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Abstract

Two-dimensional gel electrophoresis followed by silver-staining has been
emplyoed to study genetic variation of red cell lysates in Cheju population.

Total 2, 891 polypeptides were identified of which 98 polypeptides appeared
as the combination of a normal and a variant polypeptide.

Heterozygosity index of Cheju population calculated as 3.3+0.23%. The
heterozygosity in Korean(Cheju)population was compared with those in other

popuations,
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HAostA ZH3ts AL At A Zrio)y o] 2 o AAHoz a7 A
b % ddeh A 24bsbAl =l §12 o} 9 W4 (polymorphism) & &3]
= 7 led, clfAwtel4 oty a4l ol 83 genetic marker2 4 B4 5T
gleb. 2 -3 A ¥ o] 9} high-resolution genetic mappingel & 7= 83 (p
henotype) & A ¥ 4 & #Hol(variant) F Aol & £3}l= o] gl Foll4= DNA 7|
3] & (DNA sequence) 2] #3l, DNA Aukzo] wizle] o} & dA(DNA restriction
fragment length polymorphism), <3 a2} ¥ e} (chromosomal morphology), T+
2] A 7]olg = (protein electrophoretic mobility), & chwl=l o] )% (protein
function) 59 W2 2% 5|+ P A4+F9 #Ho|(molecular variant) & £ 480 2 4
A=l ol

Harris (1980) = #3 ¢l A st M 1481 A7 53} Aol & 218814 AS
T A BEas FAAE S (enzyme loci) 104705 ZAFS)A o] F 23.1%Ql 24747}
HEHAE eletn sholch whebA o] 9] ZAstel 4 42 % 2.9 average heteroz
ygosity<= 6. 3%oll F etz 8.3 3}¢ic}. 3} x]gk whwi A o] net charges W3 A]7)x
W otulkal Agolt B B4 o) 448 $ubsE S Awlol = allozyme electroph
oresisZ A& =2 7] wlFoll 6.3%2 heterozygositys 249 zto g Qzis 4

glet. sample bias e ZA4 & wejdlciy & of o]3 {4 =l Lol 1Y A7 STy}

Aoz £ 43k= routine enzyme survey 2 & Huba ol A wlo] 2k (tot

fi

al genetic variability) & &34 §33l= AL TaHo] Yo} & 4 ol ch.
A Wl F A7 s = o} & Wy O'Farell(1975) ol &3] /jt® 2x09 A7)
w

TR AH8-3hc 2, Wanner$(1981)2 olu] e A 443 o] | (genetic vari
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ant) 9 90%E 24 A7|dE5Hes 28Y 4 Ak 231 kg

A A1 g F el AgzAel v A (human cellular protein) £ 4ol Hx
2 A Eeds o e fAA wojgke o ¢ Yly 83 sigich. McConkeys
(1979) & human diploid fibroblast linedl A 234 A7 €53 double label
autoradiography %22 43 Ho]& A8+ 1%8 c} F-& heterozygosity inde
x& 223t gict =3 Waltons-(1979) & human fibroblastel] 4 0. 6%2] heterozygosi
tyE 2 g whed, Smith 5 (1980) & human kidneyoll = §A =2 wol2 g
4 ¢lctx ¥ 33819 ch. Hamaguchi§ (1981) 2 phytohemagglutinic stimulated pe-
ripheral blood lymphocyteoll 4 0.5%9] average heterozygosity S X 1 8}% o o,
Coming(1982) & brainoll 4 0.04%%} average heterozygosity & 2.3 8¢t}

o= °1 Goldman = Merril (1983) & human lymphocyteoll 4 2. 4%2} heterozygos

itys 2238427, Rosenblum% (1983, 1984)& serum locioll 4= 6. 2%+0. 7%2]
heterozygosity index-§ B335l 1219 A7) dZ o o3 héterozygosity% v =3}
Z3E 2o Fct. 22l 27709 erythrocyte loci® ZAbsle 3. 1%+ 0. 5%-2)
heterozygosity indexs B 33}¢]c},

