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Identification of true hybrids of open- pollination seedling progenies in

mango and genetic characterization of the progenies using SSR markers
DANG Zhiguo', ZHENG Yanping', ZHU Min"*, CHEN Yeyuan"?, GAO Aiping', HUANG Jianfeng',
LUO Ruixiong', YU Dong’, LEI Xintao'

('Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, Hainan, China, *San-
ya Research Institute of Chinese Academy of Tropical Agricultural Sciences, Sanya 572024, Hainan, China, *Fruit Research Institute, Fu-
Jian Academy of Agricultural Sciences, Fuzhou 350013, Fujian, China)

Abstract: [Objective] As a perennial woody fruit tree, mango (Mangifera indica L.) has the problems
of high genomic heterozygosity, unclear self-compatibility and hybridization affinity of most breeding
parents, and low seed setting rate of artificial pollination, which brings some difficulties to the selection
of parents for mango hybridization. SSR markers are mainly used in genetic diversity analysis, genetic
relationship analysis and fingerprint construction in mango, but the use of SSR markers for identifying
the true hybrids of mango F, progeny has not been reported. In this study, 13 varieties were selected as
parental materials, and SSR technology was used to detect the true hybrids and analyze the genetic char-
acteristics of 1001 F, progeny plants in order to provide theoretical guidance for clarifying the hybrid-
ization affinity of mango breeding parents and the selection of breeding parents. [Methods] The 13
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mango varieties were mixed and planted for natural pollination. The mature fruits were harvested from
the fruiting mother tree. The mother varieties included 12 varieties such as Guifei, Tainong No. 1, Jin-
huang, Juile, Nan Doc Mai, Yexiang, Villard, R2E2, Tangmi, Hongyu, A61 and Keitt. The seedlings
were obtained after sowing. 100 mg of fresh tissue of the leaves of each seedling were taken with a
puncher. The DNA was extracted by magnetic bead genomic DNA extraction kit, and the concentration
and purity of DNA were detected by ultraviolet spectrophotometer and 1% agarose gel electrophoresis,
the PCR products were detected by agarose gel electrophoresis (1% concentration) and capillary fluores-
cence electrophoresis. 200 pairs of primers were selected from the previous transcriptome data of man-
go for screening, and 200 pairs of primers were synthesized using each parent as the template of DNA.
The screened primers were used for SSR analysis. The genetic parameters such as number of alleles
(Na), number of effective genes (Ne), observed heterozygosity (Ho), expected heterozygosity (He), fixa-
tion index (F) and Shannon’s information index (/) were calculated by the Cervus software; The poly-
morphism information index (PIC) was calculated by the GenALEx6.0 software, and the genetic differ-
entiation coefficient was obtained; The Structure was used to analyze the genetic structure of the popula-
tion and the genetic diversity of mango F, generation; The unweighted pair-group method with arithme-
tic means (UPGMA) was used to cluster the populations of mango offspring by using the selected SSR
core primers. [Results] Thirteen pairs of primers with stable amplification and clear bands were
screened, and 13 loci with good polymorphism and stability were determined. The PIC value was be-
tween 0.314 and 0.741, and the polymorphism of the loci was high. The number of alleles ranged from
3 to 9, with an average of 6.154. The average effective number of alleles (Ne) was 2.557, the Shannon’s
information index (/) was 1.078, the observed heterozygosity (Ho) was 0.571, the expected heterozygos-
ity (He) was 0.579, and the polymorphism information content (PIC) was 0.526; The UPGMA cluster
analysis showed that when the genetic similarity coefficient was 0.50, it could be divided into three
groups, which was basically consistent with the results of population structure analysis. Compared with
other varieties, the alleles of mango varieties Guifei, Yexiang, and Juile were more evenly distributed in
the population, the average Shannon’s information index (/) was higher, and Juile was the lowest, indi-
cating that the genetic diversity in the Guifei population was higher and the population differentiation
was the highest; The genetic differentiation between Guifei and Juile was obvious, and the genetic dif-
ferentiation between the other varieties was small; The true hybrid rates of the open-pollination proge-
nies generated from the mother plants of Guifei, Jinhuang, Keitt, Tainong No. 1, A61, Juile and Keitt
were over 50%, and the true hybrid rate of Jinhuang, Tainong No. 1 and A61 was as high as 80%; In
terms of expected heterozygosity and observed heterozygosity, the heterozygosity of Tainong No. 1,
Keitt, Juile, Jinhuang, Hongyu and Guifei was also relatively high, and the true heterozygosity of Nan
Doc Mai, R2E2, Hongyu, Villard and Yexiang, was low, which was 25.00%, 13.71%, 25.15%, 33.33%
and 36.36%, respectively. [Conclusion] The genetic differentiation between Hongyu and R2E2, Hon-
gyu and Yexiang, Hongyu and Nan Doc Mai, Juile and R2E2, Juile and Nan Doc Mai, Guifei and Nan
Doc Mai, Guifei and Juile was obvious, and the genetic differentiation between the remaining varieties
was small; The SSR identification of mango open-pollination generation showed that the crossing com-
patibility of mango varieties Tainong No. 1, Keitt, Juile, Jinhuang, Hongyu and Guifei was strong,
while the crossing compatibility of Nan Doc Mai, R2E2, Hongyu, Villard and Yexiang, varieties was
weak, which was easy to self-fertilize, and there were many alleles among the varieties, and the genetic
diversity was rich.

