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Machine Learning SNP for Classification of Korean Abalone Species

(Genus Haliotis)
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Climate change is affecting the evolutionary trajectories of individual species and ecological communities, partly
through the creation of new species groups. As population shift geographically and temporally as a result of climate
change, reproductive interactions between previously isolated species are inevitable and it could potentially lead to
invasion, speciation, or even extinction. Four species of abalone, genus Haliotis are present along the Korean coast-
line and these species are important for commercial and fisheries resources management. In this study, genetic mark-
ers for fisheries resources management were discovered based on genomic information, as part of the management
of endemic species in response to climate change. Two thousand one hundred and sixty one single nucleotide poly-
morphisms (SNPs) were discovered using genotyping-by-sequencing (GBS) method. Forty-one SNPs were selected
based on their features for species classification. Machine learning analysis using these SNPs makes it possible to
differentiate four Haliotis species and hybrids. In conclusion, the proposed machine learning method has potentials
for species classification of the genus Haliotis. Our results will provide valuable data for biodiversity conservation

and management of abalone population in Korea.
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1930\ tfjof] AJEBHAREE 1914 agho] A= Hej¥
7He] e 2 4= 92 14615 2 m (Wiegand, 1935
Riley, 1938), o] 5 &) A417] o]F @42 aghs 24y =
S 1Y 5 U3 AFstnt olze drs A9sty] ¢l

3le] Loz /\1 *‘X “AJ3Khybridization of the habitat)
= Bt &-8-0] HAtHAnderson, 1948). o|& A= w3t
of o e ASH oz WHslglon, d7E o ol
Aoz wAshe e U5 5, A solA we- 58
S 205 Sk S e vl
G2 SR ] A7) o) Bolak AlelAle)

& H3kE F3t %HSHE’_} AR 9] 2435 of7 A7 A H Y
th(Amanda, 2014). olefgF BALO.Z 213 o] E7ke] Heizlel

WO 7187} F7ME = T AT A B & &
AR 141 9l e (Rhymer and Simberloff, 1996; Al-
lendorf et al., 2001), A& & BE2 95t tjulgdo] A3t
AoIch A 2] AR e fsot o] 7] o]ed Alefat w
A} A7 8 Eal AReH QA7) FaT 242 8 4tk
(Asaad et al.,, 2017). = thF/d A, BF 7100l A 744
Pl WU B R, 723 AR e S e oA W Akl <
T= Aot £ A S 7|22 31l Qltk(Schwartz et al., 2007,
Breed et al., 2019). A& £& utz o 2 el|skz] g B}l
SapQl S ) AT 4 900, S BAEate 4
H a2 ey BR 0] IS Betsto] e Fol Al A
S & A7 =Y =20 EHaL o‘W(Candek and Kuntner,
2014). S 59| A8 9I5) BLEE 20 BAAEE
H F ol S Ar|Ho|(single nucleotlde polymorphism,
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SNP):= 54% & = e AET2
wlo|7} T uf Whaels 074 oo},
ojget f-AAL] Moz T B A= oA &
X a2 ARgo] 4 glonl, A W eke] 4
0] 7153tk (Leache and Oaks, 2017). E3}, 1 2]8+4]
9 AE5H4 213} 5 oheFgh wokel A SNP 24 7]<2
7}s5fe] &gt A7 48 E Al QltH(Canturk et al., 2014;
Leache and Oaks, 2017).

2| AA AR 7)ol S-S =R WSkl ALk Sl of o
S AERRE FAAREE Hoh agA o ik 4= 1A
=] 9it} £3] genotyping-by-sequencing (GBS)= Z}AIH) A]A
A 71ee o E g skl o= AN 5 sheltt
(Narum et al., 2013; Sonah et al., 2013). GBS £4-2 A st a4
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TH(Scheben et al., 2017). E3F A A3t Algta LS A
WG A ] wHE Q) oS 13 5= Qlon], EAo|
ah edelo] A7 AL 2P sl Ho] 7Hsatch(Davey etal.
2011). o] 2|3t GBS #£412 A= Foll A SNP 743 245 ¢
off /PIE oy, Tt M ES ARt et A E S
AFo 2 w2 7| EAFE] 37 Qlth(Narum et al., 2013).

