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ABSTRACT

This study aimed to utilize next-generation sequencing for developing microsatellite markers in Fulvia mutica. The
lllumina NovaSeq 6000 System generated a total of 327,584,690 reads, resulting in a sequence length of
49,465,288,190 bp. The de novo assembly yielded an 885 Mb (885,020,821 bp) sequence. In this context,
675,057 contigs longer than 500 bp were identified. Among these, 107,985 contigs containing microsatellite
regions were identified, accounting for 15.9%. A total of 105,632 microsatellite loci were found within these
107,985 microsatellite regions. Among these loci, polymorphism information was confirmed at 3,723 (3.5%)
microsatellite marker positions. eighty-two primer sets were designed based on the 150 microsatellite loci. As a
result, 14 microsatellite loci were selected for estimating population genetic parameters in both wild populations.
The mean number of effective alleles was 11, ranging from 7 to 18. The observed heterozygosity (HO) ranged
from 0.615 to 0.937, with an average of 0.790, while the expected heterozygosity (HE) ranged from 0.629 to 0.924,
also with an average of 0.790. Based on these findings, the compiled panel of 14 microsatellite markers is
anticipated to facilitate examining genetic traits within the Fulvia mutica population in Korea. The results of the
analysis of genetic diversity and gene relationships in Fulvia mutica are expected to be crucial data for the
management, conservation, and sustainable utilization of genetic resources. Such information is expected to play
a pivotal role in developing conservation and management strategies and formulating policies and strategies for

sustainable utilization of genetic resources.
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MZ7H9| Microsatellite Markers 7H&S 2I$t AFMICH SH7|AM

3 497t sold vk A 2 FHEAYA] digt A7t
s o]2ojx 1 tt (Kandeel et al, 2017). o|oj
Saueke] 79 2000t ZH7EA] MR FAAAto] o
Fojx|7] gkgron|, Aoz AAL LI ogt o) Kt
o|2 Q5 X Z |7t ojFFo] 43| Zaste] 2011E 1
ES xgteg 2012dRE 8d A& 0" 7SS
(KOSIS, 2020). o]ol] Mehd= sigsAtatstedolA= 2011
HE AFZTEAL D FARNTeS Y] g A7t
gits] ZggElo] ghom 201995 E d4uk dedo T §
st MRS WEsk] FAALS AFSHI

AR M2 et 9] A4 ARtA 7|9 THE A
Efstd A (Inoue, 1955), AZFEAY4E (Matsuoka er
al., 1968), 42+ 21HALS (Hotta, 1977), Arzhadka} 843
o] 271448 (Nishihiro, 1980) 5°] ExEgomn, vt
olMe AR A 2 /§A ARl HAe 29 IF
(Yang et al., 2011), A2 AYAIMIZS] Fdaby 9 YA
7] (Chang and Lee, 1982), 453} &8 4 2559
AZAHE ¥ (Kim et al, 1993a, b) X MAEH (Bae et
al, 1996) 5 ttgst A0l BuEet, 12y ofZ7tA]
MzE7N] A ETH E4 2 AEisH Ato] x| glo
o, A8 SARAE
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o 7%, AdE A, 713
z#E 4 ot (Kim et al, 2015; Allendort et al., 2013;
Frankham et al, 2004).

AE, gx] Q Aojet 2 timAQl YAlojFo] e
A ojn|zRE TR Aito] o|Fojx g7 wiEe] FA
ofw|7hA| Afelo] FHA thF/dol AA Fdol Hlsh T3]
A% 2102 BuEN 9t (Evans ef al, 2004; Kim et
al., 2007; Norris et al., 2000). o]2{gt o]q4=2, LUz}t
MEAN FAME JAZ ofn] F27t F2351H, ol &
3 Az A S fASte A7t Basit

24 7] 24 x7]oll= Restriction Fragment Length
Polymorphism (RFLP; #gtaa ©H o] tgA),
Randomly Amplified Polymorphic DNA (RAPD; F2}¢]
%= o34 DNA), Amplified Fragment Length
Polymorphism (AFLP; $Z% ©H Zo| tygA), 121
Simple Sequence Repeat (SSR; T ¥ HHE) So] dg
o] &= AT, ol2|gt V|52 Al oE HPHFGo| AFHA

