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Abstract

This study investigated the catch amounts, growth pattern, and genetic
diversity of the released small abalone, Haliotis diversicolor population
harvested at the Hamdeok, Jeju coastal waters. The released small abalone,
H. diversicolor were introduced from those produced artificially in the
aqua-farm to recover catch amounts of this species.

After the release of artificially produced small abalone, H. diversicolor, the
catch amount were investigated in annually May from 2018 to 2020, the catch
was 3.9 kg in 2018, 7.2 kg in 2019, and 23.3 kg in 2020. In addition, the selling
price was also increased twice in 2019, and 6 times in 2020 compared to that
of 2018.

The results of measurement for external traits of small abalone, A.
diversicolor during 3 years after release showed that those have grown about
15.24 mm/year in shell length, 11.51 mm/year in shell width, 3.65 mm/year
in shell height, and 15.62 g/year in body weight. Body weights increased 6.79
g in 1% year, 9.92 g in 2" year, and 30.16 g in 3" year, showing the fastest
growth in 2™ year after the release of 1 year-old juvenile small abalone, .
diversicolor.

MS genotyping of H. diversicolor results analyzed in overall populations
showed not only increased levels of the observed heterozygosity 0.725+0.110
and the expected heterozygosity 0.791+0.129 comparing to those of
populations collected in 2017(HD17) and 2018(HD2018), but also increased
numbers of alleles determined from each MS markers. Values measured in
HD19 and HD20 of H. diversicolor showed the increased in all genetic
diversities. In addition, 12 and 35 alleles were newly observed in HD19 and

HDZ20, which not detected in HD17 and HD18 of AH. diversicolor.
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The results of this study assessed that after the continuous release of
artificially produced juvenile small abalones, released juveniles are adapting
and growing well in their natural habitat, reproduction is also taking place
in the release site, catch amount and local fisheries gains are improving, and
contributing to increasing genetic diversity of the population of 4. diversicolor
in the Hamdeok-ri coastal waters.

Therefore, this study suggested that continuous release of small abalone,
H. diversicolor, which is rapidly declining in resources, may be a useful
strategy to recover natural resources, secure a stable fishing, and enhance

the genetic diversity of the population.
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1) QEA7] B

Az Aotol = Q@ BAV7|(Haliotis diversicolor aquatilis), OF @ BX}7|(Haliotis
diversicolor diversicolor) 2%-0] AAISICHHE 5, 2014; At &, 2018). &At
71o] ke WE 5-6 cmgE2A Z1e Efalo|n] }1 WysiwA ¥ 37]7}

Aty 24 Wi PEHR Agor WSt 6-8717F dRflol e AERF

- X

A PREC ol EAb s QBA|Y Bl 25AIT o] kthe SAL AlY
1900, b SAA A 7 mHo] W WAso] Yk Zlo] eEA|e}
of xfololct. QEAPIE MERS ol Tlom, AFE AT HERA ¢e

ol MAeteh(gat 2], 2011 A3 9, 2019).

| |
2cm 2cm
(A) @A (B) Ol &A17]
(H. diversicolor aquatilis) (H. diversicolor diversicolor)

Fig. 1. Morphological characteristic of H. diversicolor aquatilis and H.

diversicolor diversicolor.
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2. WE QEA] AN

1) W5 QEA] AN
QuAPIO)] EAF A BHL ofulAbg, 273 AL, SAIALS, olsjey, AT

A|ujAtS I E8 o] =ojzlrt.

2) AlF At FAP] R FR

QEFEA] YA A= AAESEAAE st d YRANEELR 5
dH RS Saor ol &5ttt 20179 5ERE 2020 497HA] F 530 4
A & 62,0000t]5 FFsAcHTable 1).

Table 1. Number of cultured juvenile AH. diversicolor released from 2017

to 2020 in Hamdeok-ri coastal waters

Time of release Number of released individuals
May 2017 2,000
May 2018 5,000
December 2018 15,000
April 2019 20,000
April 2020 20,000
Total 62,000




3. 99 At e vA] PR

1) 3R] ¥/ A
LEAP] A= MAFSEARE AFA] 23
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2) LEA] R UH

ARATE B R 5 BER0l YW QU Aol 3 Sof glo e

S~
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AE WS ol 5 SIH AR S AYS YA dstel He12ye A

X599 tHFig. 3).

it

3) QB ojF x4}

QRA| AWEE olF Awd oy} Wuj2Ae mAISC) o2t W

e 2018HRE 202097H4] Fee] ohgolgol Sl s A Eol 4
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Fig. 2. Released site of cultured HAH. diversicolor in Hamdeok-ri coastal

waters, Jeju-do, South Korea.



(B)

i

(C) Intertidal region (D) Subtidal region
Fig. 3. H. diversicolor release and installation of protective net in

Hamdeok-ri coastal waters.



AR ZA0] o] &5t QA= 2017HRE 201997 Y&/ AFde]l WYE
QJapgol Al 4AlstgithHD17, HD18, HD19). 202040]= &ele] nl-2ojaoA o
H=o] oj&st WA =(HD20)= A|-5dtol Aldof o] &5t th(Table 2).

Table 2. Populations of H. diversicolor used for genetic analysis in

Hamdeok-ri coastal waters

Population' Number of sample Collection time
HD17 27 October 2017
HD18 12 June 2018
HD19 48 July 2019
HD20 92 June 2020
Total 179

! HD, Hamdeok-ri, Jeju-si, Jeju-do, South Korea

2) Genomic DNA F£&

DNA %% DNeasy Blood & Tissue kit (QIAGEN, Germany)& ©]-&35t%tt.
A=l QBx719] 0.1 g &9 292 F5t1, 1.5 ml microcentrifuge tubed
S 180 pl Buffer ATL, 20 pl proteinase K& #A7Ist & A|82E5 56°CojA]
v gotH A Sdstant. 8ol Al=o 200 pl Buffer ALZ A7Fskal 56°Cofl 10

=]

=1F 9ESAIZAT vhgo] B A= 200 pl oEHES A7ISH &, microcolumn
filterg o]&sto] DNAE 3|45ttt 343t DNAS] JFdrs FHAstL

