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Investigation of genotypic segregation ratio of PGM, IDH and
MDH isozymes in ocellate puffer, Takifugu rubripes.

Ryozo Sato, Naoaki Kamiya, Kazuhiro Okada and Hideaki Koie

Mating tests for phosphoglucomutase (PGM), malate dehydrogenase (MDH) isozymes in muscle,
and isocitrate dehydrogenase (IDH) isozymes in liver of ocellate puffer were carried out in order to
deduce the genetic system of these isozymes and to investigate the genotypic segregation ratio. The
expected genotypes were obtained for each cross. This confirmed that the isozymes are controlled by
major genes, but some crosses showed statistical differences from the expected genotypic segregation
ratio. In the case of the PGM isozymes, one out of three be x be crossing tests and one bb x be cross
were significantly different in genotypic segregation than the expected values at the 5% level, respectively.
Moreover one out of two be X cc crosses was different at the 1% level. In the IDH isozymes, one out
of four NF x NF crosses was different at the 1% level. There were no differences in body length and
body weight between each genotype. On the other hand, some differences in the condition factor
between each genotype were recognized. However there was no trend in the survival rate or growth of
any specific genotype. From these results, it is suggested that genes of isozymes are not always neutral,

and that the genotypic segregation ratio and the growth of each genotype depends on the environmental

factors.
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372 <, EINEEEERTR (D 1994) A%
H2hTwb, LeL, HLENRELEZLIL
s 2B EOBOBEBTHEAESLTL D
—HTBHLEAPELL, ThbL, TEES
FrT) L TOEELEPLOTROEINC, T
AV HF A LOBETHOGERLEEFRICL
BEEOECG EE L LTRSS D Y, S
HEUCHREICETA2EBENNROERILET
Hho LIzIFoT, FFAETIE, FF77D10
WMOKLERERIZL D, PGM (74 R 737V
L& —+¥), IDH (£ V7 = BEKERE K
O"MDH (Y ¥ JPEBKERER) 71 VIF A AL
DNWT, NTUREKRED IHME ST 14
HMOBICHE O, HIETHOSHEERUE
EZFREEEE OBEEHE L,

N = Nl B

o7 S ORRRBRICIE, SERTRMOE
S EIER THRMAIC L - THE I N BiA
vy, S EBRW TS TR 1T - 72 KRBT
1993FF R 19944 D 4 A k- vt #hFi 4
MR 6TV, REEES ICHEOHH, IiE

#-M H-# 7L

T AR TR IR R KEM T~ %ML,
PGM, IDH B U°MDH 7 A V¥4 & D&ETH
DHWEATo 720 FATE M) A—7 =B (pH
8.0) *BE R EL T2 TAKRTSIVERREEIC
Lolze FMEBRICETSE, 19934F 213 TEM
1~4, 19944F |2 I37CFLM 5~10 DB 5% L
Thit - FFEIT-72 (Table1,2). Thbb,
BIETFREOSHEL 288 L7 fAMIL, PGM T
AVHFALTIEbe Xbc® 3, bcXbd% 2
#, bb X bc% 1#, bc Xcc% 24, IDHT7T A
VWA LTIENF X NF % 44, NN X NF % 1
M, SHIZMDH T A JHA LTIEINN XNS %
1 DR 144 (4 B THo7 (Fig. U)o
B, KT A VA LOBETROZRIIATH
128 7 (EREIE A 1991, 1EHE 1997), ZEECIZ
Huwi-BaiisiaecE (FHAKESLTem, F
WAE 247 Kg), HHA 102 (FYHKE 438
cm, FHEE 1.94Kg) THY, TEM1 L 2,
3L 4, 7~-93FENERELHEREDINTS -
Too 7z, ZECH L, 2 BT IIEHIBKERER
¥, CHEH 3~5 RO 10 X REEAY, TEM
6~8 (I=FHIBKERM L ¥ —CTHE L7,
SEH SR 68% (40~92%) THYH, 14

