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Karyotypes of Acheilognathus rhombeus from the Imjin River, the Han River, the Geum River, the
Mongyong River, the Dongjin River, the Tamjin River and the Nakdong River in South Korea were
comparatively examined, using C-, CMA;-, Ag- and B-banding techniques, in order to enrich the
knowledge of karyotype evolution in Acheilognathine fishes. Chromosome slides were prepared
from the kidney and the fin cells of fishes or the embryo (around the gastrula stage) cells. Diploid
and androgenic haploid karyotypes were analysed.

Interindividual chromosomal variations, namely 44 (14M+14SM+16ST), 45 (13M+ 14SM+
18ST), 46 (12M+14SM+20ST) and 47 (11M+14SM+22ST) in diploid numbers, were observed.
Because all karyotypes had the same FN (fundamental arm number), 74, the chromosomal
variations are explicable as a result of Robertsonian translocation through the chromosomal
differentiation. It was presumed that between two M pairs and four ST pairs were concerned with
these chromosomal changes, and that the gametes with 22 chromosomes were formed from the fish
with 2n=44, those with 22 and 23 chromosomes from the fish with 2#=45, those with 22, 23 and 24
chromosomes from the fish with 2#=46 and those with 23 and 24 chromosomes from the fish with
2n=47.

It is not clear whether these translocations would be due to the centric fusion or the centric
fission. Judging from the facts that there was no acrocentric chromosome in all karyotypes, some
M had large C-bands at the centromeric region and the characteristic B-bands at the centromeric
region were observed, the inactivation or the activation of the centromere could have been caused
in these changes. Future analyses of base compositions in the centromeric region and so on would

make this speculation clear.

X—VU—F: 2FTHERBAE. b4 T, Acheilognathus rhombeus, ¥FEMEL, wN— kv >l
JFE. FERHVRBEGEE, C-NV R

&+ THREIEIZE Y ¥ 7 2RI HI608E, FifE 2 E R T 2 (Froese and Pauly, 2008)
WIS THEICENT 2 L WO RRTENEZR L, 20—E2 Kb TRI3, LHOILHIRE
B LR R G EINARED L X THAOMRESTFRES 1 s 05, & F THEWN O RREEEEIRIE
BT TV, Z2FTHAZ WL DDRBIZHT 2D 2ITITHEHmIER S LTV 2%, FAUTIRD H 2
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", Arai and Akai (1988) 2’12 X 2 Acheilognathus, Rhodeus¥ % OF Tanakia® 3 |5 EIZHES T\ 5,
3 b3 ¥ R 7DNASREERCS O FERIE: D < RARBENT 2> & Acheilognathus D BRI IZLFF S L5
b3, Rhodeus & Tanakia ® B4 13 BBRE C I 70 W (Okazaki et al,, 2001°%; Kawamura et al., 2014%),

X FTHE OB O X L VFYEICE ZEIZoWTIE, HARE (Ojima, Hayashi and Ueno,
19725 NE - FEF - b 1973%). HFEEE (Yu et al, 19877 ; Arai, Suzuki and Akai, 1988° ;
Arai, Akai and Suzuki, 1992°") ¥ X 0%#%[Ep (Lee, So and Kim, 1982'” ; Lee et al., 1983'" ; Lee,
1983 ; Ueno and Ojima, 1984'7) D#fit 3% 2, Jetathiz2n=422> 548 (AcheilognathusT 1342
B 5\ 1344, RhodeusT 1346 % 1348, Tanakia TI348) TH o 12, ek Ny F 4 v 7izoWn
Tid. HAPE 6 FE HifEDAg-/N > K (Takai and Ojima, 1986' ; Inafuku et al., 2000 ; Kikuma et
al., 2000'). A. macropterus (Hong and Zhou, 1985a'”) 3 % U°R. ocellatus (Kikuma et al., 2000'”)
ODNAK#L N> K (R ocellatusd®B-N > F (Ueda and Naoi, 1999'), 7% L0213 H 2, 512,
5S tDNA% 7’1 — 7" & L 7:FISH (in situ hybridization) “MfT25R. ocellatus¥ % UFA. tabira (Inafuku
et al., 2000" ; Kikuma et al., 2000'”) T, 18S rDNA% 7 u — 7 & L 7FISH% #T #3R. ocellatus
kurumeus3 X O°T. limbata (Sola et al., 2003'") TS ntz, F7-. FEES L CHERE 6 &,/ HfE
DC-NY RBLUFAgNY ROHH 6, unN— kY vEIERE, Wi, HIEEE0Mb 2 4 T8
oG pE L OREMEIZ DO W TEE S L7z (Ueda, Naoi and Arai, 2001)*”