7| ASHGEAE T tol| A 71 whEA] et Sl
TOFRA], AT Al 7R e SRty o]
HA B £A% B35 ABAE =&t =30 "ot
(Jordan and Mitchell, 2015). ©]+& 7| H|o|E & AE-5fo] 2
W2 YA 202 olof i HE 914 B HEE Goldt
A Sk thaFst dare|E A ES ARSI 7 AIsks gaelE
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pervised learning) 0. & s <= Qo) A= g5 A HeE
e Esto] ARe AHe) BRE ol2s
A sre T3 34 glo] ABH A BRols ol
(Angetal, 2015). o] 7| AlBH5 AL 59 2l4), ol
on}7] 4], A B 5 choke VB ShA Rotol 4 B
2511 ¢lck(Swan et al., 2013; Han et al., 2016).

B Lol A 22 Y] A| A (next generation sequenc-
ing, NGS) 7|3} 7] A|8}<5(machine learning, ML) 7|4H2] 3
o S ol&ste] U Aot AR F HES fRE A

= 25k} ST AE-S YA EZ 5 (Vetigastropoda),
A &K Haliotidae)ol| &ol= H5FE AAAZN SR 62F 24
ofFo] HirE o] glom, ol = eHR/dQl HHHAE(H. dis-
cus hannai)2} FFAQ S-AE(H. discus discus), 'HHAE
(H. gigantea), $}71E(H. madaka), 2-2A7|(H. diversicolor
supertexta), Tt L 22}7|(S. diversicolor diversicolor)7} 4|
Alel= Ao R oA QrHKim et al., 2020). EHpAEL o
eluele] FR TR AR SFAT U A%

ml

35 SIH AR ol &85 Qlek(Park et al., 2013). E3,
T AES S U] AT ol 5k Ao = A4
ot Ao YA glon], SR oS IA R FH A
O 2 B pol= glovt A A A ofA] ol & vrehiaL Slct
(Ino, 1953). Q191221 W] o3t B Hi} 5159
A3} 7Hs o B o]n] HarE v §lom(Lee et al., 2016), 7]
SHBERE QI3 o] 5 T AAA] £33k AFAA Q] wAFS of
71N 4= Q7] whioll A& F BES 919k 7|9k upo] da

#ole} & 4= 9rt.
Mz 2 2y
A2 ZH|

A gAAe] BAS gislo] Fejstd &
Sl SR 240), 275 200), 97 on], wal [8u]
£ PRk en, 7 Al R 2R e 52218 A F]5H3 th(Table
1). Genomic DNA ] &=%-2 TNES-Urea buffer (8 M urea, 10
mM Tris-HCL pH 7.5, 125 mM NaCl, 10 mM EDTA, 1%
SDS)E AMESIRCw, AT TEEHE ZeoHs 480 uL
9] TNES-Urea buffere]] 20 uL¢] Proteinase K (20 mg/mL)
£ A7 & 56°Col A 52 Ao] ¢8| walld wizhA] jh
SAFTE ©0]% 500 uL9] phenol:chloroform:isoamylalcoh
ol (2524:1) Aelsto] ThAL AAAstgom, o]F 2u)e]
99.9% ethanol®}- 0.18] 2] 3 M sodium acetateS ©|-8-5}] ge-
nomic DNAE A5} ).

FOA YL iYL 3 X

F2% genomic DNAE synergy HTX multi-mode reader
(Biotek, Winooski, VT, USA)2} Quant-iT picoGreen dsDNA
assay kit (Molecular Probes, Eugene, OR, USA)E ©]&3}o
20 ng/uLe] 5 2 HaFsho] 240 ALg3t9ck 200 nge] Ge-
nomic DNA+ adapter ligationS 93l 8 U2] high-fidelity Pst
I (New England BioLabs, Ipswich, MA, USA) A|$t& 4~(RE)
5 o]-83}o] 37°CoflA| 2417t 5t E3l(digestion) T, 20+ 5
2t65°CE FA gJsto] Algtass Hgd 3} st¢ih. o] % QIA-
quick PCR purification kit (Qiagen, Valencia, CA, USA)S A}
43l Agtast A" DNAE AA8+% S ™, accupower
Pfu PCR premix (Bioneer, Dagjeon, Korea) & 25 pmol<] il-
lumina barcode adapterE ©]-8-3}0] A (ligation) L4 A%
t}. PCR AH=2 QIAquick PCR purification kitE A&-51o] 4
A|5ko] single end GBS libraryE 153ttt =% GBS li-
brary+= bioAnalyzer 2100 (Agilent Technologies, Santa Clara,
CA, USA)E ARg-sto] 2 H 71 5 Tllumina NextSeq 500 (11-
lumina, San Diego, CA, USA) &3Z-3- o]-g3lo] H7|A4E
A4S skt g Ho]E = barcode sequence s ©]
4-5}0] demultiplexing (GBSX v 1.3) & (Herten et al., 2015),



adapter sequence A|7] 4 sequencing quality trimming (trim-

momatic v0.33)S =385} th(Bolger et al., 2014).

