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INTRODUCTION

Since the introduction of isoelectric focusing (IEF) for the

analysis of protein polymorphisms of forensic science interest,
several technical modifications have been developed to improve its
reproducibility and resolution capacity. These include: IEF in a

mixture of “separators” and carrier ampholytes (separator-IEF; SIEF)

(Caspers et al. 1977; Gill et al. 1984); IEF in immobilized pill

Bradients (IEF-IPG) (Bjellquist et al. 1982; Cleve et al. 1982) and
IEF in IPG-CA supplemented gels (hybrid-IEF; HIEF) (Atland et al.
1985).

On the other hand, the detection of focused bands by enzyme-

immunoassay after blotting to immobilizing matrices

(immunoblotting), has become a useful tool in forensic science
practice due to its high sensitivity and feasibility (Tamaki 1986).

In this study the GC, PI, Tf and ORM-1 genetic variants were
investigated by SIEF and/or JILEF using miniaturized gels. The
subtypes were detected by immunoblotting in all cases but PI. The

distribution of subtypes and the allele frequencies found in Central

Spain are shown.

MATERIAL AND METHODS

Plasma samples were obtained from unrelated individuals living in

Madrid (n=340 for GC, Tf and PI subtyping and n=315 for ORM

subtyping). Samples were’ stored at - 400 C until used for a maximun

period of 6 months. Sample preparation, IEF procedures and detection
methods are shown in Table 1.

RESULTS

Figures 1 to 4 show the banding patterns of the GC, PI, Tf and ORM
phenotypes respectively as observed by SIEF and/or HIEF.

Tables 2 to 5 show the distribution of GC, PI, Tf and ORM phenotypes
respectively observed in Madrid (Central Spain). Allele frequencies

are also shown.

Advancesin Forensic Haemogenetics 3
Edited by H. F. Polesky and W. R. Mayr
- 7 : 7 lag Berlin Heidelberg 1990



256

“(yreudag)
844edoyeq

w
o
r

paseqomnd
a1a8

cuNJasyyOy
“(ggGT

OSUOTY)
paqradsap

é[snoTAadd
se

esse-ounuNET-oukzu9
dazs-ony

e
Aq

aueIQNaNaT}
WO

pajoazap
esas

Spueq
pasnooy

pue
(alody[[Iq)

sameaquam
s7Ag

03
[a8

aq)
BOIJ

UoTSsNIp
aydurs

Aq
qno

payazeo
sea

BuTyZ0;qoUNWEy
(7)

“AUTH
40F

“UTE
Q9E-002

Pur
ARTS

40J
“ULE

OFT-O2ZT
SOK

BET}
FUTSNIOY

[e409
OTL

“(ATTH)
9
/
A

OBC-OOE
JO

(ANTS)
¥9/A

OBT-OCT
UTEG

O
04

GF0T43a6
JaKOd

ayy
Sutysnpe

pasnaoy
alam

BTII
poe

paaowas
Gag}

alas
Siozeat[dde

apdeeg
“Sursnoojasd

se
sdatqyas

aues
ayy

YyIA
“UTE

QZ
10}

panutya0D
ceK

gy]
pue

apoqzea
aqy

woly
WI

G
g

Ie
(HNL

X
>)

Jaded
224]

{J
¢

of
UUeReGY

Jo
Sadatd

Jursn
spad

pasndoyasd
aq}

vo
patjdde

agama
sazdacg

“ure
QZ

FUTIAN(
W
9
/
A

OZT-06
<AHIH

{89/A
09-00

2aHIS)
Ode]TOA

KO]
 
4
R

pasndojald
alan

S[ay
“aU

CG
JO

aoUeIS{p
aporzoazalazay

we
qIIK

BoezINs
fad

aqy
UO

A[}DAITP
paysad

saporyaaza
pazroryeyd

OGL
“(IT

Me9qtaTOR
GTZZ

pue
G

aatsporsey
1677

“JT
JOqdTy

TMA
COO-LITZ)

Waedtnba
gy]

Jatsn
pamsojsad

ses
g
a
y

pur
(T-HA

PUR
OST/o00C

Sd0i
“OOOE

Wad)
WWeUdInba

etoemreqy
Tuyen

pawsojied
sea

gqIS
“(GR6{

‘OsuOTY
‘ggg{

‘osuo;y)
paqtuosap

Aysnotaasd
se

48ed
odaK

sadtayeR

DUI
POE

ATIS
207

B[2p
“Og

ZC
UE

Ly
7-9

Sem
(NE

G"0-G2-0
X

09
X

OOI-0G)
S1ad

spreepaoedjod
paztanzerurm

ayy
yo

woryteoduoa
ayy

(1)
  

(01:1)
payeantuos

asouons
¥

02
‘SHV

3
2°0

dWH
3]

Vqqes-Ty0e
sores

<qy
pug

s
Bb-2"p

OtATeMIEYY
¥

|
“UOT

207
9
Ue

(00011)
yS-G"p

aydpousegy
y

|
SIV

ST

|

1%
(3/q

|
‘euadupazsed

RAOWEMNY-TyTe
yTqQgeI=q7

48]
¢

UOTANTOS
woEyesplqay
=
=
»

G*P-Z"hAVATEMIEG
Y

|
=“)

-aBePyOTWeaNaT
Jo

230440[GounNa-
U°S-Pb

DL

|

WS-GTP
OMTRMIENT

TT
MOT

+
eueTd

Jo
TH

oT

=

AAO

GUY
98]

YqqeI-[yWe
aOqAB

:qy
pUZ

¢
BSNS

¥
OZ

0
Op

48
Y

OT
pazeqnony

(OO0T:T)
JX

Weung-tque
y1qqea

:qy
48]

