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Summary

Leaf extracts of Cilrus growing in Cheju island were analyzed by starch gel
electrophoresis for isozymes of hexokinase (HK), leucine aminopeptidase (LAP)
and superoxide dismutase (SOD). Gene segregation and linkage of 7 enzymes,
glutamate oxaloacetate transaminase (GOT), isocitrate dehydrogenase (IDH),
phosphoglucose isomerase (PGI), phosphoglucomutase (PGM), HK, LAP and
SOD, were tested in two zygotic populations of C tyo x ‘Hongkyool and
tamurana x ‘Byungkyvool crosses.

The results obtained are summarized as follows :

Phenotypes of HK were controlled by a gene named Hk having four alleles,
F I Mand §

LAP zymograms consisted of one or two pairs of bands depending on species.
A pair of bands was interpreted to be specified by a single allele of Lap
gene with F M and S alleles.

Phenotypes of SOD appeared to be controlled by a gene with two alleles
of Fand § in Citrus spp and Poncirus trifoliata,

In the progeny of monoembryonic C tyo x ‘Hongkyool and C tamurana
x ‘Byungkyool’, genes controlling seven isozyme systems seperated as
theoretically expected, with exceptions of Idh Lap and Pgi-1 distorted in
a few families.

For 4 gene pairs of Got-1/Lap, Got-1/Pgm, Idh/Lap and Lap /Pgm,
significance of G- statistics for independence test turned out to vary with
crosses test. These gene pairs were assumed not to be linked.

Lap/ Pgi-1 pair appeared to be linked in two cross combinations (P<0. 001),
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with intrachromosomal recombination frequency of 10% in C iyo and 3% in
C tamurana

Three genes of Pgm/Hk/Sod turned out to exist on the same chromosome.,
and the intrachromosomal recombination frequencies were computed to be
9, 30 and 38 in Pgm/Hk Hk/Sod and Pgm/Sod, respectively.

For 76 combinations among 253 possible cross combinations of 23 Citrus
spp or cvs, all zygotic seedlings were considered to be identified by the

isozyme analysis of an appropriate single enzyme system of HK, LAP or

SOD.
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Table 1. Citrus spp or cvs and the related genera used for isozyme analysis

in the present study.

Common or logal name

5c1entmc name

\Iatlve spp or cvs
Binkyool (f#{4§)
Byungkyoo! (iHikg)
Cheongkyool (%45)
Cheju lemon (i#H 2
Choongmoonkyool (2 4%)
Dangyooja (Jf#i T
Dongjeongkyool (i 5% %)
Hongkvool (#+%)
Jikak (F13%, T8EHG)
Jinkyool ([4itd. 4HE)
Kamja (#¥)
Nabeupkyool (N H5)
Pyunkyool (Ji4&)
Sadookam { #f9e )
Soyooja M, e, #E)D

C. leiocurpu Hort. ex Tanaka

C. platymamma Hort. ex Tanaka
C. nippokoreana Tanaka

Hybrid ?

Hybrid 7

. grandis Osbeck

suavissima Hort. ex Tanaka
tachibune Tanaka

aurantium L.

sunki Hort. ex Tanaka

Q92 0 O a0

benikoji Hort. ex Tanaka
Hybrid ?

C. tangerina Hort. ex Tanaka
C. pseudogulgul Hort. ex Tanaka

C. junos Sieb. ex Tanaka

hecen l» mtmduced spp and the xelated genera

Hassaku (/0 #])
({754
Lisbon lemon (2] A8 o))

Natsudaidai ( Tk

—

Hwangkeumn hakyoo! (0 & U
Duncan grapefruit (7} 2eo]= 355 €)
Sweet orange (A9 E 2 #x])
Hyuganatsu (H L)

Satsuma mandarin (¢ % H)
Trifoliate orange (¥ =})

Round kumquat (iL"’*’fH)

C. hussaku Hort. ex Tanaka

tyo Hort. ex Tanaka

o9

limon Burm. f. ‘Lisbon’

natsudaider Havata

oQ

nalsudaidui Hayata ‘Hwangkeum'
paradist Macl. '‘Duncan’
stnensis Osbeck’”

lumurana Hort. ex Tanaka

Q9 9 9

unshiu Marc. ”'
Poncirus trifoliata L.

