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Identification and analysis of EMS-induced seed mutants

in Pyrus betulifolia

SHEN Jiahui, QIN An, LI Jiaming, LIU Lun, WU Jun
(Pear Engineering Research Centre, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China)

Abstract: To obtaining the mutants of Pyrus betulifolia, different concentrations (0, 0.1%, 0.2%, 0.3%,
0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%) of ethyl methane sulphonate(EMS) were used to induce seeds af-
ter stratification. Then, seed germination percentage was determined, sequence-related amplified polymorphism
(SRAP) markers were used to identify mutant loci, and phenotypic measurements of plant height and intern-
ode length of the seedlings were made. Results showed that the half lethal dose of EMS concentration was
0.3% . Combined with SRAP markers detection and phenotypic data analysis, the optimum concentration of
EMS treatment was 0.4%, and the mutation rate was 37.3%. Meanwhile, the phenotypic data analysis which
used SPSS revealed that plant height with different EMS treatments was significantly lower (P = 0.01) than the
ck group. These resulis should provide a valuable theoretical basis for effectively obtaining pear mutants.[Ch, 1
fig. 3 tab. 22 ref. ]
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RO AR, ME LA ARAR S RUBE U 0 1 2 A (A6 B T B MR N AE LA 52, BRE, JF R AL AR K
0 ) B A B ST R AR S, e EEABE Y TAE . HOIEBERR £ 155 (EMS) J& H A b & k)
2, BRBAAENAABERNZ —, HiFERERMR DR, EMS A EK Zea mays 164y, MR
ik 78%, HZ N BAERAM, 5T RAMART L, EMS B 8 T KRS Oryza sativa, 3% Brassi-
ca napus 55 10 ZRR YRR AR (AR LN HE R WRGE . 8 TIRRIEHR N R BTG S
HBARKZR, ABFICR AR REFUEUY EMS B AL A FE Pyrus betulaefolia FpF-, Wl %R 78 & . 5t
G A R, IRAHER R B IRASSERM, 07 vk i5od By EMS 548 b BAR B 50, DAk
BN GEAR IR, SRARUHT SR B DL SRR SRR 43 A I 2 B AL U R A R

1 M5 &*

1.1 ##
HEIRA R AR 7, SRR TR Bt R A E K AL AR ST O VLI SE g d . EMS 245 i 56 (5
Sigma 2\ H] 477

1.2 FEMBNES

fit AP J2 AR 2 000 Rkt BLFp 7, RN 4 °C, WA 60%, JZFEE N 40 d, £ R IF T4
80% /¢ A7 9 vify £ [ Bof B mT fif F EMS 24 7 b 47 A B, A PR 56 F 2R AR KK W Vb kv, TR 2R IROK IR
24 h,

1.3 EMS & &

AL R BEAL 3 BT 10 2, 200 %47, BAHEIEI . A 0.1 mol-L7', pH 7.0 iy w2 22 vh il
BB EMS VW, 440 EMS (R B 50K Ik R 0 (ck), 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%,
0.8%H1 0.9% ., ¥4 W & 4 1) EMS IS o A A 4L, KR 0 B4, #85), 43 24 h J5 8 s AC e
FRENIEUERN T 15 min, FFHBZEKIEVE 15 min, KR FRTE, #F, M5 2Fm St 2r R,

1.4 EF 4 DNA §42E

BEMLEE AL 1 20 Bk - 417, THEFEREDWMN R, WA R KGR T-70 C, ek R B+ 7S ke
= H AL B (CTAB) L2 L DNAYY, 7E 10.0 g-kg™ B AR MEE A [ E4T VR U DNA Ji i, i i Nan-
odrop MW 73 6O FE TR BTk 2 50 mg- L, DNA A i /17 720 °C,

1.5 SRAP triZ#ilEE LT RINE

M FH B A 56 7 50 9 18 2 251 (sequence-related amplified polymorphism, SRAP) 5|4 i 15 H 22 251k
BAF, FAECONEMIR 10 XE5140, FEXFENTE TS (R 1), Kl EMS 4b 3 5 kLAY 4 i ) it 15 A8 5
WA, JFEATEE AR, RA EEE SN (PCR) A R (25.0 pl): 10xPCR ZZ ik (Mg™) 2.0 pL, 2.5
mmol - L' ANTP 1.6 uL, %54 0.6 pL, 50~100 ng DNA #i#y, Taq fifi 1.0x16.67 nkat( 24|y T TakaRa
ANED) . PCR ¥ HGRFFIFRE : 94 CHIAEYE 4 min, 94 °C, 1 min, 35 °C, 1 min, 72 °C, 1 min, 5 1§
M, 94 CZEPE 1 min, 55 CiB 2k 1 min, 72 °C 1 min, 34 PEHF 72 CLLH 8 min, J ] Sensoquest
Labeycle PCR X g8 HEATP 1,