Table 1. Genotypic aggregation ratio of PGM isozymes of ocellate puffer.
Parental genotypes Offspring genotypes observed (expected) Degree of
Cross Total X
Male Female bb be bd cc cd freedom
1 bc X bd 40 23 28 - 21 112 3 7.79
(28) (28) (28) (28)
2 bc X be 40 50 - 20 - 110 2 8.18*
27.5)  (5%) (27.5)
5 bc X bc 26 60 - 29 - 115 2 0.37
(28.8) (57.5) (28.8)
6 bc X bd 40 43 36 - 41 160 3 0.65
(40) (40) (40) (40)
7 bc X be 37 84 - 34 - 155 2 1.21
(38.8) (77.5) (38.8)
8 bb X be 89 63 - - - 152 1 4.45*
(76) (76)
9 bec X cc - 96 - 61 - 157 1 7.80%*
(78.5) (78.5)
10 bc X cc - 84 - 66 -~ 150 1 2.16
75) (75)

#* p<0.05 #* p<0.01
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Table 2. Genotypic aggregation ratio of IDH and MDH isozymes of ocellate puffer.

Cross Parental genotypes Offspring genotypes observed (expected) Total Degree of s
otal

(Isozyme) Male Female NN NF FF freedom
3 NF X NF 27 52 34 113 2 1.58
(IDH) (28.3) (56.5) (28.3)
4 NF X NF 29 54 20 103 2 1.82
(IDH) 27.5) (55) (27.5)
7 NN X NF 83 72 - 155 1 043
(IDH) (77.5) (71.5)
8 NF X NF 45 75 32 152 2 2.25
(IDH) (38) (76) (38)
9 NF X NF 34 67 56 157 2 0.54**
(IDH) 39.3) (78.5) (39.3)
Cross Male Female NN NS SS Total D-f X
10 NN X NS 79 71 - 150 1 0.43
(MDH) (75) (75)
** p<(.01
PGM
Cross 2, 547 Cross 146 Cross 8
Genotype
Pl
Offspring
Genotype
IDH
Cross 3, 4, 889 Cross 7
Genotype NN

Genotype . N F.. NF

Offspring

Genotype

Offspring

Genotype

Genotypes and schematic isozyme patterns of parents and offspring in each cross, and expected genotypic segregation
ratio of PGM, IDH and MDH isozymes.
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HAKRE CRITE DK ERFFERT~ 244 L THHTIC
172,

FEREMOFZRIZTROFBL OB 2
BEICLDITo72, BRICOWTIE, BEEITE
FNCT WAV ZIFE AL EEAEE LTS
ool EEAR, REYEIEL, EEER (K
&)/ UEE) X 1,000 » 5RD 72, FBIZFHE
OEEAR, RERVEHEO LB FESED
EOREBEIZLNITo 720

T H-#
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ETOREHMICBNT, HAOHMAELE L
LEfF SN BETRHOANHIEL, 74U
1 L2 XETHBETHVA L TFLVEETLIL
B oD THRESINI, PGM O 7Ly b
g/ v —ThHhH0IZ, FEEAFITI
RNV R, AFOESEKI2EN FE LD,
2 AN FTHE CBAFEO be X be DAZECH
M oL, HETHE bb, cc DA TEESEDI 1, #
ZF B be DT OHESEI 2 OFETERATS
TENHRETES (Fig 1), ZORMETHOM
AEDEE, KRM25 R TOIETITo 70

Table 3. Mean body length and body weight of each genotype of PGM isozymes in ocellate puffer.

Body length (cm) Body weight (g)
Cross Genotype
bb be bd cc cd bb be bd cc cd
No. of fish 40 23 28 - 21 40 23 28 - 21
1 Mean 9.70 9.74 9.51 - 9.52 37.10 3556 3595 - 35.14
S.D. 0.66 0.56 0.76 - 0.71 6.71 6.01 7.84 - 6.99
No. of fish 40 50 - 20 - 40 50 - 20 -
2 Mean 9.57 9.64 - 948 - 33.72  33.65 - 32.20 -
S.D. 0.56 0.49 - 0.58 - 5.01 5.06 - 5.81 -
No. of fish 26 60 - 29 - 26 60 - 29 -
5 Mean 8.01 8.16 - 8.13 - 21.55 2237 - 22.19 -
S.D. 041 0.38 - 0.31 - 3.04 2.74 - 247 -
No. of fish 40 43 36 41 40 43 36 - 41
6 Mean 9.78 9.70 9.95 - 9.73 41.18 3947 4327 - 3941
S.D. 0.97 0.94 0.97 - 0.76 1236 10.14 11.66 - 8.41
No. of fish 37 84 - 34 - 37 84 - 34 -
7 Mean 9.51 9.41 - 9.37 - 3540 35.59 - 3594 -
S.D. 0.72 0.56 - 0.50 - 6.34 5.86 - 5.76 -
No. of fish 89 63 - - - 89 63 - - -
8 Mean 8.78 8.41 - - - 2839 2682 - - -
S.D. 0.82 0.87 - - - 7.03 7.42 - - -
No. of fish - 96 - 61 - - 96 - 61 -
9 Mean - 9.47 - 9.44 - - 36.55 - 37.80 -
S.D. - 0.72 - 0.86 - - 8.25 - 11.16 -
No. of fish - 84 - 66 - - 84 - 66 -
10 Mean - 8.58 - 8.60 - - 28.07 - 28.30 -
S.D. - 0.55 - 0.49 - - 5.31 - 4.67 -

