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Four putative hybrids between Tanakia limbata and T. lan-

ceolata were collected from Gifu Prefecture, Japan. These
individuals were confirmed to be hybrids via DNA analyses.
Mitochondrial DNA analysis revealed that three of the four
hybrids had the haplotype of 7. /imbata, whereas the remaining
one had that of 7. lanceolata. Furthermore, four nuclear DNA
analyses showed that three of the four hybrids had heterozygous
genotypes derived from 7. limbata and T. lanceolata for all nu-
clear genes, indicating that they may be the first filial generation
(F,) hybrids. The remaining hybrid had heterozygous genotypes
from both species for one nuclear gene and homozygous geno-
types from 7. lanceolata for three genes. Tanakia limbata and T.
lanceolata can produce fertile hybrids. Therefore, this hybrid is
presumed to be a later-generation hybrid [e.g., the second filial
generation (F,) hybrids] or backcross progeny.

77 5 R T Tanakia limbata (Temminck and Schlegel, 1846)
L ¥ VU % O Tanakia lanceolata (Temminck and Schlegel,
1846) 1Z, ZF IR 7T RTBICHEINZ MO -
TR EEAKE R EICHERT 2K THZ A,
2025 ; AR, 2026). Th5 2 FDANTAMETIE, MikEE
LI ERE ) 2 R DMEREES 1 (X (F) DME5h, E56IC
MERRES 2 AR (F) R LR OIEH G ATRETH 5 C
EWRENTVS (K - HEEY, 1986). &7z, 20D
BIFTANCAEE L TV A IKI T E N 5 2 EDHIB N
TEY, T FaAY RV 7O DNA T OFERD 5, F,
¥ F, 755 CIC IR USSHEC & B ERDEFEEAIRE TN T

% (Hashiguchi et al., 2006 ; ¥AZE{E A, 2014; Uemura et al.,
2018; Hata et al., 2019, 2023). ABWICBAEINT T 5
AT EEROY Y 2 WG 27K TR, MEE A
TR ZMBARETHZ 7 7T RTMEE YD) 2 F JifED
Bl S T EDRENTWS (Uemura et al., 2018; Hata et
al., 2019). F7z, 2N & BICHRDMT KT, 8
EAR DA D S5 B 5 EKD F, T 3 {iKD F, LIETH
D, F, O3 ENY Y ZF % 2MHIENT TS5 RT%ZF
NENREE LTV EhMETN TV (Hata et al.,
2023). 77 IRTEY Y XFIDF, TiE, MRMEAI
DEEFRMENC EPIMEETNTED (Kawamura and
Hosoya, 2000), ZHEHERDRZIISMCT B Lid, W
FEDLRRIC I 2 BENEARIC AR DIG5 L EZBENS.
S, IRIICBNT T 7T RT v ZF dOHEDEE
PNBEEEREL, 2 a2 KU 7 L% DNA fRTIC
X O SR DGR I DWW THREI LD T, T T
W9 5.

M EFE
R SGENEED NS 4 ik (Hybrid_01-04), 777

SRT 2k (T lim 01 & T lim_02), %V % F 3 2 fil{k (T
lan_ 01 & T lan_02) 7 f]\7z. Hybrid_01 A 5 Hybrid_04
Lo 2 FEOEAE (T lim 01 & T lan_ 01) DFE% Fig. 1
KR LTz, b Offkix, 202442 A5 7 Hichd
T, RIEER)IKROKEICBNTEE O LEFNRE L
7. 1438 DNA f##T D7z, Hybrid 01-04, T lim 01 &
02, T lan_01 & 02 DEE] 8 EADE 7= IS HiAHHK D —h
& 99% TR J— VI A —20°C TRl Lz, ftidfa
(&, PREEHS ORI U BRI EYIRE (GPM) ICEEA
& UTBEHEE L7 (Hybrid 01-04: GPM-Z 47835-47838, T,
lim_01 & 02: GPM-Z 47839 & 47840, T lan_01 & 02: GPM-Z
47842 L 47843).

DNA f#$7 DNeasy Blood & Tissue Kit (74 %) 7
R LT, "MHoTa bk aicity, &EED 5 DNA
ZHIH U7z, fli U7z DNA (33 EE &2 #4212 15 ng/ul 1S
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Fig. 1. Photographs of (A, B, C, and D) putative hybrids of Tanakia limbata and T. lanceolata (Hybrid 01, Hybrid 02, Hybrid 03,

TS =

and Hybrid _04), (E) T limbata (T. lim_01), and (F) T. lanceolata (T. lan_01) collected from Gifu Prefecture, Japan.