Fortunella japonica (Thumb. ) Swing.

‘Valencia' and 'Washington Navel were dnalyzed.
‘Mivagawa (#)1})" and ‘Aoshima (%§5)".

z) Two cultivars,
v) Three cultivars, "Shinik (3F53)",
were analyzed.
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1. Hexokinase (HK)
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Foalbgol A B17h aello]Z 55 E 9} uhall Ao} Sall A o) gL 2b2r M9 Iz
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E
vhel =l Torres £%'-& zhzk J[ 1)
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+
A
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————— ]
a——
O FF Mi S 11 MM
1 2 3 4 5 1 2 3 4 5

Figure 1. HK zymograms and their schematic illustrations with the genotypes.
Channel 1, Poncirus trifoliata : channel 2, ‘Pyunkyool’ : channel
3, G tamurana: channel 4, ‘Sadookam’ : channel 5, C hassaku,
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2. Leucine aminopeptidase (LAP)

LAP(E.C.3. 4. L D o [fiRr 5 28 20] {27350 vpo} 7ho] w2 =)o) #f mr
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AR A glaleb (#02). el e, W07 adelmi e, whals el 28z g
rel Lap W@ zb2t FEOFS FS FPz w25 uf oleu 4 ABiys
"R vEA R telstel, F M5l S Ao WTE o]l Folal & o WYR 7Fe-o
S CAIGl A) dE 9de o = 6FF 1 3FS - 3MS : 2FM : IMM o) o
S AHARG el A S R E A oboke) 889 EU TS (g (FS) X 4G (MS)
Mififioll A vhebgtol,
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Figure 2. Zymograms of LAP and their schematic illustrations with the
genotypes. Channel 1, C. stnensis ‘Valencia' : channel
2, ‘Hongkyool’ : channel 3, ‘Soyooja’ : channel
4, 'Dangyooja’ : channel 5, Poncirus trifoliata,
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3. Superoxide dismutase (SOD)

SOD (E.C.1.15.1.1) %9} Bkt s o} 2 iymEs e 22 A3 HEveg
ol MEE7E Ae B9 e epdde) (22 3). BMEEZ R o} we o]Sax
aborel ekshAl vtebbt o4 28] bando} Kotk sl A ATE, RUREES) S e )
A okl A BT oujls £A1e Baks 2] ko) o] A o B39l vz}
A2 Fol =2 A ol g s Biorel Sod-1 4T ol o s WA AT o] B
ol Sod-19) ZWMe o154 57 744 el R BT 2 495 [dimEs
7HA B A A MG BE B mE fifdol] Qloj Fob § 719
FAUAT s xhicslE ez vdelgo (% 2).

oRAlhG o) Sod-1 #mcel x4 8FS : 68S : IFF 2 viel FFQl mHi<

kst RE M £E Mol SHTE 22 9t 2Hog #Hugslc)

[ ]
[ ] [ ] ]
[ ]
O RS SS FS FF
1 2 3 4 1 2 3 4

Figure 3. SOD-1 zymograms and their schematic illustrations with the
genotypes. Channel 1, Fortunella japonica: channel
2, ‘Dongjeongkyool’ : channel 3, C limon ‘Lisbon’ : channel
4, Poncirus trifoliata,



Table 2. Genotypes for HK, LAP and SOD of Citrus spp and the related genera
growing in Cheju island.