At AHMYFS(polymerase chain



3) MS ujF et i {FAAE 22X

AP A 245 Yol AFRE MS O0FAH+= An et al. (2012)0] A|QHsE MS
0tAH & AMAAIES Eof] Ast 1058 o] 8ottt MS 09 forward primer
o] 6FAM (KHdsO1, KHds10, KHds12, KHdsl15), VIC (KHds06, KHds07), NED
(KHds11, KHdsl17), PET (KHdsl16, KHds19) 5 4 7}X] ¥LEAES BEA|SHY T
PCR ¥F2L& Multiplex PCR Plus Kit (QIAGEN, Germany)S ©|&3cto| 2X PCR
master mix 5.0 nQ, 10X loading dye 1.0 p?, 10 ng/me] genomic DNA 1.0
ne, primer 2tz 0.5 wofl S7+5 A7lste %% 10.0 W= vrashitt. PCR
Z 29 Mastercycler Gradient (Eppendorf, Hamburg)s AREst%tch PCR
cycling2 95°CollA] b7t £7] ¥4 2, 95°ColA 30%, 65°CojlA 60%&, 72°Coj
A 6025 1 cycle2 st= AMYF2-S 108 whEstgl o, 95°ColA] 30%, 55°C
oAl 60X, 72°Col|A] 45% 5 lcycle® sh= AEF2-S 303] ¥HE5t1, 72°CoA]

08 7t 5% Al&st= Touchdown PCR ®¥-ES o]&51%th PCR At=2 EtBr
(ethidium bromide)o] Z3t=El 2% agarose gelofA] A7|¥gEstey UV image
analyzero| Al EH915tickFie. 4). 52T PCR A28 54 olgstel 343t
thS-, ABI 3730XL DNA analyzer (Applied Biosystems, USA)Z ZX7|51% 1L
GeneMapper version 4.1 (Applied Biosystems, USA)S o] &cto tf-8-A XS]
3715 275t eHFig. 5).

19

4) SAA Clokd W AE SATA BA

RA AckolA MS oj71e] thal g Axtao) thst SR ChRde Hotelr] 9l
RHSAA (number of alleles for each locus, k), W&o]& A grE(observed
heterozygosity, HObs), 7|tjo]&@ A& (expected heterozygosity, HExp), T3
A 8B 2F(polymorphism information content, PIC)S CERVUS 3.0.7 (Marshall
=, 1998)2 Ar=sHIITH GenAlEx 6.5 (Pekall and Smouse, 2012)S 0] &35}

A S AAF vl 2 AFEStY IS AP35y
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Fig. 4. PCR amplification for 10 MS markers of H. diversicolor used in

this study.
s @ = ] N e - -
2500 2600 00 z
o I l - 0 I || pl— - 1, m: ‘ ]' A‘
s P pimap
KHds10 (6FAM)  KHds06 (VIC) KHdsl1 (NED)  KHds19 (PET)

Fig. 5. Examples of MS genotyping for KHdsl0 (6FAM), KHds06 (VIC),
KHds11l (NED) and KHds19 (PET) of H. diversicolor in Hamdeok-ri coastal

waters.
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ool A Aokt ], 20115 3 <, 2019).
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AR 9 WYl HRY) 88Ul A4 6UAE PRE 2 Akl 5,

2012). 42 ¥a}t & 1749 AP o] 127§Yol= A 2t oF 96% A
= olRolx et st WIHT 4 Aol o olAul(F, 2008), UL

7~1140]] At4sttHLee and Lee, 1982).

_12_



2) QFA7] ojFF s

Table 3. Amount of H. diversicolor in Jeju coastal waters (Statistics

Korea, 2020)

Year 1993 1994 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020

Amount . oh 500 159 35 66 27 4 S 5 1 4 4
(ton)

250

200

150

100

Amount (ton)

30 ¢

0 1
1993 1994 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020

Years

Fig. 6. Amount of H. diversicolor in Jeju coastal waters (Statistics Korea,

2020).
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&t EHBAAL Al AAX™SH Wo|=  Nitzschia, Navicula, Cocconeis,

A= 22 & 1EolH 10 md =2 42 stedl Aldetds 28 a3
B35 ALsties F7EE YR A Hestt. EX|= mfiZbo] vlsto] &
RH7} oma

oz uwelg & O Wzt §4o| Rejslo] th AR ofof
b ooz shgAolw ofEutelg o] &5t Zlo] £00], Vitamin)

o
L -
g 5eo me} 10~15% lxatol Lol WAL F4l we adg Y o
]_

A B9 HERO] Bt
Jeju AR ArRkZo] ZKYElE 30 molYolE QAR HAL J1FWY 5 A

=
YArgols ge ofeigw EAIstT 9lof oo oigt At Wagt Aol oF
2

HE AbsEEs 2,5000k]/m7F MRSt F472(10~20m7]E) 12914 Fert

MRSl @, 2018).

0

Table 4. Procedure of H. diversicolor seed production in Ocean and

Fisheries Research Institute

MDA 6-99, ALGOIUIE AFAM, AFREZIS 22 18+2
oulAbg  3C, WolZFL AR, REAPS 1000 Luxoll), YEEES

AtA L2 Ao 2 St
ARSI Al = A 2AFS & 1AIZE o], AREAIZEE 19~244], 1
Axj AT o2 *J?dr%% Z|tf 300,0007, 542 AESEME, 2%
55+ % 3,0007H/egg, FAIT t
PAE A T 28 Y, 2 A

T v T O T L
AEE Al & A 851, gARSE 12~13A]71/20°C,
QUAE  wol SRE 2aBd QAAISS 34 REEEL 1,000 Lux

ojdf, S H+= veligertA o]t
djofubH e RpoljQk, xT 5000~25,000 Lux, AHFEAL
65%, AR A 15YHE gt
Z2Q9ol= F2FolH, AR Y == 300~50071A /e,
R|Tj AL Bl¢ts+ oF 359 A£Q% 1y, BARX|jALE 7|7 fE, F7]+=
lem+, 0t of&o|L) £02 x|t}
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Table 5. Release number of H. diversicolor artificially produced in Jeju

coastal waters (Ocean and Fisheries Research Institute, 2020)

Year 2010 2011 2012 2013 2014 2016 2017 2018 2019 2020

Amount

e 50,000 220,000 104,730 62,000 65,000 150,000 270,000 290,000 230,000 260,000
(individuals)

350,000

300,000 r

250,000

200,000

150,000

100,000 r

Number of released seed

50,000 [

2010 2011 2012 2013 2014 2016 2017 2018 2019 2020
Years

Fig. 7. Release number of H. diversicolor artificially produced in Jeju

coastal waters. (Ocean and Fisheries Research Institute, 2020)
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QERD] AW WEAIY AW o|F, 2018@RE 20209714 Aele] vpojAto]
A AFE QEAZ] of=l2Fe 2018W 59 3.9 kg, 20199 5¥ 7.2 kg, 20208 5
< 23.2 kgo|tt. 2018W = tfjy] 20199 oj=l=Fe 1.8vf, 2020d oj==F& 5.9
v Z7bsioich. 9¥Aly] Wojgel ox] 20184 522k, 20194 965k, 20204
3M9EI3HolQl, 20181 % ] 2019\ WofZole oF 2uf, 20200 Tuj 2ol
2 oF 6ull £71E|{THTable 6).

