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Fig. 1 Pipeline for microhaplotype genotyping and paternity
testing
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Tab. 1 Information of the SSRs used for the paternity test

. . 5 2A5
FfidID  PCRE[YJPCR primer HEE K fﬁ_ Informative
Repeat motif

Marker ID (5'—=3" index

G5010 CATTTTACTGCTTGC AGAAG 2.4464
CTCAC
CCCTTCCTTTCGCAT
AGA

G5011 AAGCCACCAACCTC
TACGA
TAACAGGGATGGGA
TGAAAT

G5012 GATGACATGGGGGT
GAGTAA
CAGAAAGGTAGTAA
ACAACGAAA

G5020 CAACCCTGTTTCTGT AAAGG 2.4464
CCTGT
GCAAGCAACTGTCA
ACCTG

G5024 ATTCCTTCCGAAATC GAGAA 2.1710
AGTG
AGAGGGAGAAAGAT
AAGACCA

TTCTC 2.6464

AGAGA 2.7219

AR R R ITE S 13—

Note: The informative index is calculated in the same way as 1.3
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Tab.2 SNP loci and MR in each gene and the accuracy of paternity testing

KE SNP#{
P Length  Number of

MR&EH(Total HUMREEffective

HHSSRAE E 45 R —BH A2 € TR 5 EeRatio of

Gene (bp) SNPs number of MRs ~ number of MRs Consistency with SSR’s results (%) detectable offspring (%)
“dgomts 51075 188 32 18 99.40 97.08
brca2 16330 167 23 12 98.14 94.15
dlcl 21420 46 4 58.08 97.66
gbp 16058 35 3 29.46 75.44
Igals9 5112 14 1 0 — —
Irp5 18312 89 13 4 38.57 81.87
meis2b 16360 43 2 63.75 46.78
mrps23 4348 28 4 1 12.77 54.97
msi2 2859 13 0 — —
nos2b 11347 48 9 6 91.61 90.64
priga 25714 158 25 16 99.41 99.42
rpz4 1138 18 1 0 — —
snx14 45146 192 38 26 97.14 61.40
thsd4 7511 30 5 0 — —
zmym4 12827 59 7 65.09 98.83

e RoR BT ARE S EA R DUE BOE T E

Note: “—” indicates the failure to perform the paternity testing due to insufficient information
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Fig. 3 Analysis of the microhaplotypes assembled using the
sequence data of individuals
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#3 FEAMMRIZES1TIEFRMENEFEE
Tab. 3 MR markers adopted and paternity test results of 171

offspring
I TRE G . T —sm A% —8eR
Number of IRV A Number of offspring Ratio of
markers Marker ID consistent with consistency
prediction (%)
3 Efciaz—lf’ &bp-2. 166 97.08
priga_14, gbp 2,
4 breca2 1, 169 98.83
adamts20_2
prtga 14, gbp 2,
brca2 1,
5 adamts20_2, 170 99.42
snx14 5
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Abstract: Paternity testing is a technique of great importance in the genetic breeding of aquatic animals. Currently, the
most frequently used type of biomarker in paternity tests is microsatellites (SSRs). However, weaknesses of SSRs lie in
the complicated and labor-intensive genotyping process, which leads to low efficiency when such analyses are per-
formed on a large scale. In this study, a new type of molecular biomarker, microhaplotypes (MH), was introduced for
paternity testing. For the purpose of marker screening and paternity testing, a more efficient pipeline was constructed
and evaluated with data from a grass carp population. The results showed that the genotypes of the MHs can be accu-
rately obtained from genome resequencing data with clearly improved efficiency and compatibility over conventional
genotyping methods based on population genetics. It is feasible to screen highly efficient MH combinations using the
informative index. The consistency with the paternity test results obtained using SSRs reached 97.08% or 99.42% when
3 or 5 MHs were used, respectively. This research suggests that MHs can be used for the rapid and accurate paternity
testing of fishes.
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