AAA A dolgbs A 317] A4 24 AU gHo

3
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sHAl o] & =]z 9l=)ak, Fulo A= allozyme electrophoresisol 2]8j4 235 of=
Gl

N shl A o] by g4 Aol Fbslo} gfome gEql At fH A

o
-0

19 o]l &3 A Ao},
utetA] B A= HEF U 49709 protein locidl h3 AR wo)zpe

heterozygosity index2 A& 3o 24, Oh £(1988) 0] #.23 & Acluwlalo] & 2=

o,
ot
2
=
2
4
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Wolell gt 1 Axet vla AES o AFE )F A=) A4 A9l genetic variation
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I. g 9 4y

Yoz AYY A} AFE F1 5999 do 3m-¢ EDTA-bottleo] A3, 1, 5009
2 ATt ¥ 975 Lelsiglc). #2138 "7 ol4 nonpolymorphonuclear
leukocyte& 2| A 3} 7] 9 3}o Ficoll-Pague (Pharmacia) & ®7}slo QA% a5z,

HETE0.9% B9+ (NaCh 2 AH3led 1,50098 587 G Le|dozx
WETE AAA L dolale WY T 2 wyog 2w MYt A A
AR, 39 AH ¥ H8Y7E packed red cell& -76Col| 23t ch.

packed red cellell 1M phosphate buffer(pH 8.0) & 53 A r}sled A X2 £Y4
ZL, 13,0009 2 587 Q42 2)5te] membraned A AY % c}4] 13,0009 2 557
AYAEAA 458E Ak A719%5 2AAo| S22 solubilization solution
(9M urea, 2% Nonidet P-40, 2% g-mercaptoethanol, 2% Ampholine (pH 3.5~10))
+ AH7hsled 2871 13,00092 QA2 211 A first~-dimension isoelectric focusing

geldl application 3} ¢ic}.
2. MIdE ¥ HM

2A s} A 719952 OFarrell(1975) o 44 -& = &8 Mclellans (1983) =} Celis 5 (1
984) 2] il wgtel. first isoelectric focusing2- 9M urea, 2% S-mercaptoethanol,
2% Nonidet P-40, 2% Ampholine(LKB, pH 3.5~10)% % %3t= polyacrylamide
2 Aol 13em, W7 2an FreldLol A et 9bE . 200Vell 4 154, 300Vl A
30-%-, 400Voil 4 60-&%} prerunning¥t ©t5, red cell lysate applications}ed 400Vl
A 17417E, 800Vl Al 1417F 3 7,600V - #17+2. 2 isoelectric focusingS A 4] 5+ o}

focusingd % geld 7 WA equlibrium buffer (2% sodium dodesyl sulfate, 5%
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A-mercaptoethanol, 10% glycerol, 0.06M tris-HCI] pH 6. 8) ol ¥ 3 second di-
mension electrophoresis& 4 A& a7} 2] -76Cel .25l el 23 A7) 5 (SDS
polyacrylamide gel)-& 12. 5% acrylamide gel& Al-& 3} 27, 10CoIA 30mA - 54
Zb ok ARt 28] A EF AL 22 37] 98 Merril 5 (1982, 1982)

2] wboll ulg} silver staining 3} ¢},

4. FHEH HO| EME 98t polypeptideo| MEY

silver staining geloll v}Elxl spot& 7| 2 2, variability 2 713 5] biasoll 27} ¢l o]
4971 9] polypeptide s Al #3}%l 3, reproducibility, intensity, relative isolation t.0
= RHE 4171 polypeptidedl] gHalod §-1 2 wolo] gt 248 44351} (Ros
Nel & (A,

6
B, C, D, E, F)ez v}rglovf, 1% wldko 2 = acidic side, 2.8% 41382 basic

7]