WY 5 et RgHe AnE

b B

ne

Al A7t Babetal Ae|&3) kFEo] Wol
o] 9tk (Cho et al, 1998; Yu et al, 2011).
2000t M) 97]4 L (Next-Generation Sequencing,
NGS) 24 7]£9 NGS =¥ °IF 44 24| Exdstd
Al ol2|dt S F&EStL Jlom, NGSE o]&sto tiid &
o] 7MY HEE YFoE FgHFE £ A =HUo
(Paetkau,  1999). B8 7189 AEZQ
microsatellite ot 70 ®WH#t= tt24 microsatellite
P92 A4 Aot Hoh =2 oA AdES 2 vt
AE MEstar T} (Gardner et al, 2011; Mardis, 2008).
NGS ¥ o 2 7p%H microsatellite I & =2 §34 ot
FES UEH He 438, |42 A= 24, A A
9 AE HHAg 5 odet BofollA &85 o} (Park et

al,, 2014).

ueti 2 Ate RN AT EAYA Qlo Kot AA
o= oju7fAE Helstr] s NGS HH& o]&ste] A2
¥ microsatellite 92 gAstal, o]& 7|Hto 2 thyd/dat
Aol &L microsatellite O} S 7WEstqich M2 7Rt
% microsatellite TFHE o] 83t M2=MN| FHEH theF
4 BAS 2, o|Z2RE AL XY JRE Fof AENY
BA, fe] 9 {429 A& 7Hed o] &2 AT 7|1 AR
2 &8% Ao},

o5

Mz A
1. A& &1 9 genomic DNA &

2 Aol olgH MR AEE F 7270Al0IH, 20219
o4 (N = 38) ot F& (N = 34) s ez EA o]
&35t

A i AE 15 mgS E-tubeoll B2 &, QIAGENALS]
DNeasy® 96 Blood & Tissue Kit (Qiagen GmbH,
Germany) & ©|-85l%] genomic DNAS] ¢&4Ee] 2 AA|
E £33tk A|29) ATL buffer 150 plet Proteinase K
10 plg H7iste] Edet &, 56°CollA] 6A17F 59+ WHSAIZ
t}. 2 oh2, AL buffer 150 ulz} 99% ethanol 150 ul& &
7¥ste]  S-Blocks®] DNeasy 96 plateso] A82 £
10,000 rpm (11,200 X g) o2 287+ AR 51gic}, of
oJA], column platesE WAt &, AW 1 buffer 300 ul&
A7ksto] 10,000 rpm (11,200 X g) o2 287+ AR5}
of o driet g2 ELES Al 22 HoeR
column platesE WA & AW 2 buffer 300 pl-S X7}t
o} 14,000 rpm (21,952 X g) o2 587+ YA sle] 7
ojo] 9712 A|AsIUtt. Ethanol2 €43 #A|As7] <s)
7] oA = = AR buffer 70 ulZ %7}5ko] genomic
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DNAZ 3|43t 3]4:3 genomic DNAE 1.2% (w/v) of
7t22 71 (agarose gel) A7|95S 71A (E-Graph Gel
Documentation System ATTO, Korea) genomic DNA i
£o] 7 ofBE #Igt 3 NanoPhotometer N60 Touch
(Implen GMBH, Germany) € °|-&3to] 5= & 7453t

2. ZHA|d] 97148 4 (NGS) 2 microsatellite 44

M27He] microsatellite PFH 7S Q8 20219 o4
(N =38) o A& (N = 34) FolA AHsteH, o] F 10
HAIE Adeisto] DNAS F&53itt.

