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In vitro mutation induced by ethylmethane sulfonate in Stevia rebaudiana and
SRAP identification of salt-tolerant mutants
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Abstract: Objective The in vitro mutation system of Stevia rebaudiana induced by ethylmethane sulfonate (EMS) was established , and
the salt-tolerant mutants were identified by SRAP. Methods S. rebaudiana plantlets were inoculated on MS media containing NaCl with
different concentration to screen the salt-tolerant critical concentration. Plantlets were treated with EMS at different concentration and for
different time periods, and EMS mutagenized stems were inoculated on MS medium containing critical NaCl concentration to screen the
tolerant variants by SRAP markers. Results The critical salt concentration of S. rebaudiana plantlets was 1.0%, and the suitable
concentration and time of EMS were 0.8%—1.0% and 8—10 h. Among the screened 41 S. rebaudiana tolerant mutants by SRAP
molecular markers, four were mutated at DNA level, and the mutation rate was 9.76%. Conclusion The in vitro mutagenesis system of S.
rebaudiana with EMS has been established, which provides a new breeding way for high-yield salt-tolerant S. rebaudiana.
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PE—FP N R 2 Ak 2515 A0 7], HBE R &
fig (EMS) {ERYIAAS & Flrep 520 2 S ™. i
AT H R 2538 542 SRAF i #5
A ROEEZ —, HIr A CAEZ My s
Ao B A TR TR T SR oA AR SRAT By, I i),
O EATL B, AT T 441
REFRTHIMAITR CITRE T 30 24E, LR ik
R EHEE T KERED, (BG4 EMS
SRR BT AR WARTE o ASHIFFT AR T2 JC T
MBI BEFARYIRD ZBORBA L, L
EMS A58 FEA T S5 78 S AR )i AR R L, i
AP HIY 2 &% (sequence-related amplified
polymorphism, SRAP) Fric#HAT%5E, LAY AEHe
SRS 5 S AR AR (1 I P S A B A Hs R AR 34
1 #R5FEZE
1.1 ##

PEA R R 2 BURHERE 27 B A 27 41 15 S B AL IR it
mhag “mdit 157 dEEET. AR EMS Bt
SRR T W A A 5 18 Sigma A T AR ASEIG LA
BRI MS Bigedk, B IRIEKR A MSH+ bk
30 /L5l 5.5 g/L Wi 2t . FE R4 i
& (25+2) C, Yt 2 000~4 000 Ix. 14 h/d, #f
SHEIE 60% 7547
12 A&

1.2.1  Fltwsg 3% w i Eh VRIS NaCl ¥ BE ik
Bl NaCl 4 04 0.2%- 0.4%- 0.6%- 0.8%- 1.0%
I 1.2%01 MS 5783, R A=K RAF I ET 45 4155
W, AT LA B IR, 40 d JE M EEETI 4 41K
B AERARDL, GEvh a5 A rs SRR ER, DU
TR 0~ 10% B -2 T 6 4 7 32 1 i 7o pg 100,
1.2.2  FitH2 EMS 35722 5& B S RIS [A] 1) 9 1%
HUE KA s 35 v, By 20 J, BURGES 2
AMBEFRZEB (K 1~1.5cm), & TG A

/Y BUEMS (0. 0.2%- 0.4%- 0.6%-+ 0.8%- 1.0%F!
1.2%) WIJCE =MD, e N 60 r/min IFEIK
LAl 2. 4. 6. 8. 10, 12h, JL 42 MAbFE,
Ab PR 56 HE 5 F TE 7K e 4~5 IR TE B R AU T3
MKy, HRT MS K7tk b, BEACHE 9 i, ik
4 ANHMEA, b 45 d, BHEUARTHRIAAE R, &
BOE RN 50% I (1AL FE I 8] RT3y 30k EMS
TR ()5 7 B A BRI ]

1.2.3  FHW AT $hAR S ARIOR I  E0R E
5§ EMS 5 748 i B (1) I [a) R0 5T 62 40 B0l |, T
297 300 AN Ao AT E S AR A o K I ZF BY N R
T8 1.0% NaCl [1) MS #5783 EEAT i #hPE A7 44
M0 ik . R 45 d ML 4 41850 AR KR
Ol HAEAETE W ARG 5, AR5 T e 821
SRAP 731 %€

1.2.4  Fifbaging $h42 AN SRAP 7> 7% K&
AR JETE 1.0% NaCl T 7350 M ARSI SR g AT
%, MR e N R (K CTAB WL -3 - A
DNA, it SRAP 4 Fhric i £ 48 AR AT 50 1
YT o 1 58 LARAEAT A A 3 PRI 3 41885 1 M AR
XF 36 A5G AT 5 | W3 (1 ) FAR e 51 L3
L, BT A TREEARSGRAF A,
PLACHT K 8 X514 (F2R2. F2R5. F3R3. F4R4.
F4RS5. F4R6. F5R1 fil FSR4) Xf 41 AR Sk HEAT
SRAP fiilll. SRAP [VAAZA: Taq DNA RH5MH
(5U/uL) 1.0 uL, 10XDNA ZE/ (£ 15 mmol/L
MgCly) 3.0 uL, 2.5 mmol/L f#J dNTPs 1.2 uL, DNA
PR 0.5 uL, 10 umol/L 1E. 51414 0.75 pL, X
#/K 12.8 uL. PCR XN AE/7H: 94 “CAZME 1 min,
35 CiEK 1 min, 72 ‘CHZEM 1 min, 5 AMEIR; #
% 94 CAEYE 1 min, 50 ‘CiB/K 1 min, 72 °‘CIEfif
1 min, 35 MG, )5 72 CHEM 10 min, 4 CL#
1f o YT B STk

