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ABSTRACT

Very early stage of chick embryo cultivated in the medium containing DL-
tryptophan by beaker method has been investigated in vitro morphologically
using electron microscopy at cellular level and found that the development of
tryptophan treated chick embryos corresponding to 18~66 hrs incubation was
impaired and york granule degradation was significantly delayed.

It was also found that DNA, RNA and protein biosynthesis of tryptophan
treated chick embryo was greatly lowered than those of control group.

Conversion of L-tryptophan into serotonin was traced using “C-L-tryptophan
and found that 13. 8% of added radioactivity was recovered from serotonin formed
during 18 hrs incubation and the amounts of serotonin formed were depend
upon added amount of tryptophan in egg yolk.

It seemed that the serotonin formed from external tryptophan might inhibit
the degradation of yolk granule by feedback mechanism, resulting in malfor-
mation of chick embryogenesis.
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serotonine] AAAZAY, AAALA, ALFAEH DA BA7} Yohn TAHL ser-
otonine] 1} serotonin 4% <} #] (diethyldithiocarbamate) == serotonin 7] %% 4}3j (Catron,
5-methyltryptamine, promethezine)sli= %48 Awulo] 7}obul wjukel g}, 27 Az44,
A §2Y 44N, AL A90] e dre waslsla 2% sotnin
= Aol Folotd daadsle] et As)E AR serotonino] 1} serotonin®] A
EE Jl5E delste 48 sbeb Az ]/‘1 serotoning A} A 3tA =& @Iy L4
A7t AR ek 8 4] 5k serotonino] 1} serotonin @4 A A A mE A% w2 <l A
dlel g g dasy Lelo Adom e nlAAdRe] A4 A 5o AaEe] w)
Az Fel Py 5o Aetss] o Folvbx FAsAdh. e serotoning FE n] Azt
3 WA e BAE FAGche A ekl

% Emanuelssonz} Palén(1975), 2] 2] (1985, 1986)-% Alujo] L-tryptophang =
Aot WYt ARG Y] AN & WAL tryptophan T Q7 Av S 58w Ao)
L-tryptophano & <13t A 4uk-s o4 (Ray 5, 1966)0) = dalo] gLzl o} L-tryptophan
o] serotonine 2 WA= A4H serotonin® 2 A WY Hale] xade] Fg Al
Aok A%z gek AAZ A LAAY FEsE ATHY A AH
Aol wet A=k ol €34 glor Gas] £e)e] wha} serotonino] ulEE 3w whE
5 serotonin®] <ol 5] Rl & zA3vlE o] ch(Palén e al., 1979).

 dTAAE SelA =2]et serotonin®] 7] Ao Fgo] HE AP ZA=S
A A87] 94 L-tryptophang @53k WX o A wf kst 2] Aule e (B E5EF) ABHS
AAg Aoz A28 27 Ao A9 tryptophan?] serotonino #Z.9] 3}, DNA, RNA,
DA FAE A UC me *He 348 714§ o] £35te] dste] g du) Aol A w] it
slsh vl A E gk
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48t v}, DL-tryptophan® Junseir} #] %, Na-monohydrogen phosphate, K-dihydrogen
phosphate, serotonin(creatine sulfate form)-2 Sigmas} #] 3£, L-[methylene-*C]-tryptophan
& AmershamA} A F, L-[“C(U)]-leucine, [2-C]-thymidine, [6-*H]-uridine® New
England Nuclearr} #] £ x}-2-3)9] ¢}

(2) Tt Wy

T3 A Az (primitive streak) wA 7} G @ 7hx] 37.5°CH0.560 A4 244] 7+ ] oFak
%, wlo]A iy (Palén et al., 1975) 2 2 DL-tryptophan(3mg/ml medium)o] 3¢5 wj =] 8}
salinedt-& Ffa WA 5 o] Gt CO, Habr] (Bl 555 1 60%, 37.5°C0.5)0] A 184] 7,
24417k, 48417, 6641 7k Wl oFshdvh. vl ofel o] z4 e PbS saline[NaCl 8¢, KCl 0. 2g,
Na,HPO, 1.15g, KH,PO, 0.2g, CaCl; 0.1g, MgCl,»6H,0 0, 1g/11} egg albuming] u]-g-o]
45 : 5571 H &= &g .