7oA g2 24

Al B4 -Z AX ZF A2 clean reads®] 3-8 F7IAE= =
A5}7] Qlsl iAo A sl set SR R
A AR (PRINA3174)E ©]8-31o] mapping (Bowtie v2.2.5)
<35} th(Langmead and Salzberg, 2012; Nam et al., 2017).
0|3 mapping ¥ S A HZEE Z A]HS 9|3 SNP 4

£ HA5IATH GATK Y] variant filtering modules AME-S
o] 7|& filtering (phred quality score<30, FS>200)2 435}
a1, A1 SNPe] A4S Fo7] 18] & of dAs 24
(read depth<100, phred quality score<50, FS>100)2.2 7}
35} th(McKenna et al., 2010).

QA He 7|¢ MR YE 24

filtering=

FAA AE HW 2AS Fol B E SNP JHE 7|Hte
2 FAEEH(principle component analysis, PCA)S 43
sto] AEEo| 2Tk BAL 2a5hech. A0 R software
v3.4.40] ARGE Rl oH, Hlo|E o] Hgh 9 T2 AE 9l

dgsfmt package®} SNPRelate package”} ©]-8-%] %t Zheng

Table 1. The sample information of 4 Haliotis sp.
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FAEENS 5ol B AER A 7|22 VA E
Weka software v3.8. 3 ] folo] 2 5
= 913} SNP A& 4=3)5}9) ). Weka software?] attribute
selected classifier filterE 085} o, RF &dalg|&og &
23102} ol ATS FLA 0T AHT 2 9l GNP AR E
A9 AR Adstelet. B3t AEE SNP= thefet EAIst
2 k11 2]Z(Bayesian Network, Sequential Minimal Optimi-
zation, K-Nearest Neighbor, C4.5, RandomForest)= tf4S
2 25 BAS Sslo] 249 nrlE Agels o 4

A3t

Ry ﬁ%
igm"® SNP Type™ assay " o] o|- &=l em, 2T AdH &
4170 B S HA 2 08 (genotype) A4S 43519
t}. SNP calling 5 &2 5 -7 }HE“ E|AE | o] E(test set)
2o, FAAEEAS ol B RE o A= 21

67H A7k AREE AT AR 2412 Fluid-

Sample sampling date no. of ind.

Haliotis discus hannai Genetics and breeding research center (NIFS) 2017.05. 2
Gangwon je-do 2017.09.11 17
Uljin 2017.07.18 5

Haliotis discus discus Gyeonju (provided by FIRA) 2017.07.18 1
Yangyang (provided by FIRA) 2017.07.18 6
Uljin (provided by FIRA) 2017.07.18 1
Japan 2016, 2018 7
Gangwon Je-do 2017.09.11 13
Jeju Chuja-do 2016.06.30 1

Haliotis madaka Yeosu Back-do 2017.12.19 2
Jeju 2016.06.30 7

Haliotis gigantea Jeju 2016.06.30 10
Jeju (provided by FIRA) 2017.07.18 8

Table 2. Summary of sequencing information from 4 Haliotis sp.

Sample Clust?r _ Clean reads

Raw Pass-Filter Demultiplexing (Mbases)
Haliotis discus hannai 125,441,081 18,937
Haliotis discus discus 110,334,837 16,661
L 994,247,224 445,098,478
Haliotis madaka 104,454,953 15,773
Haliotis gigantea 104,897,607 15,840
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Fig. 1. Distinguish 5 groups Haliotis sp. by principal component analysis using 33,125 SNPs.

go]E (training set) 2 df= A Esh5 02 EF BR7F =dH

ATk

:

z4 J_-'-I'