S.D.: Standard Deviation
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FOHROIEMM2I1IBWT, BEETFE bb 7
fEIZERE L, BETFE cc U be 2547 <,
5% KETHEZEZ (BERER 2) SERHLN
(Table 1), 2 &/ FEED be X bd DAL
25 1%, HETH bb, be, bd, od R LEIAT
HHT 22 PGS E, COMAGHEI
LT LREM I RO 6IZ 28 b HEENE
oML o70 PGM T A4 VFA L TII£DIZ
PEEFE LD X be % 1, EHEFE be X cc
% 2 MO 3 HOREERVB LNz, BIER
RECHL 8 T, KEHEAED bb PEAFELI D %
{, ~NFOESGED be %L, 5% KEETH
EEZ (HHEEZ D PEOLM, BEOFO I
HMOTEH 9 TIE, ~TEAED be A EARHE
W&, REBEED cc Pk, 1% KHE
THEZ (HHEE 1) #®#dohiz, Ly
L, 9 1 HOREHM 10 TIRAEZEIFEDHN
oz, Uk, PGM 7 A4 VA LA TIEHFED
REMA» SO LEEORIETRAEGFHEL D
Zukhbhvinw) - LEERIBLOAE
o7,

IDH D72y MEERSA T —THoT:
Iz, REBEEIIFRNY N, AT OESE
1 3&RNY FELD, 34K FCRHUEET
BONF FEOREMP 5L, EETHE NN,
FF O EHAEL 1, BEFENF ONTFO#H
BRY 2 DEETUHRT A LAHFINS
(Fig. 1) KECHL3,4,8 RUT9 D 4 MlITZ &
ZFROMAELETH Y, KEMI TILERE
TR FF OSHAfFE I RE (, BIETEINF, NN
B, 1% KETHEEA (HHEZ2) »&E
HHNFz (Table 2), LAL, o 3 #IzHBwn
TREEEFRD SN otz T2, EEF
B NN X NF OFKEM 7 128V THHEEELR
bohhdot, MDH 74 V¥4 LIZIDH &
FIgic A1 ~—BE2 L2741 VAL THD
P, ERABZETOEENERL, ~7T2RED
REPTE LD ol FOIOREMNOMHERE
¥ HEE L72BIEZFE NN X NS ORE#17-
72755, WFEELLOTHRITEDO LN L7,

T A VWA AGHTEOFERR I CEHER T
MR o TWD, FREMNOEELT
BE TN RERED N o §

“ht, PGM 7 4 VA LADORLEMADEE
ZFRMIC BT 2 FEHREDEIL 0.01~037 cm,
IDH 74 V¥4 4Tl 009~023cm TH D,
MDH 7 4 V¥4 L TIZ—F L TVv:7> (Table 3,
4) o FHHEBEIC OV TIIREMB CE S IzEDN
KEL oz, FLT, BXKEMPIZIBITLE
BIETREOESEEDNEE, PGM 74 V¥4
LT 023~3.86¢g, IDH 74 VH1 L7T035~
212g, MDH 7 4 VH# A4 A T036g &Ik
EVbnddoions, EBEREEDKEL, K
MR EFED SN o7 (Table3,4).
BB O FEE I O OB TFRIBICE
VTR 2 EAEES S/ (Table5). PGM
FTAVHFA LIIBNT 1% KETHEENRD
LRz DE, REH 1 OBIEFE bd > be, K
B8 Dbc >bb TH Y, 5% KHETIIEA 1
@D bb >be Bl ed > be, ZABLALT D cc > bb,
ZZEAL 9 D cc >bc THo7s IDHT A VFA
LZIZBVT 1% KETHEEFRBOLNLD
13, ZZHECHL9 O NF > NN LU FF > NN, XE
# 8 D NF >NNTHY, 5% KETIIZIAAM 8
O FF >NNTh-o/, L2L, TRHEMT
BEFROLBIIBWTHHEENEDLNE
Hoiz ), BEOBIZTROBRNE G —FE
LTREWVEDNIVEDP LN RERIZES
nihol,