N

enblum, 1982). w3k f+A A wolo et 241% 87 9 wHejat

side® Fshgich. 2] f-HH Hol g Bol& polypeptided #Helslr] 93] 4
T B, #A4eZ FAE 107149 red cell lysate® control@ A& g,
ol FA +H A ol g ¥4l average heterozygosity indexZ # 43 = wlo|ate

Ab& sh ol



m = 3}

£ Ao A3 polypeptided] position Fig. 13 229, 49712 polypeptide&
Aeste] A5}
Hardy-Weinberg W 2ol o}2 24 Az Edi2 variants) Wxol cfg 525

Table 1ol vtEFH Siel. 595 zb=bell 4] &4 =l 4970 ¢ polypeptideZ 67H9] polypeptid

,
MW (KD) 'EF

R 2]
205 - o
116 - w
94—

66 —

Fig. 1. Pattern of red cell lysate polypeptides separated by two-dimensional
gel electrophoresis. The pattern is subdivided into convenient regions (A,
B, C, D, E, and F), and the polypeptides scored for genetic variation
are designated. The pattern was oriented with acidic side to left and
basic side to the right.



Table 1. Genetic variation observed for six red cell lysate polypeptides among
59 individuals of Cheju population.

B -001 B-011 C-006 D-014 D-012 E-007

Normal 48 33 52 36 " 28

Normal/Variant 11 26 7 20 15 19
Variant ) 3 12
Total 59 59 59 59 59 59
P 0. 907 0.780 0. 941 0. 941 0.873 0.636
Q 0.093 0.220 0.059 0.220 0.127 0. 364

N 0. 624 4.727 0. 350 0. 004 1. 250 5.450

Note : A total of 49 spots were scored of which only these six polypeptides
showed genetic variation. Criteria for selection were as described in text. The
genetic nature of the variation was in all instances confirmed by the presence
of the same variant in the parents.

* Test for agreement with Hardy-Weinberg equilibrim proportions.

e} genetic variant @ AbE Sl dof. & 2, 891 polypeptide3 987 &] genetic variant 7}
gl e 2 4 average heterozygosity index”} 3.3%=%0.23%2 A% =2l (Table
2).

Z L=l 6719 variable polypetide+= ©f5 3} Zol 7hwhslAl 2 oFs}] ).

B-001

o] polypeptide= 2k 60, 000 dalton2 & 117§2] variant7} 3+2=5]¢] o i (Table 1),
normal spotel| 4] basic side® °F lmn¥ = Hoi= eyt (Fig. 2a). normal spoti
A7l e) 370 spotF shvbg e, k2 2709 spott B-0019] acidic side o] % 5] of
+Eb} 3702) spot © 5 7F € variation® HoFE= A o) AAE A LA
|59 spote] 2712 F¥H 4 AAct

B-011

o] polypeptide #2}2Fo] ¢F 40, 000 dalton2. 2 variant+= 2670 Ao 4 3 =] oic}
(Table 1). variant+ normal spot®t} 2. 5an A %= basic side® o] & 3§ spot gc}.

normal3} variant®] gene frequency+ 77+ 0. 783 0. 22 ¢},

_7_



C-006
o] polypeptidet ¢ 45, 000 daltone & 7709 variant7} T3 = ¢le v, variantt

¥ xleke =0 2 normal polypeptidesch oF 3an A T ol vieht FAF S} Aozt Ao

D-014
o] polypeptide= ¢ 20,000 daltone 2 #zteke] a7} HAZ 20-0¢] variants}

212 5)9=d, normal position® c} ¢k 3an 9ol vERRtTH(Fig. 3e). normal} varian

to] it gene frequency+ Z+zb 0.783} 0.22% ¢} (Table 1).

D-012

o] polypetide: et 20, 00028 variant+ normal®.c} & 5zn A= acidic sideol|
el yb el (Fig. 2d). normal®} variantoll e 8t gene frequency+ 27 0.873 0. 139]
%ich(Table 1).

