@ Kamla-Haj 20400
PRINT: ISSN 0970-9274 ONLINE: 2456-6608

J. Hum. Ecol, 1003 177-Z040 {Z0HH)
DOI: 10.31901/24566608.2000/11.03.03

Analysis of Some Genetic Markers in Blood and Semen Stains:
Typability under Indian Climatic Conditions

M.P. Sachdeva

INTRODUCTION

Shedding of blood is the dramatic accom-
paniment (o crimes committed by vialent
means, Blood accounts for about 9 percent of
a healthy person's body weight and as many
murderers have discovered to their detriment,
when it is spilled a linle goes along wiay. Cnee
blood is shed in any quantity, and especially
when it starts toclod, it becomes very difficult
to deal with, Murdérers atlempis to clean up
after their vialent handiwork often fail be-
cause of blood traces which adhere tenacious-
Iy to their clothing or (o ithe weapon of of-
femce. Blood found at the scene of crime has
trapped many killers who thought they had re-
moved all incriminating traces.

Blood is important forensically and can
vield a great deal of information to the inves.
tigator. The first task in examining suspicious
stains is to determine whether they are blood
and if so, are they human or belong (o some
other specics. Once this is esiablished, s1ains
are examined for age, sex and blood group.
The shape and pattern of hiquid blood splash-
s can help in reconstrocting the murder,
blocdy fingerprints and palm prints tell their
own story; dried blood on o suspect’s clothing
can be related 1o the vietim, the crime scene
amd the morder weapon; blood and rissue
forced under the finger nails of the victim
during a violet siruggle can be linked 1o the as-
sailant. Thus a single blood race can provide
a wealth of information.

It 1= lintle more than thirty five years when
bloodstain discrimination was based solely on
the well known ABO groups. In the last twent-
Iy five years or so, considerable advance has
been made in the technigues of forensic
haemogenetics and il is now common for fo-
rensic science laboratories to identily not only
the ABC and other red cell antigens but also
serum protein and engyme polymorphs, The
knowledge of the frequency with which thess
genetic markers occur increases their poten-

tial value as markers for the identification of
bloodstains, Increasing the number of blood
factors tested, naturally increases the chanc-
cs of making individualization and moreawver,
increases the chances of obtaining a statisti-
cally significant probability that the stain does
originate from one particulars individual.

The issue of the ability of a system 1o dis-
cnminale among members of a population is
extremely important, According to Gaensslen
(1983) "ILisintuitively clear that the more phe-
notypes a system exhibits and the more even-
Iy distributed they are in the population, the
greater the chance that iwo randomly chosen
individuals from the population are different
(i.e., exhibit different phenotype)” Jones
(1972) treated this problem quantitatively. In
brief, the resultis that for each marker systems,
if we have o large enough population and if at
least one phenatvpic frequency 1s large com-
pared to population size, then the probability
of failing to distinguish between two random-
Iy chosen individual from that population
{probability of identity) is approximately
equals the sum of the squares of the different
phenotypic frequencies. For example, with re-
spect to ABD blood group system if the ob-
served frequencies in a population are:

A B 8] AR
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The probability of non discrimination is
given approximately by P4+mi+nfso =0

The probability of being able to distinguish
between two individuals randomly chosen
from that population, i the probability of
discrimination, is given by (1-probability of
identity) that 15, (1-0) or P. this probability is
sometimes called the discrimination index.

IF there are sevéral independent markers
under consideration, then the probability of
identity om all of the systems equals the prod-
uct of the probabilities of identity on the indi-
vidual tests, If for example, if in addition 1o
the ) probability of identity in ABO typing,
we eshimated R probability of identity in the
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MK blood groupsysiem, then under imdepend-

ence, the probability of identity when using

both groupings would be () (R) = QR, The
diserimimation index, therefore would be | - (R ).
Another major application arca of forensic
sarology is disputed parentage testing. Until
recenily mosi cases of disputed pareniage in-
volved only the father. Doubtiul maternity
was a rare event. This position has now
changed particularly abroad with the realisa-
non that blood group investigations are use-
ful for immigrant families irying lo prove their
family relationships, citicen claims, inadvert-
ent baby mix ups. Kidnapping, disputes over
the inheritance of meney or property and di-
vorce cases and this may invelve the maternal
as well as paternal relationship.
Boorman et al. { 1988} list the following
general principles upon which cxclusion of
patermity is based. A man can be excloded
from paternity in any of the following ways:
I. By finding a gene produoct in a child
which is absent [orm both mother and
putative father. For example, mother and
putative Tather both are of group O and
the child is of group A, Provided the
mother and child relationship ks not in
doubi, childs A gene is paternal in origin
and therefore excludes from paternity a
man who is group 0.
2. By esiablishing that genes which the pu-
tative father muost give to his offspring do
not appear in the child. This may be when
he is
a. Homozygous fora gene which does not
appear in the child (for example, in the
Rb system, if the putative father is OC
anvd the child ec)

b. Heterozygous for genes that are not
present in the child (for example, puta-
tive father group AB, child group O),

Exclusions based on | and 2b are terms
‘first order” of direct exclusion while those
based on 2a are ‘second order” or indirect ex-
clusions. The laner are so named because ho-
mozygosity for a particular gens cannol ba
unequivacally determined by laboratory tests
but is an assumption. Incidentally, exclusions
based on category I can be made without a
knowledge of the mother's blood profile.
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The probability (PE) that a particular sys-
tem will exclude a falsely accused father a pri-
orl can be calculated, and depends on the gene
freguencies of the particular system in the
population of interest, For most systems, the
PE can be calculoted quite easily (see Walk-
er, in AABB, 1978). For some of the more
complex systems, like Rh, Gm and HLA. the
calculations are relatively more complicated.
The comulative probability of exelusion
{CPE} for a battery of genetic marker systems
can be calculated from the individual PE val-
ues according o : CPE= I-(1-P ) (1-P,){1-P,)
wee (1-P_ ) where P, is PE for the first system
and P_is PE for the nth system.

