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A comprehensive analysis of the genetic diversity and relationship of the cold-water fishery walleye
pollock (Theragra chalcogramma), the most abundant economically important fishery resource in the
East sea of Korea, has not been carried out, despite its importance in Korea. The present study as-
sessed the genetic diversity and relationship between five walleye pollock populations (Korean pop-
ulation, Russian population, USA population, and Japanese populations) of T. chalcogramma using
eight microsatellite DNA (msDNA) markers to provide the scientific data for the preservation and
management of the Pollock fishery resource. The results of the analysis of 186 individuals of the
Pollock revealed a range of 7.13 - 10.63 numbers of alleles (mean number of alleles=9.05). The means
of observed heterozygosity (Ho), expected heterozygosity (Hg) were 0.732 and 0.698, respectively. The
results of genetic distance, Pairwise Fsr, UPGMA (UPGMA: un-weighted pair-group method with an
arithmetical average) (the phylogenetic tree), PCA (PCA: Principal Coordinate analysis) analysis point-
ed to significant differences between the Korean population, Russian population, USA population, and
Japanese populations, although small (p<0.05). These results shed light on the genetic diversity and
relationships of T. chalcogramma and can be utilized for research on the evaluation and conservation

of Korean T. chalcogramma as genetic resources.
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A8 AE e
2 APl Aed HE Ase F 181A 2, ZAdFoe

g $gue 5820139, n=22) A, A 0}(2014'3,
n=30) A& % Y€ (20143, n=30) H | genomic DNAS
grafon, FHH0g, gFARsd FEAd
A3 Ao 2ol Sl YE(20069, n=59) JT w =
(200613, n=45) F o] el Azjr] dFE L4 A&
T}(Table 1).

DNA &
N5 DNA F&2 DNeasy® Blood & tissue Kit (Qiagen
GmbH, Hilden, Germany)$% 374 #4538 DNA % %4

(MagExtractor MFX-6100, Toyobo, Japan)E A}-&3ko ge-
nomic DNAZ 4% -4 4% th. DNeasy” Blood & tis-
sue Kite 25 AEE 2030 mg¥ B+ H EtubeZ &7 ATL
Buffer 180 nl9} Proteinase K (PK) 20 & d7} ¥, E¢st4
55CelA 10% &< ¥-3AZ T 22la ATL Buffer 200 ul
A7b ¥, £93ko] DNeasy MiNi spin column®l &7 8,000
pml 2 183 A4 £33t Column tube WA §, AW1
Buffer 500 pl % 7}5}e] 8,000 rpmo.2 183 44 Eelst %o
= ttA Column tube 2 A &, AW2 Buffer 500 pl A 7}s} o]
14,000 rppm .2 3&3F 94 #2891t Ethanol A A3 tha
100 ple BH#FE 59 genomic DNAS ¢ £ 34
#2 ¥ genomic DNAE 15% agarose gel& AH-&3te] 7] 9
&< %3 DNA =S &g ¥, Nano-drop (Thermo fisher
scientific, Waltham, USA)& o] &3t 355 431t
&4 289 genomic DNAE AHg A 744 20T A A st
SAth.

Microsatellite (msDNA) O} 24

H Ao A3 msDNA vpAE 7]20) Hid Aoz,
e ol A 713 Tch10, Tch13, Tch18 [30] 37} msDNA v}
&t Fol A 73 Gmo-G5 [43], Gmo-C18, Gmo-C83 [40],
Gmal06 [6], KGM26 [16] 57} msDNA v}# o] ZHE AL-4-3}
o Zejoln|g A=el1, 2 Zeholn] 49| forward Zeol]
ol 6FAM % HEX 3% E2d& %4 3o A& % THTable
2).

PCR %72 10xTaq PCR buffer 1 ul, INTP mixture (10
mM) 0.2 pl, Hs Tag DNA polymerase (2.5 U/ul; TNT
Research, Seoul, Korea) 0.1 pl, forward 9} reverse Z}o|H
Z¥7F 04 pl(10 mM), template DNA 1 glE ¥, % 10 pl7tA
HiE FHTE ¥ $ Peltier Thermal Cycler (Bio-Rad,
DNA Engine Tetrad PCT-2450G, 4-Bay)E At&-3ta] 3314
tt.

