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Mitochondrial DNA analysis of population structure in odd—year pink salmon (Oncorhynchus gorbuscha) from the
Nemuro Strait, Hokkaido, Japan

MITSURU TORAO™*' and TAKASHI YANAGIMOTO?

"Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido 086—1164, Japan

*National Research Institute of Fisheries Science, Japan Fisheries Research and Education Agency, 2—12—4
Fukuura, Kanazawa, Yokohama, Kanagawa 236—8648, Japan

In this study, we evaluated the genetic structure of the odd—year brood line of pink salmon Oncorhynchus gorbuscha
populations sampled from the eight rivers in the Nemuro Strait, eastern Hokkaido, in 2015. Pink salmon sampled from the
Sashirui, Rausu, Shunkari—kotan, Kunbetsu, Ichani, Shibetsu, Touhoro, and Nishibetsu rivers were examined using the three
mitochondrial DNA (mtDNA) regions (COI, ND35, and D-Loop). We observed no significant genetic differences in the three
mtDNA regions among the pink salmon populations from the eight rivers. However, genetic differences were observed between
the odd— and even—year lineages of the pink salmon populations that returned in 2014. Moreover, when comparing COI and
NDS regions with the previously reported data of the Rusha River facing the Okhotsk Sea in 2008 and 2009, significant
differences were observed only between different lineage groups. These results suggest that the genetic structure of the pink
salmon populations in the Nemuro Strait region have similarities within the even— or odd—year lineages. Moreover, the two—year
life cycle of pink salmon has resulted in the odd— and even—year lineages being genetically isolated in eastern Hokkaido. In
addition, the haplotype and nucleotide diversities indicated greater differentiation within the even—year than within the odd—year

lineage in the Nemuro Strait population.
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Table 1 Haplotype frequencies based on the sequences of
mitochondrial COI region by sampling site.

Sampling sites
SHK KUN ICH  SHI

Haplotype SAS RAU TOH  NIS

A 18 17 7 3 16 15 10 18
B 33 37 35 28 28 35 43 30
C 1 0 0 0 0 1 0 0
D 1 0 2 2 2 4 2 4
F 1 1 1 1 0 0 0 0
M 2 1 1 2 1 2 1 3
N 1 0 0 0 0 0 0 0
(6] 1 0 0 0 0 0 0 0
P 1 1 2 0 1 1 2 0
Q 1 0 0 1 0 0 1 0
R 0 0 0 1 0 0 0 1
S 0 0 0 1 0 0 0 0
T 0 0 1 1 0 0 0 0
U 0 0 0 1 0 0 0 0
\% 0 0 0 0 1 0 0 0
w 0 0 0 0 1 0 0 0
X 0 0 0 0 0 0 0 1
Total 60 57 49 41 50 58 59 57
Parameter
H 9 5 7 9 7 6 5 6
HD 0.601 0.497 0474 0.529 0.593 0.572 0.439 0.626

K 0.866 0.638 0.951 0.983 0.882 0932 0.755 0.930
T 0.002 0.013 0.002 0.002 0.002 0.002 0.002 0.002

Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates rivers Sashirui, Rausu, Shunkari-
kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu. Haplotypes of A-N refered to Yamada et al (2013) and
Torao and Yanagimoto (2015). Haplotypes O-W appeared in this study. Parameter: H, HD, K, and n indicate
number of haplotypes, haplotype diversity, average number of nucleotide differences, and nucleotide diversity,
respectively.

