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The Japanese eel Anguilla japonica is a highly valued research object that is important for aquaculture in Asia, in-
cluding the Republic of Korea. However, few studies have been conducted analyzing parentage using microsatellite
markers derived from the Japanese eel. We acquired Japanese eel genome data using next generation sequencing
technology, and constructed a draft genome comprising 1,087 Mbp. Using the Simple Sequence Repeat Identification
Tool program, 444,724 microsatellites were identified. Of these, 1,842 microsatellites located in the 3' untranslated
region, which are stably inherited, were finally selected. Ninety-six primers were selected to validate polymorphism
at these microsatellites, and 9 primers were finally identified for multiplex analysis. Using multiplex polymerase
chain reaction with three different fluorescence chemistries, we performed parentage analysis of an artificial Japanese
eel population. CERVUS software was used to calculate the logarithm of the odds (LOD) scores and the confidence
of the parentage assignments. The results presented here show that 83 out of 85 paternity cases were assigned at
95% confidence to a candidate father and mother with LOD scores ranging from 4.79 to 28.2. This study provided a
microsatellite marker-based assay for parentage analysis of Japanese eels, which will be useful for selective breeding
and genetic diversity studies.

Keywords: Japanese eel, Parentage analysis, Microsatellite marker

N B 54 tiEAAt 71aol S A kot i AHelol A A
A Aol o] YAE F5to] A=A glrk(Hamidoghli et

Wgol Seluiels Zaeto] W ATlolA AHABOR  al, 2019). Aol AHele] welnt 447 w3, 2|7 evts
AP o 5 SR FUSl BUT nEb S TR Fom AR EL Agels] ojggke] zrastel 4qlEle v
G QULT AT ATl A AALOR WOl ol M7 soban gl AFoIekChang et al, 2018). T,
AR 199090] TR A7F209HE o) 4ol AT QL EESIYIFA RUA WIS} TEo] T4 ol 5
o ASHL B 2] 0004 UES AR o 3 2 R FFo2 Aol gAYl sl a3
THFAO, 2022). 53] W7o} o] 4xH] = S-Euel o TAF AR 19t A 714 T Aol B astch(Pike et al.,
A o] o] FojA|aL glom, o]= ‘%“7& nzo“ﬂ 2H|F 20% 2020; Baek et al., 2021) T R AESFolA Y F474
(62,640%, 20164 7|2)2 XA\ 3Hk(Back et al, 2021). AA 74l U FAINEO] A Ei= 7HA THa] 2 98t WA ol 94
HiAFo] F52] 97% ol/do] oFAlof| gl o]Folx]aL gl ot <l o]tH(Chavanne et al., 2016). 7}5 I A& Zoj A= Ea]&<]
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FAE &g5to] Aol FA 7} 7He S A RE iR 4 HY
=9 4% 224 327 o & o] Qlom, A uAE
o] &3 A1 o] 2fjt A EO A e B8 A4S e st
7| 3} eH(Liu and Cordes, 2004). 71 5 microsatellite W}7]+=
short tandem repeat =+ SSR (simple sequence repeat) |2}
1 o, B2 A7) A ol R = 49| Zo]of ofsf| e}
UHe ol % sl £ UTHpshy Qe HA
A 5ol -85 31 QJth(Vieira et al., 2016).

AR} vAE o] &3k ARG Ajfo] 7} HE 2 RE 7}
AR e F A Y f42 F stuE Seitette
st 7l ol 7] 23k (Herbinger et al., 1995). wheha] &<
A= 2 FE 2R shute] e F04-S 7HA AL QUA| =k
Z1x}8ke]-2- 2142 0] DNA (deoxyribo nucleic acid) mHA £} ZH7)
A nme] g AARS vl wate] 2 4 olek. v A] 3 A
E9) npA A ] e @ de] 24 FroA gle
Ap=0] FARR ol AT AR HAFEAE 100% SHAEH
AT = Aok Wi 2 of 2 mpA o fd R p 2ol A ARt ZAY
A R o] Gzt o] A AR5t =2 S AR
Aol 2= g1 4= Qlrt. o]t 4] o] ARE-E|= DNA 1}
A7 B&rE A== A7 Ftk(Yue and Xia, 2014).

E3 44 Sl ofsf A sk 7|k AR A o
Wb §1% 40 thepy Skt Rolmet Sasich a4 9l
tH(Lorenzen et al., 2012). G427 thofA o] 24 Yok 23
0] S7lo} §04 WEHAROR o]of AT, 4 A, HlHl
A A, 719 5o A o' YEhA B Aol
wo] 2717} SAuAL BEe) B A2 A olold
CHMartienz et al., 2018). whehA] 554k o] o 2hedvte] B
N 7 A& S sl B oS ol gt
AR W ARSI} o] £ o 45§04 teby §47} 1
o]}k 4 9l

2 Aol M= FEAE o] QS-SR AEA 2 7HA e

o135t A x18+0l-L microsatellite U} S 7jaFslal thRRE

A2 ZH|

012 2J3} microsatellite 1FA S 76} Lz} =+
I R e E DAL S
Q1 Wikl A 17§A1(20194 3¢Y 15Y)E SR slic) E3L
%

