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Research Progress of EMS Mutagenesis in Gramineous Plants
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Abstract: EMS is the most commonly used mutagen in chemical mutagenesis, which has the advantages of
high point mutation rate of a single base, low cost and easy operation. Obtaining mutants through EMS
mutagenesis can provide favorable material for breeding and gene function studies. The key of EMS mutagenesis
technology is to determine the EMS concentration and mutagenesis time. Generally, the combination of
concentration and time to achieve the half lethal rate is the best. In gramineous plants, seeds are mainly used as
mutagenic materials. At the same time, pollen, callus and vegetative organs of gramineous plants that rely on
vegetative reproduction can be used as mutagenic materials. Different plant materials have different tolerance to
EMS. Pollen is the most sensitive, followed by callus, and asexual reproduction materials and seeds have strong
tolerance. The screening methods of mutants include phenotypic comparison screening, stress directional
screening, and forward and reverse genetic screening. This article reviews the application of EMS mutagenesis in
gramineous plants breeding and gene function research in recent years, introduces the mutagenesis principle,
mutagen concentration, mutagen time, mutagenic material selection and the screening of mutants, and the future
research on EMS mutagenesis in gramineous plants was prospected, this information can provide reference for
EMS mutagenesis research of gramineous plants in the future.
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Fig.1 EMS mutagenic treatment steps of rice seeds (left) and corn pollen (right)
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Table 1 EMS mutagenesis studies in seeds of gramineous plants

ST B R HEIT 50.00%., /A & EMS i
A5 AE 0.80%~1.20% , 175725 5} 6] 8~12 b2 ; Ko fx
i& EMS 757258 Uk JiF K 24 H 040% , 55 A8 5[] 16 h'7 5
1o G B 1 U5 AR R EAE 0.40% , 578 INFA] 14 h 12 ;7
B AR MR K290 0.70% , 5 AR I [R] 14 h A2
2 AT RS AR R K ZY R 1.00% , 17578 B[]
10 h 05 3 BURR T 19 5 EMS 7578 vk 3 B 32 0k %)
T 3.20% , 5725 ] 10 h*', EMS 1% 78 fh 15 5
P RAPRIRE S F 5 AR S e R S EE
FERR A AR

R R e
VSR R - q:ﬁ
ha=2 THPFNE Mutagenic Relative Number ZEAS R RAFH S ik
No. Plant species concentration and ~ germination of seeds Mutant traits Mutation rate Reference
time rate or
. processed
survival rate
1 IKFEHEARIL 2 15 0.50%,16 h FRE R 0.50 kg B ZEFF A M 2:9.60% [18]
48.60% L R T TE A
2 IR 19 1.00%,8 h KR SE TR R SRR PIBREER] H ke [19]
51.30% RS VR 9 bk, P
WA R LS 2 B
3 KRR H A 1.00%,8 h RHHR 2000 [20]
48.00%
4 KA 93-1 0.50%,14 h 20 kg FE [ G AT K RIS M2 AT 61 1k [21]
R ) 5 A A SR EPNG N
5 INEEFEFZ 418 0.80% F11.20%,10 h 6000%% I I Bk SR JhTE M2:5.98% [22]