%1 i&H SRAP 3RS KIFT!
Table 1 Code numbers and sequences of Selected SRAP primers

NAGEEY) A (5°—3%) KI5 14) A1 (5°—3)
F1 TGAGTCCAAACCGGAAA Rl GACTGCGTACGAATTAAA
F2 TGAGTCCAAACCGGAAT R2 GACTGCGTACGAATTAAT
F3 TGAGTCCAAACCGGAAC R3 GACTGCGTACGAATTAAC
F4 TGAGTCCAAACCGGAAG R4 GACTGCGTACGAATTAAG
F5 TGAGTCCAAACCGGATA R5 GACTGCGTACGAATTATA
F6 TGAGTCCAAACCGGATT R6 GACTGCGTACGAATTATT
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Fig. 1 Growth situation of S. rebaudiana tissue culturing seedlings under different NaCl concentration
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(32.50%) FIZEME (27.50%) KT 50%; 4
NaCl RS ECHN 1.0%, fFiEFE N 3.13%, AR
FH0; 4 NaCl itz 43 HCh 1.2% 41 855 1 45
SET o X T U ORIy, 0 3 BCIE (1 6 4%
SR, JEFEIR J) 0 0k 2 2 DLRE A 48 K 2 B
WAL AKKE, B, ARS54s A2
BRI R EMRR, Vb Rt
A BTt 1D i ER A B FE NaCl i & 5
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FH 3G 2015 0 7E EMS /S [i) J52 5 40 S0 4ab 2
RIS IR KX A, HiE EMS s 5
(1) 184 AR ALk S8 N ) PR S, T P 4 55 1 K A0
GG, REIEETE N, TR R A KR T A
ER& EMS ACPEFE 55 4155 0 (CKD AHEE 228
i, mR e, 2R s, R AET. CK
TEREARRG FRFE P AR KT, WIROHL, e, 1
RS AP, K (B 2-A); 24 EMS ik
S EUEI 0.8%, ALEEI AL 8 h G, AL —F
2 2 BT, A AR g, i Al (]
2-B~C); Y EMS JUR 5 H0EE] 1.2% b BRI [H]
12 h, FH B ATRAET (K 2-DD.
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Fig. 2 Effect of combination of EMS concentration and treatment time on growth of S. rebaudiana tissue culturing seedlings
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Table 2 Effect of different EMS concentration and treatment time on survival rate of S. rebaudiana tissue culturing seedlings

SRBII A/ ALKRRAL
0 02%EMS 04%EMS 0.6%EMS 08%EMS 1.0%EMS 1.2%EMS
2 100.00 96.67 95.00 95.00 95.00 95.00 91.67
4 100.00 98.33 98.33 96.67 93.33 93.33 71.67
6 100.00 96.67 95.00 93.33 91.67 91.67 41.67
8 98.33 95.00 91.67 68.33 68.33 48.33 16.67
10 93.33 93.33 91.67 68.33 51.67 41.67 10.00
12 98.33 86.67 75.00 60.00 43.33 38.33 0.00

ST AR WA, B EMS B2 4L
(T iR RAR SN TR (P A, I 4 255 P A e W
FEAK. 29 EMS B 70 3076 1.0% LA, b S [A]
1E 2~6 h, T2 4185 5 A7 R R FEE 90% LA
by Y EMS FiE S E0OR T 1.0%, AR BRI (AT 8
h B A ER T 0.8%, ALFERFE T 10 h, &
2 20 85 T A7 05 I E 50% LA T o 3l H DLALRE
T R 2 BE A Sy EMS Ak 3 ) fe ol B S 45
G ST AL BR LA W AR, RS
o2 EMS B4R 4G (“Oedit 15 7)) 4iR5m 25 B
CHFIRZF D (R B s i B IS TR YE LR 0.8% ~
1.0% EMS 4bFE 8~10 h,
2.3 M FEEEN BT RNV IHIE
PRERT IR 25 d 2o A A KA Rl e A AR AR 4
BR, BURRK A 1 em W IRZE 2B (BT Lt ),
2 1%~1.0% EMS 4B 8~10 h J5 M4 MS 4
REFFEEE b, B AEIR AL R 4RA% 3 W, %
FAES 1.0% NaCl ) MS 725 E3HAT R AR T 1Y
fif S PO, AR 3 AR, FUTHAERAAR
AT AR, PR AEEGE N RS, SN
RERR B A i #5728 S bk o I 3578 S BR A RD 21 1.0%
NaCl [ MS 1772 3& b (AR 6 R 444 Fh 300 A
2B, 45d GitAEiE %, &k EMS A B
3 2K BT 41 KK, AAIE RN 13.67%, X EAF
10 Bk, 1R E N 3.33%.
2.4 EHMETE T RRH) SRAP £
Mk HE L EMS AL T S AR S,