Xxj8ko] G} nA 2] Ae 2la) 54 97, A 474
) 23S ) AARE XAl 47 e o5 Aol T

2P| 9fste] 2824

CADS - 98 - A -

A F3Fe] 8M TNES-UREA 600 pLoj Proteinase K& 5 uL 7}
S 3 37°CollA] 12417 ¥EGAIF T o] %, 22]0] 2hAE] B2
21 E1%H & W =-F & & X E(phenol:chloroform) & H¥
ofere MW 0|83t Al DNAE A8 ch Hegh
Als DNAE 1% o7t AAoA A7)195 s Eote] Al
DNAZQ] G-5-& &els}% 21, NanoVue (Ge Healthcare, Fair-
field, NJ, USA) 532712 ol g 3fo] 528 S5,

225 Wgolo] i DNARRE §05H 5 482 9is)
o] n|EZE2]o} DNA9] Cytochrome b -2} A 848 4~
Y}t L14724 (5-CGA AGC TTG ATA TGA AAA ACC
ATC GTT-3"), H15149 (5-AAA CTG CAG CCC CTG CTC
AGAATGATATTT GTC CTC A-3") universal primerS A&
sko] G714 <E 2 & NCBI BLAST (http://www.ncbi.nlm.
nih.gov/) £4-& 435} ch(Irwin et al., 1991).

A YL oY 3 2N

9P 32 Al DNACZYE el $294] 22 9 mi-
crosatellite 7} AHS fI8 AHAHHF 7| D24 st
%Act. WA short read 714 EE4S 918l Nllumina TruSeq
Nano DNA Prep Kit (Insert 550 bp)E ©]-8-5} NGS (next
generation sequencing) £4-& 9|3t gto] B 22| & Aol 3L
o, A|ZkE gho] ¥ 2 2] Agilent High Sensitivity DNA Chip
£ 0]85}0] DNA T 7] W %5128 24 39ick. o) digi-
tal PCR (polymerase chain reaction)} Tagman probeE ©]-&
5ko] adapter dimerE A 2J3F Wio] gfo]Heje] o] vt
Aes| AEFel 3 NovaSeq 6000 platform (Illumina, San Di-

Table 1. The sample information of Anguilla japonica for parent-
age analysis

Group Female Male Number of individual
1 F4462 M3171 24
M3893

M1211 23
M3893

M3689 23
M3171

M3745

M3278

M1211

M2881

M3072 25
M3893

M3278

M3896

Out Wild type - 22

2 F4867

3 F3703

4 F3591




ego, CA, USA)C & 7IAEEA S 4-35k3ieh 3, long
read G7|1AEE4S ¢3l PacBio SMRT sequencing ®+4].2
2 ol By glE F£=31aL 500 ng-5 ug2 BluPippin system
(0.75% gel)= ©]-8-310] 15 kb o] AHHS: 3|43t & bioanalyzer
(Agilent Technologies, Waldbronn, Germany)Z 2to] =2 2]
9] QC (quality control) 2+78-& s=3at¢ict. A|&te gto]H g
2]+ PacBio SMRT sequencing ®4] 2.2 A5t} Long
readsE o]-&3t 12} G-AA] ZH-& 93} clean pared-end reads
£ 0]-8-3]| long reads contamination A # 3} % t}. Decontam-
inated long reads:= FALCON UNZIPS |83t 12X} 3714
2% 3 clean paired-end readsE ©|-8-3f] error correction & 2
A FAA 28 35kl

Microsatellite Ot M

=21 whZlo] o] microsatellite 77 Aol GRAMENE
9] Simple Sequence Repeat Identification Tool (SSRIT; http:/
archive.gramene.org/db/markers/ssrtool)7} 2-8-%|ict. =9
o] 2 A gl B ZRE motife] Zofo whef vt
s 2ol 1 npA S ISkt oS3 718 motife]
Ao|7F 1820 bpe] Z7]& 2 =& di-= NSO, tri-= 64F
& o4, tetra-= SHHE o4, penta-= 45Hs o], npA|to =
hexa-= 3RHE o5 A7|A G2 vhg 21 o= AAsHin
AdE nbA 5 PCR Zeto|w A2 93t upstream, down-
stream 22} 2|4 500 bp H5=9] A Go] ghiEn, B]w A oHy
Ao 82 FAEHEA thfdo] 2 3-UTR ¥ %12 microsatel-
lite U} & 9-A2 0 &2 HHE S Th(Vieira et al., 2016).

A% microsatellite 1H FEE 7|59 2 Primer 3 AZE
g1 ol 3ol PCR 552 918 Zefolo2 Tixjelstelr
Microsatellite 1} A G A1 072 OFZ& o] g RE
oS ez QP ARl S0l o] Fold 4 QI = sl o,
7}719] microsatellite IFA S AL 0 2 ZEZAME9] 7|5 100,
200, 300 bp= A4ato] 3749 A2 ThE majo|u] AL o
25jo] 25 Tele] B0 ABH 02 ATE Felg 4 9
+ multiplex PCRE tjH]3}- %t}