Y PR e |
AHEH L ETE
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z1(4)
AN & 2R
3
FOBEAIE st ;?;
F5 LRGeS Mutagenic Relative Numb AR TRAFR S0k
No. Plant species concentration and germination fum jr Mutant traits Mutation rate Reference
time rate or of seeds
. processed
survival rate
6 ki /N YG509 1.00%,10 h 700040 P B KR EE K M2:33.20% [23]
T R AR ORI
7 INZZ P A 99 1.20%,8 h 5000 % TS 58 25T AR M1:13.63%, [24]
EEW L EE M3:7.28%
8 INFZ A 979 0.80%,12 h 1600 ki M1:7.83%,
M3:6.71 %
9 INFZ A 977 1.00%,12 h 1000 k7 M1:9.26%,
M3:7.18%
10 INFE/IMIE 22 1.00%,12 h 1000 MI:1.86%,
M3:8.26%
11 KEWARK3 S 0.40%,16 h peanE 3000 i Sy BE MR ZEFT AL 7.46% [27]
46.70% EEE
12 SR AT 2 0.40%,14 h yeanE 10000 %7 e Y BERY Rk M2:8.43% [28]
31.90% B TE R E W
13 MR 25 0.70%,15 h G 10000%% R8I J0BE ks AL M2:9.80% [29]
40.10% A
14 HFEN215 1.00%,10 h oo 5000 i WAL LT AR [30]
49.03% SYEE ZEFFLI (0 R
15 Y159 3.20%,10 h AN K 258 RNV 64.60% [31]
48.60%
16 SERFE AU 1.50%,16 h AR 2R 4000 %0 o B S BE ke 18.66% [32]
51.68%
17 JBE PR LT R 1.00%,10 h EEFRA 60004k R BPA ke R Rk 4.50% [33]
38.90% gt AEE R
18 AR R A 0.80%,24 h MXFEZER 1440000 BEIGRESPPUEREEYE,  Eiikes) 15k [34]
49.88% Ui R | TV A A 2 YU bk
FR KT, MDA 5 SR
PR R A 2R AR
18 BE 25 0.80%,16 h oo 6400 [35]
41.70%
20 Totoge A 1.20%~1.50%,15h  MIXTRZER 2400 %7 [36]
33.83%~
59.10%
32 &M W, PTSEBRAER Y EMS 548 . fEH) EMSIFASE &
AR AR RCR AT, — B ARy Hﬁﬁémﬂﬂﬁi% FHEMESAERIAEY) NR@TLI&I%ZE%‘&% ETANL

AR A LR AR

SREME RS G T, Neuffer 207

WFFE B, FORAER T LLAE A7 35 i EP%%%%&/J\EH”E
i ) FLRERS IR BORT 45 5, (8 A0 B S | EMS 7%

EHERA TR FERABHEDH , KA MM AE ELiE
T A BRI AE RS B2 AL HA S Rl 7 8 1y
54, R oK — B AR EMS 1578 (6 2) 17



9 11 ¥ W RARHEY) EMS A 53 0 1421

®2 ERIEMEMSFEHR
Table 2 EMS mutagenesis studies in corn pollen

e PR BT B TR] TRABEAR E BN
No.  Mutagenic material Mutagenic concentration and time Mutant traits Reference
1 EKRALR KIS0 0.67~1.00 ml/L,45 min R R REOL HERE R RN [10]

FAHAKLR21-ES

B NEEESE 1.67 ml/L,45 min
2 FAXKAZLARBT3 0.10%,30 min
3 FORARLFRK22, 0.50%,45 min
B73
4 FK AL FR 082 -
5 FAKRALRBT3 -

6 FKRHAKFARPI25 -

7 F K bm1-PI228174 -

KR4 S a RETER R RS [13]
B R BES R R B R
FETRRIRTE A 1 A

AT AL TR RO FEAR MR A | [38]
U A

TAN ML 1 L5 Lys & R (R0 1S Lys [39]
NG RN Ay N (N N
T AL AR AR TR

RBEGFHERTE e [40]

B JRBERLEL IR FPRLEHE KPR [41]
FESLBE NPRRN MR LEE

AT 2 K bm | ZAE BTN (11]

—FR SOk AR M 5 TR T

—indicates not mentioned in the reference; The same as below

AERXT EMS U, EoRAENT ) EMS 548 vk
JE—FAE 0.10% £ A7 , Ab BRA [A] 7 30~45 min''*"',
VA e R B A 7 T USSR PRI 28 AR PR, 76 M1
AR AT AR ) Bk g, M2 40 ] AU B B
ZAF . EMS S FRAEM S B 1 AR R
R R Bk AL AR B AR PSR
2P 0.01%.0.025% . 0.05% F10.1% EMS %
VA SV S8 28] 7K R 4 e 114 4 e v o JE A 4 o s
T2, R 0.05% A e AEAL BV B, 25 52 508X i
ZH 1 55.00% , 3738 22k 1.25% 5 AR 5 (0.01% . 0.025%
0.05% ) EMS & 7572 K Fg ah AR 2] i Pz T iR 2
AT SRR A SR 2 AR B4 32 /N T 1.00% EMS
A KRBT o
3.3 FTHEEMPFIEGAR