Developments in blood typing have stimu-
laned path breaking research on blocdstains
analysis that has succeeded in resolving blood
into many more components than previously
recognised. These refinements make it possi-
ble to pinpoint certain key characieristics of
an individual. Now, for instance, serologists
can identify not only the blood but also race,
age and sex of the person and even the drug
habits of the individual in question.

Orver the past three and a half decades, a
great many of the proteins and isozymes con-
tained in blood and body secretions have been
shown 1o be genetically polymorphic. Each
individual possesses a unique combination of
these genetic markers and it is thus possible,
at least in principle, to pinpoint every individ-
ual by biochemical typing. However, typing
of these markers from bloostains and other
body fluids stains is not without problems.
This is becavse of the peculior situation faced
by the lorensic hpemogeneticist, Rather than
@ fresh sample of blood from an identified
sonrce, the forensic science laboratory usually
handles a sample of dried blood or stains of
other body fMuids, The quantity is likely o be
small - a stain on o trovser for example. The
*donor’ is likely to be unknown, The time the
sample was “deposited” 1% at best uncertain. At
times, the problem is further aggravated when
proper methods of collection and storage are
not sirictly adhered 0. An important piece of
evidence may have spent some hours in the
poelice van, exposed lo nir, solar radiation,
high temperaiure and other contaminants that
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may have caused the sample 1o react and
change in o significant way or simply (o detes
riorate. Morevoer, in the reality of crime lab-
oratories there are practical constraings that
delimit the number of genetic markers that can
be reliably yped in any given sample.

In general, fewer systems can be used in
stain analysis that is possible in the typing of
fresh materials. There are perhaps 20-23
marker systems thar could theoretically be
psed 1n stain analysis. It is most unlikely that
so many sy stems would ever be applicable at
o practical level because of the many olther
constrainis imposcd by case work anol ysis. In
mikny cascs, the age of the staing is a problem
in others, the sample size might be very lim-
ited. There ore cost considerations as well in
adding new system to the routing analysis. In
individual laboratories, resource and man-
power may be rather scarce, and this would be
a decisive factor as well. This is particularly
=0 im mosl of the Stare Forengic Laboratorics
in Indin where "Benzidine Test” is still the
thing.

Mewerthieless, a great degree of individuali-
avion of s1ains is possible than ever before., In
the words of Mourant, "The recent vast prolif-
cration of known genelic sYsLEms expressing
themselves in hiood, especially those control-
ling the plasma proteins, the haemoglobins, the
red cell engymes and the histocompatibiliny
antigens have rendered the identification of fresh
blood certain beyond all reasonable doubd. Tt has
very greatly increased the discrimination pose-
er of the tests on stains, and has made 1 possi-
ble, in theory o least, to exclude all bul about
one per cent of men worngly accused of pater-
mity" (Mourant, 19749)

Bul that was twenly years ago. As stated
sbove for many years forensic serologisis have
relicd on serological tests w analy 2o body Mu-
ids. These fesis discriminate individuals based
on differences i profeing, cazyme aciiviiics,
or immunalogical markers. Since thie variabil-
ity associated with these genetic iraits is cod-
ed for by DNA, the direct analysis of DNA
represents & logical exiension of convention-
al serology.

