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in Rhodeus ocellatus ocellatus (Pisces, Acheilognathinae)
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Karyotypes of Rhodeus ocellatus ocellatus from China, Korea and Japan were comparatively examined,
using Ag- and CMA;-banding techniques in order to enrich the karyological knowledge of Acheilognathine
fishes. Chromosome slides were prepared from the kidney cells of fishes or the embryo (around the gastrula
stage) cells. All specimens showed 2n=48, consisting 8 metacentrics (M), 20 submetacentrics (SM) and 20
subtelocentrics (ST). All specimens had the 10" ST pair with Ag-banded nucleolar organizer regions (Ag-
NORs) at the terminal regions of short arms. The variation in size of this Ag-NORs was found and some of the
specimens had heteromorphic Ag-NORs on this pair. Ag-NORs at the terminal region of long arms were found
in some specimens from China and Japan. And, the regions of Ag-NORs were corresponded to CMA;-positive
signals. R. o ocellatus probably has intra-subspecies polymorphisms of NORs, because intense CMAs-bands
are generally corresponded to major rDNA regions in fishes. Similar intra-species polymorphisms have been
reported in a few Acheilognathine fishes, and it is supposed that NORs are unstable in Acheilognathine fishes
and that inter- and intra-species polymorphisms are common. NORs in fishes still have some obscure points.

More analyses using fishes from different localities and cells from different developmental stages are required.
F——F: yFIHFEE ¥4 ZNF 5T, Ag-NORs, CMAs-/N> F, NORs% %!

 F IHAAEIIR T V7 B, HEIC 60 - BiREAEE T2 (Froese and Pauly, 2008) ", H
R, REFEPS NOF2 L TCBALE 7l CHIET 5 4 4 ¥ F I Acheilognathus macropterus
AEod e, 164 HENAELTLEENE, TORTROILSGHTLE2DEI AV 7 NF 55T
Rhodeus ocellatus ocellatus T 575, T OHifEIX 19404 T A2V 7 F 3 Ctenopharyngodon idellus %27
2 L ¥~ Hypophthalmichthys molitrix (2% U > THRIZHE» S5 BRIZB AL 24 RFETH S
(Nakamura, 1955)

AN 2 NG FTOEEF AP L HE8E, PEE (Hong et al, 1983)Y, HEEEE (Lee,
1983) ¥ B X HAFE (Ojima et al,, 1972) ¥ OWED D S 5 4 1) 735 % 5 TD Ag-NORs (FRY:fn
BT &0 g SN D Gtttk EOB/METEBEL) 14 Takai and Ojima (1986)% 12X Y #ESINTED,
D MAEDI3HT % AT, NORs (Betafk F OB/ MR (ZMBE DM ML R L 25 L 5
FCEELR~Y—H—THbE L7s F72, Takaiand Ojima (1986) © TIZ10% (FH/NE ) ST (7
Tty Uy r)-A (Traty M)y ) FEEOEOEIC Ag-NORs Z#IF L7z, —7i,
Ojima et al. (1972)% (338 H O F L P YMIZ L B 5HOARTIEH 575, 3% ST-A Ffk D Ehi O
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Fig. 1. Karyotype of Rhodeus ocellatus ocellatus from Shanghai. 2n=48 (8M + 20SM + 20ST). Routine Giemsa
stain (upper row) and Ag-stain (lower row). Arrows indicate Ag-NORs found at the terminal regions of the
short arms on the 10™ ST pair. Heteromorphic Ag-NORs on the 10" ST pair from another specimen are
shown in the square.
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HRERZ B L T b —IEIYICATBEMAETICIZ NORs EEES 5 & &, £ THIUTMHIZEL -
7oA NORs AR 5 2 L1l b0

WL ODPDY FIHEEHIB T, H - HAEHNO Ag-NORs DZHAHLE SN TWAH T, ¥ T
FHZ BT % NORs O - HAENO LTI OFERE, ST % A ORI ERIENLE NS, £
2T, WERE, HEEBIOCHREDY A) 73T 5 FTI2OWT, Ag () BL U CMA; (70 E
AT YA Btk a EA L OB R AT o 72,

MBS KUHAE

5 (Shanghai, China), #4445 (Hubei Prefecture, China), #1& (Gyeonggi Prefecture, Korea) 3 X
UWiARE (Tochigi Prefecture, Japan) 7 SFRE L 72 ¥ A 1) 7 /35 ¥ F T Rhodeus ocellatus ocellatus % 7%
FZEIC V720