RE NS HE AT JC 1 B E 1 AR A B 4 mT LA
FFRA B T EMS 528 SRAF AR R PR R A 58
RVSERUp e YiECINYE/SUE/R SV N
MRS . BT R IR L Fl Alamo
() F 25 2 SOt R A B2 54 0.58% EMS (4 h, 7E
Je AR AT ISR B MR = A AR R, R R e
S AT BEROS D ZERT EARIR /N RASAR b Z2HL
VRS H EMS J AL BRI TG TR 25 A0 H 2R

ZF, k BUH TE TG A 2F 553l B EMS 5 A8 Ab B2 A
4 0.80% EMS.5 h, H X WM G H AR
1.50% EMS .5 h, 3 i SSR .05 | 1y i e 21 31 4k
RAA,

A5 I 55 Xt R AR 0 1 4% 41 21 EMS 578
IRRIEAT THR(F3) . XIHBIRSE K B A R HT
A — 5 10 IR 4 4L 2L Bl A AR AL FR AL A R
0.80% EMS .2 ho WRHEF“ W58 & B, 26 B
AR AR AL A0 0.80% EMS .5 he GK%
T 5T &I, 76 0.30%EMS .3 h f e f:4b 340 &
TLHEENEGA S0 2R AR
PR HABEH: . AHZE 07 RS R B, HRE R 4 2L
& 158 A FEZH 4 0.10%~0.15% EMS \3~5 h, %4
ARAENE TR ALk & R G R
(PEG, polyethylene glycol ) X , 52 [u] i & H T Hi -
Y HREZR AR R

4 REEHESEE

EMS U2 2 I RRE idhi i, S 2 MR
F5535 AR BT | 1 S [ DR A i Jl PR — B
REZE M2 AUHIIRA SR DRI S SR AR ARG B S 22
M2~M4f, PR IE MR RENS AT E st 2 A
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Table 3 EMS mutagenesis studies in callus of gramineous plants
EAR T ]
s PR Mutagenic FRCAREARXT L EZ PN
No. Mutagenic material concentration and Fatality rate or relative differentiation rate Reference
time

1 T A5 0.80%,2 h BOLA40.56% , M SN 54.84% [44]

2 1457 Sea Spray 0.80%,5 h WAL 46.70% [45]

3 HEH 0.30%,3 h FEH 53.30% [46]
4 e 0.10%,5h HAXF431E%49.45% [13]

W

HRER G 2245 KRS 355 B 215 0.10%~0.15%,3~5h

- [15]

4.1 REXLLIFERTE

EMS #5745 () Mtk B S fR ik ok v R
NN I /1 SIA Sl = S G e a1 | 4 e L
() 5 AR R AT L B A AU R R A 76 B L 745
BT 58 A8 AR 2R 1 PR TR R A T S A L X L
fa] B A AL ik =X