%Z3%t DNAE NanoDrop-1000 Spectrophotometer
(Thermo scientific, USA) % Qubit 2.0 Fluorometer
(Invitrogen, USA) & o]&3to] HAA 4 AFHoz H7}
st 3 1% (w/v) oOF7F22 7 (agarose gel) loadingS &5
DNAS] 3 (Quality control) 2 &<l5}%ich. DNAS] &
ZAAE SIS DNAE HAE a7]g 27§, ofddE
(adapter) & F7}sto] gto|He{2| S |25t o] %, 2ol
Hjg|2HE A4 DNA ZRZES bcl2fastq2 v2.20
(Illumina, USA) AXEgJo]E o]&5to] BCL (Base Call)
dg dt5st (demultiplexed) 3to] FASTQ =t 2 w3
St & 2100 BioAnalyzer (Agilent, USA) & o]&35to] A4
% DNA fragment 2to]B2j2jo] 37| Zixel S gelst
ek 3 ohZ, A F714LE B4 ZHIQ NovaSeq6000
(Illumina, USA) & °|-&sto] Z29A (flow cell) & &2
St AJAYS X &, Wy A E ZAste] A7IME A
3535190, Paired-end AlEAS 53 ZF DNA 27
ol AJAAEo] Fog A7|ME HEE BT
J¥ dlo]el: Trimmomatic (v0.36) TE212L 0] &3]
o] ojgfe] EgY (adapter trimming) ¥ EF e
(quality control) Z4& 7 & (Bolger et al, 2014),
CIC_assembler (v5.2.1) & ©0]£3}o] paired-end ¥7|H<E
JEE de novo assembleddto] contig AES AU
(Koren et al., 2017; Pinggera et al., 2017). °]%, SSRIT
(Simple Sequence Repeat Identification Tool) & ©]&3
o] contig A EollA microsatelliteS BAst, ZF 24 A
7t microsatelliteg H|25}l7] 93 referenceE 7|F2
St microsatellite 7] 3E (matrix) & ZHJs13ict. o]
Sl reference genomeollA] microsatellite F& FH
flanking A9S 4H=Z 500 bp¥ FZ3ch. 2=H
flanking A¥e oA HEE FHspr] fsf CLC
Genomics Workbench® Map Reads to Reference®t
Indels and Structural Variants T2 1-& 7247 43451
th. Map Reads to ReferenceZ o|&3to] 2=
Indels and

14
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ot #lolg molstoict. EF, Reference genomedt &
MZ 9] reference genomeol| i3l in silico PCRS 435}
of Z}zto] AlZ W2 oAE = microsatellite 2715 AAbst
k. o]& 7|9to& Primer3 (v2.3.5) (Untergrasser et
al, 2012) Z2IHZ o]gsto] Zato|HE HAlsllen, =
glojn] Zol: 1825 bpE AAsty, ZE AHEo] I7|-
100-300 bp, GC e 50% wWel, Tm e 55-65°C2 A
skl

Structural VariantsZ ©]&3}9] microsatellite 2] th
A
S|

3. Microsatellite o} A

NGS ¥ o2 =Me microsatellite 322 FZ ojRE
Elst7] 9fal 20219 o4 (N = 38) o A5 (N = 34) I
% 1670415 422 PCR #AE 43st3ith. PCR 242
10X Ex Taq buffer (1 ml, 20 mM, Mg* plus) 1.5 ul,
dNTP Mixture (800 ul, 2.5 mM each) 0.6 ul, forward
mato|He}l reverse ZEtold Zkzb 0.5 ul (10 mM),
TaKaRa Ex Taq (250 U, 5 U/ul) 0.2 pl 283 template
DNA 1 plE ¥, o|& £ 10 w7} 525 B4d /R4S
Z7kskth. 1 &, VeritiTM96-Well Fast Thermal Cycler
(Applied BiosystemsTM, USA) PCRE ©o|-&3lo] X33}l
th. PCR 271 o33t 7ol 95°Col| A 787+ DNA ARHHEA
(preincubation) &, 95°ColA]  45% F<
(denaturation) stal, 54°Col|A] 45z T Zzlo|H
(annealing), 123 72°ColA 45%
(extension) 3t} o2 & 323 HHES)
(full extension) & 72°CollA 1027+ AA|5t2ich. PCR %

)

>

>
Book oo g
oX oX oX oX

oL

ol 9RE ¥, W795L ol8alo] 120 (w) obt2z 2
(agarose gel) oA S5 DNA #HE=o] EAf of R
stith. PCR 2 &l SFAF 52 &g
S H microsatellite B} 9] forward A&
2 (6-FAM, TAMRA ¥ HEX) < &45to] 9ot
o2 PCRZ oA AWsigltt. PCR FFAb=c| Hi-Di
Forma-mide ¢ GeneScan 400HD ROX size standard
(Applied Biosystems, USA) & &&sto] 95°CollAl 4&3t
Higst & ABI PRISM 3730XL  Genetic Analyzer
(Applied Biosystems, USA) & ©]&3] GeneMapper AX
EgJo] version 4.0 (Applied Biosystem, USA) & §7
A &H 37] (fragment size) S AT

i
for IN

oX o
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ol

ol o
rlo o
o ofd nE

ml L2
ok Mo i o

=)

