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ABSTRACT

Olive flounder (Paralichthys olivaceus) is one of the most produced fish, accounting for 46.2% (37,240 metric tons) of total fish
farming yield in Korea. Flounder is vulnerable to viral hemorrhagic septicemia (VHS) which makes fish farmers struggle. Viral
Hemorrhagic Septicemia Virus (VHSV) is an RNA virus sustaining its infectivity, especially at low temperatures (8-15°C). In order to
minimize the damage from VHSV, several studies were conducted. However, the genetic factor of resistance to VHSV is not well
known to date. Quantitative trait loci (QTL) analysis is an efficient analysis in aspects of detecting loci that influence quantitative
traits. We conducted a quantitative trait locus (QTL) analysis by constructing a genetic linkage group. 23 linkage groups were
constructed and it’s reliable according to the previous study that suggested flounder has 2n=48 chromosome. Bivariate phenotypes
(dead/alive) were adapted and 5 pseudo markers were identified as QTL. A total of 7 markers were nearby 5 pseudo markers, located
in linkage groups 8, 13, and 16. Although it can be more delicately accurate results if the bivariate phenotype information were
fixed by extra environment effects, those markers are valuable to be candidates for representing the resistance of VHSV in terms of
flounder.
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Introduction

A MAH o= A AL AJAFR 20013 2E 2018W@71A] B 4t 5.3% S 7FokH= FAIE E 20 (FAO, 2020) F-2L2te] 4
Ab QFAIQ] S 0|9} Zro] 20124 oF 49 ml2] tiH] 2020 49 449 nl2] 2 10%7 1 2713t (Korea, 2021; Jung et al., 2020). =+U]
Hx] 2] YAk o], ’Wrojel -2 429] o]Fof| o]t AH] EdTo] RiSHR tf2F 2012 631797 uf2]olA] 20201 63 29Tt nf2
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2 ohA TAdhe AS Eolal 3ol 20181 ZA]| of & ABAFFS] 46.2%(37,240 metric ton)y= XA THE U A HollA] S
L3} o}Zo|t} (Korea, 2021). ‘B2 FAIHoll A AHIE2] A o= QIgh HAlsl= A 4tde] 27he &

T} (Shim et al., 2019). 5= oZ2k2] Aol A U W] FAIAS FAI5H7] el FA g oA e Agsh= 2
2 A A Q055 WIS oF Sttt 71 Fol| A = §5] Hio]2{ A/ Aol gt 7H 2 ML et wE S Z}xﬂ ° ‘?104%
Bl S A A Al 24 5 22k Tl & o712 4= Q7] wiiZell B2 2AIsof 3ttt (Kang et al., 2012).

Hio|Z A S84 ofE S Hfo]2| A (Viral Hemorrhagic Septicemia Virus; VHSV)= A2 (8-15°C)0l| A Bt 22h 7]|7F 74de]
A5 7102 2427 RNA HFo]2] 20|t} (Jeong et al., 2019; Tadashi et al., 2001). 315 Hfo| 2| AR Q15F AW Q] vfo]2| A%
)& Z (viral hemorrhagic septicemia; VHS)= /g0 ©]%1 2] TAo|A E3] &2 2|ARES EolZl SIA|TH o] Fo] B E 5
A Uehd 4= 9l Aot (Kim and Faisal, 2011). B3 54 2¥ 2l VHSE S0ttt = th2A]5 37| o] HojA o] &%
Afo 2 ZHlslo] AlZkst 749 x| AFEE 4= QU T} (Tadashi et al., 2001). ZUjoll A E31QF @ 2] AIA ol A 2001 0] X202 &

o, AFEFIZ of P2} 3 HAL] 2 Yolo|th (Kim et al., 2003; Shim et al., 2019). ]2} Zro] ZUjoj|A] Fx]2] nlsi&
2| A8Fs}7] QJalAd Hholg| A4 A Foll A = VHS VOl 2 1]sl| & Fol= Zlo] P o},
gk, "E‘E, %5# S OMAloF F7tol| A AAH o & F a3k o]l ﬂil—t— 241 R s “404@“ 2ol Tl P 9fst

il

;9, o]\ > ol 4

L 1 o é o

4 E] ¥k oE AW 4] o Fo gE il’\Pg %.Pi %% %“?_10 Oﬂ-_rL—Ol = OI—?—Oi H2] AHA ] A5 A el A
of] TSt B = o} & 7}A] LA QUA] Tt (Pakingking et al., 2004; Jeong et al., 2019).

