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Optimization of High—Efficiency EMS Mutagenesis Technology for Forage Oat
and Screening of High-Yield Germplasm

ZHONG Zhi-hua', LU Mao-jin', WANG Rong', YANG Guo-dong', LIU Chao', MA Xiang’,
YAN Ming-ke', WANG Ya-fang'", GUO Huan"
(1. College of Grassland Agriculture, Northwest A&.F University, Yangling, Shaanxi Province 712100, China; 2. Academy of Animal and
Veterinary Science, Qinghai University, Xining, Qinghai Province 810016, China)

Abstract: In this study, the forage oat (Avena sativa 1..) cultivar ‘ Zhongtian No. 4’ was used as the experi-
mental material to establish an optimized ethyl methanesulfonate (EMS) mutagenesis system. A series of pre-
treatments steps were employed, including husk removal and a 30-hour seed moisture conditioning period, fol-
lowed by EMS mutagenesis treatments at different concentrations and durations, and a post-treatment involving
exogenous gibberellin application. An M, mutant population was constructed. Agronomic traits were investi-
gated at the milk stage to evaluate the mutagenic effects and to screen the high-yielding germplasm. The results
indicated that soaking seeds in 98% concentrated sulfuric acid for 6 minutes effectively removed the husk barrier
of forage oat seeds. Adjusting seed moisture content to 50% via a 4-hour soaking facilitated efficient penetra-
tion of EMS into the seed. The optimal EMS mutagenesis conditions for forage oat were determined to be
1.0% EMS treatment for 16 hours. Treatment of mutagenized seeds with 50 mg+1. ' exogenous gibberellin sig-
nificantly improved seedling growth. Compared with the control without added gibberellin, the germination rate
increased by 8. 5% , and the seedling length also recovered to the level of the non-mutagenized seedlings. This
EMS mutagenesis technique systematically addressed key limiting factors in forage oat, including seed perme-
ability barriers, inconsistent physiological states, and mutagen-induced damage. In the M, generation, the
mutagenic efficiency for obtaining high-yield potential germplasm reached 1.92%, and 13 elite high-yield
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potential germplasms were successfully identified.

Key words: Forage oat; EMS; Mutagenesis system ; Exogenous gibberellin; Moisture content; High-yield germplasm

WA (Avena sativa L. ) & RABHEL & — 4
FLARKEY) , — W o3 Sl B AL R A6 22 ) A R 2 (R
MEF O W R R a2 38 w1 N R e 22, AT 9L
FEPLE (B T ER R A v SO R (R A
ROARPES S RAE Ry S S A AR s AL 1 5 e AR
GLAALB R BCRAL, A H R Al 2 IR
T 5L R AR A

F 3L % iR £ ik (Ethyl methane sulfonate, EMS)
V578 B RO AE Y ARAS O R R IR T o R B b BT
WA RGRRZ — , B RAERE 77 4 5 58728 %
e R I ] AR AR O R MR 1 RS L B
FEAED B L o Roh R ¥R E AR B, A
FH#EAZE EMS 578 B AIF 58 32 2 4 b T 51 6 A [ g 22
i A — 2 BOPE R B A O R L R RCRIR R B2
Lo vk b A M a8 4 R o B O 0% 1€ B AR I
Xof ) FH e 22 38 D5 SR 1Y R T H AR AR Y E 1] 75
A5 5 R GRS e R T =

ST, AW IE AU BR e AR e LA B 8 i
i 5 380 3k 32 FoloRS B O 45 B 1 S K A, AR AR T A R
AR 0 2 EMS 155 72 1Y fie A 28 B0E 50 i 5 R JH SN
O R 2R Ak P 22 ka7 AR 000 A v A B RS R T O
TE AT g 77 0 0 0% 1) P HE 22 b BT R R R B R BT
BEIRE 1 2 AR, O ) e 2 s Rk 2 A Ko
ol S5 ) ] B AR T B AR AR R S HE

1 BRI

1.1 R

Bk g e & SRR O h R 45 i b E RO R
e 22 F S BRSSPk RN AT
TR 19 25 A B CHR 1 B2 AT TSI F 5 >R T 9826 HLSO,
Ab PR 6 min (& R0 L BR AR AR B O BT A5 .

