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Identification of true and false hybrids of mango solid progeny and
their genetic characterization using SSR technology
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Abstract: [ Objective 1 As a perennial woody fruit tree, mango 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 hybrid breeding.As a new type of molecular marker, SSR markers
are mainly used in genetic diversity analysis, genetic relationship analysis and fingerprint
construction in mango, but the use of SSR markers to identify the true and false hybrids of mango
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F1 has not been reported.In this study, 13 varieties were selected as parental materials, and SSR
technology was used to detect the true and false hybrids and analyze the genetic characteristics of
1001 F1 progeny plants with the breeding objectives of large fruit, red, high solid content, high
yield and stable yield, which provided theoretical guidance for clarifying the hybridization affinity
of mango breeding parents and the selection of breeding parents. [ Methods ] he 13 mango
varieties Guifei, Jinhuang, Tainong No.l, Baixiangya, Hongyu, R2E2, Yexiang, Tommy, Kate,
Villard, Nanjomai, Juile and A61 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, Jinhuang, Juile, Nandoumai, Yexiang, Villard, R2E2, Tommy, Hongyu, A61
and Kate. The seedlings were obtained after sowing.Punch the leaves with a puncher and take 100
mg of fresh tissue.The DNA of mango F1 generation 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, PCR products were detected by agarose
gel electrophoresis ( 1 % concentration ) and capillary fluorescence electrophoresis.In the previous
transcriptome data of mango, 200 pairs of primers were selected for screening, and 200 pairs of
primers were synthesized by 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 ), fixation
index ( F ) and Shannon 's information index ( I ) were calculated by Cervus software; The
polymorphism information index ( PIC ) was calculated by GenALEx6.0 software, and the genetic
differentiation coefficient was obtained;Structure was used to analyze the genetic structure of the
population and the genetic diversity of mango F1 generation; The unweighted pair-group method
with arithmetic means ( UPGMA ) was used to cluster the populations of mango fruit offspring by
using the selected SSR core primers. [ Results 1  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 between 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, Shannon 's information index ( 1 ) was 1.078,
observed heterozygosity ( HO ) was 0.571, expected heterozygosity ( He ) was 0.579, and
polymorphism information content ( PIC ) was 0.526; 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 GF, YX and Juile were more evenly distributed in the population,
the average Shannon 's information index ( 1) was higher, and Juile was the lowest, indicating that
the genetic diversity in the GF population was higher and the population differentiation was the
highest;The genetic differentiation between GF and Juile was obvious, and the genetic
differentiation between the other varieties was small;The female parent was the F1 progeny of GF,
JH, KT, TN, A61, Juile and KT. The true hybrid rate was more than 50 %, and the true hybrid rate
of JH, TN and A61 was as high as 80 %;In terms of expected heterozygosity and observed
heterozygosity, the heterozygosity of TN, KT, Juile, JH, HY and GF was also relatively high, and
the true heterozygosity of NDM, R2E2, HY, Villard and YX was low, which was 25 %, 13.71 %,
25.15 %, 33.33 % and 36.36 %, respectively. [ Conclusion ] Through the Fst results among
varieties, it was found that the genetic differentiation between HY and R2E2, HY and YX, HY and
NDM, Juile and R2E2, Juile and NDM, GF and NDM, GF and Juile was obvious, and the genetic



differentiation between the remaining varieties was small ; SSR identification of mango F1
generation showed that the cross compatibility of mango varieties TN, KT, Juile, JH, HY and GF
was strong, while the cross compatibility of NDM, R2E2, HY, Villard and YX 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
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Table 1 PCR reaction system (15pL)

EATALSA FAFE(uL)
Reaction system Dosage
2xTaq PCR Mix 7.5
ddH0 4.5

FiE51%) (10mMD
T B (10mM)
DNA

1

1

1

PR RN 95°CTASME Smin, 95°CAF 308, 52°C-62°CiE kK 30S, 72°CHEfH 30S, 10 ANMEIF, MG

FRFE 1°C; 95°CAEYE 30S, 52°CiE/k 30S, 72°CHEMH 30S, 25 MNMEHF; 72°CAUHILM 20min, 4°CLRAF.
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Fig.1 Amplification of SSR primer MG-030 in some mango samples
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Table2 13 pairs of SSR primer sequences

GIEYE A= ER54Y (539 KI5 (531

Gene 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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Table 3 Genetic parameters of mango SSR markers

Locus N Na Ne I Ho He F PIC

MG-023 1022 6 4487 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 0324 0328 0.013 0314
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 0320
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 2516 1.028 0.538 0.603 0.107 0.522
_— 1003231 6.154 2557 1.078 0.571 0.579 0.008 0.526