E}e_notypes
Species or cultivars BT —— -
Hk Lap Sod-1
Native spp or cvs
Binkyool 12 FF FS
Byungkyool 1] FF Fs
Cheongkyool 11? MS FS
Cheju lemon S FF F§
Choongmoonkyool MI FF FS
Dangyooja MI FM Fs
Dongjeongkyool N Fs S8
Hongkyool 17 MS N
Jikak MI FF FS
Jinkyool I FS 88
Kamja MI FF N
Nabeupkyool 17 MS FSs
Pyunkyool M F§ Y
Sadookam 17 FM FF
Sovooja 11 MM S8
Recently introduced spp and related genera
C. hassaku MM FSs Fs
C iy MI Fs FF
C. limon ‘Lisbon’ 1r* FF* F§
C. natsudaidai 1I FM FS
C. nalsudaidai "Hwangkeum' I FM FS
C. paradisi ‘Duncan’ MI? Fs* FS
C. sinensis ‘Valencia' &
‘Washington Navel’ i F§* FF
C. lamurana SI MS FS
C. unshiv ‘Aoshima’ Ml FM FF
Poncirus trifoliata FF* FF* FF
Fortunella japonica I FM RS

Genotypes followed by an asterisk (*) are the same as those previously reported
by Torres et al (1982).

z) Torres et al (1982) reported II instead of Ml

y) Torres et al (1982) reported MM instead of Il



4. EMIEER EMEE S8

Pl X A6 % BME X B LACHGlA kX e GOT-1 #Efg™e 22
FSx S8 5 S8x FS2 A oju 7o} 2 #fEe FSoF SS7H1: 12 53 7ot
2 3ollM B o} 7ho] ol 5o BE NEMlOl A 22 S w23 gt
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Table 3. Homogeneity tests by use of G-statistics for combinability of individual
family single-gene segregation data GOT-1 system.

(Jrésrs; o ”Famrilr'j Nos. e

FS§ 88

131 01 4 6 0. 4027 ns

( FS » 3S) 03 8 6 0. 2867 ns

04 3 6 1.0194 ns

06 8 9 0. 0589 ns

07 6 6 0. 0000 ns

08 8 6 0. 2867 ns

09 4 10 2. 6566 ns

10 8 5 0. 6986 ns

12 10 8 0. 2227 ns

Comb [H 59 62 0.0744 ns

Total 5.6322 ns

Heterogeneity 5.5578 ns
FS 88

T8 01 18 13 0.8100 ns

( 8§ < ES) 02 22 12 2. 9851 ns

06 13 20 1. 4962 ns

09 18 17 0. 0286 ns

10 19 12 1. 5944 ns

Comb TB 90 74 1. 5635 ns

Total 6.9142 ns

Heterogeneity 5. 3508 ns

z) IH is C iyo x ‘Hongkyool'.
TB is C tamurene x ‘Byungkyool'.

FSx 88 and 8S x FSindicate the genotypes of parents.
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ME F48e s BHLE o3t}
% 4ol 4 Bz who} zho] HK o) @RI g hll (ML) X 4146 (1) #ilaonA Mg
I else pm s (SI) X MG (1) siaol s SIsh Hsb 2b2h 1012 svis) ol o).
“rejul IDHO] UGS (igdito) 1L k§o) MIz A o ffie MIel II7) 1 : 12
oriid ez ol 4bd 4 el & Sl A 2 wbe} o) Y06 ANl A MIZ) gro)
VEbLHE Kooz il el e ] )& Hiate 40V ol ARk ‘12 AL Rlol A = MI )
tpol sbirslo) MGt e el LS wE A Qo MIZ oz fRissldel. ey

Table 4. Homogeneity tests by use of G statistics for combinability of individual
family single-gene segregation data for HK.

Cross® Family Nos. ¢
MI 1
[H 01 5 5 0.0000 ns
(Ml x 1) 03 8 6 0.2867 ns
04 4 5 0.1113 ns
06 6 11 1.4926 ns
07 6 6 0.0000 ns
08 7 7 0.0000 ns
09 6 8 0.2867 ns
10 6 /. 0.0770 ns
12 13 5 3.6830 ns
Comb [H 61 60 0.0083 ns
Total 5.9373 ns
Heterogeneity 5.9290 ns
81 11

B 01 17 14 0.2908 ns
( SIx 1) 02 12 22 2.9851 ns
06 17 16 0.0303 ns
09 19 16 0.2575 ns
10 18 13 0.8100 ns
Comb TB 83 81 0.0244 ns
Total . 4.3736 ns
Heterogeneity 4.3493 ns

z) Sece table 3.
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Table 5. Homogeneity tests by use of Gstatistics for combinability of individual
famlly smgle gene segregatlon data for IDH.

