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EMS mutagenesis in callus of Rhizoma Dioscorea and

it's regeneration plantlets variation
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( Sanming Academy of Agricultural Sciences,Sanming 365051, China)

Abstract: To accelerate the breeding of Rhizoma Dioscorea s the effects of EMS concentrations (0(ck),
0.05%,0.1%,0.2%,0.3%) at different time (0(ck),6h,12h,24h,48h) on mortality of“Ming huai 2”
callus were performed to determine the semi-lethal activity of EMS. And the effects of different subcul-
tures on callus after semi lethal treatment were compared. The morphological analysis and molecular
characterization in the EMS-mutated plants were examined. The result showed that the death rate of cal-
lus is corrected to the concentration and temporal effect of EMS, especially for the dosage-dependent of
EMS. Based on the result, the callus was treated with 0. 1% EMS for 48 hours as the suitable condition
for EMS mutation assay. The proliferation coefficient and regeneration rate of callus were increased with
the subculture frequency; however the mutation rate were significantly decreased with the subculture.
Thus, the callus after primary subculture was regenerated to screen the mutant effectively. The mor-
phological analysis revealed that the mutation of leaf shape and color were observed in EMS-induced mu-
tants. By RAPD maker analysis, the result showed that the DNA bands of 8 regeneration plantlets did
appear to differ.
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1 5 &

111 25 (Rhizoma Dioscorea ) J& 2 i B} ( Dioseo-
reaceae ) & (Dioscorea 1) . A BT M A P 1
(B G M A AR A R B 2 AR
ZEUEAE WL AR Ok 1 2 R R 9T % W A2 B
B AR EATILZ SRR E 2R R G E TR
AL 7 SRR S AR SO R R A B 25D
BRI T A58 ) 1 25 4 i B AR AR R
TS AT 1] b2 o 8 2 S5 ke oy T . 38 3 2
FEHREE G A2 07 1% BB R BT 0 e A i R
(AR AR VE A8 A B i

EMS(H JL i 2 2, g » ethyl methane sulfon-
ate) J& H HT7EAL Y V522 & Fh b i F e )32 o &L
AIAL “F A ) 2 — . HAF AR A AT DLy A 2 5 2R
8 9 78 A T HL AT LAAS 28 2ok 38 4% 5 Ak BRI 4R A5 —
SRR AR B P AR BT, H T AR ) 2R R R
R AN Gy 3 R AR S, HASE PR PRI B )
TR g AR A 10

AT B0 3 3 b AR W] EMS % 48 4b B3 1 i
HA BB FE M o L A58 J5 AN [ 44 AR IO i
P A58 3 A 5 A2 3R AF 1Y 52 ) LA KR AR A BR
Ao F K 2 5 8 EMS kb3 1L 25 # 4)5
H 20 3 LA PR R S308 v O AR IR e Y O vk L A
P BB B B A BE E PR A AT G 1 24
WAL EMS 572 1 0 588 b WL A .

2 #MREIE

2.1 RIEHF R

L 25 s F ot A =W R BB TR E
8 1L 245 357 it < B E 2 457,

B Ak 27385 22 ) EMS Il 7 SIGMA 24w,
RAPD BEHLE | ¥ .2 X TagMasterMix, Mark 254 H
AR TR R AL A Ak A iR
27 25 fh 8w AR P B0 A3 A A
2.2 RWHZE
2.2.1 &tiET KRN 2 S HAM
PHE A 2 2R B B RS A 2 S B R
A :MS+4. Omg/L. KT +2. Omg/LL. NAA+30g/L
REME 4g/Le Bifig ks . pHS. 8.

2.2.2 EMS ZikeyE# M 0. lmol/L pH7
W R 2% oI5 - B Na, HPO, » 12H, 0 3. 852g i %
100mL,NaH,PO, * 2H,O 1.561g % 100mL,
100mL Na, HPO, « 12H,O #H 61. OmL, 100mL

NaH,PO, « 2H,O 1§t 39. OmL, it il & 100mL
BERRZE vhi T pH 7.0 B EKE .. RIGHE
WAE R 5, Bl 0. 0526.0. 1% .0, 2%.,0. 3% .4
AR EE EMS W 3 U8 K T & .