1.2 RKEHE

1.2.1 #FF4xkFaE  SMXE5 kit
IR0 b S K B2 o FRIL(4. 540, 1) g i
TR B 98 22 R T A 50 mL B0 A L I SRV IR R
B A ZEWK)E BT ACUKA 0 716 30 h
R Tt AR AL, TR K R S 3R E A .

1.2.2 EMS#H E &Mt WK E 4D EMSH
FE(0%,0.50%,0.75%,1.00%) F1 3 4~ it [6] (8 h,

12h,16 h), LL 0% EMS R Xf i, K FF Kz He 22 Fl
FAZEARK 4°CIR ML 4 h, W5 T )5 AR [F] ik B EMS %
W CRF pHAE N 7. 0 19 PBS Jy i 0 e ) kb 28, & T
FEIRBECREAEAE . Wi T EMSJE 5% B Na,S,0,
VS W s B L B S K S S A oK e 2 h T
KR

1.2.3 TR FRE HEMAKREE S KA
A5 J5 B TG Bl R I )R R P, #E 2000 Ix,
25°C/20°C,16 h/8 hot J 1 F 5 % , W1 Ia] R 45 K 2F 4%
TR TSR 7 d 10 d S B R 2R SGR & 2
B IR TS K 2R DUR R F SO N o, B
AR SOR AP F 3R ER . K AF IR G, fE Ak 2
1) 45 7 52 B AL B 10 AR 4l i 410 8, £ A Tmage J 4K 14
MEAARKSEK . Z2FMHHEmRTEARDT .

K ZER =210 d P T K ZF B/ Fh 7 SB0< 10096 5
FHXT & 25 B =R BNk 28 55 /% B & 28 % X
100% ;

RAF =TT dFhF /BT BB < 100%
FEXT 2 2 34 = b B 7 2 ZE 35/ BR Bl 7 & 2 34 X
100% .

1.2.4 P RFAFEE(GA) B LM HiE KE
0,50,100, 150 mg-L " PUA~ GA, ¥ B B 1, 55 4b 74
S50 kifh -, 3WHE L . FhFILA K AT, ALY
WE GAR IR BT 2R IC R R E . o HFR
q, 2K AN R K5 B G BT i, IR 8 H WL

SRR HFN DL

1.2.5 R Bl AF B a7 & 2 5 EMS % £ 4 &
432 MLPRHER BT 30 h N & KRS A il 4R, 2
6 A~ 25 FF B2 ME 22 Bl 1 1y B K i AR Ak I TE] RS A
1.2.2 v 0 vk 8 i B A EMS 3 48 4 1R 9E 17 & 2
T 5 .

1.2.6 EMS# X 54 RAFE XML R
TE IR /NE AT A0l 1 2 FE R e BT, R FH
EMS 2 F #E 4715 48 b B K5 15 A8 Fp 7 BT Fh 7 R 3
A6 IR 1. 2. 4 o0 R A R R RS MR EAT
SRR AL B DR AT o8 R 2R AL B 5 8 Bl T O X
HR o R ZF R0 500 F8 b R) I .

1.2.7 WEAHEE REEKRAE A RR I
] 25 & e A EMS U578 45 1 5 T H A1 i o 25 3% A
P e 2 Fp 1, BR O ho Ak B PR & 2 30 A I i o7 A% A PR
358 Ll T Ak, He Ay 4% b B 4H 4 3 b B 208 ki F T