Microsatellite 0+ ZAH

o] A =5 microsatellite 1A= s 999 535S
91t primer A/ - TSI SAMIALE] g
B FQl SEAk WiAo)(NFRDI-FI-1S-0029044, NFRDI-FI-
IS-0029045)E 28519 primerd] HAAH-& 431t PCR
%20+ TaKaRa Ex Taq DNA Polymerase (TAKARA Bio.
inc., Kusatsu, Japan)& AFE-319 20, 20 uL BE5-2 7|&o2
gDNA 1 pL, 10x Ex Taq buffer 2 pL, 2.5 mM dNTP mix-
ture 1.6 uL, 10 pmol forward primer 1 pL, 10 pmol reverse
primer 1 pL, 12|31 Ex Taq polymerase 0.1 pL= F-4J35}%
t}. PCR WH2-2 ABI verity fast thermal (Applied Biosystems,
Waltham, MA, USA)Z o]-83}o] 95°CollA 10& 59 pre-

P )| 559

incubation & 95°Coj|A] 157} denaturation, 57 Col|lA] 157+
annealing W 72°Col|A] 137} extension A2 2 32 cycle
A5t o, L2072 65°Col|A 77t final extension I}
48 s,

Multiplex PCR =71 =&

AR O] AE3HE 95l multiplex PCR 2715 SHgistar
A PCR -3 o 21l 9l ARE-9] Alo]= 55 dlefsfo] 2|5
2 9719 microsatellite "}AE AH5}C) 0|5 vA=
Z 371¢] fluorescence dye (FAM, HEX, TAMRA)E Al-8-5]¢]
genotyping £4 A 58 == Fo] §lie 5 519]ch Multiplex
PCR 271 ghgloll= A8 -9} 5 U3t polymerase S AHE-5F
§om, 5350 242 gDNA2 uL, 10x Ex Taq buffer 2 pL,
2 mM dNTP mixture 1.6 pL, 10 pmol forward primer Z} 0.1
uL, 10 pmol reverse primer 2} 0.1 uL, 12]31 Ex Taq poly-
merase 0.1 L2 A1 o0, B4 A7} ul2} 2 primer?)
¥ stel HAsalgic

dlolE o] A &4

Microsatellite 1}+9] dPGAxE=2] z7] EALS ABI
3730XL DNA analyzer (Applied Biosystems)E- ©|-&5}
™, GeneMapper v5.0 (Applied Biosystems) 3 & 7135
sto] S AFE ST 0% GenAlEx v6.502 =15
ARgsto] R fAt 2, SRR HE S8 BAslo
(Smouse and Peakall, 2012), 4% FEE 7]HLS 2 Cervus
307, T2 IWE o] ool WATLS gt vl e] BRAL
A7 sl th(Kalinowski et al., 2007).

2 o

Microsatellite Ot M

SAA AR BAo] AMRE AR Cytochrome b A4 &
418 =3l Anguilla japonica (MH050933)2} 100% Q2] 5H=
AL gRlstelet. o|2RE FHA HEE df=pyAet At
short read= 9F 26 Gb, long read+= 2F 84 Gbe] ¥7|ES &
Hatgleh 2E 544 28 23 1,306709] contig® o] Fof
%11,051.82 Mb2] 54k iAol 2 54415 eHdsts o,
A 299 F4-& UeEtd= N50 contig length= 1.6 M2
o1 E A tHTable 2). ©o]& 7]5+2.2 SSRITE ©]&3}o] SSR
3 o8& ePASt A} di-t= 294,001 71, tri-= 54,3147, tetra-=
36,6807}, penta-+= 16,7647l|, Z1] 1L hexa-+= 42,9657} 7} A=