2.2.3 AHEL EMS#E @GdHHLd 3~4
R ARAR G o 2 AL T B % 3 A B BB 1) A 43 2 2, )
FHR TR B 1] (6,12, 24, 48h) 5 A [|] e B B8 BE (0.
05%,0.1%.0.2%.0. 3% ) EMS-M iR 2% v it &b B
BB G R X R CK, 47 #4541 21 EMS Ab #
W, it EMS X4 4 2L R 1 5.

2.2.4 BHALRFELEHRR SR RELE Al
21 EMS 548 5 285 — U U = Uk 4k AR 38 g 85
It M5 53 i A AR 3%, AR 28 EMS 75748 4 3
R4 g %o B AN B 30 3. 10 A4S/, 3L 300 4
HMEAR. GETT A LSRRG BE R AR RS AR R,

2.2.5 FE4keg RAPD ol ZE BB T
Jor 3 = F I VRAL B (CTAB) 1245 31 12 B 5 45 4
Xif A 2 15 B <l o B DNAL 78 B8 i e L
HEAT HL VKA DNA BT &, fdf F 4306 6 B A0 e ik
JEZ 50ng/pl, DNA K& DR A2 T —20°C & . H
RAPD BE#L 5] 4% H 25l i %& : 2 X TagMaster-
Mix 12uL, DNA # 4z 2,1, 8l 4 2pL, ddH,0O
9uL,7E PTC-100PCR $" 144 |4 4%, PCR Jz Jij F2
%4 .94°C 4min, 94°C 30s,37°C 1min, 72°C 30s,
40 MEH,72°C 6min, 4 CLRAF. P=H)H0 1. 5 %0 Bl
R Ji P K 5 TR K 2 B8 Y 8 R FE UV OBE IR 1R X
WL B BT B,

2.2.6 #itE I Excel 2003 XJ #4817
Ab 3, IR DPS A 6 B 547 40 A, o, 35058
R/ Vo =FET A LU/ W A LB < 1005 43k
R/ Vo= A A A 2B A SR B < 1005 2848
R/ Y= FRIAS TR/ EMS Ab B 1T A4 bR <
100345 5 250/ Yo =FrifE 25/ ¥4 < 100.

3 BREHH

3.1 EMS A[EAEXT L@ AR BT EM TN

22 EMS AR PR E iy 1l 25 i 885 3% 1w J5 s
o TE A AL Bl 2 B % I IR) A4 SE K L 48 1R
TR FB A A4 BB S FE T, A7 06 10 4 R D Sy v €0 5
WA, 5 Aw S G AT R (LR D).
NZFEH T L 2 EMS 4385 04 1 25 £ 4 20 41
O BUFE 2 3 e T 6 B B0 ] EMS X L 24 7 45 20 41
HA R FEAEH B EMS ¥ B 39 0 -5 I 8] 1) % 4
A5 42U A AT T th B R 7™ L BB EMS IR
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JEE R4k P 1) R X6 L 24 45 20 2R A I A LA AE Y
M. EMS ¥k B 7E 0. 05 % —0. 3% P4 Ll 24 405 41 22 5
RE A HE — 2 DA 15 %6 (H 45 b 31 2 0] 47 A6 S () 72
)22 5. JF H EMS ¥ 0. 3% 4b B 48h I £ 4L %
.0, 1% kb3 48h F1 0. 2% 4b ¥R 12h 4K 15 (3L
BE R B 3 TR A S ol Bt Ak B

We2E R A A/ T 2 R 2G5 i R R A
ZE R B R X0 45 R k. dE— 2%t 1 i
it 250t (L3 2) . i R{AEK/NAT LLE ) EMS
e B RIS 8] P B 22 R AR L3R, W EMS Wk i
FRITER [] % Ly 245 45 20 B0 77 A o B ) 5 A
EMS i B FLes (8] 19 R {H K /NG L3, v 5 EMS
e X 1L 2 A 45 21 4 BUOBE SR R dR K i KO
KN LLE 05 L USOE S Bl 5 EMS ik 3 1
T -5 e ) 74 2 4K 6 of e

