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WE: [ B ] W P AR TR (EMS) AR RAT IR B A 2 M BK (Moringa oleifera Lam.) PKM-1 i
FhIEnbARE, RIS EMIRMAERMEER, [k ] &E 5S4 EMS TES (0. 0.7%. 0.9%. 1.1%
1.3%) B 2 AR BREFE] (10 1 12 h) iFARALBEZ M BOR PKM-1 #1F, 4087 BB B0 & M, AR A ST s i %R
BENEEABSEG AEE R M, M, RRBAESEHME, [ 4558 ] EMS ZbBEE T i i 2 FIRHORFh 7
H R AR XS 2R (P<0.01), EMS BT A4, Ais B e i ; EMS SRR A K, HE
EMS JUf A 80m3s i, RIS R, wimisZz SIARBEIH . 1.1% EMS 4b# 10 h, BORFhFByAE%T
H R AT B R0 58.60% H1 57.07%, WHASKUREMAE, #F—25 EMS B2 EHURFF 700 hr, FLifik
A M, RE AR 88 Bk, B FHIFN 33.33%; M, fAESAEL 132 8k, BRI 43.14%; M;-M, fLE5F
PEARIRAGHNR Ty 10.26%, M, fAHTH AT 68 #%, ZRINEN 35.98%. [ &5t | AR E T HAF T
EMS EZE B AESEON 1.1% EMS Ab#L 10 h, M, F1 M, f043- B0 EE N o AhAn 11 Fhaeias 2bbkl, 1 M5 AR
PFeE AL AT EE R FH B R BE i T 560
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Preliminary Study on the Ethyl Methane Sulfonate Mutagenesis
and Phenotypic Variation of Moringa oleifera Lam.

ZHANG Hui', RUAN Mingju', WANG Wei', WANG Rui', DU Jianwu', ZENG Qianchun'?

(1. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China;
2. Yunnan Moringa Research Institute, Kunming 650201, China)

Abstract: [ Purpose] To obtain the variety PKM-1 of Moringa oleifera Lam. with excellent traits
and provide basic research materials to support the follow-up genetic improvement and breeding of
M. oleifera, the ethyl methane sulfonate (EMS) mutagenesis was exploited to generate mutants.

[ Methods ] Seeds of the PKM-1 from M. oleifera were subjected to be treated with five EMS mass
fractions (0, 0.7%, 0.9%, 1.1%, and 1.3%) along with time periods 10 or 12 hours. The effects of EMS
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treatment on the seed emergence and seedling growth were analyzed, and the optimal combination for
PKM-1 EMS mutagenesis was then determined, and the phenotypic variation characteristics of the
mutagenesis in the offspring M, and M, were analyzed. [ Results] The seedling emergence rate and
relative seedling emergence rate of M. oleifera were extremely significantly reduced with EMS treat-
ment (P<0.01). The higher the EMS mass fraction, the longer the initial germination time. The seeds
emergence and the root growth of PKM-1 were both inhibited by EMS treatment. With the increase
of EMS mass fraction, the root length gradually became shorter and the seedling height was either
inhibited to some extent. The relative emergence rate and seedling formation rate of M. oleifera
seeds treated with 1.1% EMS mass fraction for 10 hours were 58.60% and 57.07%, respectively,
demonstrating the best mutagenesis effect. Furthermore, 700 M. oleifera seeds were treated by EMS
mutagenesis. A total of 88 mutant materials of M; generation were obtained, with a mutation fre-
quency of 33.33%; and 132 M, generation mutant materials were obtained, and the variation fre-
quency was 43.14%. The genetic frequency of mutant traits among M;-M, generation was 10.26%.
The number of new mutant lines in M, generation was 68, and the variation frequency was 35.98%.