o S(20212)e WREES WRI & 2-3U7F £ ofELS o Gato], FAHE
A e & opeolgel ofdlero] Xk AMA &ubE Aoz FAF A,
QBRI %A 8580] 30.0~42.9% S/ttt Loln AFAl @A w4l
ol 95w xde] Ulgold U QEAD] Wi  2-3d7 A S
op2ojAtol A 0.848), £2] O}eoPOAL 1.174 s

QEAD] EAIS B 0lgolR Ul 2-3dY] A AL Frlste 2A0lA]
o, AIZEES] QRAb] AlAteo] 1993WE 182E AIATO]A] 2015Wo]- 4E, o]3
2020971%] 4E oluje] AAaES wolw Yri(Fig. 3, Table 3t &, 2019 £
AR, 2020). 2006958 AU BA S OAtolFo] 2&E ©BA|E 2oj7],
AR AT AR, FRUR, Be7A AY 5 AYTRLTE o]&( 5, 20115
of ojElaF # o] g s2oln Yo} AUl HBe oY Zow welrt
Jeln ofElego] ol EARLR BAo] dAL Yo} AR AU mAtet A
A wIbe glsof #itt.

®
O.w.. _lr
o)
N

r
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Table 6. Harvest amount and price of H. diversicolor from 2018 to 2020

in Hamdeok-ri coastal waters

Harvest time

Content
May 2018 May 2019 May 2020
Harvest amount (kg) 3.9 7.2 23.2
Price (won) 520,000 960,000 3,093,000

Data was obtained from the Hamdeok Fishing Village Cooperatives.

25
o
¥ 20 |
e
[ =t
3
0
£ 15 |
m
el
[%/]
2
£ 10 t
I
5 L
0 1 1 ]
2018 2019 2020
Years

Fig. 8. Harvest amount of H. diversicolor from 2018 to 2020 in

Hamdeok-ri coastal waters.

Data was obtained from the Hamdeok Fishing Village Cooperatives.
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7ttt AR s W& 39 &0 A2 et 15.24 mm/year, 2% 11.51
mm/year, ZFil= 3.65 mm/year, A& 1562 g/year S7t619tt. Q@ BA}7]
o Zojet £A gA9] vl BW ratiodf|Ad 42 19XF 0.41 g/mm, 2Rt
0.88 g/mm, 3FAt 1.68 g/mml o0, 3 I 1.02 g/mmE YHEFHAT. 4=
st BW ratio= 1Y¥Xt 0.54 g/mm, 29X} 1.18 g/mm, 39X} 2.21 g/mm% o
H, 39 7F1.36 g/mmES YERHTH ZFuo] tfst BW ratio= 1WAt 1.52
g/mm, 29Xt 4.28 g/mm, 39X}t 7.23 g/mm% o, 39 7t 4.28 g/mmES LEF
Yt Table 7).

QEALY| RO AR S(growth rate per year) QEBA}7]9] E7|AA ut v
7 & AsAHoo gist AtAnto|A oF 1.5-1.7 cm/year2 ZARH b o (,
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=
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Table 7. Growth rates for external traits and body weights of

diversicolor artificially produced during three years after release

Hamdeok-ri coastal waters

fol

H.

Shell Shell Shell Bod
. o y
Duration length(mm) breadth(mm) height(mm)
BW ratio BW ratio BW ratio weight(g)
(g/mm) (g/mm) (g/mm)
0.41 0.54 1.52
0.88 1.18 4.28
3% year (2017) 17.9 13.64 4.17 30.16
1.68 2.21 7.23
Overall mean 15.24 11.51 3.65 15.62
Ratio(g/mm) 1.02 1.36 4.28

(A) 1% year (2019)

(B) 2™ year (2018)

(C) 3 year (2017)

Fig. 9. Growth change of H. diversicolor artificially produced during

three years after release in Hamdeok-ri coastal waters.
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o

1) AA ADolA MS QF{AAZ9 AR T

gok

tda] oo QXEXPr|= 47] AIthHD2017, HD2018, HD2019, HD2020)0) Al
1059 MS tpA9 P XAY S AAste, 988 tgd X4E AHEsHIch

Table 8). " WIFAALY A= A= 87H(KHAsO6)ollA 2474

KHdsO7)7FA] 2= QAL g+t 171476707 =RI=| ity wEolgadd e
HObs) 0.523(KHds01)%E] 0.859(KHds12), 8+ 0.725+0.110, 7|tfo] A&

N
ot

HExp) 0.530(KHdsO01)%-E] 0.904(KHds12), ®+ 0.791+£0.1290|c}. o+ A
PIC)& 0.512(KHdsO01)o|A] 0.894(KHdsl12)7HX] o, HA 0.772+0.1350]9ict
Table 8).

(
(
(
( gH
(
(

Table 8. Number of alleles and genetic diversities of the MS genotypes of

H. diversicolor in Hamdeok-ri coastal waters

Locus k N HObs HExp PIC HW!
KHds01 12 176 0.523 0.530 0.512 NS
KHds06 8 177 0.554 0.560 0.515 NS
KHds07 24 177 0.774 0.765 0.752 NS
KHds10 14 165 0.842 0.852 0.831 NS
KHdsl11 21 167 0.725 0.902 0.891 NS
KHds12 22 177 0.859 0.904 0.894 ND
KHds15 21 175 0.760 0.817 0.791 NS
KHds16 18 176 0.636 0.845 0.825 ok
KHds17 15 171 0.789 0.868 0.852 NS
KHds19 16 177 0.785 0.870 0.854 NS

Mean  17.1£4.76 0.725+0.110  0.791£0.129  0.772+0.135

! HW, Hardy-Weinberg equilibrium
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olr

QFA] AAl Aol tigt MS thA 24 Axk KHds01, KHds06 OFAE ALf
9E OO 0.7 o9 ke olFWUET CHYYEFL BCh o] 2L FA
S st sfY AA==oA = 4 dil(Vadopalas et al., 2004; An and
Park, 2005; Wang et al., 2011), 7§A|<t9] 3717 311, =& H7|Ho]&0o] =&
gA 7]Qlst Atz AJA|stal QthHedgecock et al., 2004). E3F Botstein et
al. (1980)2 =EA oA gy A=E HHskE 7I&2 7IHoldBTE
(HExp) gtol 0.6 o]/4folil, tad/d g BA|4(PIC)9] wto] 0.5 ol utA = o7
o] =2 upAztal ¥ 1S vE Qloj(Choy et al., 2015, AZ3] &, 2017), ol <A
ol AHgE 0t & KHdsO01, KHds065 A&t 852> @@A7]9 AT +4
o &&8% 4 v A Az HoHo

