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A study on the distribution of polyploid loaches in China

YA-JUAN LI! JIE YIN,2 JA-BO WANG,! XU YUAN;,!
JIE WEI! X1A0-WEN SUN! AND KATSUTOSHI ARAI3*

1Dalian Fisheries University, Dalian 116023, China, 2Hubei Fisheries Science Research Institute, Wuhan
430071, China, 3Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041-8611, Japan

Natural triploid and asexually reproducing clonal diploid loaches are found in Japanese populations of the
loach, Misgurnus anguillicaudatus. The distribution of polyploid loaches in Chinese populations has not been stu-
died except for a few cytogenetic studies that described the occurrence of polyploidy. In the present study, we ex-
amined the ploidy status of a total of 762 specimens collected from 29 localities in China by measurements of
erythrocytic cell nucleus after the ploidy determination performed by chromosome counting and DNA content
flow-cytometry in selected individuals. Among diploid, triploid and tetraploid individuals, significant differences
were detected in major and minor diameters of nucleus, and also nuclear volume. A few triploid (3n) loaches were
detected in relatively wide areas including Hohhot, Neimenggu (3.3%), Tianjin (5.3%), Hangzhou, Zhejiang
(3.3%), Chibi, Hubei (3.3%), Honghu, Hubei (6.7%) and Shashi, Hubei (3.3%). However, tetraploid (4n)
loaches were detected only in Chibi (3.3%), Honghu (16.7%), Shashi (3.3%) and Ezhou (5.0%) from Hubei
province. These results indicate that there are several localities in China exhibiting relatively higher frequencies

of polyploid loaches.
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O, FEAPE29OHEAICSWTEHRELZFY a vERIC
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Chibi (2 =30) & #t#l Honghu (2=30) B LUWTH
Shashi (n=30) DOEKIZOWT, FRMEkY 4 X hEzE
5 &, PN, R, KB HARMERY A Xk D
k5D -7z (Fig. 1A-C), £ I T, INBHIZ2WT
BEOAEAREBEL L2 A, P OFKRMEE S > 30
AT YA 50 R L 72DIc L, FEOFIMmER%
oA EFTRESFER T 2, AFORMEE &> 7
TR EAR 100 2R L7z (Fig. 1ID-F), #6-C, &
NHEFF 2 EE (2n=50), =F&k Bn=75) BIV
afgfk (4n=100) LHITEL, TNHOSL,
R0 M@k, =f5A4MHEE&, EEEATEECOVT
DNABE7O—Y A F AP —%fTolblh, ZfEk
DHENDNAEZ 1L L728EE, £2TO=BEKIEYH
1.5, £ TOWBEITH 2 OXEERL 7z (Fig. 1G-1),

PLEOREABEEL LIUODNAE 7O —Y 4 F A
) —IZ X D EEEHIE AT 5 72 BT DWW TR MBS R
ZRELLEIS, ZEFOFRMBBEERT 5.56+
0.13 um, [EERIT 3.09+0.06 um, FEEREIT 223.43+
8.04 umd & 7z » 7z (Table 1), PUfE{ADFHKIMEREEE R
135.89+029 um, FERIL3.49+0.10 um, FEEIT
302.38+13.15 um3 &7 - 7= (Table 1), =f5 At kO
PAfE R DR MERIE 5 Ak (R Bk RAE : 4.59+0.16 um,
M4 : 2.79£0.07 um, [EEF © 150.48 +£7.16 um?)
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Fig. 1 Erythrocytic cells (A-C), chromosomes (D-F) and DNA-content flow-cytometrical histograms (H-J) of diploid (A, D, G),
triploid (B, E, H) and tetraploid (C, F, 1) loach Misgurnus anguillicaudatus. Scales indicate 10 um. A: erythrocytes of diploid
loach from Chibi, B: erythrocytes of triploid loach from Chibi, C: erythrocytes of tetraploid loach from Chibi, D: metaphase
spread of diploid cell with 50 chromosomes, E: metaphase spread of triploid cell with 75 chromosomes, F: metaphase spread of
tetraploid cell with 100 chromosomes, G: flow-cytometrical histogram showing diploid cell population with 2C DNA content, H:
flow-cytometrical histogram showing triploid cell population with 3C DNA content, I: flow-cytometrical histogram showing

tetraploid cell population with 4C DNA content.

CHELTHEBEICKREL (P<0.01), =4 L mEE
DOEC A BBEND - 72 (P<0.05) (Table 1), =%
k& Zi8E, f5E L TURSA L ORTC, MERAFEOLIZ
£21:151:2THH, H/REEHEOT / LEDHK
IR L Tz,

U EofER LY, M, Filk L OKEORMIKE R
L 7o BRI 2 =R, =50, S LRI NI,
F2C, DEOERIZESNT, FMIROBEL»S, B
# T Heilongjiang 44 7 #15,, &% Liaoning 44 5 #1%,
1115 Shandong 45 1 #1455, A7k Hubei % 7 #b53, L
Anhui 4 1 #, 7L&R Jiangsu %8 1 #u/5, Wi{L Zhejiang
A 1M A, PI% 7 Neimenggu HE X 1H#1 5, KE
Tianjin B#75, ¥ Shanghai BEETH& 180 515
JobE 62 AR DBEHEBEHEERT >/ LT, £D

Table 1 Measurements (mean+S.D.) of erythrocytes of
loaches in China

Measurement Diploid (n) Triploid (n) Tetraploid (n)

Major diameter 4.59+0.16 5.56+0.13 5.89+0.29
of nucleus 30) @ 7
um
Minor diameter 2.79+0.07 3.09+0.06 3.49+0.10
of nucleus (30) 4) )
(um)
Nuclear volume 150.48+7.16 223.43+8.04 302.38+13.15
(pm?) (30) (4) (7)

