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Abstract: Mutation breeding is one of the most promising approaches for increasing genetic and phenotypic variability
in a short period of time. In order to explore the feasibility of creating a mango mutant gene library through mutagenesis.
The study used Keitt mango as test materials, irradiated branches with “’Co-y ray and soaked seeds in EMS solution to
create a mutagenesis population, and analyzed the Genetic diversity by SC-SSR molecular markers. The results indi-
cated that the seemi-lethal dose of ’Co-y ray radiation is 31.37 Gy, and the semi-lethal time of immersion in 0.2% EMS
solution is 5.9 hours. The genetic diversity of 100 mutagenized materials and Keitt material was analyzed through 16 pairs
of SC-SSR primers, and a total of 117 polymorphic sites were detected. The average values of sexual locus, primer per-
centage of polymorphism bands, polymorphism information content (PIC), number of observed alleles (V,), number of
effective alleles (IV,), Nei's gene diversity index (H) and Shannon's information index (/) were 93.18%, 0.610, 1.923,1.583,
0.334 and 0.493, respectively. The genetic similarity coefficient among test materials ranged from 0.373 to 0.984, with an
average of 0.779. The study indicated that mutagenesis significantly enhanced genetic diversity in mango, among which EMS
mutagenesis seed variation was greater, and the results lay a solid theoretical foundation for mango mutation breeding.
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SORL A L ESSEEA (RO T EAN 1960
S WARGE T RE MM, I IR TH
KA R R, RIME 208 Arka
Puneet =51 EMS B HEA, ik Bk 0.8%
EMS A48 1 BB AL IRy, B B I 28 AR (A
kB R8P12. SAUCO 45U ¥ & MIF4RIE T
Gomera-1 TR ZEAF UGS B P9 P9 I 3G 7E )
WFE T FH ©'Co-y BTERAR ST SRAh 7 Bidk, ¥k
AR AR SRR R s AU R OK AL Bl Ak
P RZEA RIS R, AR,
AR S S 0.2% EMS FIRK KAl B 2k 33
SRR R R, 07 26 1 T T 0 BB A [ DR
PURE ALK 4> FhRic B RERIE . S0% 5 .
BEEEMFFRE S, DRV N4 DNA WF5R
(EEFB:, H SSR, AFLP, ISSR. SRAP,
SCoT. SNP %4y FHric, T8 2 F o
TR ZREME T . TRSURIEM . sl RS
e E AR S U R A T AR e X AR
MORFEAT IR, A R T 0 8 5l A 5 Fh R 4 04 i
B FMITEMBAR, S REEEHCR,
SC-SSRIPVUE T AE LT SCoT F1 ISSR 43 T-Hric 4%

ARIF K (S I B8 % 7 TR 1 22 2800 T4
i, RERRICALA S RIBFINREBRR, FmH
HE Y ZAE, TR TRk R v
IR Is AL Z R 7 B 4 SURTE R o 201 SC-SSR
Oy FRRIC RN R R SRR AR ST ABLRE
R R, Wi ©Co-y SRS EMS W RIR
MR Z AL, FEH SC-SSR 23 FHric 7 Hr
AR5, e R 1 b S e g I e
W, AT PRl SRR T Mo L

1 #MR5FZ*
1.1 &

e LR R SR ok, PR
TP AE T U A SRR T AR A T B 2 R
BHE RV
1.2 AHi&

12.1 “Co-y HH&ia4tiF % 2021 44 f, %I
EAEH 1.5~2.0 cm 1Y 2 4EAE T RA 4 10 4, 76
TEAELE L 1.0 cm ZbJE R, 439I7E 0L 3. 6. 9.
12, 15 d VA& BT AR 28 . SRR EE, e
SIS PR ] . R4 S A, BYEUK 9 em
) S AR TOALL PR AR S A K B s AR DR A R S
RA B FIHEAT © Co-y ST AR, Hb &
B0, 10, 20, 30, 40, 50, 60 Gy 3t 7 NAbFH,
FEEK 1 Gy/min, B 40 4>, EH 3
Wo MG, A BT 3 AN
8 S HIANA, 60 d J&5 PHA BT % o AHXF I R =(h
PP RE R 3R] B AR T 56) < 100% o AR 45 427
F14) AN [ 6 S5 590 e X IO B4 ARG BTG 2R, 481 LR T
A5 2 y=bx+a, i y=50%HY x {H BRI A2 EIEH)
it (LDsg), FLLEBOEH RO I LT, 5F
— B