H 25T 1.0% NaCl g 520t 16 H R 11 41 BRFIT 46 20 55
%ﬁ I3 G5 Y %I EL DNA J3ET SRAP 4> Th5

WCHE. B3 R X448 S fk SRAP
WK, RS, F2R2. F4R4. F5RS

A LLA DNA ZKPAGIN AR AR, 514 F2R2 mIA I L

2 ANVRSRRRR, A RIANE 164 25 %5, 5 CK AL,

16 5 BRI 4 47 (B Sk BT7), (HAE 100~200
bp LLILABFRRZ 1S 1 45417, 25 ‘5 BERIUIAE 1 000
bp AL EEK 1 4515, 514 FAR4 Refig A0 3 A
AR, Rk 25, 32 M134 5, 5 CK AL, 3

~MCK1 23 89 1011 12 1314 1516 17 18 I
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Fig. 3 SRAP amplification map of S. rebaudiana mutants

by several primers
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AR ERIEFEL) 600 bp AbEK 1 457 514 FSRS
REASTIN 32 AR bk, HARRIL N AE 200~300
bp H1300~400 bp 4b 52k 1 4547 o UL AT 501, EMS
I CABEEEIT AR5 AE DNA KPP RAER SR, &
SRAP FrFFrickill, JCAFAE BRI N o 4
B . T FIREEIR, 41 R RH A 4
ANHRTE DNA KPR T IFFINAR, SRR
9.76%.
3 ithig
3.1 FMHFARETHEERRESBHHE

ANFIREH AN]SR i 36— A A — AN
B, 3K B ph 13 DR R R AR A A b 1 A 358 BT e
SEMT . WEFURIH, BRE B AR AR R R £ 1Rl
BN 0.8% !, BB LI 1 (1 £ b4 A
1.2 gL, 7o aa s SR A UL 1.0% 4 B A
SIS SR G BN A B R o B R I A
RAVEME R, FHIH 2 LB 0T 265 A 1.0%58
Hih, Mhei iR SRS B A AN,
e TR B A R 2 I S R 9 R ()1 B o 4 ik
0.5%"" 10 A5 I [7) SRS T4 4L 1 (0 S 1
LR B e IE T — ) R
32 EHMFLEIEE EMS IFTEERE N HFNaTE Y
e

H il EMS G2 ML G R 3 T
Iz, FEIRAS T AT SR AN ) S AR A
(ELE 70 245 PR b 060 7 P SARDR e /b o J 7 4 25
WEFTRN], MiFAFIE 50%BULH &I, EMS At
PR BN 6% ALFRIF )4 2 h i, XAk
(i Ak B A SR fp e . B SC RS THT EMIS 175 A% A
KW, BRI R AELLS N 3% EMS 4bHE 4 h,
e P EMS AR IE R 414810 LDso K
0.3% EMS 4t 6 h.0.5% EMS 42 4 h.0.7% EMS
AbFE 2 he M LIRFIEFTTES BnT A, RE R A
Bl EMS 7548 38 BT o BORT ) 22 Ak, —
R A3 4L R e 5 AR T 1K EMS T f 2 40U/
(0.2%~0.4% EMS). f[ifE (2~4h), LB AR
TIHAL P K EMS Jii 573 3294 0.6%~1.0%, 15
IR 6~10 ho ASIGLEREY], Bid EMS
S 3 B T R0 Ak B S T FR G, B4 2R Bl
B AP R N b, ISR s 50 EMS
S0 FEARE R K I8 2567 18 R 5
PRAEIE 2, ARSI I 2440 e EMS J578 T2 (“fie
157 2185 1 25 B O BT 2 BOR LDso 4145

4 0.8%~1.0%EMS Ab#E 8~10 h.
33 FHMFEEEMARTREANS FEE

SARREE E T H AT L2 1) 5y 1 hRid A BEL
P2 &Y DNA (RAPD). [REIME A BKESZES
PE (RFLP). fijfiE & K% (SSR) J& SRAP 4%,
HILfhbricAHEL, SRAP FRicd AT, =Rk, 5~
Kims mL k. EREEL. S, ek H
B BURS L BIH BT A LR, EREh N TS
RSt & RO s BRI 7 T %5
ASIHS SRAP bric 45 KB, A 41 BRAEIE (1T
W 21 85 v i 5 AR S AR R B 4 > DNA P4
RASAL I BRE, PR REN 9.75%, w18
H2EPUZ I EMS A EH T RRE, (AR T0E
H2ENE  NaN; ZEFH 448 (T 97

i AR 2L H R E L5 EMS 5
WHARR, FEELL SRAP %5 3RAF I 2T £ 58
AR, T HEAT . ARG G R 2 45 T
SR, BT MIEES . A AE LR ) R LA 5 T
CRORIE: R SARRRRIPUE. WSS
2E Ry OB SR e A e 7T B .
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