PCR 271 95T A 11%7 DNAE A H A (Preincuba-
tion)3t 2 1 thg 94T ol A 123 M A (denaturation)3} 1 TF.
54Coll A 183 ZetolH A (annealing), 72T A 183t
DNA 34 (extension)ate] % 343] W& & HE DNA FA4
(full extension) 72°Col A 5&37F AASFAT

PCR % 15% agarose gel ZolA 7|95 oz SZ4
DNA HE9] #5& #elstith. PCR 42 Hi-Di Forma-

Table 1. Collections of T. chalcogrammus samples for the present study

Location Sample site Year Sample size
Eastern coast of Korea (KOR13) Gangneung-Wonju National University 2013 22
Russia (RUA14) Gangneung-Wonju National University 2014 30
America (USA06) National Institute of Fisheries Science 2006 45
Japan (JPNO06) National Institute of Fisheries Science 2006 59

Japan (JPN14)

Gangneung-Wonju National University 2014 30




Journal of Life Science 2016, Vol. 26. No. 11 1239

Table 2. Primer sequences and information about microsatellite markers from T. chalcogrammus

Fluorescent Size

Locus Forward (5'-3') Reverse (5'-3') abel (bp) Tm
Tch10 GTCTCTATGTCTGTCTTTCTATTITG ACGAAACCCAACCCTGATT HEX 139-179 54
Tch13 TTTCCGATGAGGTCATGG AATCCACTGGTGCAGACC 6-FAM 74-86 54
KGM26 TCCTTCAACAACTTGCTCTAT GAACTGAATAAATGCCAGGTA HEX 190-224 54
Tch18 GGAGATGGTGCTAACTGG AACGCACATGCACATACG 6-FAM 67-97 54
Gmo-G5 GTCTCTTGCCCTACGTTTGTTCG GTTTCTTTTCTGGTTGTGGTGTGCCCTGAC 6-FAM 188-202 54
Gmo-C18 AAGCATGCGTTTGTGTTATTAC ATCTGTTCTCGCTTTCCTITCATT HEX 146-188 54
Gmo-C83 CGGTGCGTTGGATTTCAT GTTTCTTAACTGCTCTCCTGATTTTGTITTT 6-FAM 105-135 54
Gmal06 TCACCATCACCTAGCAACCA GCGGAGATGGAGGATTACTG HEX 179-225 54
mide$} size standard GeneScan 400HD ROX (Apphed 2} 4 jEk

Biosystems, USA)& &3 3to] 95T A 283t AT $, ABI
PRISM 3130XL Genetic Analyzer (Applied Biosystems, USA)
= ol&sta] E4e3T

HOIE{2] SH &M

g3t 471N E 24 ZAE A 2 msDNA v
H g F 445 2715 GeneMapper Z & 17 (version 4.0
Applied Biosystems, USA)< &3l 2+&3t9lth 44 T ¥
A B4 & 913 FSTAT version 2.9.3 [11]E o] &3t o H
A2k (number of alleles, Na), W18 #42 7] (product size
range, S)& T35 2™, Arlequin version 3.1 software [9]&
AH&-3te] 71t A o] 8 %] §HE (expected heterozygosity, Hg),
HEA) o8 A E (observed heterozygosity, Ho) % Markov-
chain ¥R o 71¢1& Hardy-Weinberg equilibrium (HWE) ©]
o] thd B4 FFsAT D W S 2L A < (inbreed-
ing coefficients, Fis) [44]¢] #41-& GENEPOP version 4.0
computer package [36]5 AH&-3t] 1,0003] ¥HE-& 53 F9
A& SAA

Ak 2 FH3A FABA £4E 84 FSTAT version
293 program [11]& AH&38t] AT 3+ fd2 £33 A&,
Pairwise Fer [44] FAE S48t ¥t S H, Arlequin
version 3.1 software [9]S A FAHCE o Y £&
At 7 42 Hol ARE &3 A 7 432 B3 AE
qZ3}7] $18F AMOVA (analysis of molecular variance) &
Ae s B, 744 Wol £XE T3 Ad 19
718tet2 #AE B F+ Principal Coordinate analysis
(PCA) £42 GeneAlEx 6.4 program [34]< At8-3t%o,
FAH Aol 79 AFTAH FAHA A& Popula-
tions 1.2.32 [20]& ©] &3} Nei [25]9] W ¢ Ds +4
A AglE &3 UPGMA (unweighted pair-group method
with arithmetical average) 39| 22 A5 +E A 3%
=

msDNA Ot ¥ Hef ZEQ| 7AH Cid BN

Feuet w8, dAAlo}, vl= 2 dE A9 " 55Tl
el msDNA vt7 8715 AH&stel 448 E4st3lt
(Table 2). & Ao AHE&H 87H9] msDNA vH7 &, HE ol A
7§83 Tch10, Tch13, Tch18 [30] 3 ol A 7} %3 Gmo-G5
[43], Gmo-C18, Gmo-C83 [40], Gmal06 [6], KGM26 [16] <]
msDNA vt JRE A&l 7 HA] Hejoh 22 o+
% ool &aht 002, tiTolA A% 5719 mDNA
A 5% HE ARAAE 4FHOE FFan By
Uetlo, T-wa oz e 344 gy 2 72 &4
A= F&3HA A&l Thede AT F AT