Takai and Ojima (1986)'”1ZNORs (fetafk ED{TEREND) ZFAHEOEMLRL RFELZH L
2 L CEEL<—H—TH2L LT, LH (2013) 13N IINORsO LB % B, & F THE
WWBWTIHENS X R OSBRI TH 25 & LT, NORsOE b 2 ZEHND L K AlTD
WTHRE %2175 720 £ 72, NORsEROREAEDOER L EFR T 225, BATH b %EIE LIz 134
R BEREES RS CHET 2 L s, FEA EOBRNEEREEITNIET 2C- Ny Fidi
B2 5 L THMOTEETH ), HrRFEHEIIBVWTZ oFmeRtL Tws (k[
1993)%,

KTk, REFREMBIEIC X 2RO —RCEE T2 LRETE LI A L TITOVT,
C-Ny FaRfulzAg (B). CMA, (ZoE=A v v A) BXUBNY FYEEEEH L B4
WxEfTw, EEED A v 7ENORELOZIZ oW THET 21T 5 72,

MBS KU AEE

B E o [ E#E L (Imjin River), L (Han River), ##7L (Geum River), ¥ tH{L (Mongyong
River), BT (Dongjin River), BLHEL (Tamjin River) ¥ & UF¥HIT (Nakdong River) @ 7 i
JI 2 BEEE S Tz 5 2 v T Acheilognathus rhombeus (2 A R, &2 > THERMAEE) % W TR EAE
AREAEE L 72 (Fig. Do

B DB I, $EMIES X CATHEIBIC & > TE b RGN 2 iV T, Ueda (1986)*
¥ & UUeda et al. (19917, 1997%) O FiEE %D YWR L CERERGORERZER L 7, =
HAEARITINZ T SN DEIMRIRIS 1T X 2 HEMEF AR D 5B BURIER OIFR B T o 72, FARITIE
DX LFRE LT o T2, RO 4 I3 Levan, Fredga and Sandberg (1964) D5 1EIZHE 5 720

F 7o, etk YuE A LTz, Sumner (1972) OBSGHEE LA WE LT HiEIZ X - CTC-oN Y
FR@ZHL7, GC (7 =Y -y hyy) ICEOROEIMAZRHES 553 & LT, Phillips
and Hartley (1988)* d /53124 - TCMA,IT & 2 # Y% 4T\, Howell and Black (1980)*” o



FiEfto TAg B 2175720 S 512, B-NY FYf (Ueda and Naoi, 1999)% 34 72,

Fig. 1. Localities in South Korea. The Imjin River (A), the Han River (B), the Geum River (C), the Mongyong
River (D), the Dongjin River (E), the Tamjin River (F) and the Nakdong River (G).

LEES

FEREEI) N B 2 G O KGR % Table 1IZT/R L 72,

BT PE T3, MEMEE D 1T2n=44: 14M (X X &> b+ ) v ZJ@lK) +14SM (7 X X x> b
Dy 7 REMR)+16ST (P 77aty Y v 7 Q@) Thol, ZOMORENM)ITIE, Bhd
TLPE & [F C2n=44 DfEEOMIZ, 2n=45 (13M+14SM+18ST) OfEKHFEIL, BEIL, L. &
EEIL 3 & BRI E Ty 2n=46 (12M+14SM+20ST) O1{EE 23T 35 & CEETLEE T, 2n=47
(11M +14SM +22ST) DEER LSETLE CHEFR S 7172 (Table 1; Figs. 236 & U83), 2n=44~47DFN
{E (fundamental arm number) [FWIFNDTA4TH o7, /2o WITROERIZH 7 7ux >y ) v
7 QERDEFIEFRO b NL > T2,

SR D2n=44 (#ff) L2n=45 (If) OKEH 545 & niAfE () 132n=4422n=45T & - 7z (Table
Do FEHENL, $8VL3 X CTEEEILEE O 2n=45kE ONEF 0> & O IEWF LR IZn=22Hn=23TdH > 7z (Table
Do WHILE CTOMEMFAEIRCTlEn=22 L n=23 DEFE D L TWL D (Table 1), ZOH &%
LD YEEBUITER TS Lo T2o FIRTLEIC S W CHEMFAERI0EER 1L £ Tn=22TdH - -
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B, ZOBOBENIER TE L o1,