F 1 R mEEEERH SRAP tRIER 51 ¥ FF 5

Table 1 SRAP markers and primer sequence used for identification of genetic variation

NRCEILY S IE 514
eml: 5'-GACTGCGTACGAATTAAT-3’ mel: 5'-TGAGTCCAAACCGGATA-3’
em4; 5-GACTGCGTACGAATTTGA-3’ me3: 5'-TGAGTCCAAACCGGAAT-3’
em5; 5'-GACTGCGTACGAATTAAC-3’ me5: 5'-TGAGTCCAAACCGGAAG-3’
em9: 5'-GACTGCGTACGAATTCGA-3’ me6: 5'-TGAGTCCAAACCGGTAA-3’
eml0: 5'-GACTGCGTACGAATTCAG-3’ me8: 5'-TGAGTCCAAACCGGTGC-3’

emll: 5-GACTGCGTACGAATTCCA-3’
eml2: 5'-GACTGCGTACGAATTATT-3’

P SIMAHA 1: eml, mel; 2: em4, me3; 3: emd, meS; 4: eml0, me5; 5: em5, me5; 6: em9, me6; 7: emll,

me5; 8: eml2, me 3; 9: eml5, mel; 10: eml5, me6,
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BCPCR 774y 1.5 ule s T B W2 O 0.8% 1) AR A2 P 5 P 0 ot e S5 2w Pk 0 5, LA 7 D) % 80
W, Bk 2.5 h, Qe@H 15 min, BERE G 15 min JSIAMICT . WERIKIERE, K& X594 5
fE R A AT RIIEo 07, ARMFAYIC N 17, KRR A Excel A%, TR 5 4600 B RONIAL 5F
HME.
1.6 HEHEBEKBERLAESIT

ghypiE B, EWVE B, 0T 2012 4F 12 AR 2013 4F 12 H I8 i A B4 A vk
FITTRI B, A 4% A AR B S (RIS [ BE, IR AT 22 52 B & P 0

2 HR5p4

21 FEMERRS# EMS & B3+t R F & F R0

Giil 441 EMS Kb B 5 ARG T R ZE R, A5 EOR . RRMAT 0 EMS Ab BEFRAR T BLT 1 & 2R
BT, RFEREENAE R A, HEEE R 90.5%; KFERRARMA RS 10 8 (KR35 H 0.9%
EMS), K#HRMNHK 15.5%, MWK 2 P LIFE L : 78 EMS (KR40 0.1%~0.6%0} , B & KRB B0,
RAFRBWEAL; TAE EMS R 50R 0.7%H1 0.8% 0, KRG TV FEICH & i BL7E EMS &
TR 0.3% AL SRAARE S, A 1 2308 47.0% ;i FEBOE R & 1 BLAE EMS (RT3 500 0.4%40 #1240 FE
mh, ZH AR 38.0%,

®2 EMSHEZEHMHABEAFEMERME

Table 2 Germination percentage of seeds and mutant rate of seedlings after EMS treatment

45 EMS (R B53 #0/% e 2F R RZF % B S B R N %
1 OCXFHR) 181 90.5 11.0
2 0.1 128 64.0 34.0
3 0.2 117 58.5 32.0
4 0.3 94 47.0 33.7
5 0.4 76 38.0 37.3
6 0.5 66 33.0 313
7 0.6 41 20.5 33.7
8 0.7 42 21.0 32.7
9 0.8 41 20.5 29.3