(3) Mxt&nd BREH
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A4 BEE 1847, 2447, 4847, 6647 ld FAGeZYEH A Wil
(whole blastoderm) & & %35}, 2.5% glutaraldehyde® =338t & 72 bufferz A A3tz
0. IM phosphate buffer2 z4 = O0sO.0l A 2475t A stArh. A" A8 ©re
o Bt 9] Ex Adgo g whidlm, %A o2 propylene oxided: Al&3td AT o,
epoxy resin® & ol a}lvl, -8 28 A}-83ko] sorvall MT,-B3 24-A 7] & thick section
83, 1% toluidine bluez 443t} Fatgiv]A o2 FAY T 50~600me] Fo 2 2ubd
& ulSo] uranyl acetates} lead citrateZ o] o A & =34 x}-¢ v} 4 (Hitachi-500) o 2 3
Fahgloh.
(4) RNA % DNA9| &4
ujo] 7 W o2 bz 1847}, 244 7k, 484 7k, 664 7k vl gt AW & 0. 25mM sucrose-10mM
Tris buffer(pH 7. )% Ap&3te] F43(50% FA9)§ F *H-uridine(21, 977cpm)3} HC-
thymidine (38, 466cpm)& 7}s}32, 37°ColA] 147 WAk 3= trichloroacetic acid(TCA) 3ml
& bl 082 AAAYIZ 4,000 20minde] AAEE 9 the TCA 9
o 7 23 A& 39 e}, Chloroform-methanol & 3k<d (2 21, v/v) 3mlg& 7beted A AL A A
S A4S 28] WG £ At g A Ze] TCA 2mle stz 90°Col A
sominh Aol S5 U4 Eeatel 45UAE @ oA S TCA g 0= AReH, 45
2 wo} Hs} MCol wAls & FAehe] §43 RNAsk DNAgE &4 3sish
(5) ThefElol iy
919} 7o wh o oL Ao “C-leucine(66, 500cpm)-g 71k, 37°Col A 147k
% TCA 3mle 7lete] whg-g AR A7 3, 9452 (3,000g 20min)ste] JAEE ¢
TCA &l o= 23 44319 ch. 90% methanol 3mlE 718l P4+ a—s}oq ol.e. 3
o] petroleum ether 2mlg 718t A A& AAZ}E HAE 53] =HEFold F+ 44 £+
Qo A% YA 45k
(6) Tryptophane| serotonin© 22| ™ &t
2438 37°Col A] 244] 7} preincubationdt ¥, F3 2mlg  Fete] L-4C-tryptophan
(137, 800cpm)-2 DL-tryptophan(50ug) 3 37 #7138 group 1 L-“C-tryptophan%t& 7}
g group 1% 37°C oA 147k, 1847k, 66412, 904] 2k ub-&-417] 4, Udenfriend(1955) 2]
uliy o] uw}e} serotoning F%3}e] paper chromatography(isopropanol-ammonia-water, 200 :
10 : 20, v/v/v)ubH (Smith, 1958) 0 2 F<ldt F & B9 WAbs-g 54 33l ok (Azmita,
1970).
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Table 1. Electron microscopic observation of the effect of tryptophan on chick embryogenesis

(cell level)
(1) 18 hr incubation

Normal group

Tryptophan treated group

1 2 3 4 5 1 2 3 4 5

Cytoplasm scanty + + + + + H + + H +
Mitochondria + + — + H+ + 4 i +
Rough endoplasmic reticulum 4 — + — — H 4 1 4t +
Lipid droplet o+ o+ o+ + L L L S
Vesicle T S
Vacuole + o+ A+t #oo+ W
Yolk granule o+ + o+ # o H o+
Lysosome + + + + + + + + 4t +

(2) 24 hr incubation

Normal group Tryptophan treated group

1 2 3 4 5 1 2 3 4 5

Cytoplasm scanty + 0+ + o+ o+ #o4+ o+
Mitochondria + — + — i i I + +
Rough endoplasmic reticulum + + -+ + i I + +
Lipid droplet + 4+ + o+ o+ ++ o+ H
Vesicle # + + + + +# H+ H +H i+
Vacuole L e o4 H # H
Yolik granule H + + + + H+ 4+ + i +
Lysosome + + — — +- + _ —