There arce several features of the DMA mol-
coule that ore idenlly suited For lorensic appli-
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cations. Fore maost is the high degree of van-
ghility inherent to DINA, With Lhe exceplion
of monozygotic twins, (Hill and JelMereys,
19E5) the DNA of cach individual is unique.
Moreover, for a given individual's the DIMNA of
each cell is identical and in the absence of
rEIrranEEment o SOmatic mulalion, remans
congtant over the individuals lifespan. The
ubiguitous presence of DMNA has been demon-
strated in body Muids such as blood, semen,
saliva, hiair root sheaths, skin and virtoally all
body tissue, Muid or secreions that contains
nucleated cells. The stabality of DNA s re-
markable as evident from iyping samples from
several thouwsand years old mummaes, posi-
mortemn samples, stored {formaldehyde pre-
served and paraffin embedded) tissues, drped
blood and semen stains, skelelal remains, and
material subjected 1o contaminants ond other
environmenial insult {Poako, 1985 Bogan and
Ralvo, 1990 Kirby, 1992; Karuthapandian,
1995, Thermostability of DMA s such that i
can be typed from samples subjected to bail-
ing for 9 howors ot 100°C {in & water bath) and
charring for 30 minutes at 150°C in an elec.
tric oven (Sembaet al., 1994). Torwp it all, the
discriminatory power of DNA profiling 15 0
million fold higher than any of the convention-
ol markers {Sallivan, 1994). It is now possi-
hle 1o solwe the cases of disputed paternity
with 100% cenainty through DNA analysis.
The genetic markers such ns ABCY thus [ar
typed conventionally are mow being analvsed
by DMA (yping (Hashimore and Makanishi,
199%; Ogasawara, 1996, Ladd et al. 1996
Herein Jr., 199%6; Akanc et al., 1996), Mulu-
locus DA fingerprinting is discoiminalory
enough lor the prediciion of consanguinity
(Wells e al., 1988) and for 2ygosity determi-
mation (Hill and Jeffroys, 1985). This is pos-
sible because polymorphism detected in mul-
tilocus DMNA fingerprinting emanates from
throughoul the genome covering all the 46
chromosomes (Jeffreys et al,, 19863 unlike
other conventional blood groups markers in-
cluding the HLA system that conling 1o par-
ticular chromaosomes. [t is for this reason that
it was possible to solve a case of incest which
wis niod possible with the help of HLA and 24
other conventional blood marker systems
{Schacker et al., 199(3).
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Oiher than the reswriction fragment length
polymerphism {RFLFP) analysis, the second
approach is kased on the use of polymer chain
reactic - ‘PCR). The polymer chain reaction
15 i ropid procedure For in vitro enzymatic am-
plification of o specific segment of DNA &
million fold or more.

Sensabaugh and Blake (1992) list the fol-
lowing benefits that PCR brings to the analy-
#i% of biological evidence:

a.  Amplification can be done on samples
containing very small amounts of DMA
(e.g. single shed hair, saliva traces on cig-
arette butis), This exiends DNA typing to
evidence samples that at present can not
be typed using RFLP approaches or by
blood group or protein typing (Higuchi et
al., 1988; Hochmeister et al,, 1991 Faf-
fanti et al., 1990).

b.  Amplification can be done on samples
containing degraded DMA. This extends
DNA typing to the significant proportion
of biological evidence thai cannot be
Iyped by RFLP analysis (Shibata et al,,
1988, Reynoldsetal,, 199]1; Hochmeister
ef al,, 1991; Hagelberg et al., 1991; Shi-
bata er al., 1991).

c. PCR and subseguent typing tests are rel-
atively rapid and simple to perform; re-
sults can be obtained within a short time
frame, often within 24 hours,

d. PCR canserve asstarting point for the de-
tection of virtually any kind of variation
to be found in the genome,

e. PCR can be performed in a multiplex
mode; that is several amplifications reac-
tions can be performed simultaneously in
lhe same reaction fube. This greatly
speeds up the generation of genetic typ-
ing information.

[. The small samples requirement for PCR
allow portions of evidence samples 1o be
laid aside for repeat testing within the
laboratory or by other laboratories.

Given these sdvantages, PCR is emerging
ag the dominant technology in forensic DNA
analysis,

S0 all gene products appearing in blood and
other biological Muids and have been shown
to eonform reliably 10 Mendelian inheritance
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are suitable for forensic investigations. They

can be divided into six categories:

1. Red cell antigen syvsiems

2. Red cell enzyme systems, &.g. erythro-
cyle acid phosphate (EAP), csierase D
(ESR), eic.

3. Serum protein polymorphisms such as
Hp, TT, Pi and Ge.

4, The HLA system of white cell antigens,

5. Balivary proteans such as double hand pro-
tein, proding rich protein, acid protein, ete.

6. DMNA polymorphism,

The serological markers of principal im-
portance for the forensic serologist may be
divided into twe main classes:

1. The polymorphic ccll surface antigens; and
2, The polymorphic soluble protein markers,

The typical cell surface bound antigens are
ABO and Rh blood group systems, clinically
well known at the time of blood transfusion (A
list of known cell surface antigen polymorphs
is given in Table 1). A great many of these cell
surface marker system werne discovered befors
1960, and ull then this group constituted the
major share of the known genetic polymor-
phisms. OF more recent arigin is the system of
histocompatibility antigens (HLA) found on
Iymphocyies. In the opinion of Mourant, "The
very large number of known histocompatibil-
ity antigens present on the lvmphocyies, the
very much greater number of haplotypes, and
the restricted geographical oceurrence of a
greal many of them, renders the sysiem an
ideal one in ferensic serology. [t should, in due
course be possible 1o define with considera-
ble certninty, by means of thig system alone,
the racial and geographical origin of any per-
son whose bloodstain is tested (Mowrant,
197%).