10 0.9 31 15.5 353

22 SRAP#tRiZEEMRLER DNAER

FF G e 10 %5 SRAP ARic 51900 AN [F] A LA i HEAC DNA BEAT %008, Geit 25 4140 i i) 72 S5 40
Ao GPIREW] 10 X5 Y IR IE 15 DA SRR, CFEEEXT LS A4S, A8 2 B 100~500 bp
PIGR/DIX ] o BHRGTH R o, EMS BABUN RO 0.4%10, 28 R R iR, N 37.3% (% 2). ol
UL, EMS Ab BB 1 H ™ A 7 al M E B FF AL RS . AP 1 s s D514 em10-meS A5 I 0F I 2 5
0.4% EMS 4bBEZH FEALLE A 20 Braly i 1938 12 ALY 3G B3, n] WL 0.4%EMS AEBEZH 78 100~250 bp [8]7*
AT R TS TP IG BE A I, R LA R A I B 4 A S 07 R AR E R R
23 FEEMHHBBEERNESHH

ARV BR 7 B EMS Ak 3RS (9 4y e A AL, RE AT B A, IR AR AL 1 AR 2 AR Ak AR
T A AR = LA (L, I3 A% R PR o JEE S (Y 22 St A 3 1 DA RGP BT TR BE (36 3) 0 et 4
RN AR L ARG 2 ARk ARy, R R B R (R R A LR D X R, HE R 2y 1 81.9
em Fll 175.5 em; AP BE B EARARALIN A A 7484, 565 1 ARA 1k A KT R AR 2L o 56 4 41, EMS (K%
B 03%, HEEy 44.5 em, TS 2 40, fARAL 05 8 41, EMS KRR 0.7%, Ry 92.0
em; MBS 1ARFISE 2 A48 R AR I, & APk 2 50 IR 22 S B 3 (P<<0.01), m[ L EMS 4k B AL
P ¥ JE #RAE —EFR B EREMR T AL PR P I R ERE ST A R o s MARLESE 2 afFIRAER
BF, X REZ Y R AR R i K, 4300 1.97 em F1 3.10 emo 55 1 AR5 1R A I e 2 55 6 41,
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EMS & FU 80k 0.5%, HALE R 1.68 ecm, 4 2 4E0F, fE4 N5 5 41, EMS IR0 0.4%, HEk
N 2.56 em; 55 1 ARAFIEAERKES, EMS 4B W RIKE 2 RA R 56 2 e kAR, XF
M52, 4,5, 7, 8, 942 5WE2(P<0.01),

1 23 M45 6 78 91011121314151617181920

250 bp

100 bp

1 2345 6M 7 8 910111213 14151617 1819 20
250 bp

100 bp

A KR4, B KB B H0.4% EMSAL B4, M: 2 000 bp DNA
wRicy s @Sk TR 9 R A .

B 1 SRAP 714 eml10-me5 #& | 3¢ 405 0.4% EMS 4 22038 A1k 69 342 R % 9738 {48
Figure 1 Amplification pattern of individuals in ck group and 0.4% EMS treatment detected by SRAP primers combination of em10-me5

*3 EMSHFTEMAEFHEL 2 aEKBFERNRESIT
Table 3 Phenotypic evaluation of seedlings after EMS treatment in 2012-2013

g EMS HBU 50/% B - 4 {f/em 387 [ 4 B fem
2012 2013 2012 2013
1O R ) 0 81.85 £+ 4.83 A 17550 + 7.83 A 1.97 + 0.098 A 3.10 £ 0.062 A
2 0.1 5228 £2.63 B 98.68 £ 549 B 1.78 £ 0.069 A 2.62 + 0.081 B
3 0.2 60.50 + 4.32 B 109.63 + 7.11 B 1.81 £ 0.076 A 2.82 + 0.070 AB
4 0.3 4453 + 279 B 93.89 £ 5.65 B 1.71 £ 0.056 A 2.59 + 0.066 B
5 0.4 53.68 + 3.34 B 111.50 + 5.55 B 1.74 + 0.058 A 2.56 + 0.059 B
6 0.5 5554 £+473 B 119.14 + 8.21 B 1.68 + 0.048 A 2.69 + 0.011 AB
7 0.6 56.64 £ 5.19 B 104.76 + 6.53 B 1.86 + 0.070 A 2.60 = 0.082 B
8 0.7 58.80 = 6.52 B 92.00 + 6.44 B 1.78 + 0.17 A 2.63 +0.014 B
9 0.8 49.07 + 475 B 102.57 + 9.30 B 1.84 + 0.058 A 2.61 +0.012 B
10 0.9 52.09 £+ 5.83 B 118.27 + 10.19 B 1.89 + 0.077 A 2.88 + 0.013 AB

YAl ZESWAEVEKP, KRR P<0.01.