FHEELUCHARDNA L L. S haY FY 7 DNAD
cytochrome b (cytb) FHIK D& HEE Y] ONT X A7)
@ PCR 4 5 1 &, L14690-Cb-AH (5-GGT CAT AAT TCT
TGC TCG GA-3") & H15913-Thr-AH (5'-CCG ATC TTC GGA
TTA CAA GAC CG-3") (Kitanishi et al., 2016) O 75 A < —
oy b2 LU PCR ISR DM « KISEM 5
CNC PCR FEY D FEEL S REBLY DR IE X TO TR,
HEF (2024) IKft- Tz, &k, Y=V TV AKIGICIE
L14690-Cb-AH 7' T 1 < — & W\ . R3E L Tz cyth fE I
ONTaZAFICE LT, MEGALI (Tamura et al., 2021) IC
FEE N TUV % MUSCLE (Edgar, 2004) 2 VY, HA DNA
T —2%)\>7 (DDB)) BRI N TV SELHE (Hashiguchi
et al., 2006; Tominaga et al., 2019) D7 7 5R7 (accession
no. AB108946, AB108968, AB108972, LC465124, LC465128)
v ZFd (LC465037, LC465054, LC465063, LC465068,
LC465086) DT XA TNz, ZEEN L THIE R
554 MR Bk w157z, F D14, p-distance & #EE Ui Bits &
FIC K DR 2 ER U Tz, BB D, 1,000 []0D
T— ATy TREICKOHEE L. AL THONT
cyth fHI DT T 2 A T OHEERES)IE, DDBJICE R LTz
(accession no. LC944953-944960).

#% DNA I B U T I&, Recombination Activating Gene 1
(RAGI) & 1z ¥ & Early Growth Response 1, 2B, 3 (EGRI,

EGR2B, EGR3) {7 D &Rl 4 DD s 1Ot RER )
ZPE LTz, RAGI {5 10 PCR i Tl, RAGI-F (5-
ATA TTC CAG CCC CTG CAC AC-3") & RAGI-R (5-ACA
TGG GCC AGA GTC TTG TG-3') (Kim et al., 2015) D75 A
<X—+twv &AL EGRI#E{5¥, EGR2B {5+,
EGR3 JE{x 70 PCR #liF Tl&, E1-333F (5-CAG YAA CAG
TCT RTG GGC TGA G-3") & EI-1104R (5-CGC AGG TGG
ATC TTR GTG TG-3'), E2B-278F (5'-AGT TTT CCA TCG
ACT CSC AGT A-3) & E2B-1117R (5'-AGG TGG ATT TTG
GTG TGT CTY TT-3'), E3-161F (5'-AAT ATC ATG GAC YTG
GGN ATG G-3') & E3-1136R (5-GGY TTC TTG TCC TTC
TGT TTS AG -3") (Chen et al., 2008) DTS5 A< —+t v b %
ZNEFNHWI. B DNA @ PCR (F, TaKaRa LA Taq (&
HINNAFHRE) ZHVT, 8507 a ks a)uicht
WYY IVHT 0 ORIGKEDKER 20 ul & LTiTo 7z,
JOSSEAFE, 95°C 10 77 [E D, 95°C 1 73 DEZEE, 60°C (1
YAl -1°0) T1 o7 =—Y 7, 712°CT
1 P OMEREZ 10 34 7 )UITW, KT 95°C T 175y
MOBZENE, 50°C T 1 MO 7 ==V 25, 72°CT 145
MOMERIGZ 25 A 7 VTV, &£ 72°C T 10 77D
BREME L Uiz, ZD% D PCR EEY)OREEL 5 HEELE Y
DOPGE L TIE, HEF (2024) IV To 7. 753, RAGI
BT LTI, RAGIR /'S4 —FEHHWY—I TV
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Fig. 2. A neighbor-joining tree created using the p-distances among mitochondrial DNA cytochrome b haplotypes (554 base pairs).
The haplotypes detected in this study are indicated in red. GenBank accession numbers for the haplotypes are indicated within pa-

rentheses. Bootstrap values > 50% are shown for each node.