Key words: Mango; SSR; Hybrid identification; Genetic characteristics



5123

SERGE 55 R SSR BOAR AT RS A JE AR AR b S s AR R 1 0 A 2399

F- R (Mangifera indica Linn.) N EE M BT K &
Y, mA B R B2, B — g EFRMES
SN EY . ARAE N2 FE AR RN, FEHIH I
G, HRHE B RS A B S SR A 28 38 SR A
ANETEM, N LHR 45 922K, 45 AR 28 B PSR AR ik
ok 7 — e HMEFE

2 A (Wt Y L £ DA S AN W11 1 T TR X B P
ZJEHERIETBOR . HIX%T RFLP.PAPD.STS.AFLP
LA TARICEOR , 1) B E A 7 41 bRid (simple se-
quence repeats, SSRO AN i F5  EEEMELF E0RE
J1E 2 A R AL R EPEE S BT 2 M H TAE
ERNANTIEN /T SUVEY etV N R TR 7 3
S R AR R e LA B AL RV T4

H A, FEAC ST i, SSR R Ttk 2
FEPE 31T SR GO0 2 70 M LA R i SC B0 R A 2™, 2
A R SSR H AN 184 MR 44 A8 S AE T AT 4
SE  UESZ A AR T LS AT S % 1 3 S PR iR AT PR
AR AHJE 200 A R FEAR S Ja AR M E BT U R
WARIE . 2B AEAMT FTH LLKIR VAL | iy ] v A2k [
e TR N E R bR, &8 13y
SRAKEL, R SSR AR I 1001 A~ F, 5 AAHREEAT
FLAR i e i B 38 A% kg A 20 A D AT R B bR
ARIRATRAENE MR AR RCIR AL PR HE =

1 PR

L1 Ras R

PR T rp B #he Al B B i A 5 DR
U T A I 512 565 J2 b o A PRI AT SR 7 I8, 13 AN A SR b
PRI EE AR S BT A K R2E2 M #
K HUEE | Villard 7 323 | Juiles A61 VR A FiAE , i3F
ITERE . IR BEARMN EWOR R S, BEAR
AR RIE AR 1S e Juile. FIEIE B
Villard \R2E2. %K 4L K VA6 IR 124N b il , 7%
il g $RA5 S R AR, L 1001 B RE, 3513 4 Fil
% S AR TR AR AT BB AL, o BT B AR Rk
1.2 DNAIRH