4. Microsatellite v} ] 84 A2

20219 AHHHE o4 (N = 38) & FE (N = 34) M= A
oS e g #ZE gME microsatellite UFAC &84S
ASsHTt.
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MZIHl Microsatellite Markers 7S ¢[8t AtMlCH H7|ME 2AMHe &8
Table 1. DNA sample quality control results
Sample (ug for DNi‘?;n ig for RNA) 260/280 Volume (ul)
1 Yeosu 327 2.015 40
2 Yeosu 206 2.020 40
3 Yeosu 204 2.066 40
4 Yeosu 317 2.042 40
5 Yeosu 300 1.958 40
6 Jangheung 231 1.958 40
7 Jangheung 637 1.995 40
8 Jangheung 383 2.054 40
9 Jangheung 188 1.933 40
10 Jangheung 300 2.030 40
Microsatellite®] o842k 2717} 27 € dlolg FE= 2lE A&t o] gholE{g2HE U2 DNA 2452
Micro-Checker 2733 (Qosterhout et al, 2004) < ©] bel2fastq2 v2.20 (Illumina, USA) AZEQJo]S A}-g3}o]
£3to] null alleleZ Qg FHA B4 2F (genotyping BCL (Base Call) @¥E o33}l (demultiplexed) stod

error) S RIS, ¥4 HEH A4 (Polymorphic
Information Content, PIC) & Z743}t7] ¢J5l Cervus ver.
3.0.7 (Kalinowski et al, 2007) o] tig-gHzt ¥lx 2AH
2 A-&sto =5

Arlequin version 3.1 AZEgJo] (Excoffier et al,
2005) ¥ GENEPOP version 4.0 computer package T2
13 (Rousset, 2008) & ©o]-8sto] chd-fAA 4= (Number
of Alleles, NA) & FEsiglon, TEA] o|PHTEE
(Observed Heterozygosity, HO) I Hardy-Weinberg
Equilibrium (HWE) o49] 7|thx] o|ZAHE (Expected
Heterozygosity, HE) & A4ttt

Znt o o
1.DNA £2 735 9 golB 2| AZ

Mz709] microsatellite ot 7S 98 202149 o4
(N = 38) & & (N = 34) JdollM Azsiglen, o] F 10
NAE Hesto] DNAE FE3130T}

%%3%t DNA+E NanoDrop-1000 Spectrophotometer
(Thermo scientific, USA) % Qubit 2.0 Fluorometer
(Invitrogen, USA) £ o]&sto] HAA 4 AFAS B7tet
Atk 3 ZAd DNAS <& 260/280 H[E©] 1.9330A
2.066 Ato]2 UEebFom DNAC wXi+ 188 ng/ulolA
637 ng/ul Ato] 2 et &3 DNAZF NGS 240l 2§t
A0z IS (Table 1). °1F, 1% (w/v) oPt2= 2
(agarose gel) loadings &30 DNAS #3Z (Quality
control) & ZZ3stgon, o] ZZH DNAE A 3

2y 3

7
712 2718 ¥ 3 ojgE (adapter) & 37}5}o] 2ho|Hz

FASTQ == wW#st & 2100 BioAnalyzer (Agilent,
USA) £ o|-83to] 84H DNA fragment 2to]Be o] 3
7] 232t F32 Uttt F40] =2 HoJElE AAbS
7] 9l3) 2tolE2ig] DNA ¥ 5% 7|&S 24 0.2 ugeld
FEE F4& 4 ng/ul o) HES A 1 &, A4
A7IXE B4 ]9l NovaSeq6000 ([llumina, USA) & ©]
£3to] 222 A (flow cell) ol DNA A|EE loadingst &,
o|2 EAjsto] Z=AH (cluster) E FAsIUH S AEHY
(clustering) o] 5= LG NSE S A7IME FEE
gE33lem, Paired-end AlAES §3 ZF DNA 279] &
Z oA ANRLS st d7IME HEE S
o] 2 A F F /N ol 7t YU o] F
Shb= reference genome sequencing2 93l o] && 910
o, 4| 3}t polymorphic microsatellite H7-& 9]
3 pooling® tlo|E|2 o] &EHIt. F 719 glo]Beg e Z}
7} 151 bpe| Paired-end 2iolH2{2|2 A= lon, T
ANE2 APAE dolEe oF 49 Gb (49,013,102,986 bp)
9] 37]1& 7HHen, microsatellite 91Z& 93l pooling®
glolel: o 50 Gb (49,917,473,394 bp) © 37|12 7zt
(Table 2). @7IA¥9 HE=E Yedl= Q20 grol H+
95.37%2 UEston, ol AldAE d7] F tiReel e
gt gixjol| wigE T AS 9ujett (Kim er al, 2021;
Song and Chung, 2019). =3t GC2| H]-& HFo| 38.28%
2 gl

