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Abstract

We investigated genetic population structure and tetrodotoxin (TTX) content of yellowfin toxic goby
Yongeichthys criniger in the Japanese coastal area. Two divergent mitochondrial lineages (lineages A and
B) were found, and the frequencies were clearly different among Okinawa-Iriomote Island, Amami Oshima
Island and northward of Yakushima Island. Genetic heterogeneity among three groups were supported by
principal coordinate analysis based on the pairwise Fsr values. TTX contents were measured in goby
samples from Kochi Prefecture (Kashiratsudoi River) and Yakushima Island (Isso Port and Anbo River).
TTX contents of skin and muscle tissues of Kashiratsudoi River and Isso Port samples were relatively high,
while TTX was not detected in most individuals collected in the Anbo River. Therefore, it is suggested that
the TTX contents of this species considerably vary even among geographically close areas and/or seasonally.
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Fig. 1. Yellowfin toxic goby Yongeichthys criniger.
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Table 1. Descriptions of local samples of Yongeichthys criniger used in this study.

i BL (mm
Prefecture District Locality Date LTy n (mm)
code (average£SD)
Wakayama Kushimoto Arita Port Oct., 2010 KS 5 70-121 (95+16)
Kochi Otsuki Kashiratsudoi River Sep., 2012 KC 4  61-68 (64+£3)

Kagoshima Yakushima

Okinawa Naha
Iriomote Island

Okukubi River

Isso Port and Anbo River
Amami Ohshima Sumiyo and Tekebu Bay

Yonada and Urauchi River May, 2010 IR 15

Sep., 2012 YK 17 61-114 (90+18)
Sep., 2011 AM 38 26-60 (41+7)
Aug., 2008 NH 7 61-79 (71£7)
81-108 (93£8)
Jun., 2011

BO"’
- AM

Tokara Strait

Fig. 2. Map of sampling localities of Yongeichthys criniger in Japan. Details of six local
samples (KS, KC, YK, AM, NH, IR) are shown in Table 1.
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CAGAGTATGTACCAGAACCAT-3’) & L O
YerDLspR  (5°- TATGCTTTAGTTAAGCTACG -
3’), PCR XJ&niZi% S1000 TM Thermal Cycler

(BIO-RAD #1:#) A L7, RISHR 1 HEAR
BH72 0 10.0 pl OFEKIE,4.95 ul DIRE AL K.
1.0 ul @ 10xEX buffer, 1.0 ul @ 2.5mM dNTP
mixture, L #{3 X OVH 84/ & primer % 1.0

pl, 0.05 ul (0.25 Units) ¢ EX Taq DNA
polymerase (TAKARA #1:%) | 1.0 ul O #14 DNA
Th b, SEMET 7L e — R4 95°CT2 4y
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PCR EMZ R L, T a8 & L T BigDye
Terminator v3.1 Cycle Sequencing Kit (ABI £-#%)
Z KDV A TN = P AROEEATV, 3500
Genetic Analyzer (ABI fH8) % FuvCHE A
Fl| 2P iE Lz, 15 H AL BFIE DNA 7 —# 3
v 7 THREMERR 21TV, RN CTH 5 2
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RSN TWDY AX AT O CRELOES] (T
7% v a rFE  KT894736) & 99% L
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Accession No. LC488193-1.C488233) , AN D
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eGSR, BEEMICRKESRRD 2 DOFRM
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Fig. 3. Haplotype network of Yongeichthys criniger. Circle size represents number of individual.