Cross™ Pamll\ Nos. G
MI II

[H 01 7 3 1. 6457 ns
A M 03 7 0. 0000 ns
04 5 4 0.1113 ns

06 13 4 5.0168 *
07 8 4 1.3592 ns
08 5 9 1.1589 ns
09 6 8 0.2867 ns
10 8 5 0.6986 ns
12 13 5 3.6830 ns

Comb IH 72 49 4. 3986 *
Total 13. 9602 ns
Heterogeneity 9. 5616 ns

MI 17

™ 01 15 16 0.0323 ns
(M x 1) 02 20 14 1. 0644 ns
06 17 16 0. 0303 ns
09 18 17 0.0286 ns
10 18 13 0.8100 ns
Comb TB 88 76 0.878 ns
Total 1. 9655 ns
Heterogenelt/ 1. 0867 ns

2) Seo tdblo
* Significant at the 5% level.

2 6 LAP o) Su% oMt & s Aol MM FS #Iie MSolm
22 WM FM FS MS = 887b1:1:1:1%8 4% Aoz 7l 5] =g 2u)z
Ao 2 DUt wWato ‘06 Nl FSF gn 887 Mo mow
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W=l et 22iv BImE (MS) X #ig (FF) #adlde =5 k@A FSeot
FMo) 112 sri=igdcl.

PGI-1 & i M2 (7l (FS) X 4146 (FF) %R ol FFeb FS71 119
OPHEILE ubghent HEW (FS) X kG (WF) Hlaol 41 Ay 2= “0600 A g+
WF7} g2 % 0.8 5% kol A 47 skl flifi =l 9 ool ol & Nk Wlol M 5 Ay T 3h =] &
okt ol el et fifimimol BAEiElol Ml #iGolAlE 1% Kikol &l 4y gk 71 zhv)
Table 6. Homogeneity tests by use of Gstatistics for combinability of individual

family single-gene segregation data for LAP,

_ Cross” ~ Family Nos. e
M FS MS S8
IH 01 4 2 1 3 2.1288 ns
( FS x MS) 03 6 2 4 2 3.0593 ns
04 2 2 3 2 0.3127 ns
06 3 9 4 1 8. 0368 *
07 3 4 4 1 2.4057 ns
08 2 3 5 4 1.4716 ns
09 6 3 1 4 4.1058 ns
10 2 5 5 1 4.3163 ns
12 1 6 ) 5 4.9498 ns
Comb TH 29 36 33 23 3.2207 ns
Total 30.7868 ns
Heterogeneity 27.5662 ns
FS M

TB 01 13 18 0.8100 ns
( MS X FF, 02 20 14 1.0644 ns
U6 14 19 0.7605 s
09 13 22 2.3405 ns
10 17 14 0.2908 ns
Comb TB 77 87 0.6101 ns
Total 5.2661 ns
Heterogeneity 4.6560 ns

z) See table 3.
* Significant at the 5% level.



ket (% 7).
(Al X ATHG R B E X RS + TR A A 25 migle ifigRol FSx FFY
© PGM 2 =& EM= #LGH sibolA FFst FSoH 112 sl (& 8).
gl el Sod-1 5ifnie FFolx 4TH§2 SSolme o2 THolA A& Ty FSut
of 7l sl =l ¥4 & 121145871 =5 FS<)¢ stelstict. BME (FS) X #RiG (FS)

Table 7. Homogeneity tests by use of Gstatistics for combinability of individual
family single-gene segregation data for PGI-1 system,

Lrossj’ famlly : B o Nos. G B
Fr FS
IH 01 6 4 0.4027 ns
( FS X FF) 03 8 6 0.2867 ns
04 5 4 0.1113 ns
06 12 5 2.9699 ns
07 7 5 0.3349 ns
08 5 g 1.1583 ns
09 8 6 0.2867 ns
10 6 7 0.0770 ns
12 g9 9 0.0000 ns
Comb IH 66 55 1.0014 ns
Total 5.6282 ns
Heterogeneity 4.6268 ns
WF WS FF FS§
TB 01 12 8 4 7 4.2850 ns
( ES X WF) 02 8 10 7 9 0.5911 ns
06 15 9 4 5 8.7022 *
09 12 9 7 7 1.8395 ns
10 9 10 5 7 1.9819 ns
Comb TB 56 46 27 35 11.8723 **
Total 17.3997 ns
Heterogeneity 5.5273 ns

z) See table 3.
* Significant at the 5% level.
** Significant at the 1% level.
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Table 8. Homogeneity tests by use of Gstatistics for combinability of individual
family single-gene segregation data for PGM.