TLAEA Y KRG EMS S8 A8 (K i e 5] T &
B KBERIR AR IR, Z TR G AR M3 1 Y PR
BT 30% LA RS T 7.50%, ol AR R &
Ty KA AR M26 M 76 BRI BT 77 IR A= U fY
500 kg 43 42 w3 788.18 kg #1924.92 kg, Al FH T
FRERN . ARHAE S TN EMS PR BEAR Hh i 18
) TR OB BT AR R MR S AR A, W
INZZ B PEE R, Sharma 55 38 i EMS X /N2 Fip 1
PEATIRAR RS T B VE My & A8 S W AR A AT
B3R5 3 D5 ) & BRI /INZ 38 FR R B R
Jitendra ZEU0YE /NG 19 EMS 5728 AR 0 & 30 T kT
R VBRI R AR B, AT T T R T RE A e S
ANFE A TR SO AR i EMS VR FORAE MY
T ROKRREARRPE 158 T AL FEORAIAR R L 18
AT /R BUEIR AN, Zhao 5V £
K EMSS 5745 119 58 AR (R B A 3R AS 145 o] B D
R EAL R A K , T brachytic 2 ZED H9EE ANk
BFEHIT 14 HGR A MRS TR, 1%
GEAS AR RE T T 1 I A A oK SR E
SE2F FH EMS 1578 = 1A A T R B
TOREE (B2 T 6.36%) MR BT R, L rbss & b i
KRR TGI WA TER JHLIR G & it 3y & T
AR AR MR ). TIEPRAE i@ 1t EMS
VAR TP DR 0 S S PP LT 281, 3RAS T IR FT 2 AR It
RE, AT 05 5 T AR v 3R it o B — g B
Guo %5l 1 EMSi7E K37 , 3-8 T Tt & 1%k
SRARAMR , B TERE AT R B IR AR I R T4 7

Sy R K 1 56.58 kb Ab 1 EE R & B R
HORVU7Hr1G106960 511955 790 7 8L T 14>
i C 3 T /Y FRAZ 1 R 2 46, 3 B0 A 11 265 264 131 24
LR i A RSl 22 R . (BRI e AT —
(19 Jy BRAE , BB S0 Hh— 3 0 S AR A w3 o T
A B i AR R () AR
42 FIEEEFERTE

XFF i B S8 AR AN 9 B i A7 07 B R A 8
AR AR, AT LA Ao il i — 2 A 3 85 A% R R A T A 1)
e, Poli 55 if 1 EMS /528 K AF AP+, A% T 74K
WA T A BRI R EZ WY E 88
R AR NH 787, A] T T R R A%
FAAN . Lethin 25 EMS 17575 i s [ 24 o/ N4z
fi A BARI Gom-25 i, i 32 0.2 mol/L ) NaCl
IR, 2 e T 70 AT SR 28 AR (R kR 2, 1T
TR AP 3 E . 3 SCRHESY T EMS b #E 2
AP A B R SR I M R R T & 2 S B PEG-
6000 A BT S A EF T 8 , A58 T 15 BRPT S
Hpk. Roux %55l ik EMS 28 /N Fl 7, 345 T
i} S 228K BIGS-1, 2 F R A H 2 H e
R AR AR ZE SR S5 T iR 4R = 1Y
Mo 28 & i AR ER A 0 IR 5 3 W15
1 TR 2 HE 7 A1, Sadaf 2555 1 EMS 1548
ARAT T 1t R AR R AN R AR AR, AR T A
TR FTEPEREF A A R AR R T,
R I DM R S T R, XS
AR BT T i — RN AT R e T
FE R R4 (BT j# . Wang S50 F FH EMS AR 2 T /N
7 i Pl KN9204 8 AR K 2, 4R 45 T 857 A AR I
NAC % 5 FRASKE R L il 3 T S A WA i it
YT 13T S A B e AR ) 5 AR Rk, Hop
RAFNR DAT 16T R0 T K EFHAL, SRk
A8 ) i FLR I i e £h M o Zheng 5V HE EMS
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AR I KRG 28 AR A e B0 T 289 A8 S8 A5 I, 1l et R
P 5ERE , KB SDR7-6 B R (4t 1 4™ BE R S0 )
FFAE 1 G 2 A B RAE LIS AR RS PR e
PEIG SR, (H X R P B4 . Chhabra 55/ ]
FHEMS 578 Fa /N7 8 A (A 3 2k ) X it
IR, R 0 5 B T HUHR ) R ZE K R .
Xu %550 5 EMS AR /NEE  ARAS T 1 I %k U
T HA R e it 28 R A B, Christina 45
it EMS AR T HT ORI I /INZZ 8781

