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Abstract: [Objective] Mango (Mangifera indica L.), an evergreen species of the genus Mangifera in
the family Anacardiaceae, is widely cultivated in tropical and subtropical regions worldwide. The domi-
nant mango varieties in China are limited and mainly imported from abroad, resulting in an unbalanced
plantation structure and a highly concentrated fruit ripening period. Hybrid breeding is very important
in the selection of new mango cultivars, which can be divided into artificial pollination hybridization
and natural pollination hybridization. It is possible to speed up the breeding process by performing ge-

notyping on naturally pollinated seedlings of known female parent varieties at the seedling stage to iden-
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tify the optimal male parents. Traditional morphological identification is limited due to influence by en-
vironmental factors and plant growth conditions. Marker assisted selection, based on DNA polymor-
phisms among progeny individuals, is a new generation technology for rapid and accurate identification
of genotype of seedlings. Simple Sequence Repeat (SSR) markers are abundant, co-dominant, highly
polymorphic, easy to utilize, and not influenced by environmental factors or plant morphological charac-
teristics. Fluorescent SSR markers with distinct fluorescent labels (FAM, HEX and ROX) at the 5' end
combined with capillary electrophoresis-based genotyping platforms, offer advantages such as high effi-
ciency, high accuracy and high automation. This study aimed to use fluorescent SSR markers for pater-
nal identification in controlled- pollination lines of mango, in order to provide valuable insights for
germplasm innovation and selection of new cultivars. [Methods] A total of 113 controlled- pollinated
seedling progeny and 12 parental varieties were collected as research materials from the germplasm re-
pository of the South Subtropical Crops Research Institute of the Chinese Academy of Tropical Agricul-
tural Sciences. 10 pairs of fluorescent SSR markers, previously developed by our research group from
the mango genome, were used in combination with capillary electrophoresis, to identify the paternal par-
ent of individual seedling progeny at the seedling stage. The genomic DNA of the samples was extract-
ed using an improved CTAB method. The quality and concentration of the DNA was assessed using a
1% agarose gel and a Nano Drop One (Thermo Scientific). The DNA concentration was uniformly ad-
justed to 30 ng- uL" and frozen at =20 °C for future use. The PCR amplification reaction system, with a
total volume of 20 pL, consisted of 2 pL. of DNA template, 0.5 uL of upstream primer (10 umol - L),
0.5 pL of downstream primer (10 umol - L"), 10 uL of 2xEasyTaq PCR SuperMix, and 7 pL of ultra-
pure water. The PCR programme consisted of the following steps: pre-denaturation at 94 °C for 5 min-
utes; 35 cycles of 94 °C for 30 seconds, 58 °C for 30 seconds, and 72 °C for 30 seconds; extension at
72 °C for 8 minutes; and storage at 4 °C for later use. The paternal analysis used the maximum likeli-
hood method, and the implementation of the maximum likelihood method was based on Cervus V3.07
software. [Results] A total of 54 alleles were detected in 125 mango resources using 10 pairs of SSR
primers, with an average of 5.4 alleles per SSR primer. The Shannon information index (/) ranged from
0.926 to 1.428, with an average of 1.185. The mean observed heterozygosity (Ho) and expected hetero-
zygosity (He) were 0.689 and 0.632, respectively. The polymorphism information content (PIC) ranged
from 0.452 to 0.677, with an average of 0.575. Out of 113 offsprings, 95 were successfully identified
for the optimal paternal parent, with a success rate of 84.07% and a confidence level of over 8§0%. Of
them, 80 were hybrid offsprings, accounting for 84.21%, while 15 were self-pollinated offsprings, ac-
counting for 15.79%. At a 95% confidence level, 47 offsprings successfully identified for the optimal
paternal parent, giving a success rate of 41.59%. Of them, 44 were hybrid offsprings, accounting for
93.62%, and e 3 were self-pollinated offsprings, accounting for 6.38%. A UPGMA cluster analysis was
performed on 95 offsprings and 10 parental varieties. The results showed that most of the offsprings
clustered with either their paternal or maternal parent, showing a clear genetic tendency. The offsprings
with Zill as the maternal parent were mostly clustered close to the maternal parent, showing a maternal
genetic tendency, for example, H3, H34, and H35 were clustered with the maternal parent Zill. Similar-
ly, almost all the offsprings with Dashehari as a maternal parent were clustered with the maternal par-
ent, showing a clear maternal genetic tendency. However, H10, H18, and H22 were not clustered close-
ly with either the maternal or paternal parent. [Conclusion] A total of 95 offsprings were matched to
the optimal paternal parent, with a success rate of 84.07% and a confidence level of over 80%. The ge-

