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ABSTRACT: Diploid and triploid hybrid between female mud loach, Misgurnus mizolepis and male cyprinid loach, M. andguillicaudatus
were produced, using artificial propagation. The influence of hybridization and triploidization on characteristics of the some tissues of
retina, optic tectum and trunk kidney in loach was determined histologically. Diploid hybrid have almost size similarities in nucleus
and the cell size of some tissues to both parents. In the triploid hybrid, the nucleus and/or the cell size in erythrocyte, horizontal
cell in inner nuclear layer of retina, ganglion cell in ganglion cell layer of retina, neuronal cell in granular layer of optic tectum, and
secondary proximal tubule cell of trunk kidney, are much larger than those of the corresponding cells in the diploid hybrid individuals.
However, triploid hybrid showed fewer number of cells in outer nuclear layer in retina and nuclei in secondary proximal tubule of
trunk kidney than in diploid hybrid. Results of this study suggest that some characteristics in the triploid hybrid exhibiting larger cell

and nucleus size with fewer number of cell than diploid hybrid can be useful criteria for the distinction between diploid hybrid and
triploid hybrid, and the ploidy level in loach.
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o 711" EY4 MA A 8 AlE=HI ATt (Thorgaard
M E et al, 1992; Wohlfarth, 1994; Kim et al., 1996; ¥+ 5, 1996).
d2 ojs} 2ol HFEE FEL UAZ I 27 HEL) 7
T FEA AR FHEY IS HiE @A Yy
2 U o d w2 2HELE AT Hskd, fE
g Z5Y At A& o] FoiNE FF WA (triploid
hybrid)7} A4t 2 At} (Thorgaard et al., 1992; Gray et al.,
1993; ¥ =, 1997b, 1997c).
TIARA: AR 2] AZE 104, 2AUT 8 Lei e o O SHAT Ha) 71154 2908 ‘_)“ M1 L5 9
PARACLE (3) STIT02 (H) 0634694595 (W) 0634634595 e, A 7 R ol ME HE 37 37h o) U=
iparko@unsan e 2757 AYe A (giantsm)= SVEHA ¥= o2,

o2 3 Z% (diploid hybrid) X+ %
48 b0 A2 OF ¥ 229 3B Be 408 1
A (heterosis)E B 5317 f8te] A 2HH,
I A 2 (romose)32 428 48 BT

Fed #F A9 FrEd 59 4

o[-)l

m?.HUmﬂlooﬂ‘i




20 gpl 4

o] d HAL Swarup (1959b)o] 3uiA| stickleback Ga-
sterosteus aculeatus®] GF, Y L AAM T A E I
& 717t 26 Ao wis F7bstvt olEd A E F 3 F7]
7171 39 A9 A Yol Y-S MAA oS #E v Ak
3MAE AEF AE 2 Y A71d4 28fH o) ¥ Fte
ik, WA 3ulA o A ot 2ufA o viE 238 ZA
ol met 3m A AY S AAE At RA22A, ol
22 A AT 5 Fae A HEF 24 &
A AL W2 AL W 5SS opldit (Ueno, 1984;
Sezaki et al., 1988; Wz} 1} 1994). AR 7R o] F A E T
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& Agter (p<0.05), FF S FFL WE B F
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AlAE 0.8300 9] A 283 AAERF HldAE 1209 ]
74 BT (P<0.05). 4T v A7 AEF v
AE BE A8l AT WAE S vedAe nitet
Az JF ALl M2 FASE 7 ZA dES

‘o, ZAFF 293 A €22 WAES 27 wE BH

o (P<0.05). WL/35 wlolAE mteiA o] 7H z1oH
02z FEFl M2 FASHA £ 3718 292 &
F A2 7 R 2718 HAT (P<0.05). HE
Hlol A ZF 3AlZS AF ol i 078y gtk Tt
AAFF T NFARAE, AFAE 23 JFF 2ol 42
328 B9 vh 5 3MATEE 259 U 93YE 5
BT (Fig. 19 b, d).