Cross™ Family Nos. G

FF FS

IH 01 6 4 0. 4027 ns

( FS > FF) 03 4 10 2. 6566 ns

04 7 2 2.9419 ns

06 10 7 0. 5322 ns

07 6 6 0. 0000 ns

08 6 8 0. 2867 ns

09 7 7 0. 0000 ns

10 7 6 0. 0770 ns

12 6 12 2.0388 ns

Comb [H 59 62 0. 0744 ns

Total 8. 9359 ns

Heterogeneity 8. 8615 ns
FF F§

TB 01 13 18 0. 8100 ns

( FS X FF) 02 17 17 0. 0000 ns

06 15 18 0.2731 ns

09 15 20 0.7167 ns

10 14 17 0. 2908 ns

Comb TB 74 30 1. 5635 ns

Total 2. 0906 ns

Heterogeneity 0.5271 ns

;) See Edble‘ 3. -
KA ol A= FE FS 9 8§74 1:2:1 9 st & wWeke} (% 9).

Nl ACH IO S AR 7 RER ) TS AR LS ule 1 olo)
Idh ot Lap-= {righll X 41469) “06 Bl A 22)x Pgi-1¢ Hmy x 4G ]
06 /@O A 1T ek Torres 53 Idh Lap 5 Pygm 53>} C grandis
X G jambhiriel C grandis X 32} o] % e o4 e) PNEMAAM 28 m L g
AL X MK SCHEE ol A Pom o3 7} (R 2 < WG AT HE N EA 15 Jal
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Table 9. Homogeneity tests by use of Gstatistics for combinability of individual
famlly single-gene segregahon data for SOD-1 system.

- Closs - Famlh - - 7Nos G B
FF FS S8
TB 01 5 17 9 1.4497 ns
(FS > FS) 02 8 17 9 0.0583 ns
06 7 20 6 1.5732 ns
09 10 16 9 0.3101 ns
10 9 17 5 1.4497 ns
Comb TB 39 87 38 0.6231 ns
Total 4.8416 ns

Heterogeneity 4.2185 ns

7) bee table 3.

5. REMiIEEIES| EER

WIRERER SEM T it (6118 Ao 2 Bol: JVEES kst il Mo
Fofn R el el 7ol o Jl T2 0} F oAl 2170 S A abbol et L )
BT RE A UE K 100 e wleb ol 13704 B s Aol 4] RS = alw
ol el g sles velgew Got-1/Lap, Got-1/Pgm, 1dh/Lap <= Lap/Pgm %
AN A2 Ll Gl wWheb A BB o] Q1 sl ok Q1A 5 A e A2 e}
W AgE RolA okl ol FARML o] A= AN el Aen
Ml UMUE 7 25 350l 4o 2 woksdl (% 11), AAMZ o]l o] MRk iEs] glctmd
Got-1 Lap Pgm, Idh % 4 Bis}b i) —itfmin |- o) A =lo} Got-1/1dh,  Idh / Pgm %
=t 2ol Floleh e B o] § LML o] A s A o)
wle} 4 Got-1/Lap Got-1/Pgm, Idh/Lap % ! Lap/Pgm & &Rk kol Qlck 1 shel s

23 ¢k kel

Lap/Pgi-1 S A4 5 LRMGIA 0.1% Kifkol 4 #Tsted 8T Aoz

11._4
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Table 10. Gene pairs analyzed for linkage and the G- statistics for the test
of independence in IH (upper) and TB (lower) crosses. Figures in

parentheses
Genes Got-1
Hk 0.0949(1)
1. 8368{1)
Idh 0.22050(1) 0.
0.250201) 2.
Lap 10.6341(31% 3.
0.0042(1) 0.
Pl 1.0864(1) 0.
1.23841(3) 2.
Pgm 0.0002(1) 62.
4.2046(1)*97.
Sod —
~ ... b.Baisizy 10
*  Significant at the