FFTFLASAE M B 3T 4L, BOBr i 44 24 100 mg,
R B B 1 25 TR 25 DNA 32 BG4 BT 2R ) 2k
[KI 20 DNA, 58 4053 06 56 FE v T 1% Bt i b 48 i P
PRSI DNA R FE RIS, —20 °CIR7 4 F o
1.3 S|40FiE

TE HI A SR AT AT S 110 20 S5 4H 25040 Hh e B 200 X6 5

VIR AT I IR , R — R AE R TR A A A K
IS TR, 0 R 5| AT 2 IREE Y. DL
2B AAE N DNA AR X & B 1 200 % 51 #0347
5 39 , ¥ 075 12 15 21 1R 51 0GR S EAT SSR 43 #T o
1.4 SSR-PCR{KZ%

PCR S NAR R UNZR 1, 373 [ % M < 95 °CHUAL
5 min, 95 °CA M 30 s, 52~62 °Ci K 30 5,72 °CLE{H
30 s, 10 MEH, BEANEFAFE 1 °C5 95 °CAEME 30 s,
52 °CiE -k 30 s, 72 °CZEAH 30 5,25 NMEH 5 72 °CA Uiy
ZE{H 20 min, 4 °CIETF .

#z1 PCR RM#ER (15pL)
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Table 2 13 pairs of SSR primer sequences
Elk/E R EA 517537 A 5145 (5-31
Primer code Forward primer (5'-3") Reverse primer (5'-3")
MG-023 CGGAGGCCTACAGGTGAATA TGCATTGAACCAAACCTTGA
MG-030 GAGACAGGAAGCGAAAGCAG AGTGCTTGGGCGTTAGAGAA
MG-039 CCGAAATTAATTCCCGTGGT TGAAGCTGGACAGTTGAGCA
MG-046 CAATGACCCACATCATCCAA AAGGCCACGTATGTACCAGC
MG-055 TACCTCGTAATCCAGTCGGC CGCACACGCACTCTTTAGAA
MG-061 CTCTGCCTGTAAACCACCGT CATGCAGCATTGCAATTACC
MG-063 GATTGAGGTTTGGCCAGCTA GTCCATTGTAGGCCCTGAGA
MG-079 AGAATCATGGGCAGGCAATA TGAAATTAGGACCCAGCCAG
MG-114 CACAGGCCCAACTTATTGCT GGAGACCAGAGGTTGACGAA
MG-146 ATCTTCTGGTACAGGCGGTG TTTCCCACTCTTCCACGTTC
MG-150 AGCGCCTTAAGATAGCCACA AAGTCCATGAAGCTTGGGTG
MG-177 CATTGTCTCTGCACCAAACG CTTGGCTATGGCTCCATCAT
MG-187 CCACGGGAATGTACCTGCTA AGAAGATGCCGTACCAATGC
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Fig. 1 Amplification of SSR primer MG-030 in some mango samples
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Table 3 Genetic parameters of mango SSR markers

BL AT ARG SARERE AREEERS BRERER WNREGE MHEREeE Bz 2EEEREK
Locus N Na Ne 1 Ho He F PIC
MG-023 1022 6 4.487 1.550 0.750 0.777 0.036 0.741
MG-030 1015 7 2.545 1.207 0.643 0.607 -0.060 0.564
MG-039 992 9 2.452 1.283 0.686 0.592 -0.159 0.565
MG-046 1022 9 2.044 0.961 0.498 0.511 0.025 0.450
MG-187 1021 9 1.489 0.742 0.324 0.328 0.013 0.314
MG-055 929 7 2.491 0.999 0.595 0.599 0.005 0.529
MG-063 968 3 2.801 1.061 0.602 0.643 0.063 0.567
MG-079 1017 4 1.577 0.655 0.389 0.366 -0.065 0.320
MG-114 977 5 2.620 1.033 0.438 0.618 0.291 0.538
MG-146 1017 6 2222 1.086 0.625 0.550 -0.137 0.509
MG-150 1022 4 2715 1.063 0.623 0.632 0.013 0.562
MG-177 1022 5 3.284 1.344 0.711 0.696 -0.023 0.651
MG-061 1018 6 2,516 1.028 0.538 0.603 0.107 0.522