ARSZIT> T2, ZTOMD 3 DOBILTFDI—7 TV AR
J& T, PCRIGFEFRIBED 2 DD TS A4 —2ZNEFNH
W, RS LIS S NIl OMEHEBLY 2 K5 G & & TRMT
T—2 & Ulz. ARBZE TS 5 N7z k% DNA O E RS,
DDBIJ I &8¢ L7z (RAGI &5+ : accession no. LC944961—
944968, EGRI JH{51-:LC944969-944976, EGR2B JH{51-:
LC944977-944984, EGR3 JE{z 1~ : LC944985-944992).

BREER

ik I N a >y R Y 7 DNA O cyth fHIKIC DWW T
13, S54HEELG &P Lz, Hybrid 2 0T & A
&, AW THWEY Y ZFd 2 k05 B0 1 itk (T
lan_01) &, Hybrid 03 7x 5 UM Hybrid 04 ON7' 11 X A
TE, AL TRV T 7R T 2 ik 5 B0 1k (T
lim 01) —H LT\, o7 7S RFev ) 2 F

TDONTT XA TEEZDIER L IR TlE, 2 FOMEK]
DY 5 ARZ—RIEH L, Hybrid 01, Hybrid 03, Hybrid 04
D3EEKIZT T5RTDINT AR A, Hybrid 02 13V
ZFIDONTORALTDI S AZ—IcEENTz (Fig. 2).
}; DNA @ RAG1 #1517 Tl 268 5%, EGRI EIE T
T 371 HEER, EGR2BE{nF Tld 678 M3 X}, EGR3
IR T T 618 WA ZIRE L, ZNZEN 1 AFT, 2 H,
3AFR, 9 AATOERY A FARIHE Nz (Table 1). Th
LDOERY A FDS5 B, 34/ (EGRI EIZTD 107 F,
EGR3 57D 300 % & 573 %) ZlRWiz 12 AT, 7
TIRT XV ZFATHRENRGZ>TED, HEDEED
NAMEEDZ < THFEHRONT ORZ/R U7z, RAGI &
a1 & EGRI Ein HIcBWT, il CHEE NG > T
DX, TNEN1IAFOATHD, MNDEZRTH %]
HEMEEZ X BNz, T T, DDBIICEERENTNWET T

Table 1. Variable nucleotide positions of partial RAGI (268 base pairs), EGRI (371 base pairs), EGR2B (678 base pairs), and EGR3 (618
base pairs) detected in putative hybrids and their parental species.

Variable position

RAGI EGRI EGR2B EGR3

Species 78 107 347*  30%  54*  144*  120* 177* 195* 300 314* 432* 459* 522% 573
T lim_01 C C T G G A T T C T C A T c cC

T lim_02 C C T G G A T T C T C A T c cC

Hybrid 01 M c Y S S R Y Y Y T S R Y S Y

Hybrid 02 M c Y S S R Y Y Y Y S R Y S cC

Hybrid 03 A c Y cC ¢ G c cC T T G G C G ¢C

Hybrid 04 M c Y S S R Y Y Y T S R Y s C

T lan_01 A c cC c C G c C T T G G C G C

T lan 02 A M C cC C G cC C T Y G G C G C

T. lim (Tanakia limbata), T. lan (Tanakia lanceolata); R (A/G), M (A/C), W(A/T), S(C/G), Y(C/T), K(G/T); * indicates differences

between putative hybrids and parental species.
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RAGI EGRI EGR2B EGR3

78 347 54 120
v v v C T G ! G G A G
T. limbata /\\ A [\ /
(T lim 01) AN N \ / | |
Hybrid 01 v v
i
WV
Hybrid 03 H/n n w /\
|
f

TACAAGASG GCCCAGTC cccCcCAG CC C TG CGGAG

T lanceolata /\ “ (\ \{\ / (\ \f
(T lan_01) A /\/\ /\

Fig. 3. Electropherograms of partial sequences of recombination activating gene 1 (RAG1) and early growth response 1, 2B, and 3
(EGR1, EGR2B, and EGR3) genes from Tanakia limbata (T. lim_01), Hybrid 01, Hybrid 03, and 7. lanceolata (T. lan_01). Black
arrowheads indicate variable nucleotide positions (base pairs) (see Table 2). Red arrowheads indicate heterozygous genotypes de-
rived from T limbata and T. lanceolata.