** Significant at the

*** Significant at the

5%
1%

0.1%

level,
level.
level.

are degree of freedom.
Hk Idh Lep  Pgil o Pem
000911
91511
177213) 5.1899(3)
0012017 7.4502(1)**
388211 0.7904(1) 78.6516(3)***
746313) 6. 4173(3) 108.5811(3)***
TT04C1)*** 0.7487(1)  8.0440(3)* 1.8810( 1)
9286(1V%** 1.3493(1) 2. 7714(1) 2.2621(1)
2267(2)% 1.7238(2)  1.7319(2) 2.8984(2) 7.466512:°

Table 11. Number of joint segregation progeny for pairs of genes with apparent

linkage of inconsistent results and recombination

Gene Pairs Cross N

Got-1]Lap IH 90
Got-1/Pgm TB 130
ldhjLep  TB 129
Lap | Pgm [H 63

Genotypic numbers

TES [FM : I5FS [ FS : 19FS | MS :

1388 [FM : 9SS |FS: 9SS |MS
24FS | FF . 44FS | FS : 3388 | FF :

43MI|FM : 27MI | FS : 2211 | FM

I3FM [FF: 4FM |FS: 9FS|FF:
6MS [ FF: 10MS[FS: 488 ]FF:

frequencies (RF).

P REM
SFS|8S: <0.05 49
: 1388 | SS
2988 | FS  <0.05 41
DSUIIFS (001 38
SFS|FS <0.05 35
988 | FS
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Hoed (£ 10), d@mislm FMEHIES oA 10%, HiEol4 3%2 s
o} (£ 12) olF MrFt lil —ife(ass o A= A i = oot

Hk/Pgm, Hk/Sod = Pgm/Sod = 77} hRY srttel] ol Ao g Jepyt=d Hk/
Pygme] G N FALGHUS & R B g ol 4 ohbe]l 9% sl ole). (PR
X ALHE HLG o] Hiffioll A= Sod 7} w5 FS917] wl-Eoll Hk/Sod 9t Pgm/Sod o &RE ik
S feald 5 glddmdl WM X B #aol A ge@imiN FMasE s Hk/Sod 7}
30, Pgm/Sod 7| 35 9028 off A T k—uetiis |-ol Pgm Hk Sodipo 2

it stol eleka ffisii sl el wleld Pgm/Sod o} 73 TR Kol o7 Mg WHiE

LalE

[

B A LG ML £ 380 sladdl olei g A4 Fhell LBt Y T eSS 24
e 7l or®) 4ol el

Torres 57" & C jambhirio| A Got-1; Mdh-] —22)x &) =}oi A] Mdh-2; Me-2/ Me-
To) SUPET o) ) —ie s [ ol A& waon 445 el Pgi-13} Lap:
Lol oV sl 2l epgkel . shd el A rjol A= MERNIE BEE F ol A tigol
cilE o] G (PC0.001) o) elgslolony qefiiay MMGHIE L % 10% oW o
TOUM T e g Lol N sl ARl ole Ze 2 wichslgic) Torres S

2 Hk o} Sod-= 7rii 51 2) 948 LRCALA S (A7) wlSof] o] & E(4i T -9 oh2 [a)fyAx

AT o) i i - T A ‘L)_é'/l-!:-]
eluh KRl A Pym/ Hk/ Sod 7} Jal—ifags ool 2128 Balsluz ] e
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Table 12. Analysis of linkage for Lap/ Pgi-1 gene pair in IH and TB crosses.

Conformation of gene pair
on the parental chromosome

Lap F Pgi-1 F
Lap § Pgi-1 §
C iyo( 2
X
Lap M Pgi-1 F
Lap § Pgi-1 F

‘Hongkyool (&)

Pgi-1 F

Lap M
Lap § Pgi-1 8
C tamurana ()
X
Lap F Pgi-1 W
Lep F Pgi~1 F

‘Byungkvool 1 59

XXk Si

gniticant at the 0. 1% level.