*F-#5 Mean 1003.231 6.154 2.557 1.078 0.571 0.579 0.008 0.526

P Al G kGt =, F>05 2, MaRA

B, F<0(R D).
24 MBRREEFEERE
#| H Hardy- Weinberg & #: 5 78 12 F A [F] 412 5
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==X

(R EE DR, FLrp 11 S i Al TP IR AS , b S b AL
35 R 2 W 25 Hardy-Weinberg (p<<0.05) (£ 5).
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Table 4 Population genetic diversity

aafIENEE 57 LR 2 Fst
Fst48R G R R M7 HER IR KT 201038 R 80 24

B Hrdin RS A IERBT SRS FREEIEE WSS B ARG E TImMPEAETE FERE
Variety Data N Na Ne 1 Ho He uHe F
A61 Mean 12.91 3.65 222 0.92 0.55 0.51 0.53 -0.09
SE 0.06 0.23 0.14 0.07 0.05 0.03 0.04 0.06
FIE Guifei Mean 173.91 5.43 2.56 1.09 0.57 0.58 0.58 0.00
SE 1.30 0.49 0.15 0.06 0.03 0.03 0.03 0.05
41 % Hongyu Mean 170.09 4.74 1.93 0.78 0.55 0.44 0.44 -0.14
SE 3.52 0.40 0.11 0.06 0.08 0.04 0.04 0.11
4x¥5 Jinhuang ~ Mean 85.00 478 2.57 1.06 0.52 0.56 0.57 0.04
SE 0.54 0.36 0.18 0.07 0.03 0.03 0.03 0.05
Juile Mean 1.87 2.09 1.87 0.60 0.52 0.38 0.51 -0.36
SE 0.07 0.17 0.14 0.09 0.09 0.05 0.07 0.10
HUEF Keitt Mean 110.35 5.35 251 1.06 20.50 0.56 0.56 0.10
SE 1.49 0.41 0.16 0.06 0.04 0.03 0.03 0.05
IR Mean 30.04 3.65 1.98 0.75 0.51 0.41 0.42 -0.17
Nan Doc Mai SE 0.50 0.22 0.20 0.07 0.06 0.04 0.04 0.06
R2E2 Mean 127.39 452 1.80 0.68 0.51 0.38 0.38 -0.18
SE 0.58 0.24 0.12 0.07 0.08 0.04 0.04 0.09
%K Tangmi Mean 126.83 474 2.38 0.99 0.52 0.53 0.53 0.01
SE 0.65 0.33 0.16 0.07 0.04 0.03 0.03 0.06
ak1s Mean 68.43 457 2.48 1.03 0.53 0.56 0.57 0.05
Tainong No.1 SE 1.04 0.35 0.15 0.06 0.04 0.03 0.03 0.06
Villard Mean 50.91 430 2.39 0.99 0.56 0.54 0.55 -0.03
SE 0.70 0.21 0.14 0.06 0.04 0.03 0.03 0.06
e Mean 10.74 3.30 2.23 0.88 0.48 0.50 0.52 0.02
Yexiang SE 0.18 0.19 0.18 0.06 0.05 0.03 0.04 0.08

VE:Mean {RRIE, SE REARAER -

Note: Mean represents mean, SE represents standard error.
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Table 6 Simulated parental identification rate

LRI REAC S 58 I AT BEAX A The possible male parent identified by the known female parent

7K BB I 570 i B R BEAEL LB EORFEA T 45 L
Level Confidence/% Critical delta ~ Required number of samples ~ Achieve the required percentage of samples/%
AT TR A X AV RE A5 5 95.00 0.00 9901 99
Number of samples in the strict
confidence interval
A R A X AR RE 45 5 80.00 0.00 9901 99
Number of samples in a loose
confidence interval
AT ULIE 2 R FEAR L 99 1
Number of samples not matched
A1l Total 10 000 100
7 EPRVGELEEE