E-007

o] polypeptide ¢ 30,000 dalton= 2 197§} variantz} % =jolct(Fig. 2e).
variant*= normal spotel]l A acidic side® °F 10an A= @A elutsd AEs
%96l 4 2 variant spot= DF-9ofl S 28 L% A2k, invariante] D-0061 D¥-# el

4] spote} F25 A gol iAol lol M rh=A FEHAH(Fig. 1).

Table 2. Summary of polymorphisms identified by 2-D gel electrophoresis.

- VTIQB.Mloci VNo. loci Heterozygosit
__ surveyed polymorphic veosity

N/V combination 98

Erethrocyte 49 6 Total polypeptides 2, 891

Average heterozygosity=3.3*0. 23%




d. D-on

Fig. 2. Sections of the two-dimensional gels showing the variants (V) and the
corresponding normal (N) polypeptides. In all photos, a convenient
reference spot(R) has been designated.
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V. 3 i

2 Aol A= 4970 2 polypeptide 7} variability 8 702 5] = biasell kA gl o] £ 43}

ol AdEle] o F 6719 variantz} 2HAE g}

—

ol 67112l variant% 2711 2) spot(C-006, D-014) 7} %-x}=k2] 3ol ol o2 74|

S1Eh. oleh 2 A& Oh 5 (1988) 2 plasma proteinol] tj3t o ol 4= ¥-z}eko
c}-& variant polypeptide~} #% 5|13, Rosenblum 5 (1983)¢] 2291 = 719354
o] &8 heterozygosity A7l M 5 z2e A= B 338} 9dc},

ol 42l plasma protein variant @ ¥ 7 3 polypeptides 27 2) polypeptide= 2D

geloll A =k ebefl 218k mobility o] 2t g 33 =] 9l x)sb, o]l variante] Qal o polypep
tidee] 22 ol el 2hAls] vhal 2l ub gle), e} o] Mol ol Fo 4w,

molecular charge-& #13} 2] 7]+ single amino acid 2] % 3} o] 2D gelol] 4]+= polypepti
dee] Hafvl FAHL WsAA & ok HE AZstn Qoo (Leavitt. ef al.
18821, neutral amino acid %3 % 1D gelol] 4] ploypeptided] molecular weight&
W 3hA el Zlo] ube Ack(Wilson. el al - 1981).

Rosenblum -5 (1983) &] plasma polypeptide 7ol 2] 327 ] spot ¥ 14709 spot
7k elul sted 7l F-of polypeptidest A28l x, 2 o) 7ol 4 scoring 3! polpetidesi] 4]
= o4l spotet = §-918} 2l eiokel. plasma polypeptide 91-oll 4] scoring 7] <] 3
A1 =l 27112) spot7} 14 gene produecte} -1e] 3 7+ polypeptid 7} 13 5l 7o
A8kl oksk=rl ol&l 2719 spotE 17 2] spots scoring 3} 2] ¢+ Z-& heterozyg
osity& A& ) Ul=dl o] 2 index 7} 6. 2%oll 4 6. 5% 2 Z7bsl= AL oF 4 lolc),
transferrin, a-l-antitrypsin, a-Fibrinogen®} 2+-& oj27} = c}& plasma polypepti
deoll 4= variant®] £ $lejl 222 % oke) multiple spot7} c}oksl A vhepifig| o] =
2 12 gene product®} s} %l spot7} oJefs) Ealgicis Aoz F Huisle]

7 2t (Rosenblum. efal 1983, Anderson. etal 1979). £ oo} 4] 670 ¢] variant

-11-



spotieh of g5 W3ksb vl A A% 290 scoring® spotE of @ spotk
T Wk T, A3 H spot® §17) W Eol variants FEY & Aok o] WA
844 4FE % heterozygosity index: 3.3+0.23%2 efyt