[ Conclusion | The optimal parameters for EMS mutagenesis of M. oleifera seeds were 1.1% EMS
with 10 hours treatment. Nine phenotypic variation materials of M, and 11 phenotypic variation ma-
terials of M, were generated, which laid a foundation for obtaining stable genetic mutants of M.

oleifera in the next M.
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Wi, A%k, WRR, MR, ERIEIRE
FAHI) 31 101 (R BORFIFHbE R (M,) 31551,
PRIEHL 6 R R 1 M, [UBk REATH
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100%.
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Tab. 1 Effects of different mass fractions of EMS on the emergence of Moringa oleifera seeds
AbFR R ] /R EMSJ5i 53 50/% /% HEX P /% TS BIEZE/%
treatment time EMS mass fraction seeding emergence rate relative seeding rate relative fatality
0 (CK) 77.33+0.88 Aa 100.00+0.77 Aa 0.00+0.77 Ee
0.7 69.33+1.86 Bb 89.65+1.42 Bb 10.44+1.42 Dd
10 0.9 57.66+2.91 Cc 74.64+1.12 Cc 25.36+1.12 Cc
1.1 45.33+2.03 Dd 58.60+3.13 Dd 41.40+3.13 Bb
1.3 20.66+1.53 Ee 26.77+1.34 Ee 73.23+1.34 Aa
0 (CK) 77.33+£0.88 Aa 100.00+1.56 Aa 0.00+1.56 Ee
0.7 70.00+3.05 Bb 90.52+1.32 Bb 9.48+1.32 Dd
12 0.9 49.33+4.37 Cc 63.79£1.36 Cc 36.21+1.36 Cc
1.1 36.33+£2.51 Dd 46.98+1.04 Dd 53.12+1.04 Bb
1.3 17.33+2.08 Ee 22.39+1.56 Ee 77.61£1.56 Aa

W FSIARNG FRERRZE R EE (P<0.05), AAKEFRFRRZERNEE (P<0.01); FH.

Note: In the same column, different lowercase letters mean significant differences (P<0.05), different uppercase letters mean extremely significant

differences (P<0.01); the same as below.

ETHE (P<0.01), 456 R AAE X B E
1.1% EMS JFi 43 BOAb 10 A1 12 h, BORFhF4H
X} H RN 58.60% FlT 46.98%, FHXTELHE R
3N 41.40% 1 53.12%, BHEEESIER,
2.2 EMS A0 HE ST BRA T 5 H T kAR A AR T B
BNy

M2 2 AT 0. B EMS J5i 43 50 165 hn i

AEERRF A PR, RS RS . B RS R
WA, RO R R SRR, ARFE 10 h SR
T, BEE EMS Bt /803 hn, R i e e
B 6.00 d #Ef5 = 14.33 d, HHHFLERE] B 6.67 d
FERKF 10.33d; A 12 h 44T, BfiE EMS it
HATER RN, ARG B o6.00 d RS 2
1533 d, HHFEERfl i 6.67 d EK % 11.00 d.

&2 A[E EMS REDH S LRI EXERAM T H B A0

Tab. 2 Effects of different EMS mass fractions and treatment time on the emergence of M. oleifera seeds

AL TR H]/h EMS Jii &5 /% AT R /% AR AN T)/d H B RR SR [)/d
treatment time EMS mass fraction relative seedling survival rate initial emergence time continuous emergence time