Table 2 Estimates of pairwise differentiation for mitochondrial COI haplotypes in collections of pink salmon from the rivers
of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.002 0.021 0.027 -0.016 -0.010 0.035 -0.011
RAU  0.369+0.058 -0.002 0.000 -0.007 -0.004 0.002 0.015
SHK 0.072+0.026 0.279+0.046 -0.020 0.009 0.000 -0.016 0.033
KUN  0.072+0.030 0.360+0.056 0.991+0.003 0.016 0.007 -0.017 0.040
ICH 0.937+0.028 0.423+0.043 0.198+0.038 0.126+0.024 -0.016 0.022 -0.012
SHI 0.649+0.052 0.505+0.043 0.297+0.041 0.261+0.048 0.874+0.027 0.013 -0.008
TOH 0.054+0.031 0.288+0.038 0.829+0.018 0.910+0.029 0.099+0.039 0.171+0.025 0.052
NIS 0.757+0.028 0.126+0.024 0.090+0.030 0.009+0.009 0.721+0.038 0.621+0.031 0.036+0.015

No significant differences were found after applying sequential Bonferroni correction. Sampling sites: SAS, RAU, SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu, Shunkari-
kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
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Table 5 Haplotype frequencies based on the sequences of
mitochondrial D—Loop region by sampling site.

Sampling sites

Haplotype SAS RAU SHK KUN ICH SHI TOH NIS

CR15-1 9 9 2 8 14 7 7 8

CR15-2 5 1 2 5 4 7 6 3

Table 3 Haplotype frequencies based on the sequences of CRI53 1 0 0 0 0 0 0 0
: . : : : CR15-4 14 17 6 8 14 25 22 10
mitochondrial ND5 region by sampling site. CRISS 9 10 7 ) ) p 3 )

Sampling sites CR15-6 3 2 0 0 2 4 0 1

Haplotype SAS RAU SHK KUN ICH SHI TOH NIS CR15-7 1 0 0 0 0 0 0 0
1 19 21 12 22 22 17 15 27 CR15-8 3 0 1 1 2 1 0 2

2 34 36 37 25 25 25 40 29 CR15-9 4 0 1 1 2 3 3 0

4 0 0 0 0 0 1 0 0 CR15-10 2 5 1 2 2 1 5 0

14 0 0 0 0 0 2 0 0 CRI15-11 1 0 0 0 0 0 0 0

17 4 2 1 1 2 5 0 3 CR15-12 1 0 0 0 0 0 0 0

18 0 0 1 0 0 0 0 0 CR15-13 1 0 0 0 0 0 0 0

19 0 0 0 0 0 0 1 0 CR15-14 1 2 0 1 2 0 0 2

20 0 0 0 0 0 1 0 0 CR15-15 0 3 0 0 2 0 0 0

21 0 0 0 0 0 1 0 0 CR15-16 0 1 1 0 1 0 0 0
22 0 0 0 0 0 0 0 1 CR15-17 0 0 0 0 0 1 0 0

23 1 0 0 0 0 0 0 0 CR15-18 0 0 0 0 0 1 0 0
24 1 0 0 0 0 0 0 0 CRI5-19 0 1 0 0 0 0 0 0
Total 59 59 51 48 49 52 56 60 Total 55 51 21 28 47 55 56 28

Parameter Parameter

H 5 3 4 3 3 7 3 4 H 2 10 7 710 9 6 6

HD 0.569 0.508 0.426 0.529 0.548 0.663 0.425 0.571
K 0.663 0.533 0.445 0.549 0.585 0.848 0.435 0.637

T 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001
Sampling sites: SAS, RAU, SHK, KUN, ICH, SHI, TOH, and NIS indicates the pink salmon populations
from the rivers Sashirui, Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
Haplotypes 1-14 reffered to Yamada et al.(2012) and Torao and Yanagimoto(2015). Haplotypes 17-24
appeared in this study. The parameters H, HD, K, and x indicate number of haplotypes, haplotype diversity,
average number of nucleotide differences, and nucleotide diversity, respectively.

HD 0.835 0.818 0.790 0.799 0.794 0.740 0.768 0.738
K 1.604 1.658 1276 1.439 1.630 1274 1251 1.339
b3 0.003 0.003 0.002 0.003 0.003 0.002 0.003 0.002

Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu,
Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively. Haplotypes appeard in this
study. Parameter: H, HD, K, and r indicate number of haplotypes, haplotype diversity, average number
of nucleotide differences, and nucleotide diversity, respectively.