An et al. (2012)2 oids A QLEA] AHAAF AHolA P /AA 5

+ Bt 13.7£3.967], 7dio]@A &S 0.788+0.127, ¥F AT hFFAA
2~ g 13.1+3.567], 7|jo|FAEL 0.768+0.16282 X2 GAFSH S%Fola)
1 Bustioh E3F An et al. (2013)2 =W 2], ofdg Y, AW
B2, FES HEY AT digt fAA ddde RARE 23, diESAR
S 11.8+£3.59(mA2] FH)olA 13.7+3. 7015 AH), ZIdold8gde
0.765+0.124(EA2] ZAtholA 0.790+0.127(x QD] A W05t o|H ¢
TollA =AM 9 FPY A9 dBRAA 27 17.1£4.760]91 20, 7]Hjo]¥
e 0.791+0.1292 7]E0] Bug A|AEo] vls] PR 71 @
o] AT EE =2 £EOIUH. ol AFE Yol thE AHof vls = A

QoA AL Q= QRA] Aol S Cipgol o &2 27 FHALS

Hol&o
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2) 3 Alode] A= 9AR chepy

AA LEAPIE AlRE 28 ez F4Esto 4719 AYS Uwo] 105°
MS markero] tfst T S-A X4k, number of alleles), ®zro|3 A gHE(HODs),
7|tio] 8 G&(HExp), hPFEF(PIC) S A5ttt 478 AHe B ds+A
Abo] M= 7.3+1.6(HD18)oJlA] 15.5+4.8(HD20)7fo] it AL7F AJAHE 2017
ol 24" HD17x vl udls o, HD182 /AR &7t oF 12.04% 43t
31, HD19+= 9F 53.01%, HD20& 86.75% & 7tstct tid-SAARS] £7F 7P W
o] ¥d® HD202 7P A2 HDI18o| v|sf 112.32% £71H &= EAoh. 74
A did S84 HD20 J©e] KHds07, KHdsl120]A 227]2 7173
11, HD189] KHdsO19j|4 57§, HD199] KHdsO60|Al 572 71 At A
o Aol YA T&(HObs)2 HDI170] 0.665+0.155, HDI18°0] 0.714+0.198,
HD197}  0.773+0.112, HD200] 0.715+0.106, 7ol ¥ & (HExp)2
0.742+0.1722 HDI1794 7P 2y, HDI9+= 0.797+0.126, HD20
0.797+0.1230.2 =2 %8 YK Table 9).

An et al. (2012, 2013)2 AF %= ofE3 ZHoA 20108 5€E1t 64, 2011
A 39| A AFdAr FA]O] thet MS oPAS] fAIA tddE 87HsHo
Bk up Qi 242t 4 ZapofA ot A-tofAf ol FAh9t 1059 MS
opA o thet FARIE vludlls o, 20109 AT PR 71 13.7£4.074,
HEolP s 0.784£0.119, 7Z|Hjo|gdAd& 0.789+0.1270]H(An et al.,
2012), 20114 AP dis/AA 270 13.1+£3.9,  WEO|FHELE
0.722+0.0.165, 7|Hjo|FE LS 0.764+£0.160¥THANn et al., 2013). o]g|st A}
L 5 Aldold 3E AHUAtE ded BAY JjHS] U ARISo]

ofy7] o), fHFo 2 xto]g Hole Ante} sHr

62
e 2

r
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. A

Table 9. Summary of the statistics for 10 microsatellite loci in four population of A diversicolor in Hamdeok-ri coastal

waters
Locus KHdsO1 KHdsO6 KHdsO07 KHds10 KHdsll KHds12 KHdsl5 KHdsl6 KHds17 KHds19 Mean+SD
HD17 k 7 5 11 9 8 8 8 8 10 9 8.3+1.6
(n=27) N 27 27 27 27 27 27 27 27 27 26 26.9+0.3
HObs 0.296 0.630 0.741 0.926 0.741 0.704 0.778 0.630 0.593 0.615 0.665+0.155
HExp 0.275 0.604 0.745 0.839 0.785 0.845 0.815 0.795 0.878 0.838 0.742+0.172
PIC 0.264 0.523 0.706 0.801 0.740 0.807 0.774 0.748 0.846 0.801 0.701+0.169
HD18 k 5 6 7 7 9 11 7 6 8 7 7.3+1.6
(n=12) N 12 12 11 12 12 12 12 12 12 12 11.9+0.3
HObs 0.417 0.583 0.727 0.917 0.750 0.917 0.750 0.333 0.917 0.833 0.714+0.198
HExp 0.435 0.551 0.762 0.844 0.873 0.924 0.736 0.819 0.826 0.873 0.764+0.147
PIC 0.393 0.503 0.697 0.783 0.819 0.875 0.657 0.752 0.769 0.816 0.706+0.144
HD19 k 11 5 17 12 17 17 10 13 13 12 12.74£3.6
(n=52) N 51 51 52 49 50 51 52 50 49 51 50.6%1.0
HObs 0.569 0.588 0.827 0.878 0.740 0.922 0.769 0.740 0.857 0.843 0.773+0.112
HExp 0.599 0.534 0.743 0.861 0.917 0.916 0.794 0.874 0.860 0.867 0.797+0.126
PIC 0.565 0.476 0.724 0.835 0.900 0.900 0.755 0.851 0.836 0.843 0.769+0.136
HD20 k 11 8 22 11 21 22 18 14 13 15 15.5+4.8
(n=88) N 86 87 87 77 78 87 84 87 83 88 84.4+3.7
HObs 0.581 0.506 0.759 0.779 0.705 0.862 0.750 0.621 0.795 0.795 0.715+0.106
HExp 0.567 0.558 0.781 0.836 0.913 0.907 0.829 0.840 0.864 0.874 0.797+0.123
PIC 0.547 0.517 0.767 0.809 0.900 0.894 0.803 0.815 0.843 0.855 0.775+0.128




3) AR HAE PR dxE 2

(1) KHdsO1 3-R3A=H9]9] -3 R-AL
g AtoA £AE QEAIS] MS uh| KHdsO01 /AAHERR](locus)oflA] 4
A /AR 2= 12702 AEHAT. ATEE qP/RAAF & HDI70A 7
71(108, 114, 120, 123, 126, 129, 133), HD18& 57§(100, 114, 123, 126, 133),
HD192 117[(100, 108, 111, 114, 117, 120, 123, 126, 129, 133, 136)2} HD20
S 117§(100, 103, 108, 111, 114, 117, 120, 123, 126, 129, 133)7} =g Qict.
A oMt AL 20174, 201840 v} 2019F1 20208 AlRoA o we
FAAE SAEdS. $hE d3RARE 5 @SR 1032 HD200 A
oF, i8R 1362 HD19ojA9F #Hatg]
SAAF 123, 126, 133 5 370 470 ATolA 2% WA= gih5AAF 123
27 645(HD20)2 47] Rtk U0