(3) 48 hr incubation

Normal group Tryptophan treated group

1 2 3 4 5 1 2 3 4 5

Cytoplasm scanty — -+ — — — - — + + _
Mitochondria — + — — — + + H# + +
Rough endoplasmic reticulum — + — — — + + H -+ +
Lipid droplet — + — + - H + + + +
Vesicle — +- — + — H + + 4k s
Vacuole + + + + + 4+ H # o
Yolk granule + — — — + 4 — + _
Lysosome -+ — — — — + + —- _ _
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(4) 66 hr incubation

Normal group Tryptophan treated group

1 2 3 4 5 1 2 3 4 5

Cytoplasm scant — + — — — + — + — 4
Mitochondria — + — — — H H + H +
Rough endoplasmic reticulum — + — + - + +H + + #
Lipid droplet + + — — — 1 4 + It ++
Vesicle + + - — + + +H + H# +
Vacuole -+ + — — + +# 4+ 1 + +
Yolk granule + - - = = + o+ - =
Lysosome - + — - — + 4 — — _

H53lg =, v EZEgotst 2HAZA S AP o A2 gL T2 FL JE
W, 23 Fo] FAHG T, dFAsle] gon 28 ry & Ao = #A= v (Fig 2).
24417k v oFgE AT wiubd & 184 Zkell wlEhe] Al EA ] 27 ol & ¥ & Aol
A sl.o v} (Fig. 3), tryptophan §-of & A Ao uste] AEAo] ulgalyw, vEZLE
oo} ZulaEA 7t 7t 4Gl on] gt TEgo] wakth = FlaFoe] we] 1}
e gy, AxAW] Lx, FZ, 3L 7 EUE 5o Bdxn JEIAIE A AT
Hlgte] ol FxE o] gl ot 1847k o AT ete ghad Ao Vetyh(Fig. 4).

4841 7k W gt AT ekl 2441 7k9] wubgie] wlEhe] AlzAeo] FA golxvh
&, FHE A7} qlo] Bojx, aAzzwrt £We vEZEE ol dlda oidy 2k
EAZL Bngon, Gy} A s EuE, FTE 5L FATA adE Roew JE
ok (Fig. 5).

4841 7 Wl 3 AR Wik & AAEe] vlsle] AEAo] v, nEExXgo}
T 2gzdrt g5 dger, AwA, FE, &% Fo|] B, myelin figure S
vhebyt ok (Fig. 6).

664] 7k HH“@P AT winido A e e AXES B 5 e,

Hol vk ek ok B Ae P & st glom, wad ZElzds F£8E v E

Table 2. Effect of tryptophan on DNA synthesis of the early chick embryo. The values are the
mean of three determinations. The figures in blacket are 9% of control.

Radioactivity of 14C- Thymldlne lncorporated mto DNA(cpm)
Incubation timeChrs) ———"——- T S

Control Test
18 hrs 2, 240(100) 1, 783(80)
24 hrs 1, 873(100) 1, 608(86)
48 hrs 1, 763(100) 1, 605(91)
66 hrs 1, 571(100) 1, 338(85)

Control group was cultivated in the PBS and egg albumin. 7
Teat group was cultivated in the PBS and egg albumin containing tryptophan.
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Table 3. Effect of tryptophan on RNA synthesis of the early chick embryo. The values are the
mean of three determinations. The figures in blacket are % of control.

Radioactivity of 14C-Uridine incorporated into RNA(cpm)

Incubation time(hrs)

Control Test
18 hrs 2, 281(100) 1, 889(83)
24 hrs 1, 812(100) 1, 471(82)
48 hrs 1, 815(100) 1, 596(86)
66 hrs 1, 297(100) 1,085(84)

Control group was cultivated in the PBS and egg albumin.
Test group was cultivated in the PBS and egg albumin containing tryptophan.

Table 4. Effect of tiyptophan on proteln synthesis of the early chick embryo. The values are the
mean of three determinations. The figures in blacket are % of control.