d

2. Microsatellite g4 9 o}/ &<l
NGS #ioz ZA" A7IMIEES &2 = (Short
reads) & AAst7] fla AAg] T4 (pre-processing) =

i

ox

_80_



Korean J. Malacol. 40(2): 77-86 2024

Table 2. Statistics of microsatellite detection

Statistics of Sequencing raw data

Sample No. of reads Avg.(blgy gth Totaiblpe)ngth GC (%) Q20 (%)™ ngv(ff? ¢
Pooling_Library 330,579,294 151 49,917,473,394 38.28 95.47 56.40
Fulvia mutica 324,590,086 151 49,013,102,986 38.28 95.26 55.38

Total 327,584,690 49,465,288,190 38.28 95.37 55.89
Statistics of PCR duplicate removal data

Sample No. of reads Total length (bp) GC (%)™ Genome cov.”
Pooling_Library 317,030,174 46,614,829,461 38.11 52.67
Fulvia mutica 310,567,258 45,577,995,369 38.08 51.5

Total 313,798,716 46,096,412,415 38.10 52.09

"1 GC (%): GC content.
"2Q30 (%): Ratio of bases that have phred quality score of over 20.
"3 Genome cov.: The total read length of each sample divided by the expected genome size.

Table 3. Statistics of assembled contig

Length (bp) of contigs

Sample Hash length (k-mep™ Nunt1: of -
contigs Total length ~ MIN MAX AVG  N5072
Fulvia mutica ClC-assembler v5.2.1 with 0 o7 85,020,821 200 112,692 1311.03 2,629

the default setting

:1 K-mer. assembly k-merlength.
2 N50: Contig and scaffold length corresponding to 50% of the total number of total nucleotide sequences produced when
accumulating in descending order for the generated contigs and scaffolds.

Agsiuct. Mg HHS PCR FE =2 AAL F,
Trimmomatic (v0.36) ZZI3& o]g3ste] ofHE
(sequence adapter) ¥ AFA (base quality) 29 A
stlck. ol WA Faf tlojEe] FHE FHATIL &
& BAlo] HstS =) YA HlolE] (raw data) & H$
49,465,288,190 bp%loy, HA2 Zol= 46,096,412,415
bpE o 6.62%2 P7IAFol AA=HUCH, HAH
46,096,412,415 bp9] ¥7|1MEZ CIC_assemblers Ah&st
o] Zt7} de novo oJAIEE kit o] THAolA <F 885 Mb

=2 AAsct. Microsatellites BHAgH ZAxy, &
675,057719]  genome scaffold &  107,9857H°llA]
microsatellite?t BMEIQlom o] F F 7| o]
microsatellite 7} B4 genome scaffold= 66,52671 =
olglqlch, o= HA genome scaffolde] oF 9.86%0l 3l
GECt (Table 4). Z 7AE=E AMIS SAst Zx
Di-nucleotide motif (23,1647), Tri-nucleotide motif
(37,5267l),  Tetra-nucleotide =~ motif  (33,0347H),
Penta-nucleotide motif (5,6017§), Hexa-nucleotide