&1 AEEMSKESHEBELELZGRGHEHANR I
Tab.1 Effects of different medium on long-term prolifera-
tion of gerbera
o oy o
i LT S S
CK 0 0 120 0 0.0
1 0. 05 6 120 19 15.8 1
2 0. 05 12 120 29 24.2 h
3 0.05 24 120 38 31.7 {g
4 0. 05 48 120 47 40.8 e
5 0.1 6 120 28 23.3 h
6 0.1 12 120 35 29.2 g
7 0.1 24 120 43 35.8 f
8 0.1 48 120 57 47.5 d
9 0.2 6 120 39 32.5 fg
10 0.2 12 120 56 46.7 d
11 0.2 24 120 70 58.3 ¢
12 0.2 48 120 76 63.3 ¢
13 0.3 6 120 53 44,2 de
14 0.3 12 120 71 59.2 ¢
15 0.3 24 120 94 78.3 b
16 .3 48 120 110 91.7 a

Y BCIE R T Duncan 4 5 22 1474 0, %6 PR LN o5
BERIRAE 0. 05 P L AFAE i 3 22 5% (P<<0. 05).

Note: The data were tested by Duncan method, and the differ-
ence between the 0. 05 levels of the different letters indicated sig-
nificant difference (P<20. 05).

R 2 EMS KW HIEERESW
Tab. 2 The analysis of range of death ratio

EMS e i P} ]
K1 28.125 28.950
K2 33.950 39. 825
K3 50. 200 51.025
K4 68. 350 60. 825
R 40. 225 31. 875

M 3 BYTT 22 W4 R R L N ER EMS ¥ BRIt

()X 11 245 0 2H 2L BB E R B2 M 24 TR B I 2 7K
x3 EMSABIKKHILEFTENW

Tab. 3 Analysis of variance of death ratio
AESAYE SSCEH A DF(HMmE) MSUyH) F {4
EMS i 3916. 1319 3 1305. 3773 46. 3230 % *

i} [ 2284. 0667 3 761.3556 27.0180 % *
R 2% 253. 6206 9 28.1801
R S 6453. 8192 15

MM 22 RAE AT 22453 B FAE AT AT EMS B 5%t
L1 245 A A9 4 2L BUFE 2 1) 5% ) 35 R s i) 1L 24 A 4
HA B R B . 7E EMS ¥ R 0. 2% . Ab 3 i
() 12h B, BAR A L 20T R e R Bt 7. (1
FERA A LU 3 A8 b L AR SR AT 5 0 0 41 21 25 il
SR AL AU T, F B A 1 8K BR 5 R AR L fi
16 EMS ¥ J¥ K 0. 1% LB ] 48h i, 78 A 15 21 41
S B AR AR R S e R AR G e, TR 0, L
2y i i 21 40 EMS 1578 3035 B (14 2 Bt AL By . EMS
AL TR A 0. 196 Kb Ay 48h.
3.2 EMS ¥ ¥ EAEBEEFERGALARR LR X

A

¥ EMS 2 8ot Ab B 19 A 15 41 2L 28 5 AN TR
ARAC B 55 55 L HL AR 3 5 04k A R (0 5
M (WL 4) , 42 EMS Ab B i 45 41 8058 — I 4k 48
R A4 248, e B I 4 L 5 B W S 5L
WA ALUIET 2t 14 H 5 R 5535 4 A
B U B L 5 Ao Ak BE 3% A A AR ]
k9. 3% KEBF KB MAGASZEE =K
ARAR T - L0 A 2 B R BORN A Ak SRR A T R
B 75 2R H) i 2 FR A% EMS A B S 8147 41 8155 — |
TR B A A L L 1

*4 EMSAEERGEALNESERIEHZN
Tab. 4  Effects of different subculture times on Callus

from EMS treatment

fib 3 FERECA MIRE MMEEROD BEROD
X 8 Ccko 300 5.4 87.3 0.03
B — K AR AR 300 0.6 26. 1 9.43
E b & e 300 2.9 59. 8 2.16
55 = W ARAT 300 5.1 81.6 0.77

3.3 EMSRAERLAEKRENTK

S5 A8 T 1) P2 MR & 055 0 R L e 7
AR F L ALFE I B AR AR R A AR AL
3.3.1 vthAmETh WG LHBEFTOEZ R
SR FAE G AR R R R B
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BRFHKR. AN GRS , ZHOESRE a6 EA. 245 30%. iR R E A e 6. e
MiRA G200 6000, HIREMAGELmAZN IKAFRGRMIRE G245 10%.