122 EMS Zm#z#a#FL 2021 4 9 A, H
0.067 mol/L [BEMRZZ vk (pH 7.0 ) FCHLHRE N
0.2% EMS I#W (& 1% - H R ), 2R
AFH 120d AT, RIATEIZ 0. 2.4, 6.8h
5 A b, RRACEFR TS0 A, R 3R B
201 h BREESAN T 1 min, 1205 FEKIRITE
Uk 2~3 WK, MK 5 min, HJ5iEMEREITIE 20 cmx
30 cm TERP IR TIEFI B 11 . #5770 10 d J5 Ay
RAE, 30 d JEEA R R, S5 LB ]
ST R R H L NH R, 15 EMS I RIR i
PEIRFP 2 EBE R ], LA SO R R,
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1.2.3 SC-SSR %4-FArittem 2022 4F 9 A, Wt
0.1 g U2 5 K B AR R Co-y ST GRS 60
P (F1~F60 ), EMS RN 40 #% (E1~E40) ]
M, CTAB BHEHU DNA, R 1%A9 B b
JBE FEL K R A 5 A1 41 O FE T3 SIAG I DNA
gl IR B, A RIS A8 S5 BT PCR &3, Jf
JiCE T-20 CUKAHIRAE. ¥ SCoT. ISSR 514
%104 (2 1), H 2 Fsgl a6 X 58k kit
255190k  PCR SV AR (20 uL ): 10 pL
Tag PCR Mix, 2 pL 5|# (1 pmol/L ), 50 ng DNA
Btk . PCR MR FSH ok it &I 5k, X
BIEFREECH 32 1. PCR P2 2%BBa e e,
VKA ES, PR R R IR, P A L 1S 4%
WA FACh <17, B&WIEh “07,

1.3 #HiEAE

K Excel 2019 #AFEATE AR AL TR, R
SAS 9.3 BPFHEAT I 22538, 8 FH B 3R Ty 25 0 #r
F1 Duncan’s ¥ HL AL B A] 1) 22 55 8 & 1 . SR BIE
BCRRIC Y H kA (0, 1) M,
POPGENE 32 {1 23 b (PPB ), W
SRR (N, ). ARG (N, ). Nei’s gt fe
ZREMEFE% (H). Shannon ZREMEIEE (H'). £
SHEfE B AR (PIC), 182 Botstein A2,
FIFH NTSYSpe 2.1 B3R 56 Aok} 8t 12 F D)
B, HAHEEMAEL 47 (UPGMA ) #1752
ST, DA AE AL R BT L5430 (PCA ),
LI B =1 -1 AL AL R 2L [ MEGA 7.0 k4
T A WK,

£1 FPAREAB SC-SSR #RiE3IWASE

Tab. 1 Combination of SC-SSR marker primers used in this study

SCoT 5[4 SCoT primer 731 (5-3") Sequence (5-3") ISSR 5|4 ISSR primer JF%1 (5'-3') Sequence (5-3")
SCoT24 CACCATGGCTACCACCAT UBC807 AGAGAGAGAGAGAGAGT
SCoT27 ACCATGGCTACCACCGTG UBC808 AGAGAGAGAGAGAGAGC
SCoT31 CCATGGCTACCACCGCCT UBCS810 GAGAGAGAGAGAGAGAT
SCoT34 ACCATGGCTACCACCGCA UBC821 GTGTGTGTGTGTGTGTT
SCoT36 GCAACAATGGCTACCACC UBCR827 ACACACACACACACACG
SCoT53 ACAATGGCTACCACCGAC UBC844 CTCTCTCTCTCTCTCTRC
SCoT54 ACAATGGCTACCACCAGC UBCB846 CACACACACACACACART
SCoT55 ACAATGGCTACCACTACC UBC847 CACACACACACACACARC
SCoT73 CCATGGCTACCACCGGCT UBCS856 ACACACACACACACACYA
SCoT74 CCATGGCTACCACCGGCA UBC889 DBDACACACACACACAC