Radioactivity of *C-Leucine incorporated into protein(cpm)

Incubation time(hrs)

Control Test
18 hrs 3, 281(100) 3, 126(95)
24 hrs 2, 348(100) 2, 033(87)
48 hrs 2, 992(100) 2, 469(83)
66 hrs 1, 788(100) 1, 462(82)

Control group was cultivated in the PBS and egg albumin.
Test group was cultivated in the PBS and egg albumin containing tryptophan.

o] &= ek (Fig. 7).

L=
5
w3t @9k, pyknosisE

T6sA M AR WA E AITA e Gl ¥
Qe AR ggon, FETEIcks Azt FEaEsAG el gy =9
Aol vehel AEAo] vissigonl, Mg Add EUE, T Fol wol A3

ek (Fig. 8.

&7 Avje DNA, RNA §A4 545 Az72k¥ 2 £43 A3, tryptophang Fof 3k 4¢ %
3, T 40 B AE ute} o] DNA, RNA gAlo] X5 FAdof uldte] ¢ 156~20% AL
A Qe Falstdch w27 Ao iy F45 & 248 A9 tryptophang
Az A ARG A A(F 20%)8H 2 S8 AFE 4 gl givh(Table 5).

37.5°C+0. 50| A} 244] 7} preincubationdl w}3-8 Ab-&3}o] L-1“C-tryptophan-g o] 83}
tryptophan®] serotonino 2] # 2% in vitrool A kst Az, slsiE WAkl 147 ¥
ol 8.2%, 184 7kFol & 13.8%7} serotonino]l 4] 3} == glvh.

&g )3 cold tryptophan(DL-tryptophan, 50pg)& 713 ¥ L-C-tryptophan$ -}&}
o} serotonine] A 3 <rEl WAMS& A A 1Az E 6.7%, 18AZFolE 7.8% %
A cold tryptophan-g s}a}#] ¢4-& A -$uv) 3 FgL 3t wigtert 7hs]F DL-tryptophan
o @3 2AY 9 A2 A4 serotonin®] F& Y4 W ALE AFATh F, WF
o A1 2] tryptophan—serotonin  2}-2 ~}&) & tryptophane] <] 9E3HE & 4 vk 2
v 33 FAZH664] 7E, 904 7)) e & W= bl E dALS o serotonine| A] 8] & &
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Table 5. In vitro conversion of “C-tryptophan into C-serotonin in egg yolk.

Group I 1
Inbaion e e 1 F e Tl % e
1 hr 9, 190 6.7 11, 286 8.2
18 hr 10, 706 7.8 18,991 13.8
48 hr 3,783 2.7 3,633 2.6
66 hr 4,810 3.5 5, 140 3.7

[. L-MC-tryptophan and DL-tryptophan added groub
I. L-“C-tryptophan added group

2 DL-tryptophang- 7}3} Fo|v}p 7}8l#] 942 Folv} &% wgton], A A=l serotonino]
=AY e FAE AU E A2E Ay FAAE ot

3

1

Emanuelsson=} Palén(1975) 2. 27| Awie] L-tryptophang Fol3lg-4 =) ] o}x4 3 A
o A8 de] deoldg ARG, dio] Fo3 L-tryptophano] serotonine 2 o] A
FA oz F@FAg e Fart ARz FAsE e Hkehd Fe o] AN daa
A9 A4 palel Sl 2392 dREAA BEHE serotoning]  FL 4] o] o uk,
Serotonin} serotonin 4 A& W& dle EAL Fosbd JFAYPY B A A5 o] mi-
crovillie] A7 7 50] A=z Az A4 wbgdo] Hadhe Ao ¢alA 9=
serotonin- v] &t A F] BAYE dHAFH o2 EAGTE TAE vh(Palén et al.,
1979). W3k=bg] & tryptophan¥ o} 2} phenylalanine, tyrosinez} 7+ wlekE oju] 1418
otk 43l 9lo] L-phenylanineg %o33F 7 %o = L-tryptophan %ol A9} 222 somite
block 843 7| & & Ao] Yol etz Felx] gl eh(Palén et al., 1981).