4 . 0.
AN FeRos M =2 WEeE UEY+= FavlE gig 88 AHmost common

L HE-SolMel P BECh gy

(2) KHds06 3-R3A=H¢]e] -3 R-AL

A QEAP7] AeolAl MS b7 KHds06 f-RAMER] ] HidRAA & & 8
Ngct Aowas HD17S 574(108, 112, 116, 120, 124), HD18S 671(108,
112, 116, 120, 124, 128), HD19%- 57}(108, 112, 116, 120, 124), HD202 87}
(108, 112, 114, 116, 118, 120, 124, 128)7} &WatE|Qict BEAE Ard Aotk =
oA HD20 Aot JA| o /™A & . HFRAAL 1149}
1182 HD200]|A] Jh-So]xol ofats Wlch thd-SAA 108, 112, 116, 120,
124 5 571 470 AdolA 2% HAET. Auvle gP@fdie da8adAr
12002, 7tz 0.537(HD17), 0.667(HD18), 0.637(HD19), 0.632(HD20)= 47} A
O 2% VM =2 uin = YoltKTable 11, Fig. 11)
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Table 10. Allele frequency analysis of KHdsO1 loci in H. diversicolor

Allele! HD17 (n=27) HDI8 (n=12) HD19 (n=51) HD20 (n=86)
100 - 0.042 0.157 0.081
103° - - - 0.012%
108 0.019 - 0.020 0.017
111 - - 0.010 0.012
114 0.019 0.042 0.010 0.017
117 - - 0.029 0.017
120 0.019 - 0.029 0.076
123M 0.852M 0.750M 0.608M 0.645M
126 0.037 0.125 0.098 0.070
129 0.019 - 0.020 0.035
133 0.037 0.042 0.010 0.017
136° - - 0.010° -

k 7 5 11 11
Sum 1.00 1.00 1.00 1.00

! k. number of alleles;

S

, population-specific allele

, most common allele found in each population;

0.900
0.800
0.700

& 0.600
E 0.500
o 0.400

£ 0.300
0.200
0.100
0.000

-
100 ‘ 103 | 108 | 111 | 114 ‘ 117 ‘ 120 | 123 | 126 | 129 ‘ 133 | 136

P

KHd=01

B HD17
B HD13
HD19
HD20

Fig. 10.
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Table 11. Allele frequency analysis of KHds06 loci in A. diversicolor

Allele HD17 (n=27)  HDI8 (n=12)  HDI9 (n=51)  HD20 (n=86)

108 0.019 0.042 0.049 0.029
112 0.074 0.125 0.029 0.046
114° - - - 0.011%
116 0.333 0.042 0.245 0.201
118° - - - 0.023%
120 0.537™ 0.667™ 0.637™ 0.632M
124 0.037 0.083 0.039 0.040
128 - 0.042 - 0.017
k 5 6 5 8
Sum 1.00 1.00 1.00 1.00

M

! k. number of alleles; ™, most common allele found in each population;

S population-specific allele

B HD17

B HD18

o

£ 0300
0.200 - HD'19
0.100 - ‘ HD 20
0.000 | el ‘ |

108 ‘ 112 | 114 | 116 ‘ 118 ‘ 120 | 124 ‘ 128

KHds06

Fig. 11. Allele frequency for KHds06 loci in H. diversicolor.
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(3) KHds07 S Atzate]o] cfd g xR

HMAl QEAL| MthoA MS 0} KHds07 QA o] gl qmal 2= &
24719tk Ag¥E = HD17& 1170(110, 114, 116, 120, 122, 126, 128, 132,
134, 160, 162), HD18& 77K(110, 114, 116, 120, 126, 128, 162), HD19+= 177}
(102, 110, 112, 114, 116, 118, 120, 122, 124, 128, 132, 148, 154, 156, 158,
160, 162), HD20& 2271(108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
128, 130, 134, 136, 148, 150, 152, 154, 156, 158, 160, 162)7} ==rE]9ict.
HD18o| 7P A T 9AA 22 Uepglon], HD200IAl 71 2e ojad Al
At ARG A-Sola Y 9AAR= HD19oIA th™ SAAL 102, HD200]
A oj-eAAE 108, 130, 136, 150, 152 5 6747} &Ql=lgich thd-gA At 110,
114, 116, 120, 128, 162 S 67}= 47] Actoja] B= AL oich & 78w chy
OXAF= RS AX 1142 2F2F 0.463(HD17), 0.455(HD18), 0.490(HD19),
0.448(HD20)2 47} AW % 71A =2 vle= YWt Table 12, Fig. 12)

(4) KHds10 |AAt=r9] 9] o -5-A Rt

RAA 2R ATolA MS 017 KHdsl0 fAAMERS] i fAxt = &
147§ict, Aok 2= HD17e 97H(97. 106, 109, 112, 115, 118, 121, 127,
130), HD18< 77§97, 106, 109, 112, 115, 118, 121), HD19%= 127§(100, 106,
109, 112, 115, 118, 121, 124, 127, 130, 133, 154), HD202 117§(97. 103,
106, 109, 112, 115, 118, 121, 124, 127, 130)7} ArE]eict. HD18o] 7 AL

AR 5 Yetdiglen, HD19oJA 7P @2 i 9™ A SarE oot A
@-5o|A tig/FAAH= HD19oA oid3-4-AF 100, 133, 154 -5 37}, HD200]A]
SRR 103 1707 gHelelQict, i emAr 106, 109, 112, 115, 118, 121
1 ) FRdA R BEHUT Hnve YA gYems 1210]
HD170]14 0.296, HD18oJ A= 0.2082] ¥l=2 Wiy, ChYSAAL 1062 HDI19
oA 0.194°] ¥lx=2 wWolon] thAQAA 109= HD200JA 0.2472 7} =&
91z 2 BoitKTable 13, Fig. 13)
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Table 12. Allele frequency analysis of KHdsO07 loci in H. diversicolor

Allele HD17 (n=27) HDI8 (n=12) HDI19 (n=51) HD20 (n=86)