2 ZFERESW AR IS RS B y=1.2545x+89.356

2.1 *Co-y BHE 1R 5 X 85 & BB RN

211 BEARERMEFEEFNHETH HE 1
AL, o7 A 2k 2 rh i e A A B 2R A 1 9%
EFWI S, REALBRETRIBG N, MO . LR
R L, SR E T REERR, LA
S5Hmi 2% . SRR HLRLE TR0k
y=3.712x+29.853 ( R’=0.9595 ). y=4.8593x—6.96
(R*=0.9484 ), MRIFIA Ty FEIHE H RSB A
AL FE T [] A 8 d, B PR R AR B AEAT 7S AR i
ZF (59.55% ) F/DTF IR RESEF (31.91% )s

212 ERERBERHEFHEANE WmFE27
W, SR (0 Gy) M, $EHZE PCo-y SR
S5 G J IS SR I X B T SR ) I B PR AL, B R
SR04 S 2 RRE X6l 3 2% R AT S 4 A 1
hn. FREFIECN 60 Gy B, AL R AT LG R
Iy ST FRFRAR T 67.50%F1 88.04%., & 554+

(R*=0.9312) (&l 2), MHXRECGEM B EKF,
HR 55 R 33 A SRR 25 2 BOFE ) iR (LD )
A 31.37 Gy,

100 ruze w8803
o 80f
3 3=3.712x+29.853
g 60 R=0.9595™
8
E 40
4
” 1=4.8593x—6.96
ﬁ 20 R*=0.9484"
].DI 1 1 1 J
0 3 6 9 12 15 18
20l

AbFHRSHE] Treatment time/d
TR ER K (P<0.01),

" Indicates extemely significant correlation (P<0.01).
B1 SEHEREZBEEFHITTN
Fig. 1 Dynamic changes of dense buds of mango
branches treated with short-cutting
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Tab. 2 Effects of different irradiation doses on survival
rate of mango scions treated with short-cutting

R IDRCTES iERUNEAGTES

Irradiation dose/Gy  Survival rate/%  Relative survival rate/%

0 76.67+2.89" 100.00-+0.00°
10 54.17+5.20° 70.65+6.79°
20 43.33+1.44" 56.52+1.89"
30 35.00+£2.50% 45.65+3.26%
40 34.17+3.82% 44.57+4.98%
50 25.00£0.00% 32.61£0.00%
60 9.17+1.44¢ 11.96+1.88¢

W RSB G A R /NG FRE SRR A #2253 (P<

0.05),

Note: Different lowercase letters after the same column of data
indicate significant difference among treatments (P< 0.05).

100 ¢
80

60

40

y=—1.2545x+89.356
20 L R=0.9312"

FAXT G 2R Relative survival rate/%

0 10 20 30 40 50 60 70
$EETHIE Trradiation dose/Gy

TRARBERIE (P<0.01 ),

" indicates extremely significant correlation (P<0.01).
B2 wEHEFESHENKFERNEIIFAE
Fig. 2 Regression equation between irradiation dose and
relative survival rate