A Y2 =24

GBS 242 Z3] 8072 AEZ2HE X% 994,247,224
70€] raw cluster7} AJAko] =] %] 0 ™, pass-filter - 445,098,478
7§ €] glolE] A4te] 7153t clusters S s3It HE H clus-
ter+= demultiplexing ¥ sequencing trimmingS 53l %524
o7 B E 18,937 Mbases, 5418 16,661 Mbases, <
& 15,773 Mbases 18|11 L& 0 2 HE] 15,840 Mbases
9] clean readsE 2+1 5} tH(Table 2). 2124 clean read & &
BAE FERAA Ol mappingdt A3t SYFEE 2,995,114
bp (coverage 15.9%), T-4E-2 3,081,879 bp (coverage
16.4%), LAE-2- 2 688,664 bp (coverage 14.3%) 12|31 &
822,652,455 bp (coverage 14.1%)7} &1 =] 1 tH Table 3).

0]% mapping® 4474 225 ¥ Haplotype callers o]-&

Table 3. Results of mapping against Haliotis discus hannai genome
sequences

Sample Egiﬁge(nbcs Avg. depth CO\(/;: ;3 ge
Haliotis discus hannai 2,995,114 61X 15.9
Haliotis discus discus 3,081,879 63X 16.4
Haliotis madaka 2,688,664 53X 14.3
Haliotis gigantea 2,652,455 57X 141

A8 AT 2ol 5 Uell= A ol 1 45,5997
grslon, o]F SNP+ 42,7707, InDel-2 2,82971=
Q1%] I}, Variant filtering moduleS- ©]-8-3F 7] & 27 0f 4]
o filtering 27} SNP= 33,12571(77.45%), InDel& 2,4757}
(8749%)7} AME|glom, BE AlRolA genotypeo] BHEH
ofof FF ol &8 & = A= Aetste] InDel= A€
3 33.1257) SNPYHS: 28 5fo] FABEL S Saystolct. &
@ 2712 e ek Q1747 2200 4] filtering 27} 554
.2 21617(5.05%)°] SNPZ Fr |90, o] 7|45k
A4S SR FFEoll 280l H
x