TE: Locus: FtthisI s 4Fk: N: BBHANEZOMASG Na: SAEFEG Ne: HREEMEFEEG 1.
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23 BHAERE DM

TEA B (N) HEA R (Na) J5ii, GF &, Juile ik, UL EREAEN,
GF % REAL o SE B WL 2 (S5 A7 R R R i 2 o A AL B IBUE (Ne) Bk 3T 25437 5 [K]
e (Na) HIZERERS, RIS EAEREAR Ay 2], B GF. YX. Juile X T HE
MRS, SRR IR AR 5], GF “F3%) Shannon’s {5 B384 (D &, Juile &



i, Uil GF BHfA gL 2 REERGE, Ml W RS, [, Juile K. GF R0 4%
HE (Ho SH®REE (He) ¥hfm, £Y GFMEZEMES. BEEHBE (F) A
SR 2 DR 7R £ 52 PR R 75 B Hardy-Weinberg (RAACIEAAIRS) BEIGLL], ZFpfEd
AiG R RN, F>0; R, HREHTER, F<0 (R4) .

RABMEESHN
Table 4 Population genetic diversity
i N Na Ne I Ho He uHe F
A6l 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
GF 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
HY 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
JH 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
KT Mean 110.35 5.35 2.51 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
NDM Mean 30.04 3.65 1.98 0.75 0.51 0.41 0.42 0.17
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
™ Mean 126.83 474 238 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
N Mean 68.43 457 2.48 1.03 0.53 0.56 0.57 0.05
SE 1.04 0.35 0.15 0.06 0.04 0.03 0.03 0.06
Villard Mean 50.91 430 239 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
YX Mean 10.74 3.30 223 0.88 0.48 0.50 0.52 0.02
SE 0.18 0.19 0.18 0.06 0.05 0.03 0.04 0.08

TE: Mean fREIE, SEANEIRHERR: uHe: LM GE; GF: 5i4: HY: ZL%K; JH: &©3; KT:
JURF; NDM: RIEIE; TM: #K; TN: GR& 15 YX: .
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H ] Hardy-Weinberg & A 5T 12 A A RIAIR UL, b 114> Rl kb TP PR
Horp A HY 2R 535 2 Hardy-Weinberg (P<0.05) (& 5) .

x5S MRIRARTEERE
Table 5 Hardy-Weinberg Equilibrium Test



Pop DF ChiSq P

A61 5.435 7.012 0.476
GF 14.696 135.862 0.138
HY 10.609 152.947 0.046
JH 10.478 35.536 0.361
Juile 1.941 1.608 0.485
KT 13.478 83.055 0.183
NDM 5.391 15.568 0.354
R2E2 8.609 92.969 0.139
™ 10.043 65.464 0.107
N 9.478 32.890 0.336
Villard 7.609 27.708 0.231
YX 4.217 6.240 0.488
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Fig.2 Coefficient of genetic differentiation among breeds
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Deltak = mean(|L"(K)]) / sd(L(K))
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Fig.5 Genetic population differentiation based on AK variation was provided
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Fig.6 Genetic Structure map of 12 varieties based on Structure analysis
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Table 6 simulated parental identification rate

Father given known mother:

Level Confidence (%) Critical Delta Assignments Assignment Rate

Strict 95.00 0.00 9901 99%

Relaxed 80.00 0.00 9901 99%




Unassigned 99 1%

Total 10000 100%

® 7 ERRREER
Table 7 Actual parental identification rate

Father given known mother:

Level Confidence (%) Critical Delta Assignment Rate Assignment Rate
Observed Expected Observed Expected

Strict 95.00 0.00 704 (801) 87% (99%)

Relaxed 80.00 0.00 704 (801) 87% (99%)

Unassigned 105 (8) 13% (1%)

Total 809 (809) 100%
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Table 8 True hybrid rate among varieties

A61 GF HY JH Juile NDM KT R2E2 ™ TN Villard YX BXY
20% 20% 40% 20%

GF 117 3.42% 38.46% 17.09% 8.55% 1.71% 2.56% 7.69% 8.55% 2.5% 6.84% 2.56%
HY 167 4.19% 0.60% 74.85% 3.59% 0.60% 10.78% 4.19% 1.20%
JH 69 20.29% 1.45% 7.25% 17.39% 2.90% 11.59% 15.94% 5.80% 8.70% 5.80% 2.90%
Juile 2 50% 50%
NDM 28 7.14% 75% 14.29% 3.57%
KT 77 5.19% 1.30% 2.60% 3.90% 27.27% 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%
™ 99 8.08% 1.01% 4.04% 2.02% 1.01% 1.01% 10.10% 56.57% 9.10% 7.07%
TN 59 1.70% 6.78% 15.21% 3.39% 15.25% 15.25% 16.95% 23.73% 1.69%
Villard 51 5.88% 3.92% 1.96% 1.96% 19.61% 66.67%
YX 11 9.09% 27.27% 63.64%