55 8 10 Bl AE A < A FHHEEE W 3 EMIS 1578 1 AR A Ak 5 e 7 ol O ik 3115

PL4 hiZ 5 EMS i5AE b B R 28 % 55 25 b # fY He 47
Foft 7 Ay A B B CA | [ R o A A 2 AT ] Ak R %) o
TAERZ 2% X RCCK) , Fivkl T IR = (35 5% &1 R
2000 1x,25°C/20°C, 16 h/8 h Y W) , it s 45 Ab 1
Fie RRISGR MARFR T o MARFRA YA T 20254F 5 A
T H AR X GV REARR (101°59E,36°42' N,
BEASBRAT IR 16 47, 7 CHE ATEE MR IE 1 40 emo FL3#
W45 bR R ok PR A AR MY 4 BRI e AR SR, T
S5 N IR 94 Rk . HH ) 32 2 R A MR bk = Lo BE AR
MR I TE L BRI ZEM B . R 30%6 Y (A
Xof & T GEASAR HEAT S8 M AR LA RAR T X IR 7026
) AR T o L4810 A ) AR S TR SRR T
Xif BB 130 %% By FEBR BT & L9040k I ) AR SR, R
2R IR B T ] 5 A1) € AR A HROR EAR 75 AR R0
5 78 R Ny e — PR Y 28 AR AR A Ak B M AR
W05 5 78 Fh 7 B0 43 L

1.3 #HELE

% F Microsoft Office Excel 2010 #1 Prism % {4
HEAT R A Ak B e 1B 2 i 4, R FH SPSS 19. 0 483 5k
PFEAT 7 2250 BT o

2 ER54HH

2.1 RAFEXKEMNHFEKENRM
M B 1 AE 1.5 h Py i g IR K, T K R A 3
37.39%, F AT Y 4 A% b TR S K By B CIAT
IO = S i 2 e |

»le >l »
I 0 i

7K 2
Water absorption/%
IS oy o
(=) (=) (e
T T T

53
S
T

O 1 1 1 1 1 1 1 1 1
Oh 1.5h 3h 65h Ilh 15h 19h 24h 30h
B

Soaking time

Bl ‘HXR4SHEMTFELEIONABRKETLHL
Fig. 1 Water absorption rate change curve of ‘ Zhongtian

No. 4’ oat seeds over a continuous 30 hour period
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Fig. 2 Effects of EMS concentration and treatment duration on ‘Zhongtian No. 4’ oat germination
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Note: Different lowercase letters on the bars indicate significant differences at the P<C0. 05 level (Duncan’s test). The same applies below
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Fig. 3 Effects of gibberellin (GA3) concentration on germination of ‘ Zhongtian No. 4’ oat
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Fig.4 The effects of different pre-treatment times of soaking seeds and EMS mutagenesis combinations on the germination of

‘Zhongtian No. 4’ oat
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Fig.5 The effects of EMS mutagenesis combined with 50 mg-L~" exogenous gibberellin post-treatment on the germination of

‘Zhongtian No. 4’ oat
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Table 1 Field mutagenesis efficiency of M, population by combined treatments
fb 3 Treatments A B C D E F
Tuit Mutant type Mutation MulauorT Mutation Mulauon/ Mutation Mulauon’ Mutation MUIHUOI”L Mutation Mulahor} Mutation Mu{al1og
number ~ frequency/%  number  frequency//s  number  frequency/%  number  frequency//i  number  frequency/%  number frequency/

i3] B Tncrease 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Plant height/cm W Decrease 0 0.00 1 0.28 2 0.96 2 0.96 2 0.96 2 0.96
B 11 Tncrease 4 1.92 9 2.51 4 1.92 3 1.4 3 1.4 4 1.92
Total tiller/number > Decrease 10 481 10 2.79 14 6.73 14 6.73 2 10.58 16 7.69
e B Tncrease 2 0.96 2 5.59 9 4.33 9 433 6 2.88 5 2.40
Effective tiller/number /> Decrease 17 8.17 15 419 24 1154 16 7.69 31 14.90 % 1154
R B Tncrease 0 0.00 1 0.28 1 048 0 0.00 0 0.00 0 0.00
Flag leaf length/em /> Decrease 0 0.00 1 0.28 4 1.92 4 1.92 5 240 3 1.4
IR 5T I Tncrease 0 0.00 0 0.00 1 048 0 0.00 1 048 0 0.00
Flagleaf width/em /> Decrease 1 048 1 0.28 1 048 0 0.00 1 0.48 4 192
T R HEI Tncrease 2 0.96 6 168 3 144 1 048 3 144 3 144
Flag leafarea/om’ 3> Decrease 3 1.44 4 112 10 481 12 5.17 9 4.33 13 6.25
ESil B Tncrease 1 0.48 2 0.56 1 048 1 0.48 2 0.96 4 1.92
Stem diameter/mm > Decrease 1 048 1 0.28 2 0.96 1 048 4 1.92 2 0.96
ik B0 Increase 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Main panicle length/cm /> Decrease 0 0.00 1 0.28 3 144 2 0.96 4 1.92 2 0.9
HE B Increase 1 0.48 3 0.84 2 0.96 1 0.48 4 1.92 2 0.96
Fresh weight/g W Decrease 6 2.88 6 168 14 6.73 8 385 8 3.85 1 5.29