¥ o] Fo] A% phenylalanine, tryptophan, tyrosines} 7o wlgZ& o}v] A& A W] ukA)
Z7 o] F-of 3} somites] WA o] B-2+x 3}, lactate dehydrogenase, succinate dehydrogenase,
malate dehydrogenase, glucose 6-phosphate dehydrogenases} 7t 7|zt Aol 283 45
o #Ae] Astsle]l A 2 (Choe et al., 1985), tryptophang Fol sty o) 27| Al
o HyP ol aA £4= 2, RNA, el g ko] As k==, serotoning] g ko] tryptophan
Fo 79 AL AATEe I o o] 32= 9 (Choe e al., 1986).

P oAgelA legk velA wyeg wigdt ] Awlg AAHwF ARE ww,
tryptophan A 2] e] A A<te] wlste] wlwkd e A EAQo) v|Getx, v EZ o), zua
ZA N &4 om, Axde] & FEx AL 5, £ Fo] WA, g
AR ol AdHz dfeol A

=3} tryptophan A2} ¢ 18~6647F i} ok 3 A WSl DNA, RNA, wiulz a4 0]
ATl w18t 15~20% A=l Ak = L-YC-tryptophang o] £8}6] I 3to] 4] 9
tryptophan®] serotonine 2 9] H3-& APd Aol A s}8]F tryptophane] 10% o] Abo]
serotonin© 2 7 35| 9] o v, serotoning®] A & s}l F tryptophancte] o &L & 4 9l
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St
o] ¢ 2 AP AdE tryptophan it GG PHE AdAA A o2 A4
g Balskd ¥ d e 2 dde F3E S0 Aoz Add

5 2

4% tryptophang i3k wf Aol A vlel7] W o Wy 27 AW P F
AzrEelA AAdrAd oz ddebd, dude] Azdelv 24z, v degolst
el wiete] wlsaka, Fakaglel Eeish A AT vt Addz J&s T ot
)

+

% tryptophan A 2] A|w]e] DNA, RNA, b9 4ol A4 Avlel ulste] zA A st
Soglgel Ak 1A AHER Al A EelE gl

g d3S AHgste “Co g ¥ 2z L-tryptophan®] serotonine 29 A 3-8 zAE A
t, v oF /‘] 7kl 184 7kel A% 7halF WAbse] 13.8%7 serotonine] A 3] 4% gl 2w, 7}
) tryptophan®] ofell whz} Al A= serotonin®] <ko] eigivh. ey wlgFAzke] AW
serotoninel] A 3|55 = WA gl ZA FaH e 22 B} serotonine] A WY
He Aoz Azdr.

99} e AYPAAE Fo g tryptophano] serotonine 2 A 3= o] serotoning] ZrylE 9l
gt Az dgF e Es) v} feed backloj A2 A= oA A Ao 7180
z2AEE Aoz Hgdh
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FIGURE LEGENDS

Fig. 1. Electron micrograph of blastoderm of normal chick embryo (18 hr)
Fig. 2. Electron micrograph of blastoderm of tryptophan treated chick embryo (18 hr)
Fig. 3. Electron micrograph of blastoderm of normal chick embryo (24 hr)
Fig. 4. Electron micrograph of blastoderm of tyrptophan treated chick embryo (24 hr)
Fig. 5. Electron micrograph of blastoderm of normal chick embryo (48 hr)
Fig. 6. Electron micrograph of blastoderm of tryptophan treated chick embryo (48 hr)
Fig. 7. Electron micrograph of blastoderm of normal chick embryo (66 hr)

Fig. 8. Electron micrograph of blastoderm of tyrptophan treated chick embryo (66 hr)
Fig. 1-8. (x10,000)
Abbreviation: N=Nucleus, No=Nucleolus, M=Mitochondria, RER=Rough endoplasmic reticulum,
L=Lysosome, V=Vesicle, LI=Lipid droplet, YG=Yolk granule.
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Table 1. Collection localities, date and sample size of Elaphe dione.