Genotype of progeny

Lap/ Pgi-l
Parental FM / FF
types FS / FF
S&M 7/ SF
8§ 7 SF
Subtotal
Recombinant FM /O FS
types Fy ,/ FS
SM/ FF
8S / FF
Subtotal
Grand total
G for independence
~ Recombination frequency (%)
Parental MF / FW
types® MF / FF
SF /7 SW
SF /. SF
Subtetal
Recombinant ME S SW
types”’ MF © SF
SFOFW
SF O FF
Subtotal
Grand total
G for independence

Recombination frequency (%

z) Including the recombinants occurred in male gametes.

¥) Consisting of the recombinants occurred only in female

concomitantly both in male and female gametes.
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No. of
seediings

24

10
104
78.6516***

93

3
96
108. 5811***
3

gametes and



C iyo
Pgm F (9) Hk 1

Pgm S He M

Sod was not tested.

C tamurana

Pgm F (9) Hk I

Pgm § Hk §

Hk S (30) Sod F Pgm F (9) Hk I (30) Sod §
HE 1 Sod § = Pgm S Hk 8 Sod F
Pgm F_(38) Sod § |

Pgm § Sod F J

Figure 4. Conformation of three genes, Pgm, Hk and Sod on the same
chromosome in C iyo and C tamuranag,
Map unit for the distance between Pgm and Sod was corrected for
double cross-over.

6. THELS H3

i Sl ol L fiRESR ST Mol FS X WSolwl o mfge WF FS WS 887}
PEToT 12 e siof 3ifh % 25% 7} SO0 s 2} 22 s qgm (FS) & ztA sl=z
AT IR AL 75% 7L Se aelu witgel s o] FFx 889} 12 Ao
WiHE 25 FS2 slo} BoiiFikohe 2 MU T e sdxoe RHTEL H R
- 100% 7 o,

M ARG S SR ¢ 2360 i S0 2 o] ojxt 253H &) ZELHH 2 ol
sl HK, LAP ¢ SOD % #i—pr% Ao MR AT 100% MY & A=
L 76 Zlgiet (% 13). GOT, IDH, MDH, PGI ¢ PGM T F-EFRARY e
TR 100% HEE 4 Qs Mae T4Me vas Ak AR FFol Al ol
TBHIG LA T4 MG F252 Q& 27 o) Mo A& 4970 ool Ehnslo
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V. fi§ £

SN AR IS S A2 2B o) ol o sl 43 A = A5 7 BRikEpiLo
hexokinase (HK), leucine aminopeptidase (LAP) 9 superoxide dismutase {SOD)
ool WA ZE & i ahed 2 i TS whel o, wa FHEMES (PR 3 (M X 4
s AME X MY F ABEHEm s [ 370 ErF et glutamate
oxaloacetate transaminase (GOT). isocitrate dehydrogenase (IDH),
phosphoglucose isomerase (PGI) 3 phosphoglucomutase (PGM) & =% 78¢%
Aol R UM S il S RS st of 3} Zch

D) AR o 2R 37b ul eiAbel B340 55 ol QoA F [ Ml S 479
AT R A sl He Wl Tl oe) Aulsls Aoz velyo)

2) LAP & Jifusfbis & 48 Aol ffio] ule}l 4 =& Soz el e
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2
o
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Kul
rir
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o
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32
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3) SOD & Sl o] 5457} 713 mol Relxtz Adolsls [dmEs 712 &0
o S AR e} A E S 25 ol Qlojd Fob § 49 By Tool 2]

A NI SCHE MR o) 24 g 79} s Aeshe e A mnal
i whgkel, civl IDH, LAP 9 PGI-1 & o8 /N REol A 545 287 55

5) Got-1/Lap, Got-1/Pgm, Idh/Lap =} Lap/Pgm % 4] ¢ FAARL @)z

(

o el Held oiye) Ankol ggttel Az EMKEE olvsln 22 el
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