=

A1 fA#hasfs EMS4EA Ky ERL
a: UTLHLUE EMS G F 5 55— R4k AR 00 s b @05 20 2078 EMS b #LS 55 Z R ak AR b Bl s e At
HBUE EMS Ab 35 55 = o 4k 05 1015 L.
Fig.1 The growth and regeneration of callus after EMS treatment
a: The first subculture of callus after EMS treatment;b: The second subculture of callus after EMS treatment;

c: The third subculture of callus after EMS treatment

B2 EMS# £ et LR
CK: sy B 1~ 11 & & &b 4ket 512~15: 9 R et 516~20 4 4 vt 521 ~24 & & 3 b4k vt 525~27 7 R B 5.
Fig. 2 Leaf shape variation after EMS mutation
CK: Normal leaf;1~11:Symmetrical leaf;12~15;Split leaf;16~20: Fold leaf;21~24 ; Asymmetric leaf; 25~

27. Leaf base variation

3.3.2 *FAMAEEK St IE (K 2-10) , R K (K] 2-11) 5 (2) i &%

(D iy #8824 X B IE A K08 ARk b BRI 2RO i, 2848 f b i BT A8 AR (R
( 2-CK) M & A8 ki v & 3T [RGB (B 2-1) 2-16.17) , F ¥tk (B 2-18) 5 (3) BF B4 A5 4k« % B i
K =M (& 2-2) IE = MIE (& 2-3) im0 2 Je2dmt, s A8 R b i 80 T % Bk 1 24 7 i (&1 25,
(K 2-4.8.9) , KF I (F 2-5.6), 2 TIHE (& 2-7), T R R (B 2-12), A — AL (F
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2-13) , - EZIB W 0 (& 2-14) 5 (4) M- 78 4k, . it IR X BR AL TE HE B R (K AR S RO 26, 2%, 15

MR B R BLRTE  7E R AR R v R L T BB
(K 2-14) KR (K 2-11) , WARIE (- 2-15-1,
15-2) 25 (5) AR X BRI« AR X FR i AL 45 1
— AT (] 2-21,22) iy 356 76 A5 A X ik (& 2-
23.24) 5 (6) ML AR AL . X B it | (% i 56 R0 O L T
SRAF PR i LD 2 BT (/] 2-5.8) . B (A
2-2.3) JE- TR (|8 2-25.26) FIBJE (8 2-27) %%,

3.3.3 EMS# T BAHTAHBEHHm i
— XA JE A MR S AT A AT R R AR 5 AT

AR Jig FL i A (g A S R AT v ) 63, 400, PR AR
B AR EE L AR A A A IR B A AR e T X
B A B EMS ARG 55 1 4w 1 A OB
AL R,

3.4 EMSARAEFHLARTENSFEE
3.4.1 LB REMM4 EMSAH)E AR
PREEFF R0 0 404 A SE R AR AT 2 8 i i
IE = AR A SR R L A A B
M B R R (LT E 3.

®5 EMSHEZEXNBEHEMHRAESHZN
Tab.5 Effect of EMS mutation on leaf morphology of regenerated plantlets

Ab 3 EAEIEN M4 Cem) 58 Cem) AT (em?) I JE 45 5 A5 RV
[ 72 Ak i 5 1.1-3.4 0.3-2.2 0.59-3.77 0.65—6.30
VBT 1t 2.42 1.29 1.46 2.21 6314
AR A R 1.0—2. .9—2. . —3. . 63—1.
W (CK) AR A, g BE 0—2.8 0.9—2.2 0.84 —3.12 0.63—1.79 26. 2
ofic 1.83 1.57 1.52 1.19
B3 THHAR
A/ KRB 5 B C 2 FELT (5 0 R0 B 5 D Y €50 HE 00 A0 KRB 0 A
IS IEPN 7
Fig. 3 Mutant plant
A: Leaves small, slender plant; B.C: Red Stalk and leaf margin fold plant; D: Leaves pink,
thin, slender plant; E: Thick leaf plant;F: Huge leaf plant.
3.4.2 LB REAMAG TR BN 14 BORBEGIARRIITFIILE 6, BRI 8k