87) msDNA "}# 9] 84 Ay R E oA Autz oz
= YA A7t Fa80ou, 4 44 # 2 Ad &
A4 g d=E= h2A YERsthTable 3). 2 msDNA
opA A A& H o @2 24 (number of alleles, Na), H T
o 2715 BT FAART WY FAAT(AR), 7IHA ©F
3 & (expected heterozygosity, Hg), #&A o|F HF&
(observed heterozygosity, Ho), Hardy-Weinberg equilibrium
SAA 2 3 A A 5 (inbreeding coefficient, Fis)v 3 30
YERel,

e g XM A4 103719 o2 g FAaAs &2
Hyon, 744 2 & Fd hd 742 T 9.057H 3T
Gmo-G591 4 36702 7} 2 A YEFS 2™, Gmo-C189] A
152702 7H4 ol Uetstth AA Na® 2-187130.1, H+
Naghe YE(PNOo) oI A 1063702 7H4 %ok, $guel &
3l (KOR13) A ekl A 713/ & 744 @& & Ydehfde A
A ArfrS 1.700-14.7697) HoM, B Ar#td 78912, 4 &
(PNO6)oI A 83702 744 &9k, $-2vte} 53 (KOR13) A
ol M 7107 2 7HE w4 fd 8 Hephe 7314 39
el e Aoz AN W ddEHE ol 9=
S, Hott & AAE #3348 olFHIE st sle NS
0133 HAES vehlle Ao %, ¥4 Ho?t He 2472 0.689
(USA06)-0.808(RUA14) T} 0.662(JPN14)-0.735(RUAT4) E &&

el
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Table 3. Genetic variability at 8 microsatellite markers in 5 populations of T. chalcogrammus

Microsatellite markers

Populations (n
P () Tch10 Tch13 KGM26 Tch18 Gmo-G5 Gmo-C18 Gmo-C83 Gmal06 Mean

KOR13 (22)

Na 6 5 4 11 3 12 7 9 713

Ag 5.999 4.998 4.000 11.000 2.953 12.000 6.908 8.909 7.10

He 0.725 0.737 0.689 0.807 0.132 0.915 0.785 0.855 0.706

Ho 0.545 0.727 0.952 0.952 0.136 0.905 0.909 0.955 0.760

P 0.019* 0.716 0.034* 0.497 1.000 0.023* 0.055 0.016*

Fis 0.252 0.013 -0.396 -0.185 -0.033 0.012 -0.162 -0.119 -0.077
RUA14 (30)

Na 8 5 4 14 4 16 7 13 8.88

Ag 7.897 4.676 3.992 12.225 3.827 14.657 6.583 11.154 8.13

He 0.792 0.679 0.631 0.822 0.408 0.928 0.771 0.850 0.735

Ho 0.800 0.800 0.967 0.700 0.433 0.933 0.833 1.000 0.808

P 0.693 0.232 0.000* 0.081 0.146 0.037* 0.725 0.000*

Fis -0.011 -0.182 -0.546 0.151 -0.062 -0.006 -0.083 -0.180 -0.115
USA06 (45)

Na 10 6 5 13 6 15 8 16 9.88

Ag 9.093 4.786 4.461 10.611 3971 12.747 6.502 12.68 811

He 0.803 0.666 0.675 0.774 0.170 0.892 0.694 0.885 0.695

Ho 0.533 0.667 0.978 0.689 0.156 0.822 0.733 0.933 0.689

P 0.000* 0.213 0.000* 0.106 0.061 0.152 0.212 0.000*

Fis 0.338 -0.017 -0.455 0.111 0.085 0.079 -0.058 -0.056 0.003
JPNO6 (59)

Na 10 9 4 16 3 18 8 17 10.63

Ar 8.098 5.960 3.998 13133 1.957 14.769 7.016 12.000 8.37

He 0.686 0.703 0.676 0.872 0.051 0.929 0.793 0.831 0.693

Ho 0.574 0.741 0.981 0.833 0.052 0.932 0.800 0.797 0.714

P 0.127 0.733 0.000* 0.393 1.000 0.063 0.287 0.160

Fis 0.164 -0.054 -0.457 0.044 -0.012 -0.003 0.017 0.041 -0.033
JPN14 (30)