ATH(Table 3). AHH vpAZY F-4A 99 W AAHEE
15t A} intergenic G HollA] 427,36170= 714 w2 uf#|
Sol AEHE Ao & golE o, 3-UTR FelA 7,7057H,
5-UTR Aol 7,4247], Z18]3. CDS G Aol|A] 2,6647H=
SHIE|Ge). o] & A o] Bkl 3-UTR % ojofl 25}
+= di- 1,1887}, tri- 2167}, tetra- 17671, penta- 1027, 12|12
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hexa- 160715 2% FH 2 AEsH3IT ol 8-S s, tri-motif 2719 Wk Sl 7%
Microsatellite Ot7{ Z™ i?i 96711 9] vt H S 2|F S5t iﬂ‘rozl‘ﬂ Xﬂx—i el 7‘;‘
g2 sttt PCR 4] 7:‘4 9671181 A 5 18705 A€
WA S flali A= Ak g E Ak digt Aok 3t WE npA 7} Z2Zo] E]9l8-S Belslgl on, ZEAMZ | A}
0] =2} repeat +5 1L2{5to] Z|FA 02 9709 vlAE AEs)
o o}, sl% uFA = multiplex PCR £-410] 7H538} =2 PCR At
Table 2. Genome assembly statistics 20] AFo] 27} 100 bp, 200 bp, 300 bp 2k 3/ 0.2 FA5H
Assembly feature Statistics o], 3709] fluorescence 2 AH-5H0] GAFSE AFo] = U] PCR AF
Estimated genome size (bp) 1,087,876,121 2o| A3} 84 0] 7581w = 3} TH(Table 4, Fig. 1).
No. contigs 1,306 ) -
Total contig length (bp) 1,051,819,391 Multiplex PCR 22 =&
Achievement of assembly 96.69 % Multiplex PCR& ¢35t 2 A 9] =74 gAML B3| E£% o
Avg. length (bp) 805,374
Min. length (bp) 27,149 Table 3. Distribution of repeat motif types
Max. length (bp) 7,452,511 Motif Di Tri Tetra Penta Hexa
Ei%bp) 1’6; 10’543 3 i : i — 32674
GC (%) 43; 4 4 - - - 11,115 6,333
' 5 - - 16,878 3,377 1,648
Repeat (%) 24.21 6 - 12,834 8455 996 753
BUSCO (Actinopterygii_obd10) (%) 94.11 7 i 7.953 4134 413 407
(B)EZ(I\:/I?A ((‘:/e)”ebrate—o‘jbm) (%) :(5)'23 8 - 5394 2,146 209 260
BUSCO, Boenchmarking universal single-copy orth.ologs; CEG- 9 55,491 3,957 1,347 130 188
MA, Core eukaryotic genes mapping approach. 210 238510 24,176 3,720 524 702
Table 4. List of microsatellite markers for parentage analysis
Name Motif Size range Primer Fluorescence Na' PIC?
ANJAP-30 (TTA)13 82-148 (F) CCAGTTTCGTGCCTTGTACTTT FAM 19 0.922
(R) ACCAGCCTGTGTTAAAGGCTTA
ANJAP-50 (TTA)16 78-147 (F) ACAGAGGAACATGTAAATGTATCCA HEX 15 0.840
(R) CGGATAATGTCTAGCCCTGCTT
ANJAP-51 (TTA)13 102-144 (F) GCCATGGCAATTCAGAGCATAA TAMRA 11 0.848
(R) ACGGTCATTAAGGTTAGAGGGT
ANJAP-03 (TTA)21 156-246 (F) GGGGAAAGAATCTGTGTCCCAT FAM 19 0.892
(R) AAGGAAAGCACCAGCAAACATC
ANJAP-47 (AAT)25 163-205 (F) GGTAGCGGGTATTCCAAAATGC HEX 13 0.865
(R) CCGTCTAGAGCGCTTTTATGGA
ANJAP-56 (TAA)22 295-334 (F) CAGCCTTAACGGTCCTATCAGT TAMRA 13 0.791
(R) TCTGATTCATTACCCAGGGCAC
ANJAP-69 (ATT)21 292-337 (F) CGCAGTGTAAGCTGGTGATAGA FAM 15 0.900
(R) TCATTCTGATGCCCGAAGGTTA
ANJAP-78 (TTA)19 258-324 (F) CACCACACGATGCAATCAACTT HEX 19 0.898
(R) GGACAATGGGGTACAAAAACCG
ANJAP-89 (ATT)22 246-282 (F) AGAAAGCCTTACCTGCATGTGA TAMRA 12 0.845

(R) CGCTGCTTGAAGTGCTGATAAA

'Na, Indicated Number of allele. >PIC, Indicated polymorphism information contents.
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2 PCR mixture AA] 20 pLE 7]&22 ANJAP-30 ul+] 9] Table 5. PCR cycling for multiplex method

primer= 0.4 pLE ARE-8FAL 71 9]9] primere= 0.1 pLE AH- State Time (min) Cycle
SF3ich E3F, PCR WHg-2 thefgt primer7} H3H4] & AR Pre-incubation 10 1
&&= T touchdown W& ARt 7] BRI S 75 Denaturing 1 1
O o) 0
0 2 59°Co|A] 1 cycle, 58°Cof|A] 1 cycle, 12| AL 57°Cof| A 32 Annealing 1
cycleS +HHAS 49 M 22 UGS AT 2 U xension 1
CH(Table 5). Denaturing 1 1
Annealin 1
0 50 100 150 200 250 300 350 400 ealing
I 1 } 1 } 1 } 1 | Extension 1
ANJAP-30 ANJAP-03 ANJAP-69 Denaturing 1 32
ANJAP-50 ANJAP-47 ANJAP-78 Annealin 1
ANJAP-51 ANJAP-89 ANJAP-56 9
Extension 1
Fig. 1. Size range of multiplex PCR products. PCR, Polymerase Final extension 30 1
chain reaction. PCR, Polymerase chain reaction.
Allele Frequency for AN-30 Allele Frequency for AN-50
? 0.400 é’ 0.400
% 0.200 = mother % 0.200 m mother
qu 0.000 u father S_:‘ 0.000 u father
9194 97/100/103/106/112/115|118/121/124/127/130/139/148 = offspring 99 |105/108|114117/ 120|123/ 126|129 132|135/ 141|147 | m offspring
AN-30 = other AN-50 = other
Locus Locus
Allele Frequency for AN-51 Allele Frequency for AN-03
? 0.400 ? 0.400
% 0.200 = mother g 0.200 = mother
2 9.000 ufather 2 0.000 u father
- 114 woffspring - 156162/165168171/1741771801831192198201207210237246 offspring
AN-51 mother AN-03 m other
Locus Locus
Allele Frequency for AN-47 Allele Frequency for AN-56
& 0.400 )
g 5
2 0.200 - = mother 2 m mother
2 0.000 m father o u father
v 175 187 199 | moffspring - 295|298 /301|304 307 | 310|313/ 316|319 322|325/ 328|334 » offspring
AN-47 = other AN-56 = other
Locus Locus
Allele Frequency for AN-78 Allele Frequency for AN-89
& 0.400 & 0.600
g & 0.400
g_ 0.200 - = mother 8— 0.200 u mother
E 0.000 m father &’ 0.000 u father
2581261|26712701273|276279/282,285288/2911294/297/300/303|306/3091312,324| m offspring = offspring
AN-78 mother AN-89 = other
Locus Locus