The genetically determined polymorphic
soluble proteins can be divided into two fur-
ther categonies: (i) intracellular enzymes aud
(it} preveins found in blood plasma and 7 or
ather body secretions (Table 2 shows a large
aumber of soluble proteins exhibiting genet.
ic polymorphisms). These polymorphs are
relatively late comers (o the knowledge of
recngnized genetic markers, most having been
discovered in the last three decades. Inspite of
their being new comers the soluble protein
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markers substantially outnumber the cell sur-
face markers, The celerity in the discovery of
protein polymorphism is annbuted primarily
(o the development, refinements and extensive
utilization of technigue called electrophore-
sis which separntes charged molecules accord-
ing o their size and electrical charge proper-
ties. In addition, there are several protein pol-
ymorphisms which have been discovered by
immunological differences and a few which
are expressed as variation in enzyme activily
levels,

Bui inspite of ail this, not all the genctic
marker systems, known so far, are useful in
forensic serology. According to Sensabuagh
{1982) the value of & genctic marker 1o the
forensic scientist mainly depends on follow-
ing consideration:

Table 11 KEnown cell surfsce anligens showing genetic
polyimarpliism

Rl Cedi oo Growp Syriemy
ABCH(H]
Auberger
Chido
Colsinm
Cro s
C5
Diego
Dombrack
Dauffy
i
Kell
Kaidd
Knmps
Lazwris
Lurheran
L
MiNEs
[
Rh
Rodpers
11|
Xg
¥

Wiine Cell Bivon! Gropp Sviies
Fise
"B
HL&
Ko
T

* Tahbe adapted from Sansabangh { 1953)

a. The marker polymorphism should in-
volve simple qualitative differences such
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that an individual can be assigned 10 one
type or another without ambiguity, It s
desirable but not necessary that the phe-
notype directly reflect the genotype.

b. The marker should be expressed in a tis-
sue of interest (e.g. blood, semen)
throughout the life of the individuoal:
markers which are expressed during re-
siricted penod of development {2.g. foe-
tal proteins) or are expressed only in in-
accessible tissues (e g.. brain) are of lim-
ited value.

c. The marker should be robust; that is, it
should be able 1o survive drying and other
travails typically experienced by biolog-
1cal evidence. [n particular the marker
cannot undergo changes which make one
type look like another or which so con-
fuse the typing analysis that the risk of
mistyping becomes significant.

d.  The analytical procedures used for mark-
er typing should be relatively simple and
straight forward.

e. [Inis desirable that the analytical proce-
dures consume as litile as possible of the
sample under test; the less sample con-
sumed in any single test, more (esls thad
can be done.

F.  Finally, 11 15 desieable that the polymor-
phism subdivide the population Fairly
evenly; a polymorphism which splits the
population 50 : 50is of greater value than
one with 99 ; 1 split,

Further, Mourant epines that, "In all foren-
sic work, the most uselul characters from the
anthroplogical point of view, are those which
are entirely, or almost entirely conflined 1o a
particular ethnic growp ..... For the purpose of
these it is desirable to now the frequencies of
the genes or phenolypes concerned in all rel-
evant populations and even small frequency
differences must be taken into account”
{Mouran, (1979).

Although the enzyme multiplicity was ob-
servied and deseribed many years ago {Theo-
rell, 1940, biological significance of his phe-
nomenon was nod recognized until fairly re-
cently. With the advent of new and more re-
fined biochemical tools in recenl years, there
has been an increasing awareness that the en-
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Talde 2: Soluble proicins exhibiting genetic poly-
muorphism

Geaee Marler

e af Plrmarphle Frpr i
T Eleripharenr Acivey | Amigenn
ENTkillaE  TARRY

Marinli Faane in Aed Colly o D0 Tikiars
heerrichobre Eileiaie JACER ¢
Aheid Fcsphatie (ALF)

Adenosint Deaminm (404

Carbaniz Apbrpdemic B (04 11}

Evtezmin [ (il

Gialwing | Fnphaie Unidyl
amiferass (GHT)

Tilutamuie Fyrevals Tramiaemuss (GFT)
Gilntamue Depdrogemss [GLUDY
Gluiathizee Keducase

Glpeanlese [ GLON

Hazmaglohin

Pepodase & (FEF Aj

Pepadase C (PEF C)

Peprdawe [ (FEP [

L,

- ® T ¥F W W W S & ®
-+

Priidiing kirdsg (PKJ ¥
Lrudag Masspboupkaly Kingie (LMPE] + +
Verizem Feand dn Whie Colle awelinr

by Tigiaed dmw w4 e el

Acomsiase | ALK #

Alcohal Debrpdisgendss |AH)

Alialiee Faoaphatne (ALP) ¥

Ayl Hydrocrben hpdromy e 1
Cvtidine Uzamemss (CTH) .

Draphommez (1A} v

Feosidne (FUJ ¥

Hoamae (halsceiniz Trtaminae

| Mbochomdrial) dm T F

Slalic Exryme | 400-3) +

Kedgeryh inamderane "
o phorlocomusnc  + {FGM )
Fepsaagen (Fy)

ariane Fiawd in §ieod Masme aad
Sawe (hher Body Flaids

Alpha, Acid Glycoprotein

Alpha, &niitryin

Amrplae Sy, )

Conploplasmm

Complersend Facior 1408
Complerienl Facies 4 8
Compiemenl Facior b (00
Cogpalason Factie X111

Criewp Spevifie Comgasent ({ica
Blapiegtoba (lip1

Lesasaaglebadiia (K 8
Eweamag bsbulins G (€iml "

IR T R TR S SR SR
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Gy Marler Muds of Palrmerphiy Expreavien
“Eleciropherent Acnviy  Baligemr

LeranEe  PETM e

ekl & (Anj »
wrrureglosalime M1 (hlmo -
Bxfa - Lipapmiein E "
Bei - Lipaprosein E1&p)