netic tendency of the progeny towards either maternal or paternal inheritance. This result would provide
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a reference for mango germplasm innovation and variety breeding. The fluorescent SSR molecular

marker technology could quickly and accurately identify the paternal parent of mango hybrid offspring,

and would be used as a tool for early screening of hybrid seedlings.
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Table 1 Detailed information of SSR primers
GIEVER S Ak S HI(5-31) 5'5EhRIL T4
Primer name Repeat base Primer sequence (5'-3") 5' Fluorescent Expected product/bp
G33 CCA(®) F:GCCATAAGTATTGCGAGCGC HEX 187
R: ACGCCTAGTGGTGAAGAAGC
G676 TTCTAG (4) F: CCCAGTTGAAAATATGGGTTCCC ROX 194
R: TCCACCGCTGAAACAACTCG
G744 ACA(7) F:AGATGGACGGTTGAGGTTGC HEX 166
R:TTCCCCCTTAAATGGCCACC
G1134 TGCTTC (4) F: CACATTGTCCCAACATGCCC FAM 127
R: GAGCAGCACACAACTTGAGG
Gl1151 CAA(7) F:GTCAGATGTTGTCCGCATGC ROX 204
R:TCATCGTCCATTCCTGTGCC
G1342 GAGGTT (4) F: TGGACTCGACATCCTGAAGC ROX 170
R:CTTCACCGCTTTGTCAAGGG
G1382 TGC (7) F: TCCACGGTGGATGATGTAGC FAM 118
R: GAAGATTCAGCAAGCCAGACG
G1454 ATA (10) F: AAAAGGAGGACGGTTTGGGG FAM 133
R: GTACCCACCAAATTAGGCGC
G1527 CTG (7) F: CACCCGTCTTGAACCTCTCC ROX 192
R: TCAGGCAAATGAGTGCTGGG
Gl1617 ACA (8) F: CAAACACGAAGACGACGACG FAM 126

R: TCGCCGTTGTCCATATTCCC

PR (30 ng- pL"), 0.5 uL B3 5147 (10 pmol - L),
0.5 puL T 514 (10 pmol - L"), 10 uL 2xEasyTaq
PCR SuperMix f17 pL 4K .

PCR [ WiFE 7 : 94 °CTHAZHE 5 min; 94 °C(30 )/
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Table 2 Genetic diversity in progeny of controlled p

ollination in mango using 10 pairs of SSR primers

. . " b A o VAENSE DL 25 £ WG SHEEERE
’fYL},E‘ %’fﬁ%ﬁ( ﬁ?ﬁ%’fﬁ% %%/é({i:l '?Bj& I 4 B ‘ﬂéﬂ‘nﬁ 23 f & - =28
. Shannon's Observed Expected Polymorphic
Locus Number of alleles  Effective alleles . . . . . .
information index  heterozygosity heterozygosity information content
G1382 6.0 3.374 1.428 0.768 0.704 0.668
G1454 6.0 2.612 1.170 0.624 0.617 0.561
G1134 5.0 2.127 0.926 0.704 0.530 0.452
Gl1617 4.0 2.559 1.090 0.616 0.609 0.549
G33 5.0 3.262 1.273 0.776 0.693 0.637
G744 5.0 2.664 1.217 0.712 0.625 0.579
G676 5.0 3.627 1.411 0.816 0.724 0.677
Gl1151 6.0 3.625 1.367 0.696 0.724 0.673
G1527 7.0 2.171 1.010 0.552 0.539 0.480
G1342 5.0 2.232 0.955 0.624 0.552 0.474
V- Mean 54 2.825 1.185 0.689 0.632 0.575
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Fig. 1 The genotypes of fluorescent primer G1454 in partial progeny
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Table 3 Exclusion probability and cumulative exclusion probability of paternity testing of mango

7 55 Locus PIC NE-1P NE-2P NE-PP CE-1P CE-2P CE-PP
G1134 0.452 0.856 0.736 0.597

G1342 0.474 0.845 0.720 0.578 0.269 0 0.470 1 0.654 9
G1527 0.480 0.848 0.707 0.550 0.380 1 0.6253 0.8102
G1617 0.549 0.805 0.652 0.488 0.501 0 0.755 7 0.907 4
G1454 0.561 0.793 0.634 0.461 0.604 3 0.845 1 0.9573
G744 0.579 0.781 0.611 0.427 0.690 9 0.905 4 0.9818
G33 0.637 0.734 0.568 0.397 0.773 1 0.946 3 0.9928
G1382 0.668 0.698 0.515 0.319 0.8417 09723 0.997 7
Gl1151 0.673 0.700 0.529 0.355 0.889 2 0.985 4 0.999 2
G676 0.677 0.689 0.515 0.334 0.923 6 0.9925 0.999 7