o] f2F EA P HE o]- 83 VHSV A/ ol AP A 774 229](Quantitative Trait Loci; QTL) B2 g4 249 Ui
off |5 FAAE FASIAL, 1 FHARFREE vho]2 A A/ nt ke FAAMO|E ST R v =3 A (Marker assisted
selection, MAS)®| 7+s Zoltt. o2{ gt Hpo|2| A 2| &H/d 1} e H F3nAE o] 8-5to] A =24 (Marker assisted selection)
= A&, VHSV A 2= 7AES A S5 e® || o] Aitds S7HZ 4= At (Zheng and Sun, 2011). w2}
A 2 =2ollAE H2] VHSV A3 ke QTL=S AEste] H2] 30 ME2 535 4342 A ASHLAF QTL 42 AAlst

Act.

|

ol

Materials & Methods

VHSV Xghd AL 71| HE

VHSV 2 3 7“}—5— %! *J%E AN 9] R PAT T SARSAS S AT A o RRSANE] o A £ =| QU Tt VHSVl Thgh d

AW FAAF A = 22 218 101 full-sib 2] 67HAI7F AR QAT F 3,839 viE] = AH 6 7HA19] HAE %‘% I
HAAA 54U97F *H—Lg— ZAFSHITE 2 F BES0] 50%0 2 7HAIE Ak, 1 F L7 7108 A Rad
o0mte} & FAIMNE R HEFESIQUT 2 H2 0 2 HE AHH AlEw 96% ollth-Zoll A6t om, QIAGEN-J DNeasy96 7| ES
o]-&slof DNAE FE3th

'EA| {TER}E K| ZHES 2ot TR B4

] FAA AN HAEH F 473709 MS v F thg A& Eo)A] 252 monomorphic PH, null allele 5 82+
7hs gk ntAE AlLek 31170 v el gt JX| 7HA|] fAAFE EAS 2SRt WX Al fAAEE EA e A
Microsatellite (MS) P} 2] A 2= Table 13} 2t
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Table 1. Summary of marker types according to success or failure of genetic analysis

Genetic analysis

Type Success Null/fail oizl
KOF series 51 33 84
KOP series 56 38 94
EKOP series 37 36 73
O series 137 46 183
QV series 30 9 39
Total 311 162 473
QR X|E EH

Segregation pattern 782 71o] Al A4 7|We = AP on, thF A7l tigh w42 22y WS AHESHA
T} Linkage %4} Hidden Markov Models (Wu et al., 2002)2 Z-8-5}% multipoint technologyS 7Hs5H] 5= R package, onemap
version2.8.2 (Margarido et al., 2007)S- 55} —’.15'“5] At Linkage group<> LOD score (3) 2} recombination fraction (0.4)S 7|22 A

=)olc} nlre] 9)x)= —g 921 At =& g3l 2t 150] 7171 nkA £27F 107} v]9kQl Z-9-0fi= compare (Lander et al., 1987), 10
7} 014391 720l order 22| (Mollman etal., 2009y 77t ©- 83t} vFA Abo] A28} H] &2 kosambi mapping functionS ©]
85191 centiMorgan 2 = tﬂ% T AR 2| 2 233U (Kosambi, 1943).

QTL 24

|x] VHSV A &/dell thet QTL mapping= A F 1l 7HAIS 913+ Composite Interval Mapping(CIM)= 2}-8-510] 43 =] $Ith (Gazaffi
et al., 2014). CIM E&o|A, 15 cM2] window sizeS 1125}t 1 <M 7HA0] tiafl QTL F-412y &S AUt 2t 259 Hx
Q1 Z}(cofactor)+= akaike information criterion (AIC) (Akaike, 1974)< 7|8FQ 2 T3] 9] stepwiseS Sl 73021, super-
parameterization *A|517] 915l wFHuE Hoh +E 2/n(m2 7HA )22 AR QTL2 LOD AARY 32 71E 22 2)=|3]
O 242 R package?! fullsibQTLS ©]-8-510] £ =] 1T} (Gazaffi et al., 2014).

Results

LIX| 2l Hio[2{A(VHSV)0! CHSH K] 71| AdAk
VHSVE| 25 a3 4212 A = 242 98] x| 67}741(1 1 Aoty E AT 5 3,839012) 5 9/ Hol2] 2o A A 54
A 7HAYEES 2N dah g 2L H 2 2284, 2 F ABE A = 11,6330 2 FRIEIQ1 0™ 42.5%2] EES EITHFig.
1). 6 7l % VQTL-1 7 (& 662ute])= Ho 2L 2 235, 25 A= 714 4= 302012] 2 21 = it o]of VQTL-10] £
T NEE 45.6%E 71 55 7H tiFEst7] 2 7L wdsto] s 7HAIE 2E fAAF A e A& 7R AR
(Fig. 2).
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Figure 2. Survival curve of VQTL-1 households according to VHSV artificial infection experiment