0 (CK) 100.00+1.73 Aa 6.00+0.00 Fg 6.67+0.33 Bc

0.7 64.16+2.69 Bb 8.33+0.33 Ef 9.00+0.58 Ab

10 0.9 63.75+2.17 Bb 9.67+0.33 Ee 9.00+£0.00 Ab

1.1 57.07+1.59 Cc 12.00+0.58 CDd 9.68+0.33 Ab

1.3 45.68+2.25 Ee 14.33+0.33 ABb 10.33+0.33 Aa

0 (CK) 100.00+1.73 Aa 6.00+0.00 Fg 6.67+0.33 Bc

0.7 63.57+0.68 Bb 9.33+0.33 Ee 9.00+0.00 Ab

12 0.9 50.51+1.74 Dd 11.67+0.33 Dd 9.33+0.33 Ab

1.1 42.77+1.48 Ee 13.33+0.33 BCc 9.33+0.33 Ab

1.3 35.67+1.20 Ff 15.33+0.58 Aa 11.00+0.57 Aa

2.3 EMS Jii &7 HO0 BOR 2 A= K 52

I 1A%, BEE EMS R BOR RS,
ALFE 10 A1 12 h AR A SN, b b3
12 h B98N g 3 B A I 4
2.4 M, REFAPRAS S J KA o bt

EMS 4bBE 700 R, H3kAE M, 1L
Bk 264 Bk, JBERE N 37.71%. M, {UREA AP

THEEWER, A 88 AL 1 Al MEIR
AR S, ARSARAR Ry 33.33% (3% 3), HLAFH] 9
ARSI M AR (18] 2), Ho i AR S 3 fil
(MR BEBE, MR B MRS, PR
RGNS NN D R NN W e N e 3 SN
EERN), PRV S 1Fh (EMREL). T EMS
MREEAEH, K ALK AR BEITAELS R, &
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Fig. 1 Effects of different EMS mass fractions and treatment time on the root length and seedling height of Moringa oleifera

®3 BRARERTST
Tab. 3 Statistics of phenotype mutation of M. oleifera

KEHMRIBALAE My AU R A B, Ui se R Al
BOAE S M, AT IR . bAh, M, AR B

AR FAREAE RAMI FBHE % HM, RS B AR 288, Ok
morphological phenotypic mutation mutation . L
character characteristic number frequency FARBRTE . iR FEREFTZE gﬁj{ o Hrp ,
AL .
leaf yellowing 1 417 LEZ SCRIAEAER A KR, oL R 5k .
e o . 038 2.6 M;-M, A FEREL A
leaf color calrus N .
VRERIE IR M1 5 Ao M, ARIERAT 9 306 4~ F Bk
dark green and 7 2.65
leathery leaf
W%
leaf curl 3 1.89
o pr e
narrow length leaf 3 1.52
-7 B
leaf type conjoined leaf 2 0.76
PPN
leaf large 19 7.19
HF 7N
leaf small 4 114
PRI TR
plant type dwarfing plant 70 26.52
ait 88 3333

total

LSRRI AR BRLRR 49 1y
2.5 M, fREFARMERAR 5 K R4t

M, fRILFRTS 306 4~ HLkk (101 MER), il
T EENES, BRI W 11 PR
A, R EATEREDE mER4TTH: M R
JLUTERASKR 132 £k, RN 43.14%, Hh
R MER S AR 7 R (B 3), PR EEAE 3R
(1 4), BRAIPEARZEAS 1R (B 5)0 M, B 9 FliAR
SR, RS, R R
B A AR AR M, A TR IR,
(Y MR AV I RS 0 N U WA N D NG R 2 S 5

Heoa) X b) HOBEHE; o AR d) Ml o) M
O MRS @) MR B h) MHAIRERERT; §) RN ) AbREEIL.

Note: a) CK; b) leaf rust; ¢) leaf large; d) leaf curl; e) leaf small; f) narrow
length leaf; g) leaf yellowing; h) dark green and leathery leaf; i) conjoined
leaf; j) dwarfing plant.

B2 BAFF EMS FLIRG 9 ML R AR
Fig. 2 Nine kinds of mutant types by EMS treatment in
M. oleifera seeds
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F4 M, REARLE XA G
Tab. 4 Statistics of mutation type of M, generation M. oleifera

U RN RIFHAE RAREL RALBA %%
morphological character phenotypic traits mutation number mutation frequency