Table 7 Actual parental identification rate

CLAIBEAR % 52 I M 8 SR The possible male parent identified by the known female parent

\,~ - Jap——— BRI A B A S & B EOR R AR E o L

7K BB Il S 48
- Number of expected samples that ~ The percentage of expected samples
Level Confidence/% Critical delta b .
meet the requirements that meet the requirements/%

A TR A X AV FR R AR 2 95.00 0.00 704(801) 87(99)
Number of samples in the strict
confidence interval
AL T FERA B XA R AR 5 80.00 0.00 704(801) 87(99)
Number of samples in a loose
confidence interval
BOA ILFEC S fRE A 2L 105(8) 13¢1)
Number of samples not matched
&1l Total 809(809) 100

T AT T I EUELACRRAE LA XA S e A B S AU e

Note: The values in brackets represent the actual number of samples and the simulation matching rate in the confidence interval.

[ JE A, A8 A, R TR 23RN 25.00% , e H 2%
N T5.00% ; JUEENEEA K 77 R, R R A
72.73%, HAZ A 27.27% ;s BEA N R2E2 B J5 AR 14
W, H AN 82.69% , HLARFP RN 17.31%;: % K B
AR JEAH, HAZ RN 56.57%, B4R N 43.43%;
BAR 15 ABRERK SO EAH, B2 516.95%,
L4 il % 83.05% ; Villard AEEA ) 51 4 54,
H AN 66.67% , HAFN AN 33.33%; B N BEA
111 A JE AR, B 2N 63.64% , H & Tl %R
36.36% (K 8). SiREH],1E 124 D A1 s AP, 2
G \R2E2. 41 & \ Villard i 2 H A8 K &7, 9120 3007 3
HACR AR, 1 5 B A8 s R P A 8 3 = T
50% , Fo it 1 42 58 SR FH I B 5

3%

SSR 73 TR AL B — R W] 58 (19 )5 1%
Bz B T AN R B AR B0 2% i 25 58 B

TR A P (AL R0 S AR A s e O B
FEME BT SE

HRA A AP B HT AN IE B ) B AT, SR AR Ik
PRIGRC A R E AT R B MR TR 5k, £
SRR R A SR AR M S e, DU A 4R H H
T 80% 1AL S i Pl #0>K B SLAE I F A 20% 26 45 1)
ar PR I R R SR A BRI TR . AR
VENZE 7 B FhOHEFE R B MR IR Y, Ko &
FhoR A B, 72 B bR B W BN T 458 B Fhak SR 2
AR 0.3% , BT LA 0 BT AT R 2 22 5 AR B 2
& TAE, HEBRE 28 0, 2 mh R & MR

MR NS E RGBSR ERE S %
HAEB Ry sem, r= A BN 7, HASR] A il &
AT HARARAZ o X Tt Ae A8 S /N AR, S50 R
ARERAARZ , 2 RBENKAGIRA T, EEHLER
R oA SSR 2 FARic B AR XS Hb A7 5B 4 i
134~ SSR AV &1 1, 1001 4N 5 A1 809 /N 5 AR5 H AL
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Table 8 True hybrid rate among varieties %
=] =R L ) MIEE  wy Sz G415 :
sfuaf?;ty thrﬁ% A6l guﬁéei lﬁfgyu .%fhguang Juile i\l/[aal; Doc Iﬁiﬁ R2E2 fjar?l';mi I]\“Iz;inlong Villard ﬁiﬁang Bmaigiiigya
A61 5 20.00 20.00 40.00 20.00
FTUE Guifei 117 342 3846 17.09 8.55 1.71 2.56  7.69 8.55 2.50 6.84 2.56
4] % Hongyu 167 4.19  0.60 74.85 3.59 0.60 10.78 4.19 1.20
4% Jinhuang 69 2029 145 7.25 17.39 2.90 11.59 1594 5.80 8.70 5.80 2.90
Juile 2 50.00 50.00
[pizhlz] 28 7.14 75.00 14.29 3.57
Nan Doc Mai
JUFF Keitt 77 5.19 130 2.60 3.90 2727 5.19 40.26 3.90 6.49 3.90
R2E2 124 0.81 8.87 86.29 1.61 0.81 0.81 0.81
%K Tangmi 99 8.08 1.01 4.04 2.02 1.01 1.01 10.10 56.57 9.10 7.07
ar1S 59 170  6.78 1521 339 1525 1525 1695 2373 1.69
Tainong No.1
Villard 51 5.88 392 1.96 1.96 19.61 66.67
M Yexiang 11 9.09 2727 63.64