QAR RIE T

Ak 242311719 MS 1A F Aol YoubA] 952 5571 U, segeregation testoll A A4 0.2 §-2]3t 65-2] niAE A
oIk F 2507 vH7} linkage group (LG)= °s' Johetl] AR E ATk 1 A3t 157719) MS 1} 7} 23719] linkage groupS TAI5HR
t} (Fig. 3) Hi]PJ FAR| 4= 2n=48F A H H} Q3L (Kim et al., 1994), linkage group®] ©]of] A5 ZAISHA| FA =] Q17] wfiof
A5t okst Akt Bkt Linkage map4 Z 7= 1852.55 oM, AARMEH L 11.53 cMO] AT} Genetic distance”} 021
LG22E A|2J5HH, 2} linkage group] 7]+ 6.67 cM (LG23)0l1A] 187.64 cM(LG10)Z TFFI O M LG202 7HE &2 ubA (127H)
= Bt 359 Ht Zo]=80.55 cMO| oW 3t tlA 4= 6.747] S TH(Table 2).

m&"

Journal of Animal Breeding and Genomics 110



Quantitative Trait Loci analysis for resistance to viral hemorrhagic septicemia virus (VHSV) in Olive flounder (Paralichthys olivaceus)

LG1

D

0.0 —— EKOP020

KOF002
| - KOF131
[ KOP041

205~ |
272~
28.3

65.7 ——— 0047

139.3 ——— KOP017

EKOP013
KOF020
0347
0017
0273
EKOP009

59.4 —— 0003

79.6 ——— 0137

83.7 ——— 0065
LG17

0.0 —— EKOP032
16.4 ——— 0071
40.7~] |- KOP022
413 - KOP040
48,0 [ KOP032
61.0 ——— 0297
82.8 —— KOP091

LG2

0.0~
3977
89T

364~ |
38.0 4
397
499-T]
554

— 0117
— EKOP019
[~ KOF003

|- KOF037

- 0293
EKOP058

>~ 0193

[ KOP001

100.1 ——— QV005

LG10

0.0 —— 0059
456 —— KOF045
88.7 —-— KOP049

140.4 —— 0167

150.4~] |- 0007

154.4 —-|—- 0345
1555 [\ KOP005
162.8 ] [ KOF149
187.6 —— KOPO11

LG18
0.0 0225
17.3 0325
50.3 KOF074
525 KOP069
547 KOP090
58.1 0091

LG3
0.0 —— KOF004
30.2—— KOP010
779~ | - EKOP003
791 —~ KOF115
818 EKOP025
LG11
00 KOP038
16.2 KOF105
202 0351
283 EKOP026
305 KOP042
344 0043
60.4 EKOP047
LG19

0.0 —— KOF129

26.0 KOP003
27 1§= 0157
1K 10265
283 0033
481~ 10145
51.4 — T~ KOP009

1034 ——— 0105

LG4

0.0 KOF007
9.0 ﬁ KOP027

. KOP015
134 KOP021

LG12

0.0 —}— EKOPO11

24.6 —+1— 0315

39.5 —+— KOF027
45.6 —-— KOP037
51.2 ——+— EKOP063
55.8 — [~ KOP057

101.0 ——— 0097

LG20

0.0 KOP018

9.1/, 0079

97 KOP030
11.3 —1— 0023
19.3 ~ |- KOF130
21.7 ][> KOP019
26.6 7\ 0131
27.2 0151
28.9 KOP023
30.0 0025
64.5 ——— 0245
945 ——>— 0155

Figure 3. The genetic linkage map of the flounder
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Table 2. Summary of each mapped linkage group’s trait

Linkage Group No. of marker on Linkage Genetic distance (cM) Density of Linkage group Gap (cM)
group (cM)
LGl 5) 139.3 27.86 73.61
LG2 9 100.07 11.12 44.63
LG3 5 81.83 16.37 47.76
LG4 4 134 3.35 8.98
LG5 7 129 18.43 41.83
LG6 10 83.73 8.37 44.14
LG7 7 44.03 6.29 38.34
LG8 6 58.85 9.81 30.16
LGY 9 83.66 9.30 37.33
LGI0 8 187.64 23.45 94.75
LGI11 7 60.43 8.63 26.00
LGI12 7 100.96 14.42 45.19
LG13 8 147.37 18.42 28.63
LGl4 6 102.75 17.12 26.73
LGI5 5 49.46 9.89 26.00
LGl6 11 98.07 8.92 36.43
LG17 7 82.76 11.82 24.35
LGI18 6 58.07 9.68 32.95
LGI19 8 103.42 12.93 51.99
LG20 12 94.45 7.87 34.52
LG21 3 26.63 8.88 24.89
LG22 2 0 0 0
LG23 3 6.67 2.22 3.34
Total 155 1,852.55 - -
Mean 6.74 80.55 11.53 35.76
QTL mapping