Allele Frequency for AN-69

& 0.300
& 0.200
g_ 0.100 = mother
L‘J_: 0.000 u father

w offspring
= other

Fig. 2. Allele frequency of each markers.
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Table 6. The results of parentage analysis

Offspring Candidate Pair |0.ci1 LOD score? Candidate Pair Io.ci1 LOD score? Trio IO?F LOD score?
mother - Compare Mismatch mother  Compare Mismatch Compare Mismatch
Group 1-01  F4462 8 0 5.59E+00* M3171 8 0 5.61E+00* 8 0 1.61E_01*
Group 1-02  F4462 9 0 8.02E+00* M3171 9 1 2.70E+00* 9 1 1.37E+01*
Group 1-03  F4462 9 0 8.52E+00* M3171 9 1 8.29E-01* 9 1 1.32E+01*
Group 1-04  F4462 9 0 9.24E+00* M3171 9 1 3.48E+00* 9 1 1.59E+01*
Group 1-05  F4462 8 0 6.09E+00* M3171 8 0 5.21E+00* 8 0 1.66E+01*
Group 1-06  F4462 9 0 7.91E+00* M3171 9 0 8.87E+00* 9 0 2.21E+01*
Group 1-07  F4462 9 0 1.09E+01* M3171 9 1 2.19E+00* 9 1 1.65E+01*
Group 1-08  F4462 6 0 4.87E+00* M3171 6 1 -3.89E-02 6 1 6.64E+00*
Group 1-09  F4462 9 0 6.83E+00* M3171 9 0 5.35E+00* 9 0 1.81E+01*
Group 1-10  F4462 9 0 8.53E+00* M3171 9 1 -7.35E-01 9 1 1.19E+01*
Group 1-11  F4462 9 1 3.47E+00* M3171 9 2 4.39E+00* 9 2 8.70E+00*
Group 1-12  F4462 9 0 1.08E+01* M3171 9 1 -1.69E-01 9 1 1.50E+01*
Group 1-13  F4462 9 1 3.68E+00* M3171 9 2 1.08E+00* 9 2 7.36E+00*
Group 1-14  F4462 9 0 7.29E+00* M3171 9 0 5.40E+00* 9 0 1.76E+01*
Group 1-15  F4462 8 0 9.15E+00* M3171 8 0 4.46E+00* 8 0 1.77E+01*
Group 1-16  F4462 6 1 1.21E+00* M3171 6 1 4.83E+00* 6 1 8.36E+00*
Group 1-17  F4462 8 0 7.66E+00* M3171 8 0 6.70E+00* 8 0 1.80E+01*
Group 1-18  F4462 9 0 7.61E+00* M3171 9 0 5.43E+00* 9 0 1.82E+01*
Group 1-19  F4462 9 0 1.08E+01* M3171 9 0 6.63E+00* 9 0 2.28E+01*
Group 1-20  F4462 9 0 9.44E+00* M3171 9 0 5.08E+00* 9 0 2.00E+01*
Group 1-21  F4462 9 0 8.17E+00* M3171 9 0 6.03E+00* 9 0 1.98E+01*
Group 1-22  F4462 9 0 8.72E+00* M3171 9 1 1.59E+00* 9 1 1.47E+01*
Group 1-23  F4462 9 0 8.08E+00* M3171 9 0 7.05E+00* 9 0 2.01E+01*
Group 1-24  F4462 7 0 4.98E+00* M3171 7 1 4.32E+00* 7 1 9.69E+00*
Group 2-01  F4867 9 0 9.32E+00* M3893 9 0 9.72E+00* 9 0 2.46E+01*
Group 2-02  F4867 9 0 1.02E+01* M1211 9 3  -5.47E+00 9 3 4.83E+00*
Group 2-03  F4867 9 0 8.82E+00* M3893 9 1 3.81E+00* 9 1 1.60E+01*
Group 2-04  F4867 9 0 8.40E+00* M1211 9 2 -1.42E+00 9 3 4.85E+00*
Group 2-05  F4867 9 1 3.17E+00* M3893 9 1 7.82 E+00* 9 2 1.36E+01*
Group 2-06  F4867 9 1 3.82E+00* M3893 9 1 4,58 E+00* 9 2 1.17E+01*
Group 2-07  F4867 9 0 8.40E+00* M1211 9 1 4,91 E+00* 9 1 1.67E+01*
Group 2-08  F4867 8 0 6.30E+00* M3893 8 0 7.59 E+00* 8 1 1.41E+01*
Group 2-09  F4867 9 0 8.79E+00* M3893 9 1 5.13 E+00* 9 1 1.73E+01*
Group 2-10  F4867 9 0 7.65E+00* M3893 9 0 1.28 E+01* 9 1 2.14E+01*
Group 2-11  F4867 9 0 8.27E+00* M3893 9 0 9.28 E+00* 9 0 2.21E+01*
Group 2-12  F4867 8 0 6.63E+00* M3893 8 1 2.98 E+00* 8 1 1.23E+01*
Group 2-13  F4867 9 0 8.81E+00* M1211 9 1 3.47 E+00* 9 1 1.46E+01*
Group 2-14  F4867 9 1 2.50E+00* M3893 9 1 5.94 E+00* 9 2 1.07E+01*
Group 2-15  F4867 9 0 1.05E+01* M1211 9 2 -2.11E+00 9 2 9.86E+00*
Group 2-16  F4867 7 0 6.43E+00* M1211 7 1 3.51 E+00* 7 1 1.26E+01*
Group 2-17  F4867 8 0 6.12E+00* M3893 8 1 3.2 E+00* 8 1 1.20E+01*
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Table 6. Continued