SNA B Tl H2E U 2y

Job gl b

FAEEA A3 A2 07 27 7o) ko B
7} Bjlet. S, B, 98, BHR ) ole] M
B} EAE Aolof B H9]0) shbo] Anke] TAHIL,
54 A3 27] Jejsby BRoks gel AR A e B
of 4531 0.2 Shel w]g) o, S = 21714, S 20
AR, A ORI, WA 1870, el 1 A et
2o RS Q5 Ak Qe WAE 4 12702 B4
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Table 4. Information of single nucleotide polymorphism for classification of 4 Haliotis sp.
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NO CHR Pos Minor  Major Sequence
SNPO1  HDSC00014 850987 A c TCACATATTA[A/CJACAAAAACTG
SNP02  HDSC00113 599426 T c TTGCCGTCAC[T/CIAGCTGTTCTG
SNP03  HDSC00229 76162 A c GACGTCTTCT[A/CITGCATGAGAC
Step 1 SNP04  HDSC00570 148315 T c GACTGTAACA[T/CICTGGTAACGT
SNP05  HDSC00651 51634 T c TTACAGAAGT[T/CICTGATGACCC
Pure/Hybrid SNPO6  HDSC01049 330465 T c TAGGAATAGT[T/CJAGCAGAAGTC
SNPO7  HDSCO1168 67729 G A ATCGCTTCCA[G/AJAGTGGGAGAG
SNP08  HDSC01473 137382 G A TGTCAAAATA[G/AJCTGCAGTCTT
SNP09  HDSC01912 135699 C T CTCCGTTGTCIC/TIGCCAAACAAC
SNP10  HDSC01933 226880 T G TAACCACTCGIT/GIGCTGTGCTCC
SNP11  HDSC02821 38709 A c AGACATGTGT[A/C]GGCTCTTTCT
SNP12  HDSC02862 81189 T A CAGGCGTGGA[T/AICCTAACCTGT
SNP13  HDSC03817 351918 A G AACGCTCAAA[A/GITACATGCTTT
SNP14  HDSC07287 32876 T G ATCATTGCGA[T/GIACGTAGATGG
SNP15  HDSC00002 1160146 A c CAAAATAACCIA/CIAGCACTGTCG
SNP16  HDSC00709 1469 G A TTCCTCATGG[G/AJGAGATCTGCA
Step 2 SNP17  HDSC00982 253667 G T GTAATTATCA[GITITGCAGCAGTA
H. madakalH. gigantea  SNP18  HDSCO1155 204003 C G TGTTGTGTTT[C/GICAAGTTCGTT
SNP19  HDSC01168 67723 A T CGAACGATCGIA/TITCCAAAAGTG
SNP20  HDSC01354 183450 A G CCTGCAGCCA[A/GIGCGCAAGTCT
SNP21  HDSC01791 12542 T c CCTTCTTGTA[T/CIGCGGAAGGTA
SNP22  HDSC02015 37957 G A TAACAAATGA[G/AJCAGGTAGATT
SNP23  HDSC04358 59727 G T GTCAGGTTGC[G/TITTGAGCTGCA
SNP24  HDSC07320 48229 A c AATTTTCAAAJA/CICAGTTTACCT
SNP25  HDSC00057 378679 A G CTCTAGTGCCIA/GIACCATGAGTA
SNP26  HDSC00077 502497 A G CCTGAAGAAT[A/GICCTGGCAGAA
SNP27  HDSC00153 154876 T G TTTTCTTAAT[T/GJAAACCTACAC
SNP28  HDSC00422 567280 T c AGTGGTATAC[T/CITTACGTTACG
Step 3 SNP29  HDSC00570 148333 G T ACGTTGTCAT[G/TITTTTGTCAAA
. . SNP30  HDSC00597 342923 A G AGAGTCTCAT[A/GITTCCGGAGGT
H. discus hannail
H. disous discus SNP31  HDSC00673 92444 T G ATCCCTTGAC[T/GJAGCCTGCAGC
SNP32  HDSC01025 190924 T c CTGTGGCATT[T/CIGATGACGTAC
SNP33  HDSC01049 330471 T A TAGTTCAGCA[T/AJAGTCTGCAGA
SNP34  HDSCO1157 47321 T c GCTGCAGTCA[T/CJATCTCCGTCA
SNP35  HDSCO1157 47336 T G TCCGTCACAC[T/GICCACACCTTC
SNP36  HDSC01168 67723 A T CGAACGATCGIA/TITCCAAAAGTG
SNP37  HDSC01385 90419 T A ATTCTAAACA[T/AJGCAGCTTGTT
SNP38  HDSC01456 194409 C T GACATGTACA[C/TIGTCAGAAAGC
SNP39  HDSC01516 161205 C T CTGCAGTCGT[C/TIGGTCAGATCT
SNP40  HDSC02165 45581 C T TTTTTGTTCC[C/TIATTTCACTGC
SNP41  HDSC03211 198206 T c GTCGCTGGAC[T/CJAACTCTGCAG




494 ol . 7]

RO A} THE FAAT2HAS) BRE 9

24 9] upA Aol 43 =|¢lct. Random Forest (RF) &1L
=5 7|HEO 2 3t feature selectionS E3f &9 ul~7| 14
& 483} S o(Table 4), sequential minimal optimization
(SMO) &arefEoll A 96.25%9] FL== o] 52 73 = 3l
oo ZRlskltt &% FEHEY 57 A== 100% (true
positive 68, false positive 0), 12|31 WE 34 Kool Be
A= 75% (false negative 3, true negative 9)= &1
TH(Table 5).

FRAEN AR Ei= w3 85 o] Al
@A) L T & A1 770A]) Le] i SR
55 XS 718 HehdoeriA) ez gloleE Fdske] 1A
Sk Aol ARgskSITh 919t U W o= feature selec-
tion 21} F 107]9] npAE A3} 2 (Table 4), Bayesian
network (BayesNet) &1 2]&oA 100%2] AT=Z A=
(true positive 3, false positive 0)7} T E(false negative 0,
ture negative 17)2] 57} 75311 tH(Table 5).

SRS FEAEY £ fl6l S-S He4070A),
FEAE ATHEIA), 22150 $HBI WHEG w7
YHROZNANLZ HlolHE Hdsto] 7| AIgks24S =35t
9t} Feature selection2 3l & 177119 upAE Adslsi o

=

2 oy
N
2ot

)

N

]

. 71%&

[0 oX

(true positive 19, false positive 2), 12|31 A& Bt
3= 70.0% (false negative 6, true negative 14)5 2= %
2 YEPJtH(Table 5).