=1 =

FFTTDPGM T A VAL LTIEINET
13 OFEETRID A S, a~e @ 533 BET
DHEEVHEE SN TS (EFE 1997) . A%
Tid bb, be, cc R bd @ 4 2OEETH % H
WREREE ATV, c RFdAGBFLIVELD
7o BIZFH cd N2 725 5 D ORET-RIAHEH
BB SN (Fig. 1, Table 1), IDH 7 A Y
ALTEHINETL4OORMETFEFBIBEN,
N, FRUF O3 BEFOHFENHEESN
Twb (£ 1997)0 FAFFETIE NN, NF D2
DOBIEFR T BV RBEABEL TV, NREU
F D2 20BIETF 054 L7 NN, NF XU FF
D3 OOBIETRISHEWHED B SN (Fig. 1,
Table 1), ¥72, MDH 74 V¥ A4 AiZDWnT



96 (L X

& m-#

iL

Table4. Mean body length and body weight of each genotype of IDH and MDH isozymes in ocellate

puffer.
Cross Body length (cm) Body weight (g)
Genotype
(Isozyme) NN NF FF NN NF FF
3 No. of fish 27 52 34 27 52 34
(IDH) Mean 6.37 6.44 6.52 11.16 11.65 12.10
S.D. 0.33 0.38 0.33 1.54 2.28 2.04
4 No. of fish 29 54 20 29 54 20
(IDH) Mean 8.49 8.58 8.51 26.86 28.08 26.79
S.D. 0.36 0.43 0.38 3.57 392 3.52
7 No. of fish 83 72 - 83 72 -
(IDH) Mean 9.38 9.48 - 35.46 35.81 -
S.D. 0.66 0.50 - 6.32 5.46 -
8 No. of fish 45 75 32 45 75 32
(IDH) Mean 8.78 8.56 8.55 27.81 27.83 2741
S.D. 0.73 0.94 0.84 6.53 7.88 6.93
9 No. of fish 34 67 56 34 67 56
(IDH) Mean 9.49 9.40 9.51 35.71 37.05 37.83
S.D. 0.74 0.84 0.74 8.84 9.54 9.82
Cross Genotype NN NS SS NN NS SS
10 No. of fish 79 71 - 79 71 -
(MDH) Mean 8.58 8.58 - 28.00 28.36 -
S.D. 0.54 0.51 - 4.57 5.51 -

S.D.: Standard Deviation

i, BEFELRF2ICEDVXEINLBEE
DFEN = EBIETEIICXE SN EBE
DB — > D225 (EEIZD 1991),
HETHBHEDE Y — ¥ Tk NNN,N,,
NINN;S;, NN;S,S; XU NFN;N, D 4 DD3E(n
TFRIDS, BV — VIZIENN, RUFN,F, D22
DBIEFHRIBRE SN TWE, KFRTIIEE
FERINNNN, (NN &#F) & NNNS, (NS &
%) OREEITv, NN ENSHIFR1:1T
ML, #HE) OERPBE LN (Fig. 1,
Table 1), Z&¥, BEFE NN,S,S, (SS &
T) IIBEFEINS OBEIEOR O BN F,
BEFONY FRUGEHEORLEV AN FLF
CMED IR brohby, TEBICbE-
TH 7,000 BT LR CE» 1B LPERES
nTwiwv, ZOBEETFE SS & NN 2B S
whHE, TOFEBETERBRTFENS LLZA50D
EHERE NG,