Na 8 8 4 14 2 15 8 11 8.75

Ar 7.295 6.500 4.000 12.272 1.700 13.975 7.013 9.327 7.76

He 0.639 0.673 0.619 0.867 0.033 0.931 0.745 0.788 0.662

Ho 0.517 0.767 0.800 0.900 0.033 0.967 0.767 0.767 0.690

P 0.107 0.094 0.190 0.745 1.000 0.543 0.183 0.080

Fis 0.193 -0.141 -0.300 -0.038 0.000 -0.040 -0.030 0.028 0.041
All populations Mean

Na 8.40 6.60 420 13.60 3.60 15.20 7.60 13.20 9.05

Ag 7.676 5.384 4.090 11.848 2.882 13.630 6.804 10.814 7.891

He 0.729 0.692 0.658 0.828 0.159 0.919 0.758 0.842 0.698

Ho 0.594 0.740 0.936 0.815 0.162 0.912 0.808 0.890 0.732

Na=number of alleles per locus; Ag=allelic richness; Hr=expected heterozygosity; Ho=observed heterozygosity; Fis=inbreeding
coefficient.
*Not in conformity with Hardy-Weinberg equilibrium (p<0.005, Bonferroni-corrected value).

How, WA H Hodt Hed 27 07329} 0.698= LhE}R: U, o] ggadae M5t 1 27]9 &S wol e
oo HEH He EA g T dF ZAFHE, OReilly et s @40 AsEn B dT Aste 29 2A o]7}
al. (2004)¢] BA o)X= 14709 HE) msDNA 1} S A&t Uz o= o Hop B B 84 87 msDNA v}
o 10712 He) Jkol A 9GI9NAS £XF A, AA Nae 27 W 53 A o] & mAY S AAsEATH
6-137 & H3F 20970 2 YR oM, Hedt2 0.68-0.960] 1 3 T3, BE JdolA B Hoo Hegtol A Aol7b YAl &
T 0859 FAE UrE}kEEHal]. oldt A B AT A} o, djakol e HF Hegkdl 0.79[7]9 A =22 el

Hlaste g E2 gy FAA 5 7 A 02 YEg o of, B A7 Agd Bl 53T F14 t¥ge vy



B HAHIL GE AR AZHAT EF, & 2444 3

U} 53 (KOR13) Bl Aol HF Na, A, Ho 2 Heoll A

Be £4E dehd Ae T He A9 $E0E Qs

#4374 B4 BhE 98 T 9u A9 AR Fut

A2l 9] oA A AA FE054A) Bt Has Fe
[e]

20 A e EA AL wZolzt AR

o]y A& AP 2 A3 Hardy-Weinberg HH 9| o]g
& 40709 FAA Foll tisA 67171 B2 E %01 (p<0.00625,
Bonferroni correction), AH-&-% 871¢ msDNA #}7 5 4719
F2 2 F(Tch13, Tch18, Gmo-G5, Gmo-C83)9l A= HWE 9]
o] #&HA Futh AA Fls% -0.115-0.041% Yebyton
Fis® B3e 003629 @& FAE Uehfo], & £F 9
X A& vl

REH R 2
A 7 FHA 2ol A=E UER = Pairwise Fsrgt 3

A4 AYE A4S 23+ Table 49 YeER AT A A Pair-
wise Fsrgk2 0.007-0.0282 WUebsta, $-2uel %3} (KOR13)
A3t A E(PNO6, JPN14) A kol F2 ¢ 2ho] 7} YERy:
on, ZAHRUAL4) {3 YE(PN0O6) He 2 #] = (USA
06) A= YE(PNO6, JPN14) A D A& FoJ & o] 7}
T2 AT p<0.05). wekA, sevet Fall, Aok, =3}
B W) Jo Y A L3 FEolA A oHRUAL4)
A E(PN) A 7t For %2 Asties 25 94
el zFol & Yetof, v & A& fH4 23 A FA oA
94 o7k Yehdthe A S8 Th(Table 4).

A 7 H478 Age Nei Wil o8 24319oH, o
2 A4 2 0041E M w2 ghE, M= YR (PN14) Jd
ZH0090% 7HE =2 s e F84 A £4 94
= vzt s, gAlo}, = e e He 0061, 2
tet Faf, Aok vl e A8 e el 0079, €&
A o= 00419 28 B, I 7t For 3 24439}
TR R vt T, Aok v e 4R Jdo
E F3He ¢S U dth(Table 4).