FRERARAE W B v A AR AR A 1 e, B B BT
B BT VR b B — R B AR I . i
EMS AR SRAG AR ) 8 AR (A , ol FH— 2 1 B
B A TR M) UG , PR S AP RR E A T 4 e
A RORAF PR R P AR, FRR T4 H
EMS %5 I A FRAK FERD T, 72 M2 AR FH DR s ook ] 28 B
FF 2B HEA T ) 0 3 , A5 380 T 6T R DR e KR 7R 1)
PUrE B AR 100 f5 2L FRYRAEVE R, 258 KB
RAFRI ALS FE H I T L 4, 30 ALS 2R
[ 5 627 13 2 L IR Fh 22 B R 7% by 5 B R 1 K 44 Tk
g, T RAS T X6 B K A R ) itk . E A AR )
L EMS 754815 21 1 405 w0500 B R e K R 11 7K A
GEAS KR O 43, T AR s Rk A R AR AR R 2 403 . Kl
FERE N EMS 15748 (143 F 28 AR (A e e 31 T Bt
BB R S A4 (Nabu) B9 2825 R K
43 E.REBEEEFERTE

1 EMS AR MR T2 & R 28 AR IR, v] o
T L R S BE AT SR LA Al 52 30 kA ), AT 40
M5 7= P PR A 5 1Y 28 7 Ik R R JHL 26 (5 i PR 1 1y
AE , $2 X = i ROE B 43 P TR
ETE MR A REER L 5E AR H i %
AR RE, T T A 110 35 IR 4 0 e 5 SR 0B 1 7 L X
FHREE AR A B S B IE [ 35 4 2 0
Ve, Hu%E @5 EMS AR IRAS 1 /KA s 28748 14
g5 AFAEMR SGS I — N EFRET 14
G5 SUoRAE B SGS A HAS 197 [ AR SR
R N I AR , 0 o 2H 2k 2 LA A (R e 3k 43 B
RINSGS 2 5 ¥ A ML e L S 5 R0 A G 0 5
K21k . Umakanta %5 “/7E EMS 1578 1 7K fif 5 45
TR R 8 1 AN S DR 2848 1R TEMSS5032, 5878
A1) SRS3 FER 5 5032 (g il C 2B N T, IR AR
S KRG AR KN o BV I EMS A7 |
KACK , BRAG T Bt R OFF R il i S5 1R 1 28 AR
A, 38 2 MutMap $¢ i X6 B €6 i 2% 58 AR (A i 47 35 R
LT 3BT, 2 B2 58 A8 1A () 25 F) 75 Js it €2 S 1R

(ZmC2) KM= T 4 L7 AT /KRG it & A= JLF
56 42 1 A 1 R AL AT R 2K T RE s TEHFRLIBR A 1Y 9878
VA v R B 4 B i R 27 32 BB 11 1) Zm BT L IR R A
TR FECEKRMZLTE N G LA T, R B L
e/ IR FL A R, AR T 2 9 48 B9 FFRL . Nie
SEAUTE EMS AR AR AT I 5 AR R v e B —RRoF R IR
FLIGUERIE ST G B T8 A B R P (EL 5 1 1 n ) 2%
A DN P A A G AR OK T JE R B T 1A
G B T AL I AL, it FL2h B B 265 177 137 2 HE TR A
H = RAE R KA AR , it — W58 K I OK 1 LK G
8 1ANRE SR Fe-MTP 25 [, FEFFR A Bk F- ity vl 2
B . EMS 57815 31 i S AR IR B RL A g b oK
T2 B 1053 FIREALE] B FOK & B R R
TPy A

S 10 53 A% 2 F AR M H Y IR 58 A8 1) o
T o WA HAR B PRk 4 Jig o 1] 175 B PR 2
Jay B 2% A% (TILLING, targeting induced local lesions
in genomeS)ﬁ*ﬂjﬁHﬂ%/}fﬁi%ﬁ?iﬁq“ P T
e KR RS A M B IBGES R M2 ARy BBk
DNA, #47 DNA {1t , R4k H AR 5L ¥ 91 5147 5+
PES W IF 1T hRC , SRS PCRY™ 1 , 38 1 e
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