102° - - 0.010° -
108° - - - 0.011%
110 0.019 0.091 0.029 0.017
112 - - 0.010 0.023
114M 0.463M 0.455M 0.490M 0.448M
116 0.019 0.045 0.077 0.063
118 - - 0.010 0.011
120 0.093 0.045 0.038 0.046
122 0.037 - 0.077 0.069
124 - - 0.038 0.046
126 0.074 0.136 - 0.017
128 0.185 0.182 0.038 0.057
130° - - - 0.006°
132 0.019 - 0.048 -
134 0.019 - - 0.011
136° - - - 0.006°
148 - - 0.010 0.023
150° - - - 0.011%
152° - - - 0.017
154 - - 0.010 0.023
156 - - 0.048 0.017
158 - - 0.019 0.023
160 0.019 - 0.019 0.006
162 0.056 0.045 0.029 0.046
k 11 7 17 22
Sum 1.00 1.00 1.00 1.00

M

!k number of alleles; M, most common allele found in each population;

S population-specific allele

0.500 -

0.500
0.400 -
g B HD17
S 0300 -
g B HD18
£ i
0.200 D19
L2l tig -2 h HD20
DDDD é I | | | |
10410411411411411411412[4122'124-‘12 1254130|1sz|134‘135|142415[4152‘15415415415[415
KHds07

Fig. 12. Allele frequency for KHdsO7 loci in H. diversicolor.
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Table 13.

Allele frequency analysis of KHds10 loci in A. diversicolor

Allele HD17 (n=27) HDI8 (n=12) HDI9 (n=51) HD20 (n=86)
97 0.093 0.042 - 0.019
100° - - 0.010° -
103° - - - 0.006°
106M 0.185 0.292 0.194M 0.175
109M 0.074 0.167 0.184 0.247™
112 0.148 0.125 0.184 0.188
115 0.037 0.125 0.102 0.169
118 0.130 0.042 0.112 0.065
121M 0.296M 0.208M 0.133 0.091
124 - - 0.041 0.019
127 0.019 - 0.010 0.013
130 0.019 - 0.010 0.006
133° - - 0.010° -
154° - - 0.0108 -

k 9 7 12 11

Sum 1.00 1.00 1.00 1.00

! k. number of alleles;

S

, population-specific allele

, most common allele found in each population;

0.350 -
0.300 -
0.250 -
g
g 0.200 -
o il
g 0.150
o
0.100
0.050

KHds10

B HD17
B HD18
HD19
HD 20

121 | 124 | 127 | 130 | 133 | 154

Fig. 13. Allele frequency for KHdsl10 loci in H. diversicolor.
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(5) KHds11 {7R}aHe]o] o5 /AR}

Al L2AP] AeolA MS 0pA KHdsll AR o] 8 /8Ar a2 F
21704t AgE2 = HD172 87H(118, 127, 136, 141, 145, 150, 154, 158),
HD182 97H(127, 132, 136, 141, 150, 154, 158, 162, 195), HD19& 177l(118,
123, 127, 132, 136, 141, 145, 150, 154, 158, 162, 166, 170, 174, 191, 195,
211), HD20& 217§(118, 123, 125, 127, 132, 136, 141, 145, 150, 154, 158,
162, 166, 170, 174, 179, 183, 191, 195, 203, 211)7} A=t} HD170] 717
A2 dRAA 5 UERlen, HD2001A 7Hd @2 tidfadxt wEe
of. AE-5ol8 tigRAAts HD200A o AAF 125, 179, 183, 203 5 474
7b ZRI=lQich i &AL 127, 136, 141, 150, 154, 158 5 67l& 471 ATof|A]
2 RN AuNlE i RAAbs i wAAE 1410] 442 0.370(HD17),
0.292(HD18), 0.173(HD20)2.& 37} A & 7 =2 vies &3dv, de
A 1502 0.1500.2 HD19oA] 71 &2 RI=S B cHTable 14, Fig. 14)

(6) KHds12 RRIE o] di AR}

Al @A) AeolA MS opA KHdsl2 fARAE ) e /At a= F
2270tk AlgE 2= HD172 87H(199, 205. 220, 223, 226, 229, 232, 238),
HD182 117§(196. 205, 208, 220, 223, 226, 229, 232, 235, 238, 241), HD19
£ 1770(187, 190, 193, 196, 199, 202, 205, 208, 220. 223, 226, 229, 232,
235, 238, 241, 256), HD20-> 227H(187, 190, 193, 196, 199, 202, 205, 208,
211, 214, 217, 220, 223, 226, 229, 232, 235, 238, 241, 243, 256, 258)7} &
2EiT. HD170] 7Hg A2 /A4 5 YERIem, HD200M 71 &
< S8R AP AEEAY. AE-So1y didwAlAbs HD200A s 7 A
211, 214, 217, 243, 258 5 5717} &Qlg]Qict. tid-9MAF 205, 220, 223, 226,
229, 232, 238 5 The= 4N AROAM RE BEEAY. HuNlE Y {fRAtE
e GRAF 2260] ZHzb 0.259(HD17), 0.208(HD18)Z 71 =& W= HY i,
e GRAF 229+ HD199} HD200IA 0.1672 71 =2 WI=Z WCHTable
15, Fig. 15)
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Table 14. Allele frequency analysis of KHdsl1 loci in H. diversicolor

Allele HD17 n=27) HDI8 (n=12)  HDI9 (n=51)  HD20 (n=86)

118 0.074 - 0.080 0.032
123 - - 0.010 0.006
125° - - - 0.019°
127 0.185 0.167 0.060 0.103
132 - 0.083 0.060 0.083
136 0.204 0.125 0.130 0.103
141 0.370M 0.292M 0.140 0.173M
145 0.019 - 0.040 0.135
150M 0.093 0.125 0.150M 0.064
154 0.019 0.042 0.100 0.045
158 0.037 0.042 0.030 0.064
162 - 0.083 0.020 0.058
166 - - 0.040 0.019
170 - - 0.020 0.006
174 - - 0.020 0.019
179° - - - 0.013%
183° - - - 0.013%
191 - - 0.010 0.006
195 - 0.042 0.060 0.019
203° - - - 0.013%
211 - - 0.030 0.006
k 8 9 17 21
Sum 1.00 1.00 1.00 1.00

M

! k. number of alleles; ™, most common allele found in each population;