Beia - Lipsprotein (1d)

Bein - Lipaproiein iLpi

Adptuy, Mlaeiogioben (X

Alpin, Mucraglebis

Alphu, Macrogiotes |ALM)

Pasperdin Fscuw B (Rl

[Gilpoine Hich Silvcoprossn *
Paenducholine Exierme E (PCE )
Prendachaling Esierae E {PCE.
Taamilerrn (Tl

Taanicohalasan (Tei

Variamli Foand i Salira
Wz -E-Fhayhatn Debydopenan (Spdi=
Amytaie (Aray | .
Aol Frosein i Fab &
Haue Prodein (PR =
Doiatile Rasd Froein { D s
Prokee Hich Pressis iPrh =

TV et Troms Senuabasgh (1957

eyme multiplicity is the rule rather than excep-
tion as previously thought. Along with the
knowledge came an accumulation of experi=
mecntal data from various sources clearly
pointing to the fact that muliiple molecular
forms of eneyme were not all phvsical anifacts
as earlier throught by the physical biochem-
isis, but that in many instances these muliiple
forms were the producis of specific genes.
Markert and Maoller { 1959) coined the term
psmEy mee as an operational definition to er-
compass the multiple ensyme forms in biolog-
ical systems,

The use of isozymes as genclic markers has
increased dramatically over the last 25 years,
Isozymes offer a number of imporiant advan-
tages over more conventional markers, Iso-
iyme varianis frequently ocour spontaneous-
ly and seldom produce ohvious deleterious
effects. Variant alleles ane generally codomi-
nant making possible o casily and positively
identify heterozy gotes as well as homozy gotes
und to monitor conveniently the time expres-
sion of the parental alleles in the heterozy-
godes (Scandalios, 1975),

- ok W @ & W
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Huarris and Hopkinsen (19725 from an ac-
nuiel study on enzyme polymorphisms in Eu-
ropeans, have shown that in man any single
individual is likely 1o be heterozygous for
common alleles giving rise 10 clecirophoret-
i differences al about seven percent of his loci
coding forenzyme structure. Because of many
dilfereni allelic combinations al the various
loci that can oceur, it is likely thot no fwo in-
dividuals, except perhaps with the exceplion
of monozygolic iwing, are exactly alike in
their i,'«:u:.;}'mr constitulions.

Culliford and his colleagues of the Metro-
politan Police Laboratory in London were the
first to introduce electrophoretic markers,
serwm protein and red cell isozymes, into the
field of forensic serology. However, not much
work has been done in Indin on the forensic
applications of 1sozymes and plasma proteins,
but the following elecirophoretic markers
have been reported to be satisfoctorily detect-
ed in bloodsiains, and their use has already
heen established in major erime laboratories
of the world @ Phoshoglucomutase, (FGM .,
Erythrocyle acid phosphatase (EAP), Esterase
I { ESD), Glyoxalse 1 (GLO 1), Adenylate
Kinase (AK). Adenosineg deaminase (ADA],
Carbonic anhydrase IH{ICA I1), 6-Phosphoglu-
conate dehydrogenase (6-PGDY, Glucose - 6
- phosphate dehydrogenase (G-6-PD), Gluta-
mate pyruvate transaminase (GPT) and Pseu-
docholinesterase, (PCE ). Haploglobins (Hp)
and Transferrins (T,

The present study was underiaken with a
view 1o investigate the detectability of some
of the important poly moerphic isozymes and a
serum proiein haptoglobin in dry stains. Al-
tempt has been made to study the time lapse
up to which the haemogenetical factors can he
reliably typed under varied conditions of stor-
age and preservation, Besides, 1aking into
consideration the frequency distribution of
these genetic markers in various Indian popu-
lations, the suitability of these factors in Indi-
an crime laboratories has also been azsessed.

MATERIALS AND METHODS

The following genetic markers were in-
cluded for investigations:
(1} Hapipglobing (622 blood samples)
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{ii) Phosphoglucomutase (G648 blood; 26 se-
men samples)

{iii) Carbonic anhydrase [1 (528 blood sam-
ples)

{iv) Esterase D (606 blood samples)

{vl Adenylate kinase (524 blood samples)

{vi) Glyoxalase 1 (609 blood; 26 semen sam-

les)

-[t-iij-E phosphogluconate dehydrogenase (469
blood samples)

The blood samples were collected from the
donors of the Lok Mayak Tai Prakash Marain
Hospital Blood Bank, Mew Dielhn in citrate dex-
trose anticongulant and from the volunteer do-
nors o the Mational Institute of Cimimology and
Forensic Science (NICFS), New Delhi.

Preparation of Blood Samples

Dried Bloodsiains were prepared by putting
a small amount of whaole blood directly on o
pieces of dry cotton muslin ¢loth and other
synthetic fabrics, which had previously been
washed and boiled in distilled water. Blood-
sinins were also made by twking the blood
from volunteers at the MICFS, by the finger
prick, directly on 1o pieces of variows fabrics.
Each stain prepared was then allowed to thor-
oughly air-dry {except when otherwise stated)
for 4-5 hours and placed in individual labelied
paper envelopes, The stains were then divid-
ed into different batches and subjected to dif-
ferent conditions of storage and exposure,

The amount of blood for the preparation of
blood stain was not controlled, though stains
of roughly equal depth of colowr and good
cazyme activily alone were selected for fur-
ther study. These selected stains were subject-
ed 1o varied conditions of wemperature and
other climatic factors, and studied for their
iypability. Siorage studics were conducted
separately in the months of intense cold and
heat, and also in the rainly humid seazon, A
minimum of five bloodstaing were typed i
each sel of vaned conditions. These samples
wire then typed periodically at different time
intervals o study the persistence of activity.