locality sample size coll. date
1. Kosung, Kangwon-do 20 May 27, 1983
2. Chunchon, Kangwon-do 20 June 2, 1983
3. Kangrung, Kangwon-do 20 May 20, 1983
4, Mt. Kyeyang, Kyonggi-do 20 Aug. 15, 1983
5. Daegi-ri, Kangwon-do 20 May 25, 1983
6. Mt. Sogri, Chungchongbug-do 19 June 10, 1983
7. Mt. Doggyu, Chollabug-do 19 July 3, 1983
8. Mt. Chiri, Chollanam-do 19 July 17, 1983
9. Pusan 18 July 22, 1983
10. Koche Isl., Kyongsangnam-do 18 July 20, 1983
11. Chin Isl.,, Chollanam-do 20 July 15, 1983
12. Chechu, Chechu-do 19 July 29, 1983
Total 232
Table 2. Buffer systems and enzymes used in the electrophoretic analysis.
buffer enzyme voltage & time(hr)
continuous tris-citrate I malate dehydrogenase (Mdk-1,2) 100 3
(TC 1, pH:8.0) isocitrate dehydrogenase (Idk-1,2)
glutamic oxaloacetate transaminase (Got-1,2)
phosphoglucomutase (Pgm)
phospohglocose isomerase (Pgi)
discontinuous tris-citrate lactate dehydrogenase (Ldk-1,2) 250 3
(Poulik, pH:8.2) alcohol dehydrogenase (Adh)
mannose phosphate isomerase (Mpi)
peptidase (Pept)
lithium hydroxide aconitase (Aco-5) 300 3
(LiOH, pH:8.1) esterase (Fsi-2)
general protein (Gp)

tris maleate(TM, pH:7.4) ¢ phosphogluconate dehydrogenase (6Pgd) 100 4

ERUKFNC Selander 5(1971) 9@ Paik 3(1979)¢ Jigkol vulel horizontal starch gel
electrophoresisZ Ffisl) o] gele sigma starch(S-4501) 2 #jFi= 11. 3% Lok BHRX
B e 9 Jjike Table 29 3o

ERIXE) F dolzl # RK 2 KBS isozyme patterng 12 Z dhe] fEHEBSZ geno-
typed KoL B THE, %M HiE (% polymorphism, P) W I &F IpE (heterozy-
gosity, H) (Selander, 1976)% B3t SER EMM BMREES HEsdz 4 £EHY
EETHEES RIB slo] Rogers' genetic similarity coefficients (Rogers, 1972) 72 3}
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o] SR SN SRS eWisla Sneath and Sokal(1973)¢] UPGMA 7t Bio-Sys
program o % EFEAS] dendrogram$ R HESHG o)

- 120 Mol A REEl BUA M 232fRRE ERMAEIEE AN 19 BEE Y &
FEOl A 17(HS TS RILSa . ol 5% Mdh-2, Ldk-1, Ldh-2, Idh-1, Ilh-2,
Adh, Aco-3, Gp % Got-12] 9 HET (B53%)+E % EH J:%) monomorphicstg e} lw
% 8fEel T (47%)¢ EEol whel BEoL dglow ofE 4 BT AL T.able 3
7 7t

8] T 5 Pgm, Mpi, Pept.—1 % Got-22] MH BT &8 2IE7] v $- 2ok
Pem s N7 = WNGESEA A v #RAG o 2 fgs 0.0260100h. Mdk-1, Pgi,
Est-2 5l 6Pgde] 48 ST R 8ot 222 Hon Kool kA 2~3el ¥

Table 3. Allele frequencies of 8 polymorphic loci in 12 populations of Elaphe dione (locality
numbers refer to table 1).