24 EMS ER#MAMFRENREGRSE

5L T M P — R A PR~ 05 w5500t A D7 A8 A B FE AR B T R LA i) o O]
WELAES 4 4, EMS AEBABU AN 0.3%; m A i i BUAESS S 4, EMS (R38O 0.4% . Zid
SRAP 3 FARic kil , 75 55 45 3 dgc i 1 2H R 565 5 20, EMS A0 SR FR A3 B0 4 Ay i 5500 o 7E R BUVEE
b, BARE AN ST S, H2AZ MM zERIFARE; MAE T RHKETE, 2 48K E
BRI, PG, 254G UL EEAE T, e EMS G 3R A2 i AL BLR - 2848 i e AR R AR B5Ch 0.4% o

3 it
3.1 EMS FZEMTERRLEMRE

EMS 2 —Ff RAF R 7528 ], Klmark T 1953 4Ffig FL 4l i 17 EMS 0 %8 T A 2tk . S EMS
BTZ R TR, B R R KA L . GIANGTHE R, Zhou SFPVH ] EMS A8 KAE, 4K
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13 THUER MR AR MR s TR ™ A58 A8 | Fang 48 ™l ] EMS 1548 1642 Arachis hypogaea, 3K1%E
TMERZEAS A T A ERAE KA Y 58748 | X578 J& EMS 15745 J5 28745 Ji Z 25 /0, 1 LR 30 1 &6 02 DU AL
HF, EMS FEVFZAEY Y BEE A T ORFRR B B AL AR R . ARSI, il R AR B £ EMS i
AR TSR, AAUPE T AR s A S, SAMAEN G ERERTXRA, BEAERE TR
b, (R X AR R O AT AL R AR 5, A fr T il — IR AT .
3.2 EMS FTHEWHNREERRSL

AR B0 EMS 35725 A ) 77 A 28 A R U R [l . Fang 8 ffi F 10.0 g-kg™ 1) EMS 4b 3 J5T A i iz
G A4.2% A0 AR, A3 R TR & T 60% 1 R AE K . 1 Zhou 2 S AR KUK 0.5%11 EMS
A FRKFERNF, ARAS T Hrh My 8 A8 i o FRATTE AR AR B 80 EMS b AL RLFD 7, 4560 T
A FAE AR SR, ARG T IR A BL 58 1 B il B EMS (R0 $0 0.4%, t b ml UL, EMS kb 7E A [H]
i i) S A AR R RO A 22 5 00, T B X R [ R R A 70 A 7 32
3.3 EMSiETHMAFIRicERE

EMS J&—Fbifb ), BERSIA LS R4, £ M4, i I DNA 3 FAric i) Jy i T DLPs A 2L
b % SR o A A AR ] SRAP A3 FARICH AR K #] T EMS 5745 8 R Cucumis sativus )75
S o B A B HLY 1Y 2 A5 P DNA(RAPD) 4y FAric BRI ] T EMS 175 48 46 A= 1) 58 248 fif
Mo HTHFHALS FARIL, SRAP 4 FARIC AR s BB MR, Hyp 5 PCR ¥4, 5149 R B
K, BRI GAEASIY, G0 LABEYLAL S A g5 5 i 4k B ERRIC & BRIC AL E B
B, fERN A P i s), BIE TR SR 225 2 AR, (A 10 )3 A
SRAP 5Pkl 2 T 15 98487 5, KRB, w6 I 28 35 E Y EMS AR 43 805 HE w] 58 1 $di
TFE
34 EMSEUHDFEMDEINEZTEZIEHR

EMS 7ERAEY S8R e AL F N AT, M8 TR ZRAERE ., i TFAAREYERE KK,
AR E A B A, BT AR A A I 9830 LD o ARBFgE A, FRATT o O AN TR AR B 40 B
(1 EMS 2550578 #E B4R 1, i ad 4 1 R0 BUECHE i S 58 5 e, A B T SR IR AL BUAR B B,
Pt S SRR AR & R T — @ WA S ARAE, HH L TG4 B R R [ SR A IR e, fhf
VEAS M RICR T o AT 25 K hy A T DR 3R 75 B 58 A8 AR B 446 7T 58 1) B0 i el AR O
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