2.2 EMS 283 F 5 & F0 R B B9 &2 0

T FTEVRIE S 0.2% EMS W & A [R5 i
BFEAES , W& BH R A RO R AR
FEYREM TR (0 h), =R A H R
TR (%3), B2, 4h W RF ., %
AR R E R A RE, (kSR IE 2. Bl
8 h J5 A &R | IR L A B SRR s A1
43R 20.67%. 17.33%. 40.62%F1 10.20 cm, 43
W B FEAR T 60.66% . 25.34% . 59.38% Fll
11.77 cmo A [F]32 Y s [R] 79 A i 5 2 B S AIG T
KA, BHRMET RGN, & RREARm>, B
TR N 3.34%~38.66% . 1= LT a] 540X i i
PG L TTFE y=6.794x+90.604 ( R*=0.8739 ) ( |¥]
3), MRRBGAW R E KT, R E R
il 7 B2 BIERTE] (LDso) 24 5.9 ho

£ 3 EMS ARIRAKEXEREMHFHEER
ENE = A
Tab. 3 Effects of different EMS immersion time on
seedling rate and height of mango

A e A HEXT A R R

AL ] JH A

Immersion Germination Seedling Relative Plant
time/h rate/% rate/%  seedling rate/% height/cm
0 81.33+£5.03" 42.67+3.06" 100.00+0.00* 21.97+1.70°

2 67.33+4,16" 30.67+1.15° 71.87£2.71° 15.87+0.65"

4 58.67+3.06" 26.00+4.00° 60.94+9.38"  12.30+0.98°

6 42.00£4.00° 20.67+2.31° 48.44+5.41° 11.03£0.93%

8 20.67+3.06° 17.33+£3.06° 40.62+7.16° 10.20+0.50°

e FAVEE R AR/NG 7B R R AL B R 22 7 W 2 (P<
0.05),

Note: Different lowercase letters after the same column of data
indicate significant difference among treatments (P< 0.05).

100 ¢

80

60

FAXF B %R Relative seedling rate/%

*
*
40 1=-6.794x+90.604
R=0.8739"
20 -
0 2 4 6 8 10

& VIR ] Immersion time/h
TR E G (P<0.01),

" indicates extremely significant correlation (P<0.01).
3 RiEESHEMEERNDIIEEE
Fig. 3 Regression equation between immersion time and
relative survival rate

2.3 BFEH B SC-SSR H FHRIE ST

23.1 3l4mikik PREL 6 (AR (B4R, F7. F8.
F50. E2. E8) DNA A T35 9k, M 100
o Pphifive 281 16 X (£ 4), HF
R A B NAD #itle PCR 9738 704 .

232 AWM HFRIEH R 16 X SC-SSR 5|
Y, %t 101 (3R ge Rk T PCR 973, S5 fgbiH
PRI, P48 2 AN E B PFE 250~1000 bp 2
B, ey s 126 &l (K 4), Hh 280
117 5%, FHZEMWRNW N 13 5%, FHE2ENK
W R 93.18%, 4R KW, SC-SSR 1Y 1
LM

233 @SS HE4AH, 16 X5
P18 Zl 43 Bt Sk s LI A 67 BE LB TR R 1,750~
2.00, “FBMEN 1.923; AR R EGEFE N
1.114~1.796, F-YJ{EH N 1.583; Nei’s H:KZFENE
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Tab. 4 The genetic diversity parameters of SC-SSR maker
simas rmasmn 20 mb%fgffy_ £k Peiifsz}‘ o ppE MM AR Nes N Shannon's
Primers Total number of B&E LR %L FE R ZFEE "R