LR OB AL B & OIS A I C, Ueda et al. (1991'Y,1997'2) D J5kic & ) Jetafh 224
WA AP L 720 BEARIILBE OF A Yt 2475720 F72, Ag§eftld Howell and Black (1980)'%
DFENNEST20 G-C(FT =y =3 Mo 2) ICEOROAIA 2 5453 4 72%, Phillips and Hartley
(1988)' D Ji 125t > T, CMA; |2 & 2 #4175 720 4tk @ 4313 Levan, Fredga and
Sandberg (1964) 'S D P20t - 72,

R
ETOMEKIL 20=48 T, KO M (XAF Ly ) v 27) 206D SM (F7 A%t ) v o) BX
20K D ST YBARORER TdH > 72 (Fig. 1)o _fEARL721) D Ag-NORs % b - 72 4x iRk 8, Lilgg
T2 ~3AK, MALEETL ~ 44, FEBERET2 ~ 348, HKREETI ~TRKTHY, £— Nid L,



Table 1. Chromosomal numbers and number of chromosomes bearing Ag-NORs per diploid genome
in Rhodeus ocellatus ocellatus

Specimen Locality Tissue Chromosomal Number of Ag-NORs:

no. number (2n) 1 2 3 4 5 6 17
1 Shanghai  Kidney 48 016 0 0 0 0 O
2 Shanghai  Kidney 48 012 0 0 0 0 O
3 Shanghai Kidney 48 0O 8 0 0 O O O
4 Shanghai Embryo 48 0 6 0 0 O 0 O
5 Shanghai  Embryo 48 o 7 0 O O 0 O
6 Shanghai  Embryo 48 016 0 0 0 0 O
7 Shanghai  Embryo 48 o 4 0 0 0 0 O
8 Shanghai Embryo 48 o 2 0 0 0 0 O
9 Shanghai  Embryo 48 o 2 0 O O 0 O
10 Shanghai  Embryo 48 0o 3 0 0 O 0 O
11 Shanghai  Embryo 48 014 0 0 0 0 O
12 Shanghai  Embryo 48 o 7 0 0O O 0 O
13 Shanghai Embryo 48 012 1 0 0 0 O
14 Shanghai  Embryo 48 o 8 0 0O O 0 O
15 Shanghai  Embryo 48 o011 0 0 O 0 O
16 Shanghai  Embryo 48 017 0 0 0 0 O
17 Hubei Embryo 48 015 0 0 0 0 O
18 Hubei Embryo 48 116 2 1 0 0 0
19 Hubei Embryo 48 0o 2 0 1 0 0 O
20 Hubei Embryo 48 024 1 0 0 0 O
21 Gyeonggi  Kidney 48 o 5 0 0 0O 0 O
22 Gyeonggi  Embryo 48 0o 3 0 0 0 0 O
23 Gyeonggi Embryo 48 0 3 0 0 O 0 O
24 Gyeonggi  Embryo 48 o 2 1 0 0 0 O
25 Gyeonggi  Embryo 48 012 0 0 0 0 O
26 Gyeonggi  Embryo 48 o 5 2 0 0 0 O
27 Tochigi Embryo 48 0 522 1 0 0 0
28 Tochigi Embryo 48 2 2 14 0 0 0 O
29 Tochigi Embryo 48 0o 0 1 1 3 2 5
30 Tochigi Embryo 48 o 1 2 11 0 0 0
31 Tochigi Embryo 48 117 16 0 0 0 O
32 Tochigi Embryo 48 0O 0 3 18 0 0 O
33 Tochigi Embryo 48 o 1 2 112 1 0

WMILAEDS L ORSREE T2 A TH o 7275, HiRIEETIZE— PR TH 572 (Table 1) 2T
OEEIZB T, 10%F (b /hS W) ST LR EROuEESIC Ag-NORs 25EEE S 17z (Fig. 1)o 20
Ag-NORs DR E LA H ), At ofifkd o b/ (Fig 1)

WMACE B L O AR 2 O BUER I EJ O Uil Ag-NORs 3f80 S L7z, F 72, WldbEE T,
TAER4720, Ag-NORs % b D4t RI24 /85 — 2 5580 b7z (Fig. 2).