FIRT LV ZF TOEBIADERES L AWIZETHEDS  WEEINz. Lieh-> T, ThHOZRY A FIFENDE
NEEYZE Y, ZEEHUTERY A M RERLEEC BITHERERIIEVEEZ NS, TNHDOEEY A |
A, TNTNOBRIBFICBOWTHMTERENRZZ LN ICEHT S L, Hybrid 01 (3 4 DOBIEFD 12 g N

Table 2. Genotypes of mitochondrial and nuclear DNA for putative hybrids.

Mitochondrial DNA Nuclear DNA
cyth RAGI EGRI EGR2B EGR3
Hybrid 01 T lim T lim/T. lan T lim/T. lan T lim/T lan T lim/T. lan
Hybrid 02 T lan T lim/T. lan T lim/T. lan T lim/T lan T lim/T. lan
Hybrid 03 T lim T lan T lim/T. lan T lan T lan
Hybrid 04 T lim T lim/T. lan T lim/T. lan T lim/T. lan T lim/T lan

T lim and T lan derived from Tanakia limbata and Tanakia lanceolata, respectively; T. lim/T. lan indicates heterozygote derived
from Tanakia limbata and Tanakia lanceolata.
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TTC, 77I9R7EVY Z2FTICHKT A2ATORERL
Tz. Bz1E, RAGI EI5TD 78 HD M (A/C), EGRI (%
FD 347 FD Y (C/T), EGR2BE{n 1D 54 FD S (C/G),
EGR3 EIZTFD 120 FED Y (C/T) TH % (Fig. 3). FkED
FEELE, Hybrid 02 & Hybrid 04 W5 & B 65N, —/5T,
Hybrid_03 (& EGR1 15 - Cld7 7 IR 7 &v VY ZF i
HRT 2N\7 0z R U, o 3 DOBEFTIETY
kT HEREA LTV fHlZE, RAGL E(x
T D78 FD A, EGR2BH LT D 54 %D C, EGR3 #E/n
TFD120%DCTH5 (Fig. 3).

Hybrid_01-04 DX F > RV 7 L#40D DNA fEHT OISR
7% Table 2 [ /RUTz. S ROV RUZ DNAICDWTIE, 4
fEAD S B3 AN T 7T RTFONTa 2L TEHLTY
7z. BEOD DNAIZDWTIE, 4EIAD S B 3 HAN 4 DD
BIETINRTT, 7I7IR7LVY 2FdERONT O
ZRLTc. F, 65 0VIRRUZHICKSHKTE, 9T
DBIET I 1/16 DRERTATOICEZ T LIIHETE
O, NS 3K F, OFEEESEVWEEZ BNS.
O D 1R, 4 DOBIEFDSH3DT, YUEFI
HRXRDOERZRLI-T &5, F, LRED 2 WVIXE LA
WK X2KTHZ T EWRMBENT. F, Ot H % 3
fEATIE, 2MEEDT T I RTONTaR ATk, KoD
LAGDY Y ZFdoNTazxA T2B L TED, BED
BIxB T EhRENT. ABNICBASNIETY 7 IR T &
ROV Y 2 ANEET 556, 2 HOLMIEBAMT
HBT7TIRTEREE T2 —ANZ N ENREEN
TW5% (Uemura et al., 2018; Hata et al., 2019). % J J%HiZ,
P10 ORGLBIEME LT NGNS L, i S A&
NZTr—AWRZHEEINTVS (FEEH, 2023). K
WD T 7 RTh SR E Nz cyth fHIBO NT T X A
T, EBO=ZBEIIROE DL 99% DL EOE W HE M E R
L2t DD, FKRTENMEDT 75 RT OB A LR
ENTWS (aF, 2019; Ito et al., 2026). F iz, ARHIZET
F, EHEEEINTERICBNTE, 779 RT72REET
B —ANBRENT, BTV Dinnisd, R
WMOMBHEZMNEDIDZMGET ST X TEEh o7z, 20D
728, [FKRTOXDZ L OffkZ G L Ul il ah g
ThHs.

&

AHFFED DNA T B 72D, IR RZARIEANIF R
YR=T LR HIC IR E R U, IR
R AR OmHEZ RIE, BEAASRAND /1720
JZE X L7z, Ichthy fifiZR B ORI KE 5 Tl &

NHE, ARICH LU THRESZNZREX L.
ICRCLTIEAH L BIPE g,

r
ry
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