Fresh Semen Samples

The fresh sjaculate samples were collect-
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ed in sterilized, wide mouthed glass wbes with
screw caps, from volunteers, These liquid
samples were then immediately transferred 1o
a deep freezer (-20°C) ull ested.

Semen Stains

The semen stains were made by the volun-
teers themselves on clean pieces of cotion
muslin cloth (approx. 30 cm x 30 em) given
to them. The semen stained cloth pieces werne
collected within thinty minutes of their prep-
aration and then air dried at room temperature
for three to four hours. Afer which the stains
were pul into individual paper envelopes,
which were in turn kept in self sealing poly-
thene bags and stored at varned conditions of
preservation, until required for PGM and GLO

typing.
Storage Conditions Stodicd

Bloodsiains subjected to the following sets
of conditions were analysed:

{i) Omne batch of bloodstains was kept ar
40"C-45°C (in o dessicator over silica
geld to study the effect of dry heat on the
engyme aclivity,

{ii) Three sets of bloodstains were stored at
rowm temperature on the shelf, in wood-
en cabinel and steel almirah, respective-
Iy, Studies were conducted during the
months of severe cold { December 1o Feb-
ruary), intense heat (April to June) and
rainy manths of July to mid September.

(iii) Stains were also stored, wrapped in pol-
yvihene bags to prevent any dripping of
waler directly on the stains at 4°C in o
refrigerator.

(i¥} Another batch of bloodstains, slso in
polythene bags, was kept at -20°C in a
deep freezer.

Effect of Direci Solar Radiation

One batch each of freshly prepared blood-
stains (still wet) was directly exposed 1o the
sun light in the months of intense heat and
cold, respectively. A second set of stains
which had previously been air-dried in shade
at room temperature for 4 to 5 howrs, was ex-
posed to solar radiation in the months of sum-
mer and winter separately.
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Experiments were conducted both in sum-
mer and winter months to compare the results.

Effect of Sweat Contamination

A set of ten bloodstains was prepared by
finger pirck method on dried muslin cloth
pieces after they had been thoroughly soaked
with sweat of the respective persons. Separate
bloodstains were prepared without sweat from
the same person to serve as conirols. These
#laing were stored at room temperature during
the months of June and May (day temperature
ranging from 35°C 1o 40%= 5°C).

Effect of Soil Contamination

A Tew drops of freshly collected blood sam-
ples were allowed to fall on heavily soiled
ground, The stains were allowed to dry natu-
rally, The samples were later collected after
7 1o & howrs of drying and stored at room tem-
perature in individual paper envelopes, These
blood soaked soil samples were then periodi-
cally wested for the persistence of activity in
them.

HAPTOGLOBIN

Haptoglobin forms a part of the alpha-2
serum gloubin fraction, and is initially synthe-
sized in the liver. It is glycoprotein with acar-
bohydrate content of 20 per cent, consisting
of hexoses, glucosamineg, fucose and sialic
acid. Haptoglobin binds with hasmoblobin
specifically, and the haptoglobin hoemoglob-
in (Hp-Hb) complex thus formed remains sol-
uble and does not precipitate, The Hp-Hb
binding occurs stoichimetrically, is very sta-
ble, and no exchange of bound with unbound
Hb is demonstrable.

Haptoglobin is of great forensic impontance
for several reasons:

{1} It occurs as three rather common pheno-
1ypes

{1} Is present in reasonably high concenira-
i in bloodstains

(iii) Has satisfactory stability in such sam-
ples; and

{i¥} Can be readily visualized after electro-
phoretic separation becaose of its abili-
ty to form a highly stainable complex
with haemoglobin,
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Several workers have reported Lyping of Hp
fromm bloodsiains by using dilferent gel media
like stazch {Peacock et al., [965; Ferris et al,,
f96h; Ritchie et al., 1966; Woodworth and
Clark, 1967; Gazaway, 1977; Bloke and Sen-
sabaugh, 1978}, pelvacrylamide {Culliford,
1963 Cullifosd and Wraxall, 1966} and gra-
dient polyacrylamide gel (Culliford, 1977;
Baxter and Rees, 1974; Bryon and Jay, 1975,
Stolorow und Wrazxall, 1979; Sivaraman et al,,
1980: Girunbaum, 1975) -
The polyscrylomide gels now in use have
comsiderable advantages over starch gel: they
are more unifonm in successive preparations,
eletropharesis time 15 much shorter, can be
dried readily For quantification und permanent
storage, pore size of the gel con be easily and
aceurately adjusted to produce betier resolu-
tion an stable pH gradicnis can be creasted for
isoelectric foousing (Grunbawm, 1975
However, haptoglobin has not gained wide
acceptance a5 o genelic marker in the routine
analysis of bloodstain evidence, Sinlorow and
Woraxall {19757 list the following two reasaons
for this siluations:
i1} Alledged requirement [or specialized
vertical gel elecirophoresis equipment;
and