Offspring Candidate Pair |0.ci1 LOD score? Candidate Pair Io.ci1 LOD score? Trio IO?F LOD score?
mother - Compare Mismatch mother  Compare Mismatch Compare Mismatch
Group 2-18  F4867 8 0 6.74E+00* M3893 8 0 7.89 E+00* 8 0 2.02E+01*
Group 2-19  F4867 9 0 9.87E+00* M1211 9 1 4.28 E+00* 9 1 1.70E+01*
Group 2-20  F4867 9 0 9.63E+00* M3893 9 1 3.11 E+00* 9 1 1.66E+01*
Group 2-21  F4867 9 0 9.19E+00* M3893 9 1 3.91 E+00* 9 1 1.65E+01*
Group 2-22  F4867 9 0 8.88E+00* M3893 9 0 1.07 E+01* 9 0 2.46E+01*
Group 2-23  F4867 8 0 5.42E+00* M3893 8 1 4.55 E+00* 8 1 1.26E+01*
Group 3-01  F3703 7 0 7.18E+00* M3171 7 0 4.91E+00* 7 0 1.67E+01*
Group 3-02  F3703 9 1 5.00E+00* M3171 9 0 7.56E+00* 9 1 1.75E+01*
Group 3-03  F3703 9 1 5.88E+00* M3689 9 2 4.99E-01* 9 3 7.07E+00*
Group 3-04  F3703 9 0 1.20E+01* M2881 9 1 8.60E+00* 9 1 2.45E+01*
Group 3-05  F3703 9 0 1.06E+01* M2881 9 2 1.65E+00* 9 2 1.52E+01*
Group 3-06  F3703 9 0 1.17E+01* M3171 9 1 1.39E+00* 9 1 1.77E+01*
Group 3-07  F3703 9 0 1.06E+01* M1211 9 0 1.12E+01* 9 0 2.50E+01*
Group 3-08  F3703 8 0 1.01E+01* M3278 8 0 7.97E+00* 8 1 1.72E+01*
Group 3-09  F3703 8 0 1.04E+01* M2881 8 1 5.74E+00* 8 1 1.83E+01*
Group 3-10  F3703 9 1 3.82E+00* M2881 9 2 1.15E+00* 9 3 7.63E+00*
Group 3-11  F3703 9 0 9.18E+00* M2881 9 0 1.32E+01* 9 0 2.76E+01*
Group 3-12  F3703 9 0 9.53E+00* M3171 9 0 6.61E+00* 9 0 2.18E+01*
Group 3-13  F3703 8 0 6.74E+00* M3171 8 0 5.79E+00* 8 0 1.78E+01*
Group 3-14  F4462 7 0 5.11E+00* M3171 7 0 4.31E+00* 7 0 1.33E+01*
Group 3-15  F3703 9 0 1.04E+01* M1211 9 2 -1.83E+00 9 2 1.10E+01*
Group 3-16  F3703 9 0 1.05E+01* M2881 9 2 2.70E+00* 9 2 1.60E+01*
Group 3-17  F3703 9 0 9.62E+00* M2881 9 1 7.94E+00* 9 1 2.13E+01*
Group 3-18  F3703 9 0 1.03E+01* M2881 9 1 6.66E+00* 9 1 2.10E+01*
Group 3-19  F3703 9 1 5.14E+00* M3689 9 2 2.41E+00* 9 3 8.73E+00*
Group 3-20  F3703 9 0 1.18E+01* M3278 9 0 7.64E+00* 9 0 2.27E+01*
Group 3-21  F3703 9 1 4.38E+00* M3171 9 1 2.65E+00* 9 2 1.04E+01*
Group 3-22  F3703 8 0 8.80E+00* M3745 8 0 1.41E+01* 8 0 2.82E+01*
Group 3-23  F3703 8 0 9.32E+00* M1211 8 1 4.26E+00* 8 1 1.54E+01*
Group 4-01  F3591 8 2  -274E+00 M3278 8 0 1.11E+01* 8 2 1.07E+01*
Group 4-02  F3591 9 0 1.09E+01* M3072 9 3 -7.77E+00 9 3 4.79E+00*
Group 4-03  F3591 9 0 1.05E+01* M3072 9 1 1.13E+01* 9 1 2.56E+01*
Group 4-04  F3591 9 2 -6.20E-01  M3072 9 2 2.17E+00* 9 4 1.95E+00+
Group 4-05  F3591 9 0 9.75E+00* M3072 9 2 2.92E+00* 9 2 1.55E+01*
Group 4-06  F3591 9 0 6.74E+00* M3278 9 1 2.97E+00* 9 1 1.44E+01*
Group 4-07  F3591 9 0 7.75E+00* M3278 9 1 8.43E+00* 9 1 2.09E+01*
Group 4-08  F3591 9 1 4.05E+00* M3072 9 1 1.38E+01* 9 2 2.14E+01*
Group 4-09  F3591 9 0 7.11E+00* M3278 9 0 9.43E+00* 9 0 2.12E+01*
Group 4-10  F3591 9 0 8.58E+00* M3278 9 0 8.43E+00* 9 0 2.21E+01*
Group 4-11  F3591 8 1 1.32E+00* M3278 8 0 7.90E+00* 8 1 1.25E+01*
Group 4-12  F3591 9 0 8.05E+00* M3072 9 2 2.24E+00* 9 2 1.33E+01*
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Table 6. Continued