loci alleles 1 2 3 4 5 6 7 8 9 10 11 12
Mdh-1 a 0.98 0.85 0.83 0.93 0.93 0.79 0.92 0.90 0.97 0.94 0.90 0.34
b 0.02 0.15 0.12 0.07 0.07 0.21 0.08 0.10 0.03 0.06 0.10 0.66
Pgm a — 0.05 — — — — 0.03 - — - — -
b 0.95 0.95 1.00 0.98 1.00 1.00 0.92 1.00 1.00 1.00 1.00 0.97
c 0.05 — — 0.02 — — 0.05 — — — — —
d — — — — — — — — — — — 0.03
Pgi a 0.03 0.02 — 0.05 — 0.05 0.08 0.05 0.11 0.19 0.07 —
b — - — — 0.05 — — — 0.06 — — —
c 0.94 0.98 0.98 0.95 0.93 0.95 0.92 0.95 0.83 0.81 0.93 0.84
d 0.03 — 0.02 — 0.02 — — — — — — 0.16
Mpi a 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.92 1.00 0.97 0.95 1.00
b — — — — — — 0.03 0.08 — 0.03 0.05 —
Pept-1 a — 0.10 — 0.10 0.05 0.08 — — — - — 0.11
b 1.00 0.88 1.00 0.83 0.90 0.92 1.00 0.97 1.00 1.00 1.00 0.78
c — 0.02 -— 0.07 0.05 — - 0.03 — 0.11
Est-2 a 0.18 0.10 0.20 — 0.23 0.05 — 05 0.05 0.08 0.08 0.03
b 0.02 — — — 0.02 0.03 — — 0.03 — 0.02 -
c 0.80 0.90 0.80 1.00 0.75 0.92 1.00 0.95 0.92 0.92 0.90 0.97
Got-2 a 1.00 0.98 0.98 1.00 0.98 0.92 0.97 1.00 1.00 1.00 1.00 0.97
b — 0.02 0.02 -— 0.02 0.08 0.03 — - — — 0.03
6Pgd a — 0.02 — 0.02 — — 0.10 0.05 0.08 0.22 0.07 —
b — — — — 0.02 0.03 - — — — — —
c 0.95 0.98 1.00 0.98 0.98 0.97 0.90 0.95 0.89 0.78 0.93 0.8

f=
=
=
1
t
|
1
|
|
!

0.03 - — 0.16
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Table 4. Mean number of alleles, polymorphism and heterozygosity in 12 populations of
Elaphe dione.

population mean No. polymorphic heterozygosity
size (N) of alleles loci He Hp
1. Kosung 20 1.41 0.29 0. 045 0. 039
2. Chunchon 20 1.47 0.41 0.053 0. 058
3. Kangrung 20 1.23 0.24 0.027 0.037
4. Mt. Kyeyang 20 1.35 0.29 0.042 0.043
5. Daegt-ri 20 1.56 0.38 0. 066 0. 066
6. Mt. Sogri 19 1.41 0.35 0. 050 0. 046
7. Mt. Duggyu 19 1.41 0.35 0.034 0. 043
8. Mt. Chiri 19 1.35 0.35 0.044 0. 040
9. Pusan 18 1.41 0.24 0.036 0. 041
10. Koche Isl 18 1.29 0.28 0. 050 0. 057
11. Chin 20 1.35 0.29 0.039 0.038
12. Chechu 19 1.47 0.41 0.082 0. 087
average 19 1.376 0.324 0. 0473 0. 0496

HTE 2z Jdsich 28 7@ 8/ET 3 166 BETE & £EA 80% Lk FEER
dominant alleleg b3 .oV BHEEES Mdh-1°9) EY} 0.660 2 kB Mdh-1°
W7 80% LAkel At dAe ERE e

WEREE RES RENE WAl st EMT B THRRTEA), SHEPRE
P), BREHAETFEEME R H£2E Table 49) 2t Table 40 A o} 3le] HEHT % T
¥ AT e T EEC) A=1.2302 2 3lo] 714 A AHEHEE] A=1.560%
A weleh, 28 Y HrERTEE A=1.388 2 7= (Rana nigremaculata)e] A=
1. 319k w438k ghololvh(Yang, 1983). #Mjpe] HET HMNE 2 TEesEe] P=0.41%
Al A Eeoubd BUUERE P=0.2424 Jbg wigtorn] & £ES PHEAREREE
P=0.3242 Jesisiel 749 P=0.231 (Selander, 1976)5} s S8 o] (Rhabdophis t.
tigrina) 2] P=0.228¢] Hiabo] vha A vebsbg (B3 B, 1986). BHESTHEES B
Brss BIEATHE (Ho)ob HET AUl o Bk Hod BING 5 28 Ha
& Hp=0.0496, Ho==0.04732.% o] & Afolo] HEH xRE o] # HED EdHm
gy H=0, 047 (Selander, 1976)] 7} [F—3st@vh. AT 1208 £ 5 4@ Hp
=0.037, He==0.027%2 =z zfo] A & wbwi FMEEE-S Hp—0.087, He=0.082% =
el Ad =9k