3R

SSR 3 FHRCHARANE N —FEHE . AT SR 24 2 R T A FEAEY F1ARH B 4% b
B8 RIAENS1T, Jg A R (R RS bl M e 02N iR B R T A

AT HE S AN BET AL B R B IR, SRAH R B T2 e AT R AS B M T R
AR T FARBR BRI, R BUR AR MR S e, IR TR H H TR 2 AT R A 80%#8 K
HSRAERE, N 20%7 A i f i 1 22 ) 58 SR & E AR B i B HU4. A SRR g 1A
BAHMEER, BMEKEEY, KRR, EEBR EE A LR Ak
RAFAN 0.3%, FT LA LEIF ARG RIS TR, HBRE P, fEmitRE
TR

RN ARG, AR ERE S 2 Besmfm, mAaREREAER, BHA
[ S F o 5 AT B AR A . R T A /N A T, BRI RERLAR 2, &
HMEANRXAEBEA T, ARLEAH SSR 70 TRt SO HBEATHRABEE, 13 4> SSR AL A
., 1001 ANJEARH 809 A E AR HALBEACTE R R B AT & d AR AL T i, WD R X A
B RURE NG UE %8 T REALAR, T RS B A IR BRSSO , R4 5 SR AR
JEARIE SRR e P2 AL AN ILRC R R, A7 T BE IR JE RS A B R 3 3 — e & T IO R 2%
Hr T IEA I H SR BiTid i, H: Hokanson 221, Kapoor 23125 A\ B 57 4 Hi AR 40 45 1 5 S w45 SR AR
FERLR S BT TC R HE R A AE I A

P )38 A% 22 REPE AR S0 AR D R A D B IR AR S, 38 A 22 REPE KRRy, i ) A
TS B P04 1) 2 N BE ) SRR 2 . DNA 70 1 AR 10 BEWS S W i 1B A% AR AR, A Fe il i
13 % SSRARIE, X 809 31 SR S AT i804% ZFEIE AT, AR BEMACE AL S5 M RIS = KA
[FIMERE . 1% SSRARICAL AU ARAT A b Ff (B A AE VR 2 S5 AT JE DRI OIS, A7 ik PRI 038 A 1
N 3~9, PIEMIEREL (Na) 4 6.154, PIHENFEREL (Ne) 4 2.557, Shannon’s
FEFRE (D N 1.078, MMZRAE (HO T8 0571 B REE (He) “FH44 0.579,
ZEMEGEESR (PIO) IR 0.526, ZAEMELEELE 0<PIC<0.25 2 [0, NEZEME,
0.25<PIC<<0.5 AHELZ AN, PIC>0.5 NmE LA, ARt 13 Ml T4 10 A
FEEZEN, 3N NREZEM. R TE SSR AL STERE MR I 2 &M, &
PR B R Z AR E m ) — 20, RSN ZEIEES, GRS JohE R R LA FAR
WAL Z RN, S S I ) SRR

Structure 73 87 2 R 38 A% AR BA R B2 R R AME R AE — 2, MBS & — M o BT M FE BT
(28 500 b # A SE E AAE G, AT SO 8 T MR A, R — P AT B A L S5
s 7. ASRIG X 12 NP RSEAHET Structure 047, HERIHERT S B SRR, 4
RN K=3 B AK K, SRR & F 5 A =A%, R2E2 N—HK, HY A—1%,
A61. GF. JH. Juile. KT. NDM. TM. TN. Villard f1 YX B N—#%, BHIX 12 554
BT 5 R 3 AR IR SRBCE e 4 R BoR, R2E2 WP EA—%, HY M A —



fE, He R EA—E, T, R2E2 A1 HY AN SF, B3 e 1 al &R L A,
4 25

R F1LARZMLEER, B MAF TN, KT, Juiles JH. HY. GF [958 35 FIE 5 0 5
NDM. R2E2. HY. Villard\ YX fFitl % B3, HamPhEAEET ZEMEF ISR, Btk
ZHMENTEE . HiZg RNt P BN BB R SRR . ARG BRSO T A7
e
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