L HEFED 31K (Table 1 @ nos. 14, 15,16), FEEFED 11K (Table 1 @ no. 26), HiALEEED 44k
(Table 1 @ nos. 28, 30, 31, 32) 12DV Tlx CMA; $¢ff b i S 41, Ag-NORs 21X CMA; DL/ N~
RSB SNz (Fig 3)o SUEERED VEATIE, 2% L 10% ST OERIOMERD Ag B L I'CMA;- /N
Y FIEARHTH o7 (Fig. 3)o F72, HIAREEIZBWTD, FEEETOARTD Ag B LU CMA;- /N
RN Ty A
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Fig. 2. Four patterns (a, b, ¢ and d) per diploid genome on the group of chromosomes
with Ag-NORs in R. o. ocellatus from Hubei Prefecture, China. Arrows indicate
Ag-NORs.
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Fig. 3. CMAj-band karyotype of R. 0. ocellatus from Gyeonggi Prefecture, Korea (specimen no. 26 in Table 1).
Arrow heads indicate intense CMA;-bands. The 2™ and 10™ ST pairs with Ag-NORs are shown in the
square. Arrows indicate Ag-NORs. The heteromorphic CMA;- and Ag-bands on the 2™ and 10™ pairs are
conspicuous in this specimen.

ZR

RUZETIEET X TOEERS— 2 DG RRER % 7% L 72 (2n=48: 8M + 20SM + 20ST), Ojima et al.
(1972) ¥ DL (2n=48: 8M + 20SM + 20ST-A) & FFtEFHEKIZ BV TELDOENIEH 5708, Hefufk
SHEOMEIZL S SO THEIIGENE AW D EEZ 5,

Takai and Ojima (1986) @ IZHARESY £ 1) 7 /35 & F TD Ag-NORs % b D¥etafhld 544721 10
Fr Okb/hEVv) STHAMAEO2ARE Lz, RWIFEO RifpiE, #dbE S L O R 12 B\ CE
FEICEE S 72 Ag-NORs & —3d %55, AWFZE Tid Takai and Ojima (1986) © TIZFRO TV 7 W45
® Ag-NORs ZlZ L T\ 5%, Ag JiIlE, [CRBEEMIFIEL T TR (BE) LTwin
EEICIEEDH SNV E W) RE LMD H S (Miller et al., 1976) 19, 438D Ag-NORs (LA
7 B DIEAR THIZE & 1172, Takai and Ojima (1986) & |ZEF AL D> & DIEAIZ X 5 . 4% D Ag-NORs 13,
Ueda (1997)'7 23w L72 X 912, JEIBIED tDNA OESDNAMB L ) bEATH LI LIZL DD
LNz, ZIZLTH, AEROEMIES S OEATHHICOEH LY, Ll MIbEES &
ORUIEE Tld Ag-NORs & b DR MAEE O 51Tk E— Fbido & ) LT 5 K, WiREET
ARSI CARIZE > TE-FD 2 ~TERA 5, RIFFETIIIEDIEDL S DIERD LK% 5D D
0, BEOEIZE DT TIERVORNS Lty

WALE IR OmE 7 SFF# 7 Ag-NORs 2MZE S /-, S 512, Ak L7z X 9 12 Ojima et al.
(1972) ¥ \ZHARFES A1) 235 5 F TD 3% ST-A Yt RO @RI A EZBIEL Twb, ZOREE
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fEEIZ NORs 25fFAES 5 &£ 912, Takai and Ojima (1986) © 35 X UANFZ2 T E 3 Ag-NORs DA iE
EERLRLZETR D,

TR CTOMFAGEMRIZBIT S Ag-NORs DK E EDOLRM Y ) THiE 2 G~ O THEIN
TV 5 618200 B B DRSS L DAE R L § 5 DI —H%1Td %, Ueda and Kobayashi (1990) 2"
13 =< A Oncorhynchus mykiss THIFJOARIZ BT % Ag-NORs K& EDLMEF D, XV FIVDE
ARSI PE > TRIRIAEZ BN D T & #R L7ze LA L—, Takai (1984) 2 135 1) 27 3N5 5 F
T R. o. ocellatus \ 2B\ THEIANIZEB T 5 Ag-NORs DR & SDOLRI % B2 T\ b,