S population-specific allele

0.400 -
0.350
0.300
ED-EW ] B HD17
= 0.200 -
o
£ 0.150
0100 - HD 13

0.050 | I I I HD20
0.000 i I

118‘123|125 117 132‘135 141|145|15Cl 154 153|162‘1EE|1?D 1?4|1?B‘183‘191|195|2DB|211

B HD18

KHds11

Fig. 14. Allele frequency for KHdsll1 loci in H. diversicolor.
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Table 15. Allele frequency analysis of KHds12 loci in H. diversicolor
Allele HD17 (n=27) HDI8 (n=12) HDI9 (n=51) HD20 (n=86)
187 - - 0.069 0.017
190 - - 0.010 0.006
193 - - 0.039 0.011
196 - 0.083 0.039 0.069
199 0.056 - 0.049 0.075
202 - - 0.020 0.017
205 0.204 0.083 0.118 0.138
208 - 0.042 0.049 0.034
211° - - - 0.006°
214° - - - 0.017°
217° - - - 0.006°
220 0.130 0.125 0.029 0.052
223 0.093 0.125 0.078 0.069
226M 0.259M 0.208M 0.127 0.126
229M 0.167 0.083 0.167 0.167™
232 0.019 0.083 0.108 0.121
235 - 0.083 0.029 0.011
238 0.074 0.042 0.010 0.011
241 - 0.042 0.010 0.017
243° - - - 0.0118
256 - - 0.049 0.011
258° - - - 0.006°

k 8 11 17 22

Sum 1.00 1.00 1.00 1.00

!k number of alleles;

M

, population-specific allele

, most common allele found in each population;

0.300
0.250

g 0.200

=

g€ niso

L 0.100
0.050
0.000

18419419419419J204204204214214214220223226229232234238241243254258

KHds12

B HD17
B HD13
HD19
HD20

Fig. 15.
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(7) KHds15 {7RApaHe]o] o5/}

AR L2A7] ARolA MS upA KHds1s fAxpE o] tis A4 o= & 2170
it AThER = HD172 87H(140, 144, 148, 152, 156, 160, 216, 244), HD182 7
7H(140, 144, 148, 152, 156, 160, 244), HD19+= 107H(140, 144, 148, 152, 156,
160, 164, 176, 220, 232), HD20 187§(140, 144, 148, 152, 156, 160, 164,
168, 176, 180, 192, 200, 212, 224, 228, 236, 244, 256)7} LA Ic}t. HD18o]
7P A2 tid /AR a8 UEdgien], HD200A 7MY @2 8RR
FEAY. AE-5ol8 8 RAARs HD1791A tid/AAF 216, HD19oA o
SAAL 220, 232, HD20°lA] chd-9&AF 168, 180, 192, 200. 212, 224, 228,
236, 256 5 12717} &olEjqict. i8Rl 140, 144, 148, 152, 156, 160 5 6
He 0 AEolM 25 WEEH. Audle tie g4k HD170A Al
At 1447} 0.333, HD18o| A= thd9&AF 1449t 15271 0.375, HD19oj|A+= o
SAAL 1449+ 1527} 0.279, HD200| A& thd &AL 15271 0.3042 7H &2 dl
=5 HHTable 16, Fig. 16)

(8) KHds16 #7A}ate]o] o R}

Al L2AP] AeolA MS 0bA KHdsl6 RAAE o] 8 /8Ar a2 F
187§t AgE 2= HD172> 87H(96, 98, 100. 102, 104, 106, 116, 160),
HD182 67](94, 96, 98, 100, 102, 112), HD19+& 137H(90. 94, 96, 98. 100,
102, 104, 106, 116, 118, 132, 146, 148), HD20-> 147H(90. 96, 98, 100, 102,
104, 106, 108, 110, 112, 116, 118, 122, 148)%ict. HD18o] 7P A& thd &4
At g WERSlen], HD200IA 7 %2 tiE /AR el AH-50
At wAdAks HDL7OA tig A4 160, HD19o|A o RAxh 132, 146,
HDZ00IA s +AAF 108, 110, 122 5 6717F HIEAH. tigwAAF 96, 98,
100, 102 & 47f= 470 ARollM 25 e, AaNle e fdsts dE &
A 980] ZHzF 0.315(HD17), 0.210(HD19), 0.259(HD20)2 7Mg &2 ¥lzs =
A1, HD18oIA &= T &AL 1027} 0.2922 71 &2 Bl S BTHTable 17,
Fig. 17)
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Table 16. Allele frequency analysis of KHdsl15 loci in H. diversicolor

Allele HD17 n=27) HDI8 (n=12)  HDI9 (n=51)  HD20 (n=86)

140 0.037 0.083 0.010 0.089
144M 0.333M 0.375M 0.279M 0.190
148 0.204 0.042 0.106 0.077
152M 0.148 0.375M 0.279M 0.304M
156 0.093 0.042 0.192 0.167
160 0.111 0.042 0.096 0.071
164 - - 0.010 0.018
168° - - - 0.012%
176 - - 0.010 0.006
180° - - - 0.012%
192° - - - 0.006°
200° - - - 0.006°
212° - - - 0.006°
216° 0.019° - - -
220° - - 0.010° -
2245 - - - 0.006°
228° - - - 0.006°
232° - - 0.010° -
236° - - - 0.006°
244 0.056 0.042 - 0.012
256° - - - 0.006°
k 8 7 10 18
Sum 1.00 1.00 1.00 1.00

M

! k. number of alleles; ™, most common allele found in each population;

S population-specific allele

0.400 -
0.350
0.300

EO-EW ] B HD17

S 0.200

o

£ 0.150
0100 - HD19
0.050 . HD20
0.000 4

140(144|148[152|156 160‘154|1ES|1?E|1SD‘192|200‘212|215|220|224-‘228‘232|236|244|256

B HD18

KHds15

Fig. 16. Allele frequency for KHdsl15 loci in H. diversicolor.
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Table 17. Allele frequency analysis of KHds16 loci in H. diversicolor

Allele HD17 (n=27)  HDI8 (n=12)  HDI9 (n=51)  HD20 (n=86)

90 - - 0.010 0.006
94 - 0.125 0.010 -
96 0.167 0.208 0.160 0.184

9gM 0.315M 0.083 0.210M 0.259M
100 0.148 0.250 0.170 0.138

102M 0.259 0.292M 0.110 0.184
104 0.019 - 0.060 0.057
106 0.019 - 0.120 0.075

108° - - - 0.006°

110° - - - 0.0118
112 - 0.042 - 0.011
116 0.037 - 0.040 0.040
118 - - 0.010 0.006

122° - - - 0.0118

132° - - 0.020° -

146° - - 0.020° -
148 - - 0.060 0.011
160° 0.037° - - -
k 8 6 13 14
Sum 1.00 1.00 1.00 1.00

M

! k. number of alleles; ™, most common allele found in each population;

S population-specific allele

0350 -
0.300 -
0.250 -
g 0200 - B HD17
50.150 . _ R
* 0.100 - HD19
0050 - y | HD20
S al [ | L 2 L1
90 | 94 | 96 | 98 | 100 102|104‘105‘103 11o|112|115|113|122|132‘145‘14s|150
KHds16