T NE-1P. YR IR D B RS AR HEER A NE-2P. SN SRAEE 5 B ) AR SR HEER AR s NE-PP. XIUCRZE A O A0 R AR SR HEBR LR  CE-
1P. XU L PR 2 B R 0K SR T HERRME SR s CE-2P. E— R A TE R AU ) SR T HERR LR s CE-PP. XUREE R 2 S0 R HHERR LR

Note: NE-1P. Non-parental exclusion probability when both parental genotypes are unknown ; NE-2P. Non-parental exclusion probability when one

parental genotype is known; NE-PP. Non-parental exclusion probability when both parental genotypes are known ; CE-1P. Cumulative exclusion prob-

ability when both parental genotypes are unknown; CE-2P. Cumulative exclusion probability when one parental genotype is known; CE-PP. Cumula-

tive exclusion probability when both parental genotypes are known.
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Table 4 Paternal identification results with 95% confidence in progeny of controlled pollination in mango

T TRAEFR REA RRAA LOD1H H A BARAE
Number Offspring name Mother Candidate father Trio LOD score  Hybridize or selfing
HI12 5-Zill-3 Zill #4¢ 15 Renong No. 1 5.70 %42 Hybridize
H17 6-5 4K 1°5-1 6-Tainong No. 1-1 &4 15 Tainong No. 1 Irwin 4.74 /%42 Hybridize
H18 6-54% 1 5-2 6-Tainong No. 1-2 & 4¢ 15 Tainong No. 1 #4¢ 15 Renong No. 1 5.23 Z % Hybridize
H19 -5 4 1 5-3 6-Tainong No. 1-3 £ 4% 15 Tainong No. 1 Palmer 6.60 %42 Hybridize
H22 -5 4% 1 *5-1 9-Tainong No. 1-1 G4 1 % Tainong No. 1 #4415 Renong No. 1 5.85 Z%%Z Hybridize
H23 10-Tommy Atkins-1 Tommy Atkins 4% 15 Tainong No. 1 5.06 %A% Hybridize
H29 13-Zill-2 Zill #4415 Renong No. 1 5.14 <2Z Hybridize
H30 14-Zill-1 Zill £ 4% 15 Tainong No. 1 9.71 4<% Hybridize
H31 17-Zill-1 Zill Zill 5.02 H % Selfing
H32 17-Zill-2 Zill Zill 4.74 H %2 Selfing
H33 17-Zi11-3 Zill Tommy Atkins 6.71 Z& % Hybridize
H44 26-Zill-1 Zill Zill 4.72 H % Selfing
H47 28-Zill-3 Zill #4415 Renong No. 1 5.03 %42 Hybridize
H48 28-Zill-4 Zill FEH: 15 Guimang No. 1 6.47 Z4%Z Hybridize
H49 28-Zill-5 Zill #f 15 Renong No. 1 4.43 422 Hybridize
H50 28-#4¢ 1'5-1 28-Renong No. 1-1 #4415 Renong No. 1 Tommy Atkins 8.65 Z%%Z Hybridize
H51 30-#4k 1 5-1 30-Renong No. 1-1 #4415 Renong No. 1 FEM 145 Guimang No. 1 7.82 4% Hybridize
H52 30-#f 1 5-2 30-Renong No. 1-2 #4615 Renong No. 1 FEM 15 Guimang No. 1 7.88 %42 Hybridize
H53 31-Irwin-1 Irwin Zill 5.47 7% Hybridize
H55 31-54% 1 5-1 31-Tainong No. 1-1 £ 4% 15 Tainong No. 1 Irwin 4.51 %42 Hybridize
H59 34-FEAT 1 5-2 34-Guimang No. 1-2 FEAT 15 Guimang No. 1 Zill 436 /%42 Hybridize
H60 34-fEHT 1 -3 34-Guimang No. 1-3 FEA 145 Guimang No. 1 4% 1 %5 Tainong No. 1 4.70 J%4Z Hybridize
H61 34-FEM 1 5-4 34-Guimang No. 1-4 HEA 15 Guimang No. 1 Zill 4.49 2% Hybridize