Table 33} Fig. 19 uehd wvie} 7o) et s}
horizontal cell 3¢ A& G THZ @ Hyu 77
AZRE NEZR ARAE 99 %, 9, 203 2 2

da
o

L

%

2

Table 1. Size of erythrocyte and nucleus in Misgurnus mizolepis, M. anguillicaudatus, diploid hybrid, and triploid hybrid between two species

M M Diploid Triploid Ratios of
mizolepis anguillicaudatus hybrid hybrid means’

Erythrocyte"

Major axis (zm) 11.29+ 027 11.44+ 0.63° 11.39+0.58" 13.224032° 1.16

Minor axis (ym) 749+ 0.42° 7.64%+ 0.76° 7.57+£0.74° 9.05+0.05" 1.20

Surface area () 6750+ 5.45° 68.93+11.05" 67.811£9.95° 82.09+1.25° 1.21

Volume () 342301+ 46.80° 356.46+96.01° 347.51+89.28° 449.1242.15° 1.29
Nucleus of erythrocyte"

Major axis (um) 527027 5.07+ 0.03° 520£0.19° 7.16+0.05° 1.38

Minor axis (um) 293+£0.23° 282+ 0.16° 2.86+0.21° 3344003 1.17

Surface area (;zmz) 12.53+1.41° 11234057 10.89+0.36° 18.76 +0.27° 1.72

Volume (zm’) 24.53+4.48° 21.18£229° 19.64£1.25° 41.89+0.86° 213

*  Triploid hybrid/diploid hybrid.

** Values are means=SD. Values in same row having the different superscripts are significantly different (P<0.05).
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Table 2. Thickness in each component layer and the numbers of outer nuclear layer of retina in Misgurnus mizolepis, M. anguillicaudatus,
diploid hybrid, and triploid hybrid between two species

M M Diploid Triploid Ratios of
mizolepis anguillicaudatus hybrid hybrid means*
Thickness of retina (um)** 14827+14.28* 14398 +13.11° 145.18+12.79° 137.48+9.07° 0.95
Thickness of each layer
of retina (%)**
Epithelial layer 18.07%1.84° 2.82+1.51° 2037+2.03° 19.96+1.79° 0.98
Rod and cone layer 38.07+3.76° 36.00+£3.27° 37.02+3.90° 39.9413.65° 1.08
Outer nuclear layer 6.08+0.30° 6121025 6.10+0.25° 5.04+032° 0.83
Outer plexiform layer 6731027 7.03+0.20° 7.00+0.36° 6.8910.21° 098
Inner nuclear layer 11.70£0.71° 10.66+0.69° 112130.68° 11.88+0.54* 1.06
Inner plexiform layer 13.05£0.66° 11424053 12.09+0.77° 9.46+0.89° 0.78
Ganglion cell layer 291+021° 295+0.18° 2.94+0.18° 2.86+0.20° 0.97
Optic nerve fiber layer 3.39+0.19° 3.0010.24° 327+0.24° 39710.15° 121
Number of outer
3 3 3 2 1.50

nuclear layers in retina

* Triploid hybrid/diplod hybrid.

** Values are means£SD. Values in same row having the different superscripts are significantly different (P<0.05).

Table 3. Nuclear size for horizontal cell and ganglion cell of retina and neuronal cell of optic tectum in Misgurnus mizolepis, M.
anguillicaudatus, diploid hybrid, and triploid hybrid between two species

M M Diploid Triploid Ratios of
mizolepis anguillicaudatus hybrid hybrid means
Horizontal cell nucleus in
inner nuclear layer of retina
Major axis (¢m) 3.10+0.07° 3.00+0.12° 3.06+0.06° 3.6240.09° 1.18
Minor axis (gm) 2.80+0.11° 2.77+0.13° 2.794+0.04° 3.45+0.08° 1.24
Surface area (umz) 6.81+035° 6.51+0.41° 6.70+0.12° 9.79+0.19" 1.46
Volume (zm’) 12.710.62° 12.04£0.56° 12.44+0.49° n52+121° 1.80
Ganglion cell nucleus in
ganglion cell layer of retina’
Major axis (um) 3.27+0.10° 3.13%0.13° 3.20+0.11° 3.95+0.13° 1.23
Minor axis (¢m) 3.01+0.14° 2.90+0.07° 2.97+0.07° 3.65+0.05° 1.23
Surface area (im’) 7.70+047° 7.1140.32° 7.44+0.18° 11.2940.76° 1.52
Volume (zan’) 15.48+0.89° 13.75+0.77° 14.74+0.66° 2750+1.78 1.87
Neuronal cell nucleus in
granular layer of optic tectum”
Major axis (um) 3.87+0.13° 3.504+0.16° 3.73+0.09° 4.60+0.12° 1.23
Minor axis (gm) 3.43+0.11° 3.03+0.07 3.20+0.07° 4.00+0.16° 1.25
Surface area (;m”) 10.40+0.68° 8.31%0.50° 9.34+0.21° 14.41 +1.09° 1.54
Volume (zm’) 23.81+1.84° 16.80+0.78° 19.95+1.58° 38.48+2.11° 1.93

* Triplod hybrid/diploid hybrid.