W CKIE RGP+ A4E 4 hiz il +EMS; B4 0 hiZ il - EMS+GA,;CH8 0.5 hiIZl+EMS+GA,; D48 2 hiz il +EMS+GA E
FRAME I +HEMS+GA,;F 48 8 hiZ il + EMS+GA,

Note: CK refers to untreated seeds; A refers to 4 h soaking + EMS; B refers to 0 h soaking + EMS + GAy; C refers to 0. 5 h soaking +
EMS + GAy; D refers to 2 h soaking + EMS + GAj; E refers to 4 h soaking + EMS + GAy; F refers to 8 h soaking + EMS + GA,

®2 ‘HRA4SAEEKELEESEMSFEETMRBEST=E HMEMERSEIT
Table 2 Traits of in high-yield potential germplasm from the M, generation population of ‘Zhongtian No. 4’ treated with
different moisture contents combined with EMS mutagenesis
p ’fﬁkﬁ %\ﬁ ﬁ?ﬁ/ﬁ% ’ LIRS R EHER %%ﬂ o Ifﬁk ’ fi@ ’ E ‘ it ’ ﬁwﬁf(
Name Plantheight/  Totaltillers/  Effective tillers/  Flag leaf Flag léa[ Flag lealarea/  Stem diameter/ Main spike length/  Fresh weight/  Dry weight/ Lealnumber/  Mutagenesis
cm number number length/em — width/em om’ mm cm (gePlant™  (gePlant™  number method
CK 1494 24 12 40.9 31 105.51 9.93 319 7940 168.65 5 -
2220-2 143.5 25 15 411 3.3 112.80 10.48 39.3 1080.8 235.90 5 4h+EMS
2796-4 166.5 26 U 36.6 3.3 100.00 10.00 36.0 1058.0 242.70 5 0h+EMS+GA,
2797-2 149.1 30 22 492 2.9 119.00 9.00 37.0 1078.0 196.20 4 0h+EMS+GA,
2298-2 157.9 27 19 394 3.3 108.00 11.00 35.0 1152.0 221.10 6 0h+EMS+GA,
27121-1 160.3 30 17 38.5 3.2 102.46 10.20 40.1 1074.0 259.20 5 0.5h+EMS+GA,
27124-1 159.3 26 12 37.6 30 93.81 10.95 312 1060.5 278.60 6 0.5 h+EMS+GA,
271553 151.0 41 25 384 2.9 92.61 8.77 33.5 1133.7 254.00 5 2h+EMS+GA,
27172-2 150.3 33 U 3.1 2.9 79.83 10.64 33.6 1092.7 268.50 5 4h+EMS+GA,
27174-2 146.7 24 15 40.0 3.6 119.76 11.09 404 1150.5 283.40 6 4h+EMS+GA,
27176-2 1541 22 15 47.6 34 134.60 947 417 1068.0 283.00 5 4h+EMS+GA,
27196-2 165.6 30 u 36.4 34 102.93 13.10 344 1084.0 261.10 5 4h+EMS+GA,
27201-3 161.4 36 22 39.1 30 97.56 10.00 34T 1202.0 318.90 5 8h+EMS+GA,
27210-4 158.5 30 1 456 3.3 12516 11.20 39.7 11445 337.90 5 8h+EMS+GA,
RIRHUENE . AR R BMAE M TR 4 WIS AEH 14 h B4 5 BEBUL AN 0. 750 EMS

KR ik 50 %6, Al il H R 25 oE AR BR A0 A BR A
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1% EMSALPE 16 ho 208 7457 R A H EMS i A7 2 A JEa =, S BOM R4 iz 55 s &
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7R e 3

A R MRS A 0. 75% EMS

A AW FETE S A2 5 R AT AP IR IR 85 3R Ak B AL G2 it
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