Humant tissueo| A 2D-PAGE & o] &3}l A2 = heterozygosity index+ Table
37} Z2 oy, i) fibroblastic cell line, kidney, brain, lymphocytes] A< ?F 1% ol3tg
i, ii) lymphocyte®} red cell lysateo} 4= 2%~3%, iii) plasmac] A= §%~8%.2
370¢] groupe g T8 4 ek ol A3 o] chordl cell, tissue, body fluidel] A
2D-PAGEe] 93} 4% = heterozygosity index7} t}4 ¢} variatione 2o =31 gj=
o, olell cfs) ed2] A Lol HA s ek 3 single polymorphic polypeptide 2]
A7t Aol 7} scoring # polypeptide o= tt27] af-#of heterozygosity index&
1%~2% 57 == 2447 4 Az, A, ola aoldL protein Ao 2oj A
silver stainingell 71<1€ 4 9lch= Aaldvl, Goldman(1983) = Merril(1982) &)
lympohcyte polypeptide @l 4 autoadiography W o] A& = o] 2. 4%
heterozygosity index2 4r&% ¢ 2wl & 4 ok, AF, 1 HolAL A=
dl ol 28 AT spotE AAEL 7202 51QS o 791" 4 ok Al L 52

Table 3. Heterozygosity indices of population surveyed by 2-D gel analysis in
various human tissues.

Population Tissue E 7Average heterozygosity Reference
Caucasoids Brains 0.04 % Coming (1982)
Caucasoids Kidneys no genetic Smith et al (1980)

variation
Caucasoids Fibroblasts 1.0% McConkey et al (1979)
Caucasoids Fibroblasts 2.0% Goldman et al (1985)
Japaneses Lymphocytes 0.5% Hamaguchi et al (1981)
Caucasoids Lymphocytes 2.4% Goldman & Merril(1983)
Caucasoids Plasmas 6.2% Rosenblum et al (1983)
Caucasoids Plasmas 8.0% Asakawa et al (1985)
Korean Plasmas 7.6% Oh et al (1988)
Caucasoids Erythrocytes 31% Rosenblum et al. (1984)
Korean Erythrocytes 3.3% this study




scorable polypeptides A H3l= 7| 59 ol 7|Ql@ctn & 4 g} wiafi
2D geloll 4 crowded 4419 variant§ A 83} 4] scoring® 4 Y=L oE A
ol

Asakawa 5 (1985) 2 Amerindian, Japanese, Caucasoids2] plasma sampleg
A7l e ez A784 Amerindianol 4= 4.5+0.6%) heterozygosity index-<,
Japanese= 5.7%0.7%%] heterozygosity index$, 282 Caucasoids®] 7=
8.0%1. 1%¢] heterozygosity index% el fcln B vslegdm, =3 Oh 5 (1988) &
A F-5 4 ghe] plasma sampleoll 4 7.6+ 1. 5%2) heterozygosity index& ¥.3 3}g=
o},

w2k 4 Oh 5 (1988) 2 £ A7 ol 4 48 51 2|32 5 Q] A tlo) heterozygosity index=

sl sted 2 o (Table 4), Al F%9) 2 kel 4| A gl heterozygosity index= 5. 45%2}

@ oldl ol & &Sl Ao genetic variationd] FEE o4 £ A= HE}
B e ALE delv, doz we odfs Sasol of Hay gl Arie)

genetic variationg A& 32l § 2lof| ©}2 ethnic group¥} ] wlm AE 7} 1 3)ch

PR

R

Table 4. Heterozygosity indices of Cheju population.

Tissue Method Heterozygosity Reference
Plasmas 2-D, Commassie blue R-250 7.6% Oh et al (1988)
and silver staining
Erythrocytes 2-D, Silver staining 3.3% this  study

Combined 5.45%

-13-



A %

o Aol H e} §4H

Mol 2 o F3l7] 93] 5970 red cell lysated 2xt4

5
A7|od 5o 93} silver staining 8t}

]

% 2.89174 9] polypeptideZ 9871 & polypeptide 7} normalz} variant polypeptide &)

combinationg ©]§ 312, 4% X heterozygosity index+ 3.3%+0. 23%°1%ich. 28]
I A F =l A xhell 4] 8] heterozygosityE ot2 Q- A He] heterozygosity ¢t v]m 3}
Aot
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