(885,020,821 bp) o] MZ-2 genome MEE ATt (Table
3). CIC_assemblerE &3l ¥ assembled contig B
SSRIT (Simple Sequence Repeat Identification Tool) &
o|-&3to] microsatellite 7+ ©Ast7] s o2t 22
71222 A8stitt. Microsatellite®] Zol& 18-20 bpZ
73l Di-nucleotide motif (27]) o Z¢ 9¥ HHE
Tri-nucleotide motif (37§) = 68 ®HE, Tetra-nucleotide
motif (47]) & 54 HHE. Penta-nucleotide motif (571) &
49 w2 2] 7 hexa-nucleotide motif (67]) & 3W W&

motif (7,1477}), Hepta-nucleotide motif (1,51371) & 1}t
Ehgon, 7k motif of RHESl4E X4 3¥ofA] 218 o)/d7t
A| YElsttt (Table 4). ©] % Tri-nucleotide®] H]&©] 7}%
kon, Hepta-nucleotide?t 7H¢ 22 H|&Z ueRt.
gt Di-nucleotide motif FollA 9% HHEEE et 7}
b agtom, motif ¥HE HYT 219 o]47tx] ERI=E it
Tri-nucleotide motife] 7% 6¥ WHEE = 397} 11,345
7, Tetra-nucleotide motifE 58 BHEEE= 2397} 17,435
7, Penta-nucleotide motif= 4¥ HHEEl= 797} 3,986

o

o
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Table 4. Statistics of microsatellite detection
Searching items Counts
Genome scaffold 675,057
Identified SSRs 107,985
Genome scaffold containing SSRs 66,526
Di-nucleotide motif 23,164
Tri-nucleotide motif 37,526
Tetra-nucleotide motif 33,034
Penta-nucleotide motif 5,601
Hexa-nucleotide motif 7,147
Hepta-nucleotide motif 1,513
Total 107,985
Table 5. Statistics by microsatellite type
Motif di tri tetra  penta  hexa  hepta
3 6,263 1,312
4 3,986 676 114
5 17,435 887 136 47
6 11,345 6,883 305 39 11
7 6,600 3,101 135 11
8 4,508 1,607 73 5
9 5,651 3,311 982 49 4
10 3,168 2,593 624 37 5
11 2,310 2,018 500 32 3 19
Repeat 12 1,696 1,536 392 13 1
13 1,383 1,165 303 8
14 1,040 1,009 258 20
15 962 788 202 19
16 807 639 179 9
17 695 457 109 5 1
18 593 365 95 4
19 498 296 79 5
20 500 240 62 4 1
>= 21 3,861 656 223 10 2
Total 23,164 37,526 33,034 5,601 7,147 1,513
7l, Hexa-nucleotide motif= 3¥ Y55+ 97} 6,26371 (98,4097H, 93.16%) FHoll A5+t (Table 6).
2 /Mg =2 HgE yehyglct (Table ). 0131 A= |Azke] 7 <o Z3HH E 105,6327H2] microsatellite
NGS & o]gsto] ak A4l St Aol b o7 ERIS Aoz CLC Genomics Workbencho
23 o, microsatellite®] EE /ol Tr/\}o}l—} Mzl Map Reads to Reference®} Indels and Structural
A 2AE microsatellited] 7§49} matolo] 4 Hlgo] B Variants T2 ARgslo] A FEE FHoH,
=2 7102 yelsgtt (Dong et al, 2022). ©44H 107,985 Map Reads to ReferenceZ o|83to 2]=ZE reference
7H9] microsatellite F°l| genome 7+& FHE 7|fto =2 3t genome®| mappingdta, Indels and Structural
microsatellite ot 2] 93] BEE ZAFSH A3} F 105,632 VariantsZ ©]-£35}9] microsatellite %2} thydt Hol&

7H9] microsatellite7} Yeb}om, o] F Id o &

.é_l_

A& 566870 (5.37%) °olH, YmA| v}7= 3-URT (861

7, 0.82%), 5-URT (6947, 0.66%), L&

Intergenic

miolslgitt, o]& Eaf 3,723719) microsatellite BF 9]
oA thdd HEE Flstict
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Table 6. Distribution of microsatellite loci

