved the efficiency of broad-spectrum mutagenesis. Its application can
provide efficient technical support for large-scale development of various mutants for identifying unknown functional
genes and breeding rice.
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