WAL 3 S ORSREHERR LD G50, =fF
R J U RS A HBHEE % Table 2 35 X U Fig. 21C
=L 7, Fig. 2 Tl¥, #WAH AT siteno. TRL, BE
WUIBOFERLHHETRLT,
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Table 2 Frequencies of polyploid loaches in 29 localities in China

Site no. Province/Municipality Locality Nilorggfgsd D?%O)ld Tl?%l(;ld Tet(r%a)lmd

1 Heilongjiang Heihe 30 30(100) 0(0) 0(0)

2 Wudalianchi 26 26(100) 0(0) 0(0)

3 Keshan 29 29(100) 0(0) 0(0)

4 Hulan 15 15(100) 0(0) 0(0)

5 Harbin 30 30(100) 0(0) 0(0)

6 Binxian 19 19(100) 0(0) 0(0)

7 Jiamusi 30 30(100) 0(0) 0(0)

8 Liaoning Shenyang 30 30(100) 0(0) 0(0)

9 Huludao 30 30(100) 0(0) 0(0)
10 Liaoyang 20 20(100) 0(0) 0(0)
11 Dandong 28 28(100) 0(0) 0(0)
12 Zhuanghe 30 30(100) 0(0) 0(0)
13 Hubei Shiyan 25 25(100) 0(0) 0(0)
14 Xiangfan 30 30(100) 0(0) 0(0)
15 Dawu 27 27(100) 0(0) 0(0)
16 Wuhan 30 30(100) 0(0) 0(0)
17 Daye 22 22(100) 0(0) 0(0)
18 Huangshi 27 27(100) 0(0) 0(0)
19 Ezhou 20 19(95.0) 0(0) 1(5.0)
20 Chibi 30 28(93.3) 1(3.3) 1(3.3)
21 Honghu 30 23(76.7) 2(6.7) 5(16.7)
22 Shashi 30 28(93.3) 1(3.3) 1(3.3)
23 Tianjin Tianjin 19 18(94.7) 1(5.3) 0(0)
24 Shandong Qingdao 20 20(100) 0(0) 0(0)
25 Jiangsu Nanjing 25 25(100) 0(0) 0(0)
26 Shanghai Shanghai 20 20(100) 0(0) 0(0)
27 Zhejiang Hangzhou 30 29(96.7) 1(3.3) 0(0)
28 Anhui Ningguo 30 30(100) 0(0) 0(0)
29 Neimenggu Hohhot 30 29(96.7) 1(3.3) 0(0)

Total 762 747 7 8

20Hi 5D > b, #REE Chibi (site no. 20), @35 Hon-
ghu (no. 21), v Shashi (no. 22), K Tianjin (no.
23), #t Hangzhou (no. 27), P37 Hohhot (no.
29) DEHAITHNT, ZEEIBREERD3.3~6.7
KR o7 (Fig. 2), &7z, 4#08 (FrEE, P,
Wi, B LU Ezhou, no. 19) TiIPUfE4AB B SN,
ZOREITEE (no. 21) TlRLEMP 72 (Fig. 2), k£
SCLAARD 22 ## 53 TIIAE AR R 7 - 7z,

% 2

AFFRICI T, FED 29 Hi A 762 @ik% T2 L 7-
L A (Table 2, Fig. 2), HE#EL Heilongjiang 45 7 #t
& (site no. 1~7), &% Liaoning 45 5 #,5 (no. 8~
12), #idt Hubei %4 6 #1 5 (no. 13~18), [L# Shan-
dong %5 1 #/5 (no. 24), JL#f JiangsuZ& 1 #h £ (no.
25), &k Anhuid 145 (no.28), XU L
(no. 26) TEHZfEEOANHEL, #HEL & T

BEABEELIRD SN o7 L, BHtEOHkE
Chibi (no. 20), #t# Honghu (no. 21), ¥ 75 Shashi
(no. 22), WL Zhejian 4 O HLIN Hangzhou (no. 27),
W& B B X OMFRIEE: Hohhot (no. 29), K Tian-
jinm (no.23) TRABOZRZESHEBE L. b
Db, FREE, B, W TIRAHOMEES =R -
FEIRFICHE L, 2 (Ezhou, no. 19) TiZrufs{k K
bNl, AR CHEL -HA TR, & 2T fEEkh
BETHY, FAMCOBO=EE, MEES 5037
DOWGHHEL Tz, F/z, HEfBEOHBERHILED
RILKRICEENTED, ZOFTLER (no. 21) 1%
s g & N, EOCEBASEE (KK 16.7% « —fE
H6.7%) #mRL7z, UL, RBAHENI L5850
WETNCH B L D7k, PBERDOZBE L oA A
METIIR LN, WHL B SISO &k b/
RRIZHHL L 72,
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Fig. 2 Frequencies of diploid, triploid and tetraploid loaches estimated in China. Site numbers 1 to 29 in the map are the localities

for ploidy determination shown in Table 2. Solid circles indicate localities including only diploid individuals. Open circles indi-
cate localities including diploid, triploid and/or tetraploid individuals and frequencies of diploid and polyploid individuals are
shown by pie-graphs. Triangles indicate localities where the occurrence of only tetraploid individuals were described in previ-
ous papers.!1-1) Site no. 30; Wuhan, 1213 no. 31; Wuchang,!? no. 32; Shashi, Hubei province, 1% no. 33; Shaoguan, Guangdong
province.121%
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B S B ICE N /- KRBT (no. 23), HUM
(no. 27), WREOFRAER (no. 29) TR, EHEED
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PUEERRO NPT &6, ZTOHBRIIETH
KIZBT 5 BREGHEOHBRE S ELL T 5,9 b
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DA T2 EAICH D AT Z 29T X D BAZSE AN
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