03 110 28 26 0 K A 5 73 (1R KRR B o B AR Ak 0 47 6 A
¢ &L DNA £ 85 . ML RAPD 5| ¥ #17 PCR
Pra, gE L5 H P762 . P772 A1 PSO1 fily 4 4

A DGR KRR (9 7 35 251 15 08 IR AL PR 1) 37 3 2%
ENERE SRR S SN E AP 4798
AT BT AR PR T RE AR 18 S (LIRS 4).
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Tab. 6 Selected primer and their sequence

EIE7E2 19 F 515" to 3"
P762 gTg TggTggg
P772 CCCACCACCC
P801 gTTgCgATCC
A A
4 W o’

SN EMS floa 175 48 JOR 1 22 R A SME A
M ERE CEMS ) ik 2 | Ab 38 A Ji) % &b By i AR
B E EMS (183 J8 0 4k B (8] 38 5 LA SOt 7]

M CK

bp M CK 1 2 3 4

FRAFAE A el A E 1 L AR 6 SN AR FH A 2
ZEIFESHIRE AL R THASCERIE
R B AR HL AR K A T I B 350 A 1 A A AR XS
2G5 AE R B — 5 W USRI . EMS 35748 A UTE
VAR A P R h 2 S BUR M A A E ST T
TEVEAR G A H U Al B ik 2 R W] i 1) 5k B2
FJG FEAE . Stefano' " 1IN Ry 7F B R AR i B2 L, T
B AR St L s [ g Yk R Ak 3L 35 B T R T AR A
SRR MPRL X 5 AT R 45 R A —FL

A 4 EMS # % k49 PCR ¥ 3 B
a: 314 T62 49438 =4 ;b 31 4 TT2 094 38 = 4 5. 31 40 801 wa 47 38 = 4y
Fig. 4 PCR amplification of EMS-mutated plants

a:Primer 762 amplification products;b:Primer 772 amplification products;c:Primer 801 amplification

products

28 EMS 2 2ot Ak 315 17 40 215 — R4k
e SRR SR I DS ug VIE FEAN U R A w1 ]
B A Rk O K. ] 2R
A AR S 301 HC 3 BRI 70 AR BE ) B AR (B A 3% A A
LU N O3 A 37 i 14 A v 75 A8 AR B vl ik
9.43%. M HA LN — = AUR . BA &
13 2 2R B 28 RO o A AR A B ) B v (R AR
AW AR X T X — R Lk, — 7
TE 5L PR T RE 2 28 7 2 i A A A A v A 3 3 4K
SR AR D IR AN 5 55— O T I 4 I A O A 4
WS B T Sy SRR

LS ND Y R LIS I N B S e Ei 2
W17 3 PR R A v T IR R L R Ao R
A PR 2 A R R R R AR (S )
EWE PRGEO) L LEORE CE ) E
OISO E w e e o - VB W Wl S K F N R =
PR AL B0 A IR i R A £ 3R e A L B
KA T AR W@ AL R R AT RE R I R R A
TEANIE B TR it 2 528 2 LG R i (= sk =
[IELPESZE NN SRS SRy EANI RS
B A O e o R B 2 A J R

L 2R s S HAT s A AR e PR AR T e A2 T
AL T R U,

EMS 578 G SO bk B & A2 22 S 1 4l e 8
e 2R S S N VTPl o R A e G 2 SRS
PR I A SXAEAR RS R P A 2] 1 EIE.

TE% 78 & M RAPD R Al DL 3 4% 3] A~
Al DNA FEAS (] ) 22 251 22 57« O 5 22 1A ) O 1 i
AL P T AR A G T B0 S o X R A AR
SRR 19 RAPD-PCR 347 2 B . 5 70 A bR AL 9k 4%
RPN T 250 0 8 U WX 2 ] RS T
FEINH DNA B A2 511 5 & 9. M %07 2 8 P13k
PRI AE SRR Ul W R T EMS 548 81 11 25 %%
AR AR BT R AT Y. (E X T R AR A B B A LA
Je B p R 2o A o X TR 5 S T e R A
SGEA 5 BE— P I BEJE.