H63 34-:4T 1 5-6 34-Guimang No. 1-6 FEAT 15 Guimang No. 1 #& 15 Renong No. 1 451 /%42 Hybridize
H64 34-#EH 1 -7 34-Guimang No. 1-7 FEM 145 Guimang No. 1 £4¢ 15 Tainong No. 1 11.00 Z& % Hybridize
H65 34-#4T 1 5-8 34-Guimang No. 1-8 FEM 15 Guimang No. 1 Zillate 9.85 %42 Hybridize
H67 34-fE#T 1 5-10 34-Guimang No. 1-10 #4715 Guimang No. 1 Zill 5.74 Z%%Z Hybridize
H68 34-FEAT 1 5-11 34-Guimang No. 1-11  #421%5 Guimang No. 1 #.f€ 1 %5 Renong No. 1 4.51 %A% Hybridize
H69 344 1 5-12 34-Guimang No. 1-12 #4215 Guimang No. 1 Zill 5.48 Z%4Z Hybridize
H70 34-FEAT 1 5-13 34-Guimang No. 1-13 H:4:1°5 Guimang No. 1 Irwin 5.38 J%%Z Hybridize
H72 3484 1 5-15 34-Guimang No. 1-15 #4715 Guimang No. 1 Irwin 5.43 %42 Hybridize
H75 35-FEAT 1 5-2 35-Guimang No. 1-2 FEAT 15 Guimang No. 1 #& 15 Renong No. 1 475 %42 Hybridize
H77 36-Zill-1 Zill Zillate 7.61 %2 Hybridize
H80 37-Zillate-1 Zillate FEM 145 Guimang No. 1 6.90 %42 Hybridize
H81 37-Zillate-2 Zillate #4415 Renong No. 1 4.57 %42 Hybridize
H83 38-FEAT 1 5-2 38-Guimang No. 1-2 FEAT 15 Guimang No. 1 #4f& 15 Renong No. 1 4.41 %472 Hybridize
H87 38-HEAHT 1 -6 38-Guimang No. 1-6 FEM 15 Guimang No. 1 #¢ 15 Renong No. 1 5.85 %42 Hybridize
H89 38-f:A4T- 1 -8 38-Guimang No. 1-8 FEAT1'5 Guimang No. 1 #4% 15 Renong No. 1 4.68 Z%%Z Hybridize
H90 38-Zill-1 Zill FEAT 15 Guimang No. 1 5.83 Z%7%% Hybridize
H91 38-Zill-2 Zill AAHZLH: Dongzhenhong 8.45 J4%2 Hybridize
H92 38-Zill-3 Zill #44¢ 1%5 Renong No. 1 4.64 &% Hybridize
H95 40-FEH 1 5-2 40-Guimang No. 1-2 AT 15 Guimang No. 1 #f¢ 15 Renong No. 1 6.00 2% Hybridize
H96 40-HA417 1 5-3 40-Guimang No. 1-3 FEAT 15 Guimang No. 1 #& 15 Renong No. 1 4.57 %42 Hybridize
H101 41-FEAT 1%5-1 41-Guimang No. 1-1 FEAT 15 Guimang No. 1~ #4& 15 Renong No. 1 4.72 %2 Hybridize
H103 42-Trwin-1 Trwin Tommy Atkins 8.36 2% Hybridize
H105  Irwin-3 Irwin #4415 Renong No. 1 4.43 /%42 Hybridize
H110 G4 1°5-4 Tainong No. 1-4 £ 4 15 Tainong No. 1 #4415 Renong No. 1 5.93 % Hybridize




6 1 EERIR, 45« FET22 6 SSR ARC AT 3 H Bk s A e AR % 5 1197

‘‘‘‘‘‘

o =

M Irwin (1)

S
P ‘3‘\\;\
s, o PR
4s; o B 5415 Tainong No. 1 (7)
1‘152 \,\\9

Hg w® [l #4155 Renong No. 1 (9)
Hyg H108
H96 — ] 56 | Zillate (24)
H7s H26
H88 :jj uitl [l Palmer (46)
H8s——— |
12 135 [l Dashehari (56)
\\w’/’j’J H34
51 0 W Zill (104)

46 104

\%32 :32 B /HI4LH Dongzhenhong (215)

2! 37
v\\:j;\ ,,:?3 [ FEAT 15 Guimang No. 1 (240)
e\ 4y,
‘X&wb b B Tommy Atkins (241)
AR ,),/’39
RIS G,
R %,
SO A
S o
TE o A
S§Sad %
TESETEEZRRTY

2 MRIERRESFEERBRENSN

Fig.2 Cluster analysis of mango seedling progeny and parents
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