2n=46 (fff) Ik 02n=47 () » LT H 5 VIR TE L2 > T2,

Fig. 4122n=45DC-N¥ F &R LT, & TOBFEFRIICERIAD b7z, 4 EoMB XL T
SMOBJFEHEE DN Y RITKE SBRIZ - THE S Nz, 1 FSTOR O FHEBIZIEG RO bl
2. 2 OEPALIZCMAZEIZ L > THHZ WA Y R s iz (Fig. 4), CMAG TIE 5 &HST
DREEBIZ D N Y RO LTz, Z O IZAgREG THIEGR S 1Tz (Fig. 4), Ag- N> Rl
Takai and Ojima (1986)™1z—% L. Z OIBALIZNORs E# 2 5Tz,

B-NY FYEIT & o TRHTIE D TR L e B NBIE S N D 2 L 03D 2 05, FEROMD 5 Wi
SMIT I BIFE AT 054 < 5 < AR TR 2 50538 & 7z (Fig. 5), HRlEE & OBE 2 RIR S 7z,

Table 1. Diploid or haploid chromosomal numbers of the flat bitterling A. rhombeus in each

locality in South Korea.

Locality Tissue Sex No. of chromosome No. of individual
Imjin River Kidney Female 2n=44 1
Kidney Male 2n=45 1
Fin Female 2n=46 1
Embryo (Androgenesis)* ? n=22 12
Embryo (Androgenesis)* ? n=23 22
Han River Kidney Female 2n=45 1
Kidney Female 2n=47 1
Geum River Kidney Female 2n=44 2
Kidney Male 2n=45 3
Embryo ? 2n=44 3
Embryo ? 2n=45 3
Embryo (Androgenesis)* ? n=22 8
Embryo (Androgenesis)* ? n=23 7
Mongyong River Kidney Male 2n=45 1
Kidney Male 2n=46 1
Embryo (Androgenesis)* ? n=22 10
Embryo (Androgenesis)* ? n=23 7
Dongjin River Fin Male 2n=45 1
Embryo (Androgenesis)* ? n=22 10
Tamjin Kidney Female 2n=44 1
Kidney Male 2n=44 1
Kidney ? 2n=44 1
Embryo (Androgenesis)* ? n=22 15
Nakdong River Kidney Female 2n=44 1
Kidney ? 2n=44 3
Embryo (Androgenesis)* ? n=22 11
Embryo (Androgenesis)* ? n=23

* Embryos were obtained from artificial androgenesis with UV-irradiated eggs of the rose
bitterling Rhodeus ocellatus ocellatus.
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Fig. 2. Two conventional Giemsa stained karyotypes of Acheilognathus rhombeus.
a:2n=44 (14M+14SM+16ST). b : 2n=45 (13M+14SM+18ST).
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Fig. 3. Two metaphase figures of A. vhombeus. a : 2n=46 (12M+ 14SM +20ST).
b : 2n=47 (11M+14SM+22ST).
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Fig. 4. A C-banding karyotype of A. rhombeus. 2n=45 (13M+14SM+18ST). CMA;-banded
1st ST and 5th ST, and Ag-banded 5th ST are shown in two squares. Robertsonian
translocation between one M and two ST with the intense C-band on the whole of the
short arm are speculated.

Fig. 5. A B-banded haploid (#=22) metaphase figure from androgenic embryo of A. rhombeus.
Arrows indicate some centromeric regions of M/SM with characteristic long shape.

ER

B3 e 7 &S 2 AcheilognathusT %, ME—A. gracilisdo2n=42 (Hong and Zhou, 1985b)*” % &
W 2n=44D 47317 T - 72, Hong and Zhou (1985b)°V 1% Z D 2n=442> & 2n=42D %AV, % 0
SN— Y UBIERE L UTERBA LTz, AR TIE. & A b FA. rhombeus|Z 3\ T2n=44, 45, 463
X CATOGE LR BRD b Tz WTNDENEDT4TH D, v N— b Y VY HIEE DG U 75
afZEEEZ LN D,

2n=44 L 2n=45 DG BRIz oW T, HEEITIIERNEEREEIASCEE T LE2
ENZDOTC-NAY REFLIIME L, 4FMEFEBSAENC-N Y FIBEOSTHES T 20/
Y VRIEEEIZ L b D EHEE S Tz (Fig. 4) v N— Y YEIREORLE D UM H O T FETH %
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W, 2m=45, 463 L U47H:ME D & F THE D 2n=48 2> 5 Acheilognathus D44~ 238 FOFER %
O, —H2n=440h 2t ZITEL L 1R OGEFIMNIC L 22T L ONIAET 22 L3 TE L