£ %% Lk :

C1] A E O R 2 B 8% S AL FFAF 52 7. o [ 3% 3 o i 35
TAELMILL 5t . ER O AL AR, 2001, 1054,

[2] Robert A, Alieu S. Crops that feed the world 1.
Yams[ ] ]. Food Security,2010,2: 305.



% 6 4

=
IS
+&
E
5%

bR 4 2R

EMS# XA AL BAEHFTFAR

1385

[3]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

(12]

FEELL. 2 I Al 2 o B HAE s LT . T8 % 3
HAEBEFA . AARBL . 2010,13(4) ¢ 12,
ARk, PR 2 BRZ 4, 45 B SRAP F7ic 44
LU 245 Fi 5T % R DNA $5 Sr B35 [T ], A 38t 4% 5% I 2
#2,2014,15(3): 527,

R EEE . HFH. 2SR ®E
ERIEEARELT]. J0RAIEY, 2015,(2): 12.
Joong Ho Lee, Seung Yeob Lee. Selection of stable
mutation from cultured rice anthers ethyl methane
sulfonic acid[ J]. Plant Cell, Tissue and Organ Cul-
ture,2002,71(2) . 165.

Muthusamy A, Vasanth K, Sivasankari D, et al.
Effects of mutagens on somatic embryogenesis and
plant regeneration in groundnut[J]. Biologia Planta-
rum,2007,51(3) . 430.
Mohan Jain S. Tissue culture derived variation in
crop improvement [ J ]. Euphytica, 2001, 118
(2): 153.
Junaid A, Mujib A, Sharma M P. Effect of growth
regulator and ethylmethane sulphonate on growth.
and chlorophyll, sugar and praline contents in Dra-
caena sanderiana cultured in vitro[ J]. Biologia Plan-
tarum,2008,52(3) : 569.

Beatriz M, Mercedes R, Jose M M,et al. A high-
density collection of EMS- induced mutations for
TILLING in Landsberg erecta genetic background of
Arabidopsis[ J]. BMC Plant Biology,2009,9:147,
Latado R R, Adames A H,Neto A T. In vitro mu-
tation of chrysantheoum with EMS in immature flo-
ral pedicels[J]. Plant Cell, Tissue and Organ Cul-
ture,2004,77(4): 103.

Basu S K, Acharya S N, Thomas ] E. Genetic im-

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

provement of fenugreek ( Trigonella foenurn-grae-
cum L.)through EMS induced mutation breeding for
higher seed yield under western Canada prairie con-
dition[J]. Euphytica,2008,160: 249.

Van Harten A M. Mutation breeding[ M ]. Cam-
bridge University Press, 1998.

30 AR BN AL LG IR £ TR CEMS) X
MR R H MR B AR RO [T ] BE P 2 2 5 8
H )24 ,2013,32(5) ; 608-611.

R AL RURL 2R S SR TE EMS 2875 A
B AL R 3 2 MR o s [T, Bl %% 4. 2014, 23
(2): 215-222.

Stefano P. Mutation Induction and Tissue Culture in
Improving Fruits[J]. Plant Cell, Tissue and Organ
Culture,2001,64 . 185.

WA RIS B Utk KRR 6 R SR R s AL A T
LV 7 FRA B, 2014,41 (11): 69,19,
AT A A it BB A L AL KRB BE A AR S g b R
(I, P E K R RE A7, 2010,24(2) ¢ 108,

B R ST AT B UL, 5. EMS i R SRR A K
B R BRI 7 % (] IR AR R4k
H SR BF 240, 2013,44(2) ; 171-175.

Mignouna H D, Abang M M, Fagbemi S A. A com-
parative assessment of molecular marker assays
(AFLP.RAPD and SSR) for white yam (Dioscorea
ratundata) germplasm characterization[ J]. Ann. ap-
pl. Biol,2003,142 269.

Junqueira K P, Faleiro F G, Bellon G, et al. Pitaya
accesses genetic variability with different production
levels through RAPD markers[ J]. Revista Brasilleira
de Fruticultura,2010,32(3): 840.