REA R PR B SRR & R s A% e 8, Y120 R I IX
U7 5 R RE 4 AT REACAS, AT SRR AE H A
PR AL P2 AL IR B , AR %508 H R AR 5 ARAE 55
B 58 A P2 A AL IR O R 5, AT RE IR A TE &K
S AT DR — e A 1 1 B A% Y TGV HH oK, Ho-
kanson %5 H Kapoor 25 [/ 7T 45 H , BEALL 45 R 5
S o SR 22 BRI T S o i R AR T B
VIR PB4 22 FE 14 A o 2 AR ) AR ) o 1) AR
S G 2 R K R AR R R T A
I AE T HUEGRS, DNA 4> Thric AEms I e gt A%
SRR, B AE AW S T 13 X SSR AR, XF
809 AT S i HEAT 18 45 22 R4 0 BT, AR A4 A%
GERRIEN = RARFEERE . 1% SSRARITCAL S B R AT
R R AR 2 S S IR B S, 254 32 TR AR
G 3~9, P YA FEH B (Na) K 6.154, ~F 354
R FHE K (Ne) 4 2,557, Shannon’ s 5 B850 (D Ky
1.078, WL & 5 5 (Ho) ¥ 3424 0.571, Bl & & )&
(He)*F-3)4 0.579, Z & A5 B & & (PIO 3N
0.526, Z&MA5 B 5 21F 0<PIC<0.25 2 [8] , NkZ
A1, 0.25<PIC<0.5 N E 2 &M, PIC>0.5 = 5
M, AT R 13 MRl H 10N mE 2 A
PR3N E LA RIS SSRA M 7ERE A
RIVUFI 21, S18bR 2 K 2 AR = i — 5L
P, RIS ) 2 AR A BRI A AR AT S S
A JEARIRTE S 2, B G S T A 1 Sk A
Structure 73 BT 42 4 18 A AR BA %) B PR 28 AN A R A

— D, B BN AT B AN LE BT I 2 S
A LR AR S Al T2 28BS Tz S MR A
e Rl BT B AR 0 A 25 AL )8 F 0o ARIREE okt
12 /4N H 558 A HEAT Structure 347 , AE B HEWT 1 & 1)
mA SR . SRR, M K=3 1, AKfE 5K, 3
BH At A 0 (1 5 b 2 R = AN R2BE2 A — K, 4L RN
— %, A6L BHIC A8 Juile DU BRI KB

A 15\ Villard FIRF A S — 1%, UL IX 12 SRR
A S N3 NEM, ERE g R E R, R2E2

i Pl SO — 1, LR A ROy — 1 HAb SR AR ROy —
o FHULTT I, R2ZE2 FIAL B A w213 3
{NERESINE X% 3PN EiEH

4 4w

AR F AR S e ARG R 15 L
KEJuile S8 V40K L SUIC I 2438 SR AT B s P 0
14 \R2E2.41 % . Villard . B 75 it Bl Al & H A8, B st A
M AFAEVE 2 2 3 R B R, 8 4e 2 REME R 3
B o RN DI RN R R SR
A RAE R AL TR HKAE .
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