combination bands (TNB) morp(h;]s;r];;)ands g):rz:l(o;gg)s& PIC Na Ne B H k104
SCoT24-UBC807 8 7 87.50 0.601 1.875 1.552 0.304 0.444
SCoT24-UBC810 10 8 80.00 0.524 1.778 1.465 0.264 0.396
SCoT24-UBC827 11 10 90.91 0.818 1.909 1.612 0.342 0.499
SCoT24-UBC856 9 8 88.89 0.537 1.875 1.536 0.307 0.455
SCoT27-UBC807 6 6 100.00 0.729 2.000 1.539 0.317 0.478
SCoT27-UBC810 6 6 100.00 0.582 2.000 1.646 0.379 0.563
SCoT27-UBC844 10 10 100.00 0.731 2.000 1.671 0.389 0.574
SCoT31-UBC808 7 5 71.43 0.129 1.750 1.292 0.204 0.330
SCoT31-UBC856 6 6 100.00 0.454 2.000 1.757 0.426 0.616
SCoT34-UBC827 6 5 83.33 0.591 1.833 1.641 0.342 0.491
SCoT53-UBC847 6 6 100.00 0.729 1.857 1.796 0.412 0.577
SCoT54-UBC810 11 11 100.00 0.825 2.000 1.785 0.430 0.619
SCoT55-UBC847 9 9 100.00 0.822 2.000 1.713 0.407 0.595
SCoT73-UBC807 6 6 100.00 0.682 2.000 1.757 0.423 0.613
SCoT73-UBC821 6 6 100.00 0.507 2.000 1.114 0.093 0.178
SCoT73-UBC856 9 8 88.89 0.507 1.889 1.461 0.298 0.458
Mean 7.9 7.3 93.18 0.610 1.923 1.583 0.334 0.493

6 B3 B A 0.093~0.430
Shannon’s 1 B35 EE RN 0.178~0.619,

4 0.493; ZAMEFE S EANTF 0.129~0.825, F
PIEHN 0.610, V6 FAFA R0 bRl 15 2k &),
PFEE, SC-SSR JrFhricidl H TR istfe 2

Mot

-
T T

- ..

F39M

. - ’
baadad bodad L dod L b Bl L 1 L T T
Ead

---.....--..-.'--

B4 3514 SCoT73-UBC807 XHik #7447 SC-SSR # 1G5 R
Fig. 4 Amplified results using ScoT73-UBC807 for experimental materials

FHIE R 0334
S SfE)

MR TE 0.05~0.51 ZJH],

2.3.4 @fEAAML R B SH T SC-SSR 4> Fhr
ICEHE , JH NTSYSpe 2.1 JAFHEARTHY 101 1
TR R PR 9 8] 35 4% AH AL R EUFE 0.373~0.984 22
IR 0.779 Fst AR AR R B R s AR R
BRI E T (E5), 96.69%H 8 14 I 2

A BN 0.05 (194 25
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B 1EPE B Genetic distance

B 5 RetehEEEEmgsm
Fig. 5 The frequency distribution of genetic distance
between experimental materials

AM0.50% ), AL E KT 0.51 F 142 1M 2.81% ),
Ui B0 I0 MRLE] 1 22 K 100 MFEAE
A X BREILRR I L I BN 0.040~0.556, 1N
0.156, F3 fLiEss /N, B2 iGREs R K, H
1 60 145 ©Co-y Sk 48 A AR BB 55 X R 10 % 1

B4 0.040~0.254, V-3 0.103; HHr 40 7y EMS
R 0I5 AR MRS X IR it A FE B 7 0.095~0.556
ZIH), F¥R 0.259, 45K, FF EMS 12l
HAi % Co-y SRS AR K,

235 RESA  EBLEEEESE, 1 UPGMA
TP AR AT R, 101 (i g ikt
B = R (K 6). T 28BEIL 11 kbt
B, 5 EE0 10.89%, -1 WAEUIE E13, E21,
E22. E23. E27. E28. E31., E33., E35, [-2 W
HEALHE E3 A1 E4; [TZEREIL 3 kg ptel, &
B 2.97%, 11-1 WHACA E37, 11-2 WAHEHE
E2 Al E7; I 2884k 87 hkue bt kl, & ki
86.14%, III-1 WHEALFE E18 1 E36, I11-2 WAV
A E20, 111-3 WAFAL 35 23/ EMS 575 .60 17 ©°Co-y
SRR AR Y. 25 REW, NHEFT EMS
WA I M B ZROR B — R, W SR
OCo-y SR 48 5528 MIgLER R 36 41 b R 2 e —
e, FKUFALIE AL 4] DNA JKEAE S 1)
2555 .