Table 2. Haplotype (k) and nucleotide (m)
diversities of six local samples of Yongeichthys
criniger. See Fig. 3 for two lineages (A and B).
Diversity indices lineage
h T A:B
KS 1.000+0.127 0.023+0.014 0.40:0.60
KC 0.833+0.222 0.016+0.011 0.25:0.75
YK 0.975+0.030 0.017+0.009 0.25:0.75
AM 0.949+0.018 0.018+0.009 0.34:0.66
NH 0.714+0.127 0.001+0.001  0.00 : 1.00
IR 0.676+0.105 0.008+0.004 0.07:0.93

ERO LN Ted, Z0 2 ERITAESE
(AM) DHEOREAR & TR TOMAGHOETH
BEICH 72 572 (Table3), #FE (AM) FEARIL,
FoaRil (KS) ZFR< T _RTOEARL FRICHE
pole, o, BAELALOEAM (YK, KC,
KS) DT EDMAG DRI TRY
eI 7R oo, FIERESHT (PCoA) 12T
LEEERYIE (NH B XL OVIR) & RBABUALD
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Table 3. Pairwise F'st values between local samples.

KS KC YK AM NH
KS
KC -0.024
YK -0.011 0.004
AM 0.015 0.092* 0.039*
NH 0.155*% 0.236* 0.138* 0.135*
IR 0.198* 0.270* 0.173* 0.160* -0.056
See Table 1 for abbreviated locality code.

*Significant difference (p < 0.05).

TN—TITH o CHBRICOBEL, 61
#E (AM) ERIZZD2OD 7 L—F L2
oy CR&EL Bipo7= (Fig. 4), b 37
JL—"T7"0 AMOVA 5t OFER., 7 —7H D
BRI BB 13.8 % THY, I A—F
MCHEICRZ 7= (Table 4, Fer =0.14, p <
0.05),

Coord. 2 (12.7%)

AM

KS

NH
@0

IR

O

‘YK

KC

@)

Coord. 1

(87.3%)

Fig. 4. Principal coordinate analysis (PCoA) based on pairwise Fst values between local samples.

Table 4. Analysis of molecular variance (AMOVA) for mitochondrial DNA data set in
Yongeichthys criniger. Population grouping was performed based on the PCoA analysis

(Fig. 4).
Source of variation d.f. S Perceptage ot Group composition
squares variation
(XS, KC, YK):
*
among groups 2 4.275 13.79 AM: (NH. IR)
among populations 3 1.087 -2.13
within groups
within populations 79 34.991 88.34%*
total 84 40.353

*P <0.05, **P < 0.001; statistical probabilities derived from 10000 permutations.
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<0.05), E7o, KHkOFEREBEDOTIE -
il (1997) BLOHES (2017) OF—4# %

320

100
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Relative intensity (%)
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320

fnin

m
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Fig. 5. Liquid Chromatography-Mass spectrometry (LC/MS) analysis for the tetrodotoxin (TTX).
Standard material of TTX (a) and Ion peaks of TTX extracted from skin sample (b).
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Fig. 6. Toxic amounts of skin (a), muscle (b) and liver (c) of four local samples. The values of KS
(Wakayama Pref.) and IR (Iriomote Is.) were reported by Hibi et al. (2017) and Saito and Sugiura
(1997), respectively. The p-values derived from Wilcoxon rank sum tests are annotated at the asterisk

(*p < 0.05, **p < 0.01).
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Table 5. Comparison of toxic contents of tissue samples (skin, muscle and liver) of Yongeichthys criniger.