(i} The fact thin kapioglobin electrophore-
tograms (rom bloodstains older than o
few weeks are Trequently mosked by trail-
ing dark sireaks caused by the products
ol Hb deterioration in the bloodstains,

Several methods have been published 1o get
rid of these unwanied sireaks. The molecular
weight differences between these entities have
been successiully exploited by the use of gra-
dient polyacrylamide gels (Culliford, 1971).
This method differs [rom the other electro-
phoretic procedures in that the separating pro-
fein bands concentrale ag they move through
the gel until they reach pores of such asize that
further movement through zel is not possible,
Mo resuly, the Hp-Hb compleses can be com-
pletely separated from the free Hb molecoles
due to the differences in molecular size {(Mar-
poils and Kearick, 1969). Sensabaugh and
Bloke { 19781 gave a method of sodium do-
decyl sulphate gel electrophoresis that re-
quires the use of monospecific human anti-Hp
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antibodies 1o isolate haptoglobin from the lig-
uid exiract of a bloodstain by immunoprecip-
itation, The Hp alpha and beta chains are dis-
sociated from the immune precipitate and the
Hp2 and Hp | chain types are distinguished
clectrophorenically by their size dilferences
Hp | Fand Hp | 8 peptides differ by a single
amino acid substimtion but can nol be difler.
entiated by conventional typing methods ws-
ing starch or polyacrylamide gels; both are
lumpeed together as Hp | chains.

Gacawny (1976} reported an ocid extroc-
tion miethed involving disc electrophoresis at
a pH near the isoelectric point of the Hp-Hb
comples, followed by the manual withdraw-
al of the liguid samples from the tubes.

A much simpler and a less time consuming
chloralorm extraction method has becn de-
seribed by Stolorow and Wraxall {1%79).

For the present study, hopioglobin phicno-
typing in bloodsiains was routinely done by
disc electrophoresis in vertical tubes of 3%
pery lammide gel using the discontinuous buff-
er system as given by Davis (1964) and Orn-
stzin (1964, This technigue was found to be
lzgg cumbersome and more economical. Fol-
lowing elecirophoresis the gels were stained
for peroxidase activity with benzidine hydro-
chlorde, For the initial exiraction of blood
concentrate Trom the stained material, sucrose
extraction solvent as described by the Metro-
ploitan Police Forensic Science Laboratory
{Biology Methods Manual, 1978) was used.
This was lollowed by the chloroform extrac-
ten procedure for the removal of excess hoe-
moglobin as described by Siolorow and Wrax-
all {1979).

A modification of the chlorophorm extrac-
tion method using Tris-Hel buffer was em-
ploved in the present study (see Schdevaet al.,
990

Resulis

Ag the hloodstaing aged, and depending
upon thestorage conditions to which they
were subjected, the intensities of Hp bands
became gradually weaker, but no difficuliy
was encountered in interpreting the results, It
wias ohserved that in the months of October
thiough March, when the average temperntures
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rempined between 18°C o 27°C satisfaciorily
Iypeabbe results for Hp could be oddained up to
fi months, Wooden cabinets proved 1o be supe-
rior 1o steel almirah for bloodstain storage in
summer mwonths {35°C - 45°C), The stains stored
in g wooden cabinet retained their activity at
lzist 2 weeks longor than those stored in a steel
almirah. Similar differences were not observed
in winter or rabny months.

With the bloostains that were kept at about
4°C imarefrigerator, satisfactory results could
e obtained for up to 11 months. Still better
retention of activity (up to |8 months) was
observed in stains thal hod been stored at - 20°C,

Solar radiation caused the most rapid deter-
araticn of haptoglobins in bBloodstains. A mere
24 lours of cxposure of wet bloodstains o
direct sun light rendered them untypeable
beyond 22 days. The stains which were dried
in shade ond then similarly exposed 1o sun
light fared & little belter by relaining their
aclivity up 1o 28 days.

Bloodstainz stored during the rainly season
of July to mid-Seplember, when the tempera-
e peimained ol about 30°C and relative bia-
midity near B1% retained iypeable Hp activi-
oy anly up o 52 davs.

In the case of heavily soiled samples, what-
ever the storage conditions, it was not possible
o phenotype Hp patterns beyond a period of 18
days

The stody showed that bleodstains kept at
A0 1o 450 in a dessicator over silica gel re-
tuined typeable patterns up to 78 days.

Migcussion

The starch gel electrophoresis method as
originally given by Smithies (1955) had
proved (o be of litthe use for the determination
of Hp phenotypes in bloodstains.

Culliford and Wraxall {1966) described an
immunoclectrophoretic lechnique which also
fell into disfavour due to s poor sensilivily
and the non-availability of potent and specif-
ic anti-Hp sera.