M- F kK narrow length leaf 1 0.33

WYUK leaf blade hornlike 1 0.33

JEARM conjoined leaf 16 5.23

7 leaf type A K leaf large 77 25.16
iy 45 M 4945 leaf curl and shrivel 61 19.93

I 2160 JE leaf blade obovate 17 5.56

- 2RI4] concave blade tip 20 6.54

16 mosaic 38 12.42

€4, leaf color i 5B leaf rust 5 1.63
- #E4L leaf yellowing 2 0.65

FE7 plant type %% 43 bud multi-branch 14 4.58
£t total 132 43.14

TE: a) XTI b) MR o) IWUIRI S o) i8I o) R O MR BIAEE; o M EEE; h) HRRM,
Note: a) CK; b) narrow length leaf; c) leaf blade hornlike; d) conjoined leaf; e) leaf large; f) the leaves curl and shrivel; g) leaf blade obovate; h) concave
blade tip.

3 M, RERARERMHEER
Fig. 3 Leaf type variation of M. oleifera in M, generation

I a) W b) 1EM; o) MHREERE: d) M Hifk,
Note: a) CK; b) mosaic; c) leaf rust; d) leaf yellowing.

4 M, REAXEHMHEER

Fig. 4 Leaf color variation of M. oleifera in M, generation
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TE: a) MR b) AT
Note: a) CK; b) bud multi-branch.

El5 M, REAEFRKETR

Fig. 5 Plant type variation of M. oleifera in M, generation

£S5 HAKEMSIF

W, A 117 BRIEA M, AR 49 BRIER, A 189 f4
JEH M AR 52 BRIEF R, XX 306 £ M, 1Lt
PRR AR EE M, 458K £ M,
o, SxER M, A H B R R AR KA 12
B, MM, fRER A SRR B AL AR A 10.26%,
b RIS AE SR K, F B R o AR
K6k, RAFHEN 5.13%); M, LR H i
KR ZEAL (26.52%) 78 M, AR 5 M,
OB 68 MEAE Tk, ZEARMIE N 35.98%; A
SRAFEC AR O AR, A
5 (CEE030) MRAERR 4.23%,

Tab. 5 Variation types and frequency of EMS mutagenesis in M. oleifera

FRAR ST s 2 Lt
R A BBk S SEAS KRR TR number and proportion of mutant types
year mutagenic generation  material source  total number of plants number and frequency of mutants -7 - b7
leaf type leaf color  plant type
700K BAFD T
2019—2020 M, 700 M. oleifera seeds 264 88 (33.33%) 33 (12.50%) 19 (7.20%) 70 (26.52%)
M, RAL
M, mutant plant 117 12 (10.26%) 11(9.40%) 1 (0.85%) 0
2020—2021 M
: M, i 68 (35.98Y 59 (31.22%) 31(16.40%) 8 (4.23%
M, normal plant 189 (35.98%) 9 (31.22%) 31 (16.40%) 8 (4.23%)
= 2 A [27 NIEATY ey | s
3 it iy EAESFECH LDso AR AR E P AT 1 2

ABFFR R . AR EMS G 28 B0R b 3 i
(B 27 T A k2 PR AR P - i R, X 5 & 4Es)
FUEMS SRR BV R B A R — 2 A
[i) Joi F 4 K EMIS R4k B[] X 38R A ot 1 HH 1 10
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TR IR 45 R — 3K
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T EL A 50 o A B R A B[] S i T AR R AR
PR IR ) B R 26 2 — B2 5788 501 118 ot o Bl
=, EMS @SS AR, 5 E R R,
SNBSS R A o A AU
%, DR SRS BE G 224 3 A8 A S5 T S A1
JoAEEE, B5E 120 mg/L EMS 125 12 h gk F| 4
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AL 8~12 h R RIS Fl - EMS 15748 121 SO
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AT F RGBS
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KINBFTEATE My AR AR R A T e . (HEK
HLAEPW/NE ) EMS B 2B . /NEE M AR
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H AR, SO R R A e B AE 45 AR
BT, ARFFTRIEHR EMS 5748 M, (UREA
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PR 07 16 5 B DR 281548 AR ARVE Xt B, XL
AR TP A AR A R AR EFIE , 2575 Fkk
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