RUA =2 7 M2 5 2R

S} 5] 5ol BayesNet &L
ARGE G om, B4 Aif= O A E I WA &

50% o)/ (default)l 74-5-2F 11FH 0] =FHE $Igt 90%
ool FeteE Vo r &RV A E I £4 A3 &
2 AEE 50%S 7|FO R SIS A wAE o7 o =E
= JiAI7E 1877041(28.08%) 2 BHolE|lom, EHbd B0 4]
ZWA1(6.16%), F-E-2- 31470 A|(47.15%), 752 46704
(6.91%), 123 LAEL 7874A(11.71%)= EFE ). &
o, A E 90%E A aS B¢ WSO8 A S =N
A= 42771A|(64.11%), EH745-2 247041 (3.60%), TLAE
2 16171A1(24.17%), LA E-L- 157]17(2.25%), 12| 2 W&
2 3970 4)(5.86%) & E-7%| 9 tHTable 6).

v(Table 4), BayesNet o112 204 8049%¢] 2e gape 4L F
2 78 A 0.2 Shelu ik, HuAE 0] B HSHEL 90.05%
Table 5. Accuracy of machine learning by algorithms
Algorithm BayesNet SMO KNN C4.5 RF
Step 1 TP FP 68 0 68 68 0 67 1 67
FN N 7 5 3 8 4 10 2 5 7
Accuracy (%) 91.25 96.25 90.00 86.25 92.5
Step 2 TP FP 1 9 0 8 1
FN N 0 18 0 0 18 1 17 0 18
Accuracy (%) 100.00 98.53 98.53 98.53 98.53
Step 3 TP FP 19 2 19 17 4 17 4 17 4
FN N 6 14 7 13 10 10 6 14
Accuracy (%) 80.49 78.05 73.17 65.85 75.61

SMO, sequential minimal optimization; KNN, k-nearest neighbor; RF, random forest.

Table 6. The species identification of abalones using machine learning analysis (accuracy 50% and 90%)

Accuracy (%) Hybrid  Haliotis discus hannai H. discus discus H. gigantea H. madaka
Gangwon Goseong (2018) (N=300) 57 22 173 16 32

50 Gangwon Goseong (2019) (N=286) 65 18 138 26 39
Ulleung-do (2019) (N=80) 65 1 3 4 7
Gangwon Goseong (2018) (N=300) 165 12 100 4 19

90 Gangwon Goseong (2019) (N=286) 185 1 61 10 19
Ulleung-do (2019) (N=80) 77 1 0 1 1




WE o) BRE B9 A1) 2UEY U 97 52 4B
& eS| $13 B2l a4xo|th(Appeltans
etal, 2012). AAH7HA] = AEFY EF7E o2 35
A% QAFERE ek 7] ER(Lee otal, 2014), v £
T2jo} DNAY| 7|4 #4] 9 o] & 7HASKH PCR 419
7} 3 DNA 2] th# U Huk2(short tandem repeat, STR)S o] &
S} 1 Zo] o] Fo]Fth(Seo et al., 2016; Dong et al., 2018).
Haol Wefeb ERe) 49 2449 a2l o) wiake
4 S WG Defslol S BR7E A2 ALgol H glrt.

2 Aol A= ARAI] Al AT F skl GBS WS
ool Feiot SAL o A BaE SOAE & 4%
O] AL FAA HEE SHE s SR fAA G E e v
FAA A4S Sl HYE7IHo] AREE AL o 7]
WO FHREAS S A7) oA BRoks 4
o|gk A7}t SISt o] et A2 oFs Aol Sl &
A3 FLARA YEEow], ol AoIA Azte] &
WA LRI ololA| 1L 9 A2 2AHAL

ol F T nFL AEF/NY AFE Sl A9A
Ao 4] o]0l o] By v} 9loL}t R e oA mAk
22 AR = HarEA] Qkth(Lee et al., 2016). $H-A 2l
SRS AAFT= 1doA 6d7tA|olH, YR/l B
22 380l 10012 A3 4717} A St A
O] AAR|of| whE Aol 2 AFAFefofl A o] Fo] WA S
O S Ao & o =FHrK(Park et al., 2014; Kim et al., 2015).
SR FEBIEE 7 sl 12 St e Ak
Q1 A o] SR B AAIR| o] WS of/|X)7]3 gl
B2, KA %] 8] o] 5 B F-f-of mhE Aol A o] mAhE T
A& A o8 2 gk