B 6 EHT SC-SSRIFIZHIRIEMBITRE

Fig. 6 Dendrogram of experimental materials based on SC-SSR markers
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23.6 ERASHOM  FHET SC-SSR FRicIRAFK
ISR Rl AL AL R L, F NTSYSpe 2.1 k{17
F Ao, HohET 3 A E R BRI N
26.12%. 6.75%F1 5.12%, PASE— F i fss — &
W E 4 s B (B 7). 101 4355 41
BRI R 3 N ERE (AL BRI C 26HF ), A ZKHE
12, BERE 26y, CIEHE 8T o EWUITAHT S
RAEIMras B R, ARS8 E3.
E18 1 E37 R4+ RFEA—3, B M M 2HHL
A E37 R BEA—E, C RBESIIZREEUA E13
F1E18 R4 R EA—F,

039 52
023[
£omp o, .

~0.081 BTS¢
BT

-0.24 : i A

Z0.64 042 =019 004 0.26
Dim-1

E7 REHMHEERS ST
Fig. 7 The principal component analysis of
experimental materials

3 itig

PRI 3 ] DR A 1 2 SR Jo 9% D 32 02 DA SE [ A
AREWHEZEL 3, BEeEREAE, ZaNRILR
PSR A >, N T2 s8 4550 84K, a5k
PRI SR R R . BP9 Co-y. EMS
FEARAVHOKRE . WS, PR, M. A%
Y E MR R T B, a5 RE P A
A RAREE N, AR TE 24 55 1A BT AL
B, AT DRI R 21 2R F 5T R b ok 7 12420
FES AR SRR TP AR T R & . EMS R B Ak B
B (] BB B 5 AR R0 %, (] Bt R 0 42 /=7 175 28 A
e BT E R LR B0 R R E A
AR H B R SR R EMS MR . AR FRESE] AR
WF 58 & B, 5 S8 500 2t 184 o 0 2 T R R AR
EMS &b B[] 38 00 A 32 A R, SR
P LS M) g OV g g 2 SRR AL
MU Bk 7 AR A R 4% 0Co-y BT LR ER ST
EEBEH AR T 0.2% EMS W IRIE 2 S Ab

HEAF], AR RA AR RIS B,
BT S RSB AR M RS T SC-SSR 43
FARIC AT, 16 X 5|¥ P &6 PPB
93.18%. i T2 BN ] SCoT #ric #r i 73
PR (PPB Sy 73.63% ) FI4 bt 35 255U H
ISSR FRic /M 1 75 SR B A= Ji ##E( PPB A 87.25% ).
PIC {HAEN NI AR FREE AL, WFE AR
() PIC {EMA, ZIE & F Hepl i, 2
LR AL 1 Mol R P2, AT BT e Y SC-SSR A
ICARA3HY PIC 4 0.610, 5T SSR. CDDP, SRAP
FRICAETE SR B I 2% BOTSEIN 250¢)
FEH Y PIC 845 R0 5 7%, K13 14 4~ SC-SSR 3t
IR JRE Ay s S 2 507 5, ( PIC>0.50 ), BB i it
WAEE R, 4410, SC-SSR FRICH R £ 745
PR, TR Z R . FRAEE
P | AR S A S Sy TR S N R SR

TR R R B A A B A SRR, SR U
2 FEMEE R . AEHEET SSR ZEthRic A M
145 (37 5 (i ol K HC AT 2 B A o 14 8 4% AR AL 2R 80
£ 0.50~0.78 Z 8], SSR AFiCMHTE N 116 £
SRS IR BB A LR BAE 0.60~1.00 2 7],
SRAP #Ric st o SR A SR e . 48 S H: 98 Bk 2y
28 FAREEAR R MR B 0.52~0.92 Z )", 4
Fe kIR, AWFFEER SC-SSR Fric /AL
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