LTI, fluorescence in situ hybridization (FISH) 12 & O Zefafk ko> 185-5.85-288 1) KV — 4
RNA DT (XY ¥ — DNA) T2 4FE LT, Ag- BL U CMAs-/N> FEHbeETHRIEICBITS
NORs I[ZH T 2B ERENODOH 5o —fIHIZ Ag-NORs #BiE CMA; Fefa T A Wi b % 38 L
G-C |2 FTro Lebias fasciata Tl%, Ag-NORs ¥ CMA; Jef THI A W E%# 38 L, 18S1DNA % 70—
72 L7z FISHY 7 F Vid CMA;-/3 > FIZ—3 L 72 (Tigano et al., 2004) * Cobitis vardarensis TIZ,
CMA;-/8 Y F & Ag-NORs 3 £ U8 28S tDNA % 70— 7|2 L7z FISH ¥ 7" J )L i—3k L 72 (Rabova et.
al., 2001) 2, FISH ¥ 7 F VEOMHN L] % b 580720 F72, ZA5E4720 @ FISH ¥ 7 F V348
ATHLHHGELBSEL T0LH, TREMEREED—TTDOL 7 FVIVNETETHRETE 2o
72T D TH A ) Do [AKEIZ, Libertini et al. (2008) ' &, # + THALD Rhodeus amarus 1235
WTh, CMA;-/V> K, Ag-NORs BX N 188 rDNA # 71— 7|2 L7z FISHY 7} Vv o—3 L, RN
DFISHY 7 F VO SR ZfRY47-0) OFHAEO FISH ¥ 7 F VB8 L7z, F 72, Solaetal. (2003)
Y%, &) THEO Tanakia limbata \2B\ T, FENOCMA;-/NY F ORI ZfER472 0 2558 o
CMA;- /N> FEEIZEL TWb,

LA L—7H T, Gromicho etal. (2005) 29 1% Squalius alburnoides & S. pyrenaicus \Z35\>T, 28S rDNA
%70 —T7I L7 FISHY 7 F VDL B L O /L7 ) oF 5O FISH ¥ 7 F V&85 1L Tw
%7, CMA;-/NY K& FISH ¥ 7 FIVOAR—3 % BT, NORs OMIZ Ag & 5\ 1E CMA; Fefi |l
LB MISIERE S ITR S EFRIE L T 5%,

NORs DL HNIHME DEIZ L B2 TE RS ZIICE ), Al L2 L) ICHAKES 1) 73T 5 F
TIX 19404 T A BRI HE D S BRI A L7248 TH 5 (Nakamura, 1955)7, Ag-NORs DK &
Z X rDNA &= ExfIn g 4 & &4 (Kligerman and Bloom, 1977) 29, Z O#5 70 4E D[ 12 rDNA A3 L 72
WREEIEE Z H5NBWEAL ) b F72, NORs DIELX KE (EZ DMHMADDH DD TIERNIES D
o HAHVIE, IRFEEMEFETNORs 2R LT < &) BAEHADR D L DH b Lt v,

DO NORS IZOW TR ERE AL EAN L, F ) 2 NFF FTRIRT VTR A LT
WA DT, NORs DD BHREHEREZ 3 U5 ICI3HE DR VAR E 2 5, ket RERIA SH
Bafo, HrOREBRBETOINTEEDL I LPULETHS ),

21
HERE, BEEBIOCHARED 54 735 5 F TORRGH 217> 720 BAOEES L O
WEARR 2> & BRI & ) LR AR L EL L, @FOF AV Ra LGl 72 BEO—HIZONTIE
Ag Bt B LN CMA; HOEE B 21T 572, WL et fhfid 2n=48 T, ZLFRERIE, M Zetaffss
87K, SM YetufkAT 207K, ST YetafhS20 R CTd o720 T SN2 TOMEIZB VT, 107 ST-A
AR D HERE DU EEIZ Ag-NORs A33880 H 7z, T ® Ag-NORs DR E SZIZZHAE SN, T THD
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ks E R, BEE OAREZMOTBIE SN, PEEB L OHAREIZITERORTIC Ag-
NORs % & DP kA IER X7z, F72, Ag-NORs DFEIHIE 4T CMA; Jefh 12X V) VN> F
MO SNz MBETIE—HEAIC CMA;-/N Y Fid A Y ¥ — 1DNA SIS T 5 DT, 4 7
74 F I TIEHFEHN D NORs DL RIS % L& 2 Sk, [AERD NORs DERI L % 2 512 Wik HHh
Dy FTHERNZHBONT WS, ¥ F THEHIBWTIE NORs IALETH Y, FHAB L OHEOL
BN TH S L EZ SN Do AEHD NORs IOV T F 2 F AL AH %\, NORs DD 5
FEREALARE IR0, B4 e A2 B O M B & IV TR 2 O 5 BRR TO SR S5,

HIEY
RWFFEIZH 72RO RRE I, BilKE RS (hE) OB, S A0 IR
e (EEE) O HEE LS8R —F e b T B2 &% F L Ko — 3R #iise Bl 4 (B
(2)10041156, B(1)12575009) 2 & D7V F L7ce S ZICESHFLF L EIFE 4,
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