INFETTAVHFA LEBRIEMNIFEL T 55
% OERPFFEFREE R OIIKERYE BV
TATbN T 225, BIEIZHVZT A VA 4
DEETANCET2H|E TP BV, Wada
(1975) &7 aX 1 (Pinctada fucata) O LAP
T A VYA L, Ring eral. (1994) (I European
grayling (Thymallus thymallus L..) @ LDH, MEP
T A VWA L, Morizotetal. (1994) (&7 2 A
#F <X (Ictalurus punctatus) @ mAH, PGM,
UGHUT % £ 52D 7 4 VH A & & RERERIC
L0, WIREEEOSHPELIKENG L SEEEOHEE
POMTREREOEL Y HEL T b,
L#*L, Crozier and Moffett (1990) 23 AVEEE
¥ (Salmo salarL.) THEI L7z 7207 AV
FA LDHT, PGM, SDH IZFHIL 2V ET
B s niz, O ITBETROGRMER K
WEIXFITHELDLNLEVELTWVE
A, TRODERIIAHTH S,
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Table 5. Mean condition factor of each genotype of PGM, IDH and MDH isozymes in ocellate puffer.

Statistically

significant groups are marked with bold values for the mean condition factor and significance levels are given

by asterisk(s) (* p<0.05; ** p<0.01).

Cross Genotype Cross Genotype
(Isozyme) bb be bd cc ed (Isozyme) NN NF FF
1 40 23 28 - 21 3 27 52 34
(PGM) 40.62*  38.18 41.46** - 40.53* (IDH) 43.14 43.18 43.51
5.01 2.61 3.69 - 4.12
2 40 50 - 20 - 4 29 54 20
(PGM) 38.25 37.47 - 37.62 - (IDH) 43.75 44.29 43.41
2.90 3.12 - 3.78 - 3.39 2.88 299
5 26 60 - 29 - 7 83 72 -
(PGM) 41.82 41.17 - 41.29 - (IDH) 42.85 41.83 -
253 3.19 - 333 - 4.19 345 -
6 40 43 36 - 41 8 45 75 32
(PGM) 43.11 42.83 43.16 - 42.37 (IDH) 40.62 43.55%*  43,23*
4.31 4.57 4.13 - 3.29 4.47 4.40 5.28
7 37 84 - 34 - 9 34 67 56
(PGM) 41.16 42.51 - 43.38* - (IDH) 41.17 43.97%%  43.27%*
4.44 353 - 3.86 - 3.07 433 362
8 89 63 - - -
(PGM) 41.36 44.16** - - - Cross Genotype
4.38 4.80 - - - (Isozyme) NN NS S8
9 - 96 - 61 - 10 79 71 -
(PGM) - 42.56 - 43.97* - (MDH) 44.09 4441 -
- 4.10 - 3.59 - 3.95 4.18 -
10 - 84 - 66 -
(PGM) - 44.14 - 44.37 -
- 3.97 - 4.18 -

Condition factor: Body weight/(Body length)* 1000

Upper: No.of fish, Middle: Mean, Lower: Standard deviation

Fujino and Kang (1968) &, KFEEN V2
(Katsuwonus pleamis) D N5 > A7 x1) Y28
53 00EETRIOBIGE (FExTRYEFERSR)
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RIRT, 72 B 1™ IHBORE TEWESEE
mL7ze HAREICBITA IS 3RO HMRE
., BRBROEKBEE CIHREEEREO
Es-I* 0 EE T, Es-IP* IMESEE CHBIL, #&
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RIRIBOSERE TIHERE L o BREE %
~L72E LT3, Sugitaand Fujio (1982) (3%
J< ¥ (Crassostrea gigas) DT AT F g
TIJEIYART LT —EDOANTUEESKROE
BEIEL, —HOFREHRGHROEENFREWVZ
EEXHEL TS, BRI (1985) e T A
(Paralichthys olivaceus) OFIRER] & LR O
oA v 7 CEREKFEBEzSTL, K
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HTANT OBEGEBE R UNT THEEEDOM
RORVWILEHREL TS, 20X IEIR