Offspring Candidate - LOD score? Candidate - LOD score? - LOD score?

mother - Compare Mismatch mother  Compare Mismatch Compare Mismatch

Group 4-13  F3591 9 1 4.14E+00* M3072 9 3  -5.06E+00 9 4 -2.60E-01
Group 4-14  F3591 9 0 1.10E+01* M3072 9 3 -5.48E+00 9 3 6.93E+00*
Group 4-15  F3591 9 0 8.43E+00* M3278 9 0 6.59E+00* 9 0 2.05E+01*
Outgroup-01  F4462 7 5 -1.91E+01 M3893 7 5  -1.73E+01 7 5  -1.88E+01
Outgroup-02 F3703 8 5 -1.80E+01 M3893 8 4  -8.45E+00 8 7  -2.19E+01
Outgroup-03  F3591 9 6  -1.99E+01 M3171 9 4  -1.12E+01 9 7  -2.15E+01
Outgroup-04 F3591 9 6  -1.76E+01 M3745 9 7  -2.40E+01 9 8  -2.70E+01
Outgroup-05 F4867 6 2  -507E+00 M2881 6 3  -8.20E+00 6 4  -1.02E+01
Outgroup-06 F3703 9 7  -267E+01  M3893 9 4  -9.02E+00 9 7 -2.34E+01
Outgroup-07  F3591 9 6  -2.18E+01  M3171 9 3  -7.01E+00 9 6  -1.86E+01
Outgroup-08  F3591 9 6  -1.86E+01 M2881 9 6  -1.89E+01 9 7 -217E+01
Outgroup-09 F3703 8 5 -1.61E+01 M3893 8 5  -1.55E+01 8 7  -2.31E+01
Outgroup-10  F3591 8 3  -820E+00 M3893 8 6  -2.19E+01 8 6  -1.99E+01
Outgroup-11  F4462 8 5 -1.81E+01 M3171 8 2 -213E+00 8 6  -1.85E+01
Outgroup-12  F4867 9 5 -1.82E+01 M3278 9 4  -1.32E+01 9 7  -2.38E+01
Outgroup-13  F4462 8 5 -1.64E+01 M3072 8 5  -1.35E+01 8 6 -1.73E+01
Outgroup-14  F4462 8 6 -2.1M1E+01  M3896 8 5  -1.68E+01 8 6 -2.18E+01
Outgroup-15  F3591 7 3  -6.74E+00 M3896 7 3  -8.14E+00 7 5  -1.23E+01
Outgroup-16  F3591 8 4  -1.07E+01 M3745 8 6  -2.23E+01 8 6  -2.03E+01
Outgroup-16  F3591 8 4  -1.07E+01 M3896 8 6  -2.23E+01 8 6  -2.03E+01
Outgroup-17  F4867 9 6  -2.14E+01 M3072 9 6  -1.99E+01 9 7  -2.43E+01
Outgroup-18  F4462 9 7  -2.50E+01 M3072 9 6  -1.98E+01 9 8  -3.01E+01
Outgroup-19  F4867 9 6  -2.18E+01  M3893 9 4  -1.01E+01 9 7  -2.26E+01
Outgroup-20 F4867 8 4  -1.15E+01 M3896 8 5  -1.48E+01 8 7  -2.15E+01
Outgroup-21  F3703 8 5 -1.58E+01 M3278 8 2 -7.92E-01 8 7  -1.96E+01
Outgroup-22 F3591 8 3  -9.64E+00 M3072 8 5  -1.73E+01 8 5  -1.62E+01

!Concordance of genetic markers between parent and offspring. >This letters indicated confidence value. * indicated>0.95, and-+indicated>0.85.
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Cervus 412 A7) A oF F-E 70 4] 2] microsatellite 7H7 of]
ofs) shEl 4AAe] QRS V20w T8 HEANE
A5k Ht. el A ko] A= %= (confidence)+= LOD (loga-
rithm of the odds) score 7}l 23] 2R =, sl gho] ko] 4=
£ vehd of AR =7t ol & 4= Qloh (%)= 95% o143 A
SIS LRl (4= 80% o)4He] HSHES: LiEhTkMar
shall etal., 2003). F-E e 970 A, A 47HA), A=
O, el 3 AR QAANS $AHAE AR E n
28510 Cervus 415 =307 A1}, 15 1 (F4462 x M3171,
M3893)9] A&RITHS W= F4462 xM31719] B HE
AAHE RS IS 4= dglon, TIF 2 (FA867 xMI2lI,
M3893)] A<Al|thi= F4867 x M1211¢] Bz HEl 7oje],
F4867 x M3893 R 2R g 16ute]7} AAke A& 21sk 4=