Fig. 17. Allele frequency for KHdsl16 loci in H. diversicolor.
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(9) KHds17 -SAAtate10] chd At

AR QAP YA MS 017 KHdsl7 QAAlslglo] Dluednl & &
15789tk Ald¥ g = HD17& 107§(104, 106, 108, 110, 112, 114, 116, 118,
120, 122), HD18& 871(104, 106, 110, 112, 114, 116, 118, 122), HD19+= 137}
(102, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 132), HD20-&
1378(102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 134)%ict.
HD180] 7P Al cjlgAAt 42 UEhjolon], HD199H HD200|A4 7Py @he
ol gAA BarE et AU-Solx tjueAA: HDI9A ojd-gAAl 126,
132, HD2001 A TlR-9AAL 134 5 3717} sl gict. oi@edA 106, 110, 112,
114, 116, 118, 122 5 771 47} Aol =& WA= Hvle gug
A= g2 SAAE 1127 282F 0.375(HD18), 0.286(HD19), 0.229(HD20)2 714 =
o WES ¥, HDI7AE IR SAAL 1047} 0.1852 7Pg & Wes 89
tHTable 18, Fig. 18)

2

(10) KHds19 FAA=H 9] thE /AL

Al @A) AeolA MS op# KHds19 fAAE ] e /At a= F
1670%ict. Ao HD172 971(124, 126, 128, 130, 132, 134, 136, 138,
140), HD182 77H(124, 128, 130, 132, 134, 136, 138), HD19& 127H(124, 126,
128, 130, 132, 134, 136, 138, 140, 142, 148, 154), HD20-2 157H(124, 126,
128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152)%ct. HD18
ol 7V A2 "B RAA 5 WERISH, HD200A 71 W2 thewAAt
HEAG. AT-5olA 84 Ak= HD19oIA tig 5404 154, HD200]A o
UQRA} 144, 146, 150, 152 5 5717} SQl=Qict. ti=-gA1Ar 124, 128, 130,
132, 134, 136, 138 & 77l A7) ATEolA 2F WEEH. Hiavle g RA
e W -gAAE 13471 742} 0.308(HD17), 0.245(HD19)Z 7Py &2 HlES B
1, HD18o| A= i g& AL 1327} 0.250, HD200| A= thd-g& AL 1380] 0.182

ri
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Table 18. Allele frequency analysis of KHdsl7 loci in H. diversicolor

Allele HD17 (n=27) HDI8 (n=12) HD19 (n=51) HD20 (n=86)
102 - - 0.010 0.012
104M 0.185M 0.083 - 0.078
106 0.019 0.042 0.051 0.018
108 0.019 - 0.133 0.078
110 0.148 0.083 0.082 0.199
112M 0.167 0.375M 0.286M 0.229M
114 0.148 0.125 0.153 0.114
116 0.148 0.167 0.082 0.139
118 0.056 0.083 0.082 0.048
120 0.074 - 0.041 0.036
122 0.037 0.042 0.031 0.030
124 - - 0.031 0.012
126° - - 0.010° -
132° - - 0.010° -
134° - - - 0.006°
k 10 8 13 13
Sum 1.00 1.00 1.00 1.00

! k. number of alleles; M

S population-specific allele

, most common allele found in each population;

0.400 -
0.350 -
0.300 -
& 0.250
£ 0200 -
o
£ 0.150
0.100 -
0.050 -
0.000

B HD17
B HD18
HD19
HD 20

102 | 104 | 106 | 108 | 110 | 112 | 114 116 118 | 120 | 122 ‘ 1124 | 126 | i3z ‘ 134

KHds17

Fig. 18. Allele frequency for KHdsl17 loci in H. diversicolor.
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Table 19. Allele frequency analysis of KHds19 loci in H. diversicolor

clc n= n= n= n=
Allel HD17 (n=27) HDI8 (n=12) HDI9 (n=51) HD20 (n=86)
124 0.038 0.083 0.127 0.074
126 0.038 - 0.020 0.006
128 0.038 0.125 0.049 0.028
130 0.096 0.125 0.127 0.159
132M 0.038 0.250M 0.137 0.114
134M 0.308 0.167M 0.245M 0.153
136 0.115 0.167 0.108 0.159
138M 0.192 0.083 0.118 0.182M
140 0.135 - 0.039 0.063
142 - - 0.010 0.017
144° - - - 0.017%
146° - - - 0.006°
148 - - 0.010 0.011
150° - - - 0.006°
152° - - - 0.006°
154° - - 0.010° -
k 9 7 12 15

Sum 1.00 1.00 1.00 1.00

I k. number of alleles;

S

M most common allele found in each population;

, population-specific allele

0.350
0.300
0.250
g
g 0.200
o
g 0.150
o
0.100
0.050
0.000

B HD17
A B HD18
1 4 i HD1g

] ] HD 20

124 (126|128 | 130| 132 | 134 | 1356 138 14-0‘ 142‘ 144| 146| 14‘-S| 150‘ 152‘ 154

KHds19

Fig. 19.

Allele frequency for KHds19 loci in H. diversicolor.
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28] ol A7 Auwolx] AT-SolAel Py GHAL HDI7OIA = 27)(KHds15
o] 216, KHdsl169] 160), HD18o|A+= 07, HD199A|= 127§(KHds019] 136,
KHds079] 102, KHds109] 100, 133, 154, KHds159] 220, 232, KHds169] 132,
146, KHds179] 126, 132, KHds199] 154), HD200|4= 357(KHds012] 103,
KHds069] 114, 118, KHds079] 108, 130, 136, 150, 152, KHdsl109] 103,
KHds119] 125, 179, 183, 203, KHds129] 211, 214, 217, 243, 258, KHds159]
168, 180, 192, 200, 212, 224, 228, 236, 256, KHdsl62] 108, 110, 122,
KHds179] 134, KHds199] 144, 146, 150, 152)7} AL ct HD171 HD189j
A BAER] okord i 98 AFSo] HD19, HD20oAl MEA ¢ad d2 7|&
of HD17xt HD18 o] g/dofl 7]ofsh 27t opd M=z ZHAlSo] HAo] &
ofgh Autet & 4 ok AT AR 42 JHRIE AtololA DNA A& 9
Aolg UEHUH, sdWols, @7|¥ols, 1 AT 27| 5ol s 2-9d
(Ellegren and Galtier, 2016; Wang et al., 2019; Xu et al., 2019). ®1Alof %t
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=
>4

-

1% 4 9ok ol AbAATEfo] QUE QEAb|ESE of
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