Korean J. Malacol. 40(2): 77-86 2024

di tri tetra penta hexa hepta Total
3“UTR 189 377 207 32 42 14 861
5“UTR 145 304 170 20 44 11 694
CDS 1,730 2,952 536 28 414 8 5,668
Intergenic 20,5629 33,087 31,444 5,396 6,504 1,449 98,409
Total 105,632
Table 7. Characteristics of 14 microsatellite loci developed in Fulvia mutica
No Name Primer Sequence (5'—3") Repeat Dye Tm(°C)
F-TGACGCATATTTTCCAAGATCCAC
1 FM32 (TAC)1o FAM 60
R-TGTTTGTACTTAGAATCTACCCCGA
F-ATGGCGACTTTGTTCTATCCGT
2 FM37 (TTA) 1, FAM 60
R-GTTGCGCTGTCTATCGTTACAC
F-TGGCGAATTTGGATTTTGGTGA
3 FM41 (TTG), HEX 60
R-TTCGCCGTTCAACCAAGAAATC
F-TCGAGTCTTTAACCACGCTTGA
4 FM61 (AATD)yo TAMRA 60
R-CCCCGTATCAGATTGTCGCATA
F-ATGCAACCCAGAGTACAAGCTT
5 FM71 (TCTG)s TAMRA 60
R-TCTCATATTGGAAGGTCAACAGA
F-TAACTTCCAACCTTACGCCGAA
6 FM77 (TGAA),y, TAMRA 60
R-TTGGCGGAGTTCTAGTTAAGCA
F-AGTGGATGACTTTGGAAGACGA
7 FM85 (CAGA)s FAM 58
R-GCAGTACACAGGTTTCATGTCG
F-CTGTGCAGGGATAAGACAGGTT
8 FM91 (TGTC); TAMRA 60
R-AGGCTCAACAGAATTTCATGGT
F-GAGGTGAGCTGTGAGAATCGAT
9 FM96 (CGTO), HEX 60
R-TGGTTTGAAAGAGACAGAGCGA
F-CCGGAATGTGAGAGTAAGTCCA
10 FM105 (ATT) 14 HEX 60
R-CGAACACTGCTAAAACGATACACA
F-CCCGGTTCTGTATTGTTCCTCT
11 FMi26 (TGGA) 1o FAM 60
R-TGGTGTTGAAAGACTGAGGCAT
F-CGCCGAAATAACAGCACAATGA
12 FM129 (AAT) 0 HEX 60
R-AGACCAAAGAAAATTCAGCGGC
F-CATGAGTAGGGGCAGTGGTTAA
13 FM138 (TAT),4 HEX 60
R-GTGCCTCCATTCACGTTTGTAT
F-AGTCGCCTTATCTGTTGAACGT
14  FM149 (AATA)g HEX 60
R-GACTCCGACATTGACACAGCTA
3. Microsatellite A Az} & 2Z35}= microsatellite #FH TEZ 15070

etAlE 3723709 microsatellite 7oA M2 FEEE
microsatellite motif7} Q=2 A|A5}x, B2 4 Zo]7} 10
bp olAtoln, ZZAE 37]7} 100-300 bp, Zatolw 7|7}
18-25 bp, AA &% (Tm) 7} 55-65°C, GC &=Fe] 50%¢<!
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Table 8. Genetic variabilities at 14 microsatellite markers in the 2 population of Fulvia mutica

Locus Mean
Loci

FM32 FM37 FM41 FMe61 FM71 FM77 FM8  FM91 FM96 FM105 FM126 FM129 FM138 FM149 all loci

Na 11 19 9 13 9 8 7 9 7 12 7 12 7 11 10
Ho 0.789 0.974 0.658 0.947 0.868 0.842 0.763 0.868 0.579 0.868 0.500 0.895 0.711 0.737 0.765
Yeoshu Hg 0.852 0.933 0.791 0.911 0.763 0.804 0.703 0.810 0.663 0.872 0.545 0.856 0.640 0.686 0.748
N =39 Fis 0.074 -0.045 0.17 -0.04 -0.14  -0.049 -0.087 -0.073  0.128 0.004 0.083 -0.046 -0.112 -0.076 -0.023
PIC 0.821 0.915 0.749 0.891 0.716 0.763 0.642 0.776 0.613 0.846 0.511 0.828 0.599 0.65 0.712
HWE 0.238 0.813 0.042 0.362 0.717 0.678 0.995 0.739 0.067 0.418 0.061 0.468 0.527 0.694 0.503