98 % -

TROGHEEUREL E2 E- L XV TRES
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WZ EAERITTE S, Fhil, KRERTHE
ENDBETHOMEE,-OFRIZE, BFE
BLRE M TbhehrotzZ 8 X b L BETH
BOEZEDEVHERT T REIEVTH
59, —F, BHE - WRERORE B £ E
Hiiom FifE o TRIEROERESF I &
o, BMEAECHVLIEAKIILZCTYT
. BEECES L-BHEG 2T NE, &
ETREOEREOBENOIE NI, BEELRK
AT o7 ENEGTFR OS5I
THREELESELRELRERLAD I S, 5
2, BEEEZTo CHETHHOEREDE
WA AEAITE, MM OREEER
HAT-o TR T RDDLENDH D, DL
e RERB CRET RO FTEILICEEEN DD
Lhfle LT, TavYHADLAP 7 A VHA
LT 1A 1 #l (Wada 1975), European grayling
Dm-MEP 74 VH A4 LT8#P 1 # (Ring e
al. 1994), 7 A) A EF < XD mAH, PGM,
UGHUT 7 4 V# A4 L TEFNEFN I8 M 24
15 #9814, SHF 24 (Morizot er al. 1994)
BHIToNDL, REFFETIE, PGM 7T A VH A 4
OBEFROSEILICECT, BHEHES ORI
BEHFER L EABO LN -0 8 ik 3 T
Hote FOHFUL, be X be DMAEHLED
3MF 1M, be X cc @214, bb X bc D
LAF 1HTHY, FEOHAEGLETVDY
EEBENFROLNLbII TR v, AEENF
HHENTRERIZBIT 2 S EETHOBGREHR
Wt A HMIERIL, RACHL 2 TILEEETE bb
%L, BEFE be W cc i3 vy, ZCELA
8 TIZEETE bbb A% <, be B3P {, REH
9 TRERZTE be % {, BIZTH cc W%
Vi, 2O EIIIHEDORETRIOERESLIF
EIZHERTREVE W) FRIBONE P 072,
IDH 7 4 VA 4T s P 1 HICBEENE
HEN, FILENFXNFD4HFD 1 HTHo

&M H-® T

7o PGM 7 A V1 LAERE, $FEDOEEFEH
BREL Y ZVEPPRVEDPE WS EHEIZRR
oML hrolz,
ZRAMOEHEEREAFREICIEIRE S
BEWATRRO LN, R—ORXERENDEIET
HECTEIHFENZERZE DO o7
(Table 3, 4)o —77, NEFEETILPGM 71 V4
A 5024 OBETEE DS L 6 BIZTEM T,
IDH 74 VHF 4 LD 13 OBEFRIED) b 458
EFRECTEEENED ORI, BETHO
SEL R OBETROBEBESKE W
EDNEWEPE VS EMITRD LN Do
7o EIEFHOGFEL & FIEETHBE O
WEICEVWEELSELERE L THERES
EZONLY, FORBERVECRELS R
o ORI TE v, KFIRTR, WEMHRK
OB T BB % /] — R T LA b [F— R
B CE Dol LIS #FDEEX TR
Ho—2b LTEZLNLELDRVY, BES
RBERDVEETROSELRR CRE~EM
Wb o TwAICER VRV, —F, #EETA
DHHEL % KD LB OGITREA 103~ 160 B &
A, EARMEBREICIAMEEDEETE
v, NIV ERBETHETAHE, WA
HEWHEL, BEISRBET S0, kR 10em
P A X REMAT L CHERSVE TR E
HETAHAILIIELL, JoMEII>VWTLR
PEPERTELZNTHAE ), MHOFEREIZL
%, b 77, Europeangrayling, 7 X' g}
RARCTAXYHALICBWT, BEFREEC
BEE» D ThPEL2E, V75708
FFEECRBEIIREVWFRED L2 L, F
72, ERL AL THEHTOBE R RRICBY
TREFEIGEWIROONEZ &, T4V
FA LHREIS L THNTH S &) HAW
FTLOKVZLTWEWIEE2RTHIDOTHA
% o AHFFETIE PGM, IDH R U'MDH 7 1 V¥
A LHHEEEY OBRTEET S Z L 2EHT
&7z, BETHOSHERETERICOWTIE
BIE—BLAEAMERWET 2 5TER
hrotz, A, SEREL R L CHERUHEE
TELIRETT A VA 2RO BERE
DEEFROERELHROECEHELIZL
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