** Values are means £SD. Values in same row having the different superscripts are significantly different (P<0.05).
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Fig. 1. Retina of hybrid and triploid hybrid between Misgurnus mizolepis and M. anguillicaudatus. a, layer of retina of diploid hybrid; b,
outer nuclear layer (*1) and horizontal cell nucleus (*2) in inner nuclear layer of diploid hybrid retina; c, layer of retina of triploid hybrid; d, outer
nuclear layer (*1) and horizontal cell nucleus (*2) in inner nuclear layer of triploid hybrid retina. Abbr. onf, optic nerve fiber layer; gc, ganglion
cell layer; ip, inner plexiform layer; in, inner nuclear layer; op, outer plexiform layer; on, outer nuclear layer; rc, rod and cone layer; e, epithelial
layer.
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Fig. 2. Neuronal cell nucleus in granular layer of optic tectum and secondary proximal tubule of trunk kidney in diploid hybrid and triploid
hybrid between Misgurnus mizolepis and M. anguillicaudatus. a, neuronal cell nucleus (*) in granular layer of diploid hybrid optic tectum; b,
neuronal cell nucleus (*) in granular layer of triploid hybrid optic tectum; ¢, secondary proximal tubule nucleus (*) of diploid hybrid trunk kidney;
d, secondary proximal tubule nucleus (*) of triploid hybrid trunk kidney.
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Table 4. Cell and nuclear size of secondary proximal tubule of trunk kidney and its nuclear number in Misgurnus mizolepis, M.
anguillicaudatus, diploid hybrid, and triploid hybrid between two species

M M Diploid Triploid Ratios of
mizolepis anguillicaudatus hybrid hybrid means’
Secondary proximal tubule
cell of trunk kidney™
Major axis (zm) 4274+ 378 39.06+ 298 4166+ 278 5673+ 491° 1.36
Minor axis {(ym) 3371+ 292° 3138+ 2.04° 3274+ 249 4229+ 3.86° 1.29
Surface area (-/,zmz) 1,124.16 £ 138.52° 954.72+105.28" 1,074.27+101.34° 1,893.53 & 191.46° 1.76
Secondary proximal tubule
nucleus of trunk kidney"
Major axis (um) 421 0.14° 3.99+ o0.11° 414+ 037 508+ 047 1.23
Minor axis (gm) 333+ 028 296t 021° 310+ 025° 398+ 027 1.28
Surface area (sm’) 1085+  0.80° 885+ 078 994+ 0.70° 1524+ 0.98° 1.53
Volume () 2388+ 1.51° 17.12+ 059 2058+ 239 3282+ 2.80° 1.59
Nucleus number in secondary R . . o
1194+ 0.89 1221+ 093 1217+ 091 748+ 057 0.61

proximal tubule”

* Triploid hybrids/diploid hybrid.

** Values are means£SD. Values in same row having the different superscripts are significantly different (P<0.05).
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u| 22}R], Misgurnus mizolepis, V)38, M. anguillicaudatus 2
AT AE E ¥ 3719 FTeIReH JFF A+ F
Fool v AEF AEY FF, 9F, 294 ¢ RydA
L16~1.2940, ¥ 9 A=, ©=, W3 g RydH
L17~2.138 2 =A7]7} 718t ith o]sh 7o) 3ujA|3hA] 4
7 AT 93 A7) F7hs, A8 AR AN vdeve
45 w7 A R e A o] gk 3ujA & A 7)Y FAA
kA Z71o) 719" A S & (Thorgaard, 1986; 71 5, 1990;
B3t 71, 1994; vk 5, 1994), o2& 9eA Sk W F
(1992)0] H41A| 2 DNA ¥ Folj A= v et ¢ vl e &35
o] 497Y, 2.9 pg/eell 18] &A= 3uf A7} 7270, 4.8 pg /eell2
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AA 8 olH g WA SR EY s e I o F 3
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28 27) FIbE E75Y B8 Ayt dojur &
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