AAZ o 2 WAleh= 0] 79 WA= Aeke] gh kg o
B2 &5 Qo et B B olA = oot Rt ok
(Barton, 2001). MA|A| A 0.2 7| st= Qg & Fof 4
£ st AErheldE B8] 913t o] Al&E AL 9l

m, 5] 4% A e A B ] A4l T 27, 2
o o
=]

H =
AN

O

M

1

S 53t HIkE o|SstaL tf g8k Ao 7P Fash W
oFe] A QIcHMuhlfeld et al., 2014). 1] B8 mEFE0] H
TSkl F0 B, v Wk vsty] flsiAl=
ob718 Zeln ol Bee 44491 B E o] Wae
Hole} g 4 ik, 212 Ffof A u]E 2= o} cytochrome
oxidase subunit I +HAHEA S 57 501 9F 5019 wAE
At 18] 31 294 Al (microsatellite) 1}A S E-8-5F Z=3} 7+
Aol i3t A7} 430 % Bl 9lch(Kang et al., 2014; Kang et
al,, 2015).

&5 FAA FEo| ot FF e TP WsHA
A A7} vh710] RS Sl 7| A A S BT fea-
ture selection Y Q] &-8-0] @ =t (Jordan and Mitchell,
2015). 22 2,1617]2] SNP A2 7julos dR Zx ne

™ ooz HU X o
-

_,>iﬂ110m

"= 495

4 &L 8l F Y A& o 7AREREe] =9
t}. o]#)sl &S RF-SMO 4 RF-BayesNet® & & 2d &
I= RFE feature selection &112]& 0 2 A}&-5fo] T SNPS
A3} 11 3 ATElE] SNP= classification stepol] 4 SMO
4l BayesNet &85 §3ll 274k RF= 282431 oAt
AY ETlE 5017] fldl 2 759 oS T84S Sdh=

[e]

HHHS Lrlske A 0 & oFe] A Q)tH(Sylvester et al., 2017).
O] 75 flall T 417112] SNP upA7} AHo| Egle
SAEE 747F SFa wAEo] oSl 1470, 94

I} 50 o o= 1071, 18] 3 B 8T T E)
A Soll= Eoh B2 177112 vpA 7k ARg-o] Eok 7HE ko] o
= Ao oA g 34 e 75%2] Aes YEhf 9l
on BHEHE © 90 05% 18|31 SLAEL 70.0%2] 7S L}
EFfiSiTt. oS HewE S =o]7] 913t = o 2= A upA
9 AL 7] A sk A 9] EHdolE 2 ARE & Qe
xS F7F s o] 283 4= gt nhAE 71
Alsh= 7 7120 241E 34 dlolE o]l =714 Q1 &
o, AHE vpA et AT AA A T 11
o g= AEE ntAE Z-8ste] At
2571 o] ol Xl At o = R FARR A Fo 1
HE 7} ool o] Aew g 3 717] et
2 28531 QIch(Mitchell, 1999).

AHE vAE o] 83 A FF ERole EEEe] 2
AAleh= Ao R Azl S5t s A oA FEE

AR ABL thFOR ST HPARE Setete] Fa
P4 YAFEO.Z ALY A9 FAAF] AT chapy

666714 9] Ao R i FHAY JRE BASL 7 A8
HAZ Tl F5S SR Ay 2R A 7ol w187
A (28.08%) N A 426704(63.96%)7t AAE O & of|Zo] &
ek E3H 07 A S E = A FollM e tiFRe] 54
EOo 8 SRIE|GIrh Ui Aol 3t AES o £4
o] f=3iE]o] L-eutet HAE ES o= Lok BAof AR
o AEo] $2 EAE 0 AA A4 S E S-S 2
Qe ufj FA] 58] Ayt o 4to] WAF O R o Fo] Ytk
& wgstE Qg A 179 et g4 =R X
Do Pt

FAAYEE 7O 2 A E o] R R B
H FollAE 7MY =& Ao s vetdoka & 5 Qick 2 o
Toll A T M EF FE RS IS SNP uhA = At &
F7tolFol W ERiv|olE & F7t et ko 24 84S Hot
=

Rl o
o r

o
Yele) Al sl s Ae mesh WAl Sol 485t
ol e B3, BE W A&, AAA Y e AA

Zol 25 B89 4 92 o,
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