) BL Toxic amount (MU/g) Gauze Total toxic amount
Locality L e T — (MU/individual)
Wakayama! KS1 M 121 52 9 8 850 1118
(KS) KS2 M 89 182 73 312 758 1950
KS3 M 99 111 20 175 309 638
KS4 F 84 167 66 30 247 1121
KS5 F 91 74 17 43 215 399
KS6 IM 118 15 ND ND 90 133
KS7 IM 87 43 16 150 322 640
KS8 IM 70 133 24 182 649 796
averagexrSD  95+16 97+57 3024  113+101 4304263 849+520
Kochi KC1 F 61 118 57 20 50 214
(KC) KC2 M 66 31 22 20 38 100
KC3 F 61 29 45 77 29 168
KC4 F 68 59 26 20 53 127
KCs IM 65 23 34 45 46 145
average£SD 6443 78+59  37+14 37+26 43+9 151+43
Yakushima  YKOl IM 61 12 11 ND 28 60
(YK-IS*) YK02 IM 70 15 9 ND 36 68
YK03 IM 61 30 20 ND 26 78
YK04 IM 61 28 17 ND 39 63
YKO05 IM 66 15 7 ND ND 22
YKO06 F 98 76 13 16 23 204
averagexSD  70£13 20422 1345 346 25+13 83+57
Yakushima  YK07 IM 96 ND ND ND ND ND
(YK-AB**) YK08 IM 102 ND ND ND ND ND
YK09 IM 86 10 ND ND 19 27
YKI10 IM 83 ND ND ND ND ND
YKI1 M 107 ND ND ND 16 16
YKI12 IM 109 ND ND ND ND ND
YK13 IM 107 ND ND ND ND ND
YK14 IM 114 ND ND ND ND ND
YKI5 IM 109 ND ND ND ND ND
YK16 IM 90 ND ND ND 14 14
YK17 F 106 10 ND ND 15 30
averagexSD 10110  2+4 ND ND 6+8 8+11
Iriomote Is.? 1 M 79 113 14 133 - -
2 M 79 91 23 165 - -
3 F 77 205 ND 1334 - -
4 F 75 194 14 277 - -
5 F 77 154 23 ND - -
6 M 76 110 12 ND - -
7 F 88 ND 12 130 - -
8 F 67 202 ND 137 - -
9 F 78 137 ND 352 - -
10 M 66 224 11 ND - -
11 M 67 ND 11 491 - -
12 M 77 217 15 1048 - -
13 M 81 94 ND 178 - -
14 M 73 291 11 1436 - -
15 M 73 294 ND 251 - -
16 F 70 163 12 ND - -
17 M 72 75 ND 243 - -
18 M 80 338 ND 1524 - -
19 F 68 102 19 586 - -
20 M 79 754 21 300 - -
21 M 88 81 ND 134 - -
average+SD 766 ~ 202+150 15+4 537+471 - -

!data from Hibi et al. (2017), 2data from Saito and Sugiura (1997). IS* = Isso Port, AB** = Anbo river. F =
female, M = male, IM = immature. ND = Not detected.
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5. AREIRH S 2 ROV TIE, Bk
FEDFIEZRRT 2D &N D K| FlNR
WL HET 20N RE LEZ LN, §IE

K& A Chaenogobius gulosus (Hirase

BT ) DD GHTCTEREF I T & B 72
RBENLETH D,
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~OGAIROIER BIBE SN D, 5%, LY
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LT3 (Goren et al. 2009; Pondella and Chinn
2005; Workman and Merz 2007; Middleton 1982) .
ZHUIANEBREIER N T X R K7 EIERIX
IRNAEIEIZ L > TH O MEERLEDZ &
EARBLTWD, ZORHEEEDKRTEIZ DWW T
X, AR AR A U 7 SR R A AT 28
"ThD,

EANIR & B OEARIZEB T 5 5 & ED

Aquatic Animals | October 10, 2019 | Nohara et al. AA2019-10



FEE., Z02M#EHOY AXAENLIZLHT
TIX BREESND & & HiT, TOHEME
WTHER SN, iRH =0 DFEEDF
BIfEIE, ARFIE L RO IECHE SN A
e (2017) ofnEkILOfE & ik L TR -
TN, B L BB O —EEOMERIT T T
TTX &4 LTz (Tables), —F., BAE
DOLEFE)INAT O OBEARTIETTXIZIZ E A Eft
ST, FeoMmER—-SNTHRE R
2o T, RO FEEZ W THEEE TT
IV TERE - 230 (1997) OYEATHFFRIZ RV T
b A= BN O THBLOMM A FE L
KBRRDZERHESNTEY, RATHER
BEOENMC LD Y AXABOF R EOFRE X
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