Na 9 18 10 14 9 6 9 10 6 11 7 12 7 12 10
Ho 0.853 0.941 0.794 0.824 0.824 0.794 0.941 0.882 0.706 0.882 0.529 0.765 0.647 0.794 0.769
Jangheung Hg 0.845 0.927 0.822 0.902 0.780 0.784 0.780 0.854 0.704 0.888 0.601 0.790 0.639 0.769 0.762
N =39 Fis -0.009 -0.015  0.035 0.088 -0.057 -0.013 -0.21  -0.034 -0.003  0.006 0.121 0.033 -0.013 -0.034 -0.009
PIC 0.812 0.907 0.786 0.878 0.742 0.737 0.74 0.823 0.64 0.862 0.571 0.753 0.601 0.742 0.727
HWE 0.529 0.61 0.807 0.56 0.726 0.869 0.465 0.468 0.992 0.387 0.134 0.304 0.556 0.552 0.566

Na 10 19 10 14 9 7 8 10 7 12 7 12 7 12 10
Ho 0.821 0.958 0.726 0.886 0.846 0.818 0.852 0.875 0.643 0.875 0.515 0.830 0.679 0.766 0.767
Mean all Hg 0.849 0.930 0.807 0.907 0.772 0.794 0.742 0.832 0.684 0.880 0.573 0.823 0.640 0.728 0.755
loci Fis 0.033 -0.030 0.103 0.024 -0.099 -0.031 -0.149  -0.054 0.063 0.005 0.102 -0.007 -0.063 -0.055 -0.016
PIC 0.817 0.911 0.768 0.885 0.729 0.750 0.691 0.800 0.627 0.854 0.541 0.791 0.600 0.696 0.720
HWE 0.384 0.712 0.425 0.461 0.722 0.774 0.730 0.604 0.530 0.403 0.098 0.386 0.542 0.623 0.535

Na = number of alleles per locus; Ho = observed heterozygosity; He = expected heterozygosity; Fis = inbreeding coefficient; PIC =

polymorphic information content.

"Not in conformity with Hardy-Weinberg Equilibrium (p < 0.003, Bonferroni-corrected value)

PCR 3%, A& 37|, 9349 b4 &
microsatellite A} TRE 23 M4
607] microsatellite B} FHojA A
ddedz & 2 dgsdz &4
(heterozygosity) st

microsatellite UAE AME3}3ch (Table 7). MEA 7ig
4 147 microsatellite FFAZ -2yt 2RI o] 4§

stol 9204 thapd W gAskd B4 BAS Sasiglc

zo
o=

4. Microsatellite u}# 2] &84 2%

MEA ALE 14709 microsatellite BFAES o] &5}o]
20214 o} (N = 38) o A5 (N = 34) Aoo] zAE of
Aoz a8A AZL 4351} Microsatellite o}#9] tt
P4 BAEFS Yetle oF48 HE A4 3ol 0.5 o
e, FES MAAEE S 72k 839 R BuEn
lem (Botstein et al, 1980), & ATor 7iEat 1474
microsatellite UFA29] oA AR 24 ZH 0.59990A

0.9079] HYE 7HAH, P2 0.7560|ck. =3 null tiH

3k Ak oj 7o) W2 0.79 (Barinova et al, 2002) 2

|4z 24 AntojAE 14702] microsatellite BF ol A
null allele, large allele dropout, scoring errors7} &7
2] gton, ol MR AT fHF ®lolg M=
o 483t oA 2 wohEdh (Table 8).

Mz A oA A2d digada & (NA) = B+
17h¥ o, oA E (HO) 2 0.6159014 0.9372.2
He 0.79022 Yetgtth, 7|doldHeE (HE) 2 0.629¢]
Al 0.9240]9, B 0.790 HZ YeRStT} (Table 8). ol+=
Martinez et al (2009) o] NA H# 97] ¥ Hox} HEYQ T
T 0.5300014 0.726 Hel 23 FEG o =4 et £
5
At A3 HojFo] M2 /e 147H2] microsatellite Bf
A7t Mz 34 YA S A sk 83 niAE o
faci=g

2 A7+ NGS g olgsto] Mzrle] ML A7IME
HEE UFer FHsIgloH, ol 7|jteg H3F 14719
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2 A7 2 4714 E 2A4(NGS) BHg ol8sto] Al
W (Fulvia mutica)® microsatellite 9t#E 7H5}taL,
NS upAE o]gsto] AEA Fe] A E4e £4
71 98l sA=EAT. AAY A7IME BY F
NovaSeq6000 (Illumina, USA) & o]&3to] <F 50 Gb
(49,465,288,190 bp) 2 A7IXEE Lol oAl &2 E At
A3k A9 <k 0.63%0l gt 313,798,716702] =7}
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