olgltt. & 3 (F3703 X M3689, M3171, M3745, M3278,
MI211, M2881)2] AF&Ad)= F3703 x M36892] Rz b
E] 20}2], F3703 X M3171 HR 2 5E] 6uta], F3703 X M3745
o] HmgHE Jubg], F3703 x M32789] RmgXE 2ule],
F3703 x M12112] $-1 2 5E] 30}z, F3703 X M28812] 31
ZHE gula], T12]3 F4462 X M31712] Hr 2 2 ule]7}
AR A S g1ek 4= Qglet E3 TE 4 (F3591 xM3072,
M3893, M3278, M3896)2] Zp<=A|th+= F3591 x M30729] +-
m 2B gule], 12]31 F3591 x M32789] Hu 2 2| 7ulg]
7F A & 218 leh, 2= AR R4k RiAo] 11
FollAl= 240 AR-E Fi ZHA kO] A ShRlEA] ¢
o, o= mhAE FHAY Wk EAATE Sl E 2}l
o] 7}53ltHTable 6, Fig. 2). £3], ANJAP-30, ANJAP-50,
ANJAP-03, ANJAP-56, ANJAP-78, 1] 1. ANJAP-69] 4]
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AR ubA = 274 9] P3RS BHA] ¢l DNA =20l A f-4
A oot A E A5 4= Q= B84 sHo R FEE I
QIth(Van et al., 1981). L ol 4| microsatellite 77| = 52 &
A EAS EA o2 greds Moy eh, X3 AE9] 544
At A A EAgtH(Kalia et al., 2011). E=3F, 7HA] 7F oh& 4
o 1 AR 0] 710 BE Fe] GHA topy §AIS ofat
ek s Qi) A2k 5o) o] el BET 9]
t}(Jarne and Lagoda, 1996).

AR, E microsatellite”} W@l o] S-AHZS 2= A
& o] ol ZH5El $HA nh o] AU WAl
o] & o523 el 4= Qlth(Flanagan et al., 2018). 12|22
WAL el v7le] Aeki e SRIsHs Zo| h44
olg} & 4= It} 27| microsatellite HFA+= 7' 24 of] o]
=0l Qo] 47| = 5712) wiAE E-8-5ko] ZIAEIE =387t
757} 21l 2 U (Norris et al., 2000), FAolli= 44| AHE
A 710 EE microsatellite 1} & Aol 3 7HASA]
31 ofof whef Z} upA o] At A A o= HAsH= Alo] 7t
oAl

2|2 ZAEel ¢l T o 7| W o] (single nucleotide poly-
morphism, SNP)E &-8-5}= A7} &4l 8121, ©]o] micro-
satellite®} SNPu}A 9 H] o] gt =07} 2134% u} Qlch. %
A1 $lak SNPulAL) 49 9194 2 Ha3tel] 9
aff oF 2007} o]} SNPupA7} B ashm, T3t 9J/de] 4
32 2281517] SIS oF 700748] SNP 1} 7} Ag-Eo]
of 3= Zlo 2 KB % ¢ th(Flanagan et al., 2018; Pei et al.,
2018). A4} 3 o] 83 S5 2 1 of| A= SNPu}A o] &
SE7} 58 5 o), Al AN BAo A ol
0]8-2 SNP v}# 2t} microsatellite”} A & =] a1 Q) c}.

WA © 2 microsatellite THA+= di-motif 7} 2 ARE-%E a1
AUl ol= i FAAF s Aol A 9] e F= vebe
|} DNA B340l 4 v|71e) BALo 2 FHe Wlsv} uks
0] X]+= stutter band §Afo| BHAIEE = QI Tl (Walsh et al., 1996).
HFCH = tri-, tetra-, penta- 5~ o] 2|3k /9] WA 7ol W
7] o] weh geket 81410] 7153ITHGill etal, 2005).

B L Ak uto) o] 2 2kEkel-S 9)3) microsatellite tf
AE g %29 dtolrh 54 WAoo AR EE
3l 55}aL, o] 25E HAH 97<] microsatellite A S A5}
Ak AHE vpA ol A= s AR A of TRt A
e AR R ghgkow, s aataekdofl A QlF ARt =
AR o] 470 505 % 937 A7) 2 95% o] 4t 4]
L2 FRI 2 2elo] 7hesl it E, w2tk v
27 w7} o] Fo A &} A(Group 3-14, F4462 X M3171)
OF QI AF A atoll A A E KR 7HAI(M3893, M3896)7} 3

P )| 565

L Ao 3lelE9l o}, LOD scoreE 7|20 & £ uff BAjat
ol A9 7R IrhE] ] gh=th. whebA] 2 Aol A i
% microsatellite 1= =54 WA o 9] HAgRlS 219k 41
e =2 AE 95 = lon, 93] BACR vl 4
IS 313 4= Q1= multiplex PCR WS- 2]-8-5}0] 1.4 9
a8/9S Sdisteloitt. & B2 a4 Aol o] Zxt
AE fIE Eeeet &

& A7 S ARSHATARY (R2022045) 2]
Ao s glon], gdta] Ao A= Y.
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