% HERS] HER THEBRE Sl $1%te] Rogers(1972)9] A MIHEE KT
#iE Table 59} vl Table 504 B3z ubel o] 12MH £ERM T HBEMN AHES
S=0.966(0. 924~0. 991 A HER ko] =1 Esten] o] e HEE FYF
(Rhabdophis t. tigrina)o] H:EM EEM THMES A9 A—slgor (B B, 1986) b
TypRee] REM SHEL TEEL= sk o (Avise, 1976).
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Table 5. Rogers’ genetic similarity coefficients among 12 populations of Elaphe dione.
1 2 3 4 5 6 7 8 9 10 11 12
1. Kosung 0.972 0.984 0.972 0.978 0.968 0.954 0.974 0.979 0.966 0.977 0.925
2. Chunchon 0.980 0.981 0.976 0.982 0.936 0.976 0.968 0.959 0.976 0.941
3. Kangrung 0.969 0.984 0.976 0.970 0.977 0.971 0.962 0.979 0.929
4. Mt. Kyeyang 0.977 0.975 0.980 0.9834 0.972 0.962 0.975 0.943
5. Daegi-ri 0.969 0.950 0.970 0.967 0.957 0.971 0.926
6. Mt Sogri 0.968 0.976 0.969 0.958 0.975 0.943
7. Mt. Doggyu 0.980 0.978 0.975 0.986 0.933
8. Mt. Chiri 0.979 0.972 0.991 0.933
9. Pusan 0.983 0.985 0.931
10. Koche Isl. 0.979 0.924
11. Chin Isl. 0.931
12. Chechu
0.90 0.92 0.94 0.96 0.98 1.00
L 1 . 1 . 1 J
0:233 Chechu
0.991 .
o.ﬂ‘{: Chin Isl.
0.978] Mt. Chiri
0.969 Mt. Doggyu
0,983 Koche Isl.
L e
0:978 Mt. Kyeyang
0.973
Chunchon
! 0.98?'984 Daegiri
| Kangrung
Kogsang
T T g T T T
0.90 0.95 1.00

#t-& Bio-Sys programe 2 EH Mt dendrogram$ (R &

Fig. 2. Dendrogram based on Rogers’ genetic similarity coefficients among 12 populations of

Elaphe dione.

Rogers(1972) 9] E{8ifY JTEfES 122 Sneath and Sokal(1973)¢] A%< FIfF UPGMA
1= Fig, 29} 7). Fig,
204 Rz whe} ol 128 HES SPEom oA BE, MR, Ml EfE 2 X
LB Abols 7y S=0.98% 1BH-S o] Far KRR, Mk, &)1, AHEE, 0B 9 Bk
B ORe 73 S=0.98Z vhE IBES MRS BMEES fb fERe Ay S=0.93002
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i ERE vhebuleh o] B LR B Kl BRES R, 198D9%E —#HTet
L 2 fREE v Fe] & oo BEEREAA S S Hx gekvhar Bk o

= L3

BEIE +50 (Elaphe dione)o] #iH0] w2 EEYN BEE Fsty] 9ol e 12
il HEel A M 232(EEE WAt BRKkBE o8t et & 130 Bk 2 &A
Hol A 17{ES EET S sy, 1769 EET 2 Mdh-2, Ldh-1, Ldh-2,1 dh-1,
Idh-2, Adh, Aco-3, Gp, ¥ Got-19] 9fH HETT A8 BES U9z EE £ F—
$rINT 9 ow Mdh-1, Pgm, Pgi, Mpi, Pept, Est-2, Got-2, B 6(Pgd, 9] 8ff T
SRy Qo M uheh 2R 94

# HEME T £FENEE P=32ugo9 REEATHEEYE 247 Hp=.0406, He=
L0430 2 o] 2 b HHEEMEES T R BRo A9 [H-—slg

# EERIC] ¥ EEN K S=. 966224 o e [l Py <] %@ﬁaﬁ Ak fEst [
—stg o] WML b EEMESY Y B AEEE S=.0380 8 tha 9o o)

g1vh,
DS gheh R R 3 FIRAE(GS B, 1980% At % o WEE T
Wl (Elaphe dione) & Gifk 5HE7) o1 WHEA e ffEe] gehm e,
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