2 A7) AHgd B 53T FH14

7] 918 A 2 Neid] F14 Ao 7]9

ol

(o)
T
o
=

fFABAE 22l
& UPGMA o3&

Table 4. Pairwise Fsr (above diagonal) and genetic distances
(below diagonal) between 5 sample sites of T. chalcog-
rammus based on msDNA markers

KOR13 RUA14 USAO06 JPNO6  JPN14

KOR13  0.000 0.007 0.011 0.014* 0.018*
RUA14  0.063 0.000 0.011 0.021* 0.025
USA06 0.064 0.057 0.000 0.021* 0.028*
JPNO6 0.068 0.080 0.071 0.000 0.008
JPN14 0.079 0.088 0.090 0.041 0.000

Symbol “*” indicates significant support for Fsr values (p<0.05).
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KOR13

RUA14

USA06

JPN14

a7

JPNOG
oo

Fig. 1. Dendrogram based on Nei's genentic distance by UPGMA
method for 5 populations of T. chalco1925610grammus.

Principal Coordinates (NeiP GenAlEx)

4 USA06

+ RUAL4 #JPNO6 4 jpN14

Coord. 2: 22.65%

4 KOR13

Coord. 1: 42.84%

Fig. 2. Biplot of principal coordinates analysis based on the
Nei's genetic distance for 5 populations of T.
chalcogrammus.

A At A fEve Fal, 2o}, v o] &t
cluster® AT, 4& e 23 H(PNO6, INP14)o] T2
b clusterZ #2H = Ae & & F AU (Fig. 1).
FRE EAAAE B9 3 FAEo] AA el 86.46%
(174 B=4284%, A2F4%=22.65%, A3F45=20.98%)
£ AAdgoH, A1FAEH AR 9T FEEE
UPGMAC®] A ¢ A9} 593 thFig. 2). ol A= Oh
et al. (2004)°] F-2futet Fefol EAst= HH
AAete We Jde] AR Eedne 23
ARl B Ao 4 A#E HRAs F
HTH28].

A e FH2 2olE B el 12 A2, pairwise
Fsi#t, UPGMA % PCA €443t 2738k, 1A 5709 H
g AeS e 250, eue Fall, Aol vlw e
I} 98 Qs Bt 20522 Yol AMOVA tests
AA 33 TH(Table 5). A4 FAWol= 1.53%, 24 A &
U A FRol = 9847%2 ek M (Fs=0.01529, p=
00000), Sevet T8, AAok, v g 48 g 27

o FZ o B3 Ay, 20F 7 f1F wWols 1.06%,
2:1* U2 A 7 ol 084%, 2 g Wl AA T
Aol 98.10%% VERET W& W 53T Sevet
Fall-gA ok dR IFOR EEste £43%S 1
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Table 5. AMOVA for 5 populations of T. chalcogrammus based on msDNA markers

Percentage of

Analysis Source of variation af. Fixation indices L

variation
No grouping Among populations 4 ) _ 1.53
Within populations 367 For : 001529 (P=0.0000) 98.47
Regional grouping Among groups 1 Fer :0.01063 (P=0.1053) 1.06
(KOR, RUA, USA vs. Japan)  Among populations within groups 3 Fsc :0.00847 (P=0.0000) 0.84
Within populations 367 Fsr :0.01901 (P=0.0000) 98.10

Significant was tested by nonparametric permutation tests (10100 permutations).

o] &(1.06%) 2ot & 1502 7HYste] B4 &< 1)
o] &(1.53%)°] 047% Z7kste] shute] d1Fo2 7145
A5 Aol Ak 7+ &A4A o)y} HwAH FEd Aoz
Heith 2o, $elue Sol-g Aok 3 o
trol 24 E W 4 2% W R 2 rgo],gt 84
Fastel, A9 2 F28 Aol7k H3A Badde
T I
2 s Y Puoz Bisel ¥4 A, 1% 2§17
Aol o] & 502 A2, ol & G4 44
t, UPGMAS} PCA £4 A3} &

7}

LY
J20
A=A

32
r&'hriJNEJ&.%HﬂHUmiHErE

e

2 Ae, pairwise Fer #
AsE YEi i
2 dFelMe Je 2 o7 msDNArA 871 & o] &3t
Feuet s, gAloh ma 2 dE A9 W 53Tl
g % 4751 O¥Ad 2 19 2 fFARAE 2R A &%
v‘i‘—“ A3, °4-?°ﬂ /‘P%,_ EE WH fdo] vl
f %01 gelsien, 4
Fevet s, gAlof,
E‘O] ‘;’2’% —’FX]O]X]?} ol a4 A
+ ot M2, 2 Aol A4S B
A% ARe ARSI AL, WH AR £ A4 A}
S, & A7el Ase $eet Folel F47 a7
20 HHel BE Y 424 B4 FYaI) A A
it A o palid 487 dug A nes
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