Table 4 Estimates of pairwise differentiation for mitochondrial ND5 haplotypes in the collections of pink salmon from the rivers
of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.014 0.013 0.003 -0.003 -0.006 0.007 0.004
RAU 0.95540.020 0.012 0.001 -0.003 0.000 0.002 0.005
SHK 0.063+0.019 0.207+0.031 0.075 0.066 0.043 -0.014 0.076
KUN 0.252+0.056 0.333+0.033 0.045+0.020 -0.020 0.002 0.054 -0.017
ICH 0.414+0.047 0.477+0.049 0.009+0.009 0.991+0.003 -0.004 0.047 -0.018
SHI 0.423+0.051 0.324+0.049 0.027+0.014 0.279+0.044 0.441+0.034 0.037 -0.001
TOH 0.225+0.046 0.216+0.034 0.775+0.024 0.090+0.024 0.072+0.030 0.081+0.032 0.058
NIS 0.243+0.047 0.243+0.024 0.018+0.012 0.892+0.021 0.991+0.003 0.333+0.019 0.045+0.020

No significant differences were observed after applying sequential Bonferroni correction. Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu, Shunkari-kotan,
Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
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Table 6 Estimates of pairwise differentiation for mitochondrial D—Loop haplotypes in the collections of pink salmon from the
rivers of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.008 -0.004 0.024 0.017 -0.007 -0.006 0.037
RAU 0.694+0.053 0.001 0.032 0.014 0.002 0.000 0.039
SHK 0.586+0.060 0.297+0.056 0.102 0.077 0.025 -0.019 0.122
KUN 0.108+0.023  0.063+0.019  0.000+0.000** -0.022 0.033 0.076 -0.023
ICH 0.099+0.032 0.126+0.034 0.027+0.014 0.964+0.014 0.022 0.061 -0.020
SHI 0.721£0.041 0.351+0.037 0.144+0.034 0.036+0.015  0.072+0.026 0.009 0.040
TOH 0.568+0.058 0.369+0.034 0.721+0.038  0.000+0.000* 0.009+0.009 0.225+0.037 0.102
NIS 0.063+0.031 0.0364+0.015 0.009+0.009  0.928+0.027 0.901+0.019 0.054+0.020 0.00040.000**

**indicate significant differences after sequential Bonferroni correction. Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS
indicates Sashirui, Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
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Table 7 Estimates of pairwise differentiation for mitochondrial
COI haplotypes among the year—classes of pink
salmon. Fsr values are shown above diagonal and
Fsr p values below diagonal.

Sampling sites
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Table 8 Estimates of pairwise differentiation for mitochondrial
NDS5 haplotypes among the year—classes of pink
salmon. Fsr values are shown above diagonal and
Fsr p values below diagonal.

RU08 RU09 NMS14 NMS15
RUO8 0.487 -0.007 0.446
RU09 0.000+0.000 0.510 -0.001
NMS14  0.811+0.038 0.000+0.000 0.460
NMSI15  0.000£0.000 0.333+0.039  0.000+0.000

The populations RA08, RU09, NMS14, and NMS15 indicate the Rusha River
in 2008, the Rusha River in 2009 (Yamada et al., 2010), the rivers facing the
Nemuro Strait in 2014 (Torao and Yanagimoto 2015), and the rivers facing the
Nemuro Strait in 2015 (In this study), respectively.

Sampling sites

RUO8 RU09 doto14 dotol5
RUO08 0.345 0.002 0.399
RU09 0.000+0.000 0.287 0.002
dotol4  0.189+0.034 0.000+0.000 0.381
dotol5  0.000+£0.000 0.297+0.047 0.000+0.000

The populations RA08, RU09, doto14, and dotol5 indicate the Rusha River in
2008, the Rusha River in 2009 (Yamada et al., 2010), the eastern area of
Hokkaido in 2014 (Torao and Yanagimoto 2015), and the eastern area of
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