¢
S°9-)

agdpeuseyy
¥

Z
|

:Buy4yoTqounmay
-

UOTIOTOR
WoyyeIpAqay

SHAUN
%
ZT
=

8NONZAy
Y

GT"O
NITL

T
ang

WTTTIq
ayseuoy

-
L°S-2°S

*9d1
S"9-)

audqemreng
¢

2

©

paynyIp
saydeea

eaceqy
=
 

OB0s9NS
fF
OZ°SHY

X
80

Gb-2°)
adpeuredg

x
Z

sUOT{NTOS
wor yempAgay

---------

  

6
S

)-SC'°F
qU0Nje924

snoTaadd

ON]q
WeI[lIq

stseMoo)
-

GLO-SE°)
-8Dd]

{Noqy{a
saydwes

easeld
Id

(O00T:1)
payedntuos

gy
aB0l9Ne

|
OZ°SHdTH

£
9°0

40
GUA

93]
Wqqea-1yue

sUlss
=qy

paz
¢

VG-S°p
aqd[euregy

47
(00:1)

99
wewng-yyue

ytqqes
:qy

487
x

-GOT4OTOS
WOLyeapéyay

SR0V
£.9°0

‘SHIH
Z
Z
T

P
a
n

A
9

Gyles
OC-T

-8014}0[qounmay
-

OS-8°)
“
M
l

y'S-S°p
ayhpemseqy

47
payn{tp

saydwes
euseyy

ao

(2)
SOOHLER

KOTLOILIC
aula

aus
ss

SNURLVTNL
TdRVS

A17L08d
 

(1)
SYandHOOUd

d31

T
W
a
v



207

 

Fig. 1. GC phenotypes analyzed by A) SIEF and B) HIEF in
miniaturized polyacrylamide gels.

  
Fig. 2. PI phenotypes analyzed by HIEF in miniaturized
polyacrylamide gels: A) IPG=4.35-4.75 B) IPG=4.35-4.55.

 

Fig 3. Tf phenotypes analyzed by A) SIEF and B) HIEF in miniaturized
polyacrylamide gels.

 

Fig.4. ORM-1 phenotypes analyzed by A) SIEF and B) HIEF in
Miniaturized polyacrylamide eels.
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Table 2. Distribution of GC phenotypes and allele Table 4. Distribution of T£ phenotypes and allele

  

  
 

 

 

 

frequencies in Central Spain. frequencies in Central Spain.

Phenotype Observed Expected Allele frequencies Phenotype Observed Bxpected Allele frequencies

15 116 M1444 GC #15 = 0.5794 . C1 218 213.59 TE # Cl = 0.7926
2-15 112 109.49 GC #2 = 0.2779 C102 78 86.39 Tf * C2 = 0.1603
15-18 48 55.40 GCs iP = 0.1397 C1C3 24 23.17 Tf ¢ C3 = 0.0441
2 25 26.25 GC # LAvan= 0.0029 C2 13 8.74 TE * C6 = 0.0029
2-1F 21 26.30 C203 4 4.81
if 10 6.63 C3 l 0.66
is-lAvar 2 1.14 C1C6 1 1.56

. C2C6 1 0.32
TOTAL 340 339.95 C3C6 0 0.086

C6 0 0.0028
 X X2 = 3.51367; df = 3; P > 0.30 .
TOTAL 340 339.93
 

y k2 = 3.0118; df = 2; P > 0.2. Phenotypes with n(exp)
below 5 were combined for 22 calculation.

Table 3. Distribution of PI phenotypes and allele Table 5. Distribution of ORM-1 phenotypes and allele

  

   

 

 

 

frequencies in Central Spain. frequencies in Central Spain.

Phenotype Observed §Bxpected Allele frequencies Phenotype Observed &xpected Allele frequencies

MIM] M4 120.61 PI & ML = 0.5956 FS 157 146.46 ORH-1 ¢ F1 =0.6206
M1K2 13 63.14 PI # M2 = 0.1559 Fi {iT 121.32 ORM-1 ¢ F2 =0.0047
MiM3 48 45.28 PI 2 M3 = 0.1118 § 38 44.20 ORN-1 % § =0.3746
MIS 48 45.28 PI 8 M4 = 0.0132 ¥2S 3 1.109
4243 13 11.85 PIs § = 0.1116 FLF2 0 1.83
2 6 8.26 PI *2Z = 0.0073 F2 0 0.006
M25 5 11.85
Wind 5 §.94 TOTAL 315 314.92
K3S T 8.49
§ 1 4.25 I k2 = 1.7829; df = 1; P > 0.10. Phenotypes with afezp)
M3 4 4.25 below 5 were combined for X? calculation.
422 3 0.77
M4 2 0.059
M12 2 2.95
HiVARanod i 1.78

SVARenod 2 0.3
Others 0 §.42

TOTAL 340 340
 

y I2 = 7.28; df = 4; P > 0.10. Phenotypes with o(exp)

below 5 were combined for X? calculation.
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CONCLUSIONS

- SIEF using miniaturized polyacrylamide gels as well as HIEF in
small IPG matrices (focusing distance: 50-55 mm) have been shown as
reliable and reproducible isofocusing methods with aé=$resolution
capacity similar to that achieved by IEF in large gels (focusing
distance: 100-120 mm).

- The use of small gels is a fast and economic method that allows
the simultaneous analysis of several polymorphic proteins because it

is possible to run up to 4 different gels (45 x 60 x 0.25 — 0.5 mm)
at the same time using only one flat bed apparatus.

- Immunoblotting, which has been shown as a specific and sensitive

method, is recomended for routinary subtyping of GC, ORM and TE£.

~ The distribution of phenotypes found in Madrid for the proteins

analyzed in this study are in good agreement with the H-W

equilibrium.
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