Vo FEMEREIETH - 1A, 2008 FEEA CMS T EE TR/ 2RKDSTO—
HOBFEEIBOREEZHIDELDH L EEZLND, TIT, FUYRYI—0bEt bAOREHEFE
fLESFIILTHIIV, FyNRYY—D12%F L I3FREMEIIHFETHEAL Te b0 2 FREMRIC
2 L7z & S35 (Yunis and Prakash, 1982°" ; Wienberg et al., 1994*”), # OBz 13FJ AL D
BEROREEAE E o T2 & v Do 13FGLERO B FAR O RIEMAIT & D Z B FARG AR D5 Bk
SN, ELEFRICLI:EFEZ b D, ARIFFE CIIHREE A D B 2B AR O R 1

ROLNT, A4 T OEHESBFEHRIBONRNTEMAL L M D R Z O TREM I EFE 2 b s, 45
DL EOM/SMIZEL S Tz K& 0C-o8 Y RIEY:, BNy RCELL MBI FEAEE O < MR L 7B
%&@i OHREIIFT 200 b LK, 2IFZ2 2L, BIEERSHIINTNbS 2 &
T, WICEEEMITEEL S D ETHIE, A e T OBAE. BeEERTINTIC X BA%EIZ Lo ATEEM:
éﬁm?%éopﬂB%%%: BB R AR O AR OMEI DR R TH 5o

BLEILRE Cld. BERE L ©122n=44TH D HEEFBAEFEFEIZ T R Tn=22TH o722 L » 5, M
EHIIn=220MBF 2 L, 2n=44DHDEFTH 2 LtEz2 LN 5,

SRYLRE TIE, MEMET2n=44 L 2n=45L 12 D2, NN 5 1344 LAS AR A UL HEMEFA
JRD T 5 & T 1En=22n=23 DR F ZTER $ 5 Z L DHEE S D,

D28 L BIR L. n=220 80 Z TR T 2 2n=44Dlff & n=222n=23DETF T DD 5
TLEFTHLINITRZ S, BRETE L EBEITEORKRE D ZomEEEZEMITITVwE X I Icd &
223, Ld L., JEILEC2=450 D RER S Tz 2 L. F7:Ueno and Ojima (1984)' 13 $8ITEE 12
n=440Jf 1 EAFEZHE L THB D, S LITRIFERIC BV CTHEREIL CT2n=46if. L T2n=4THE51F
FELT:ZEbH Y, MHEEKROTFED RN ZWTE S 2 13O EER 2 3 4 S Tat o
HETH D,

RIFFECHER S NTzunN— Y VEIBREIZ L 2 0 4 b 7 ORERLEIDHERF S LA TH D
A3, =¥ < A (rainbow trout) M2n=60,61.62.633 & (f64D 1 /)N— vV v HEREE | X 5% (Ueda
and Ojima, 1986)™ L AT LW LEEZ T WS, Thbb, 2HOME 4 DSTHZ DRI
5 L. 2n=44E K 13n=220D, 2n=45M1K 13n=22H % 323D, 2n=46{F{K1In=22. 23H %\ iZ
240, 2n=4713n=23% 2 VI24DFUEFZTER T 2D D EFZ LD, 2n=48D H F b T ITK T2
BENTWLWD, BLLFEL, n=240 BT 2HEHRIT 2D TH 2 5,

i

FEE O BREL, VL, $RVL, UYL, BOERTL. BLENLE X W EILE O & A4 & 7 Acheilognathus
rhombeus DIZHL AT DT o LTz, A D EEMIL, EMls X CATRBICL s TEL NI
W, SRR O F G v, ZXREEREFREREER L, BEOX A FREE
Tolze 1oy C-NY FREZHFULIICMAAGTE & CAgRE, S 5ITB- Ny REEEHL T,
2n=44 (14M+14SM+16ST).45 (13M+14SM+18ST).46 (12M+14SM+20ST) s & 0847 (11M
+14SM+22ST) D% BB S Wiz, FNEIZWTHHT74TH D, unN— Y VEERRIZ L 2%
WMLEZLNT, WTHOREIZS 7 70y ) v 7 REBEROGFERRDO LN LI 5T, 2D
M& 4R DOSTH Z OIRFEICEIS L, 2n=44EK13n=220, 2n=45[E{K1Zn=225 2\ 323D, 21n=46
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fEEEn=22, 235 2\ F240D, 2n=471Zn=23H 2 NMF24DFUBF 2T L L 235 LRI psiEiF s 1
TW3HDLHEES NIz,

g
AR O TR OREITIE, FEHRER EE) OHFBAERRIc—F % b3 BHEHhwT:
7PE % LT, AW O—ERIZ R A B B4 (B(2)10041156, B(1)12575009) 12 & D fFwvwE L7z,
ZZIWIELEILH L B E T,
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