Culliford (1971} later introduced a poly-
acryamide gradient gel elecirophoresis
(PAGE) procedure Tor haptoglobin typing in
bloodstaing. It was reported that the results
obtained by this technique were very casy to
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interpret and that the method was far more
sensitive than immunoelectrophoretic tech-
niques (Baxter and Rees, 1974; Thyman,
1976). Bul in spite of this, hardly any foren-
sic science laboratory in Indin seems o have
accepted this technigue for routine bloodstain
analysis. This may be partly due w the require-
ment of specialized *Cradipore” accessories
and partly due to the tedious and cumbersome
mature of its procedure,

Chloroform has the capacity 1o precipitate
cither haemoglobin or its delerioration prod-
ucts from cerain agueous solutions, depend-
ing on the pH, lemperature, lonic strength and
dizlectric constant of the solution (Stolorow
and Wraxall, 1979).

The chloroform extraction method has vir-
tually revolutionized the Hp typing in blood-
stains. This procedure largely eliminates the
streaking effect of the Hb deterioration prod-
ucts from Hp clectrophoretograms, It is not
only very straight forward, but also needs con-
siderably less physical manipulation of the
samples that 15 the case with other methods.

However, in the original method described
{Stolorow and Wraxall, 1979) the authors rec-
ommended the use of aqueous sucrose solu-
tion for the extraction of bloodstained mate-
rial, In the present study it was found that just
the aquecus solution of sucrose was a poor
solvent for the older stains, If the extraction
procedure is oot good, however sophisticated
and refined electrophoretic methods one may
cmploy, the resulis are bound 1w be poor. So,
for this reason, for the extraction of bloodstain
material prior 10 chloroform treatment, the
sucrose extraction bulfer as given in the Biol-
ogy Methods Manual {(1978) was followed
throughout the present study, Though the buff-
er alone is a potent solvent, sucrose in it pro-
vides an increase in the density of the liguid
samples necessary for their application into
the sample wells of a vertical gel.

Bryan and Jay (1975 ) reporied typing Hp in
bloodstains aged up 1o 5 weeks, whercas Bax-
ter and Rees (1974) ¢laimed 1o have typed
staing uplo 4 months old, both by using poly-
scrymmide gel electrophoresis. Sivaraman et
al, (1930) also vsing PAGE, reported that
while stains aged 30 days or less appeared
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most suitable for Hp typing under Indian cli-
matic conditions, those aged 30 10 50 days
also would prove good for Hp type identifica-
tion, All these time intervals for Hp stability
are very short when compared to those repart-
ed by Stolorow and Wraxall (1979). In their
case hloodstains ranging in age from approx-
imately 6 weeks to 2 years were accurately
phenotyped.

The results of the present study agree well
with those of Stolorew and Wraxall {1979). The
supcrior results oblnined o the present siudy
may be attribated 1o the good combination of
sucrose extraction bulfer with the chloroform
extraction provedure employed for the pheno-
tvping of haploglobing in dried bloodstans.

PHOSPHOGLUCOMUTASE,

Phosphoglucomutase iransfers the phos-
phate group from the one position to the six
position on the glucose molecule in an early
stage of the glycolytic pathway, thus convert=
ing glucose- |-phosphate to glugose-6-phos-
phate. Glucose- 1, 6-disphosphate is required
as a co-Tactor together with magnesium ions.

The introduction of enzyme typing in fo-
rensic science laboratories vsing the tech-
nigque of starch gel electrophoresis has estab-
lished PGM as one of the valuable and wide-
Iy used systems, lis importance les nod only
in its stability, discrimination power, but also
because it can be detegted in hair, semen and
salivn as well.

Identification of PGM, sysiem in dried
bloodstains was [irst reponied by Culliford in
1967, Later, Wraxall and Culliford (15968}
described a thin layer starch gel electrophoret-
ic techmigue for eneyme (yping in bloodsinins
and cstablished the swability of PGM, typing
in forensic case-work cxaminotion. They re-
ported the satisfaciory typing ol PGM, in one
month old bloodstains. Brinkman {1969) re-
ported the typability of the enzyme in three 1o
twelve woeks old stains. Oepen (1970) report-
ed that enzyme pctivity stayed typable for 8-
10 weeks in bloodstains, Rothwell {1970 re-
ported thut PGM activity remained consist-
ent on one month old bloedsiains and survived
for two months. Turowsks {197 1) cowld oblain
typable results up to 8 weeks. Later, Culliford
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(1971} in his book reported that fresh hiemo-
Iysaies stored ot -20°C could be satisfactori-
Iy typed even after 6 1o 12 months. And in case
of lyaates or the red cells stored in liguid ni-
trogen, activity and patterns could be pre-
served indefinitely. It was also found that
bloodstains over three months old have been
iyped quite satisfactorily. Saha and Kirk
{1973) studied the siability of PGM isoen-
zymes in dried bloodsiaing on filter paper and
reported that it was stable for one month at
20°C and for lenger periods in colder condi-
tons, fajac and Spragoe (1975) by the meth-
od of cellulose scetate electrophoresis, could
identily PGM | variants in bloodstnins varying
in age up to 20 months. Miscicka etal, (1977}
again by cellogel method reported PGM ty pa-
hility 1ill 24 weeks. Joshi et al, (1978) de-
scribed their stability studies on PGM, en-
yme system. It was observed that bloodstaing
atored at 40°C-45°C in a dry coadition re-
tained typable activity Tor about 20 days.
However, in case of the bloodstains siored at
room lempérature during humid season typa-
ble aetivity remained for a period of B days
only, Meghal et al