Linkage groupe Z-85}0] 7]& vp7 HHE 7|§HO = pseudo marker F4J L H*] 2] VHSV A &0l Tofst= QTLE EZ51
T} (Fig. 4,5). B2 5709 QTL2 1:1:1:1, 1:2:1 H 1:19] H] &2 22| =ik LGsolA] B VHS82 LOD 4k 3.15, A =2 ZA|
EFF BAako] 7.68%= 2FAIZATE LG13941= VHSI3 1, VHSI3 2 ¥ VHS13 3°] QTLE AZE %tk LoD 32 242t 547, 5.09,
4.82 0|3 o A EAY 2A4E] 222%, 1.80%, 1.03%S XA T oFA9} O 2 G160l A VHS160] BEAE] 11, LOD %k 5.51, 4
HE2 A Y B4R 8.97%= SRIEIQITt. ofu]of thgh 447 E3k= VHS1601A] 71 =9k 11(0.18), ot of] tgh 4714 &
= VHS13_ 3004 7H =9kTH0.19). VHS13_1-> F-2of tigh 47H] aat= njn|shA|t 7Y =2 94 5 ikE B it 2 ap7 e
VHSVOl| thgt 2bA|SF QTL % 2= Table 3014 215t 4= Q1T Linkage groups @A5H=d] 89 b 5 A EHF 9] 897%=
Adrsta 7P =2 LOD 4k (5.51)2 YeRH LG169] VHS160Y 71 233 0135, 02412 S 29] §50f| 9lo] 53] F st
Atz Et}. o] 2]of| = Table 30| A|AIE pseudo QTL marker©l] Q133 KOF022, QV018, QV013, QV016, KOF0320HA = &5 85 Aldt
of lojA] T8 AJAtke] 7|Eo] & 7]of| H3te A o & Atg Hrt.
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Figure 4. Location of detected QTLs for the traits detected in the putative linkage groups
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Figure 5. Map location of the putative QTLs associated VHSV resistance

Table 3. QTLs identified for VHSV resistance estimated in the mapping population

QTL LG Pos LOD R2 nearby alpha_p”  alpha_g” d®  Segregation ratio
VHS8 8 58.85 3.15 7.68 KOF022 0.13 -0.10 0.03 1:2:1
VHSI3_1 13 38.00 547 2.22 QV018-QV013 -0.03 0.00 0.42 111
VHS13_2 13 69.39 5.09 1.80 QVo016 0.07 -0.03 -0.19 1:1:1:1
VHSI13_3 13 95.00 4.82 1.03 QV016-KOF032 0.08 0.19 0.03 1:1:1:1
VHS16 16 58.00 5.51 8.97 0135-0241 0.18 0.10 0.03 1:211

U alpha_p: additive efffects from maternal parent
2 alpha_q: additive effects from paternal parent
3 d: overall dominance effects

ol =zol E-&% VHSV A& 2t 7iA1e] AE2 BEANY S ol4te 3 Y dlo|E| 2 E-goto] YUt B2 =&
of| A ERIEIR, EAY O P vlxl= 8902 F4 271 Hetofye} ohaFst £744 2 Qlo] 2835t} (Gienapp et al., 2017). T
2ha| 271 EAZ Bofl SHA] AAISHQTL S-S 7IREC = bt &4 4 Q21 37t BASNE & 7 nhr| 0] 2= effectit =
A 2511 S50l 28 B QUL e A S 2 AL HT
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Conclusion

QTL 24 A3}, 5702] pseudo marker”} 4 H AT 2] 81, 131, 16 linkage mapll Al QTLE 1|t} &QlH pseudo
marker VHSS, VHS13 1, VHS13 2, VHS13 3, VHS162 22 212} 7.68%, 2.22%, 1.8%, 1.03%, 8.97%Ha-2] A &S

2RolE] gt o]} 7H HSHAl 91 I8 7702] HFA(KOF022, QV018, QV013, QV016, KOF032, 0135)% 'd2]2] VHSV #]
2R = AAIE 4= ek oigt o =7l -8 BHY tlo|El= BE/ANTS] o]4ty tlojEjo| 7o Y EatZ Hot
oS5t QTL PHAE 57| ol thdet 27 215 11ejohH o =2 A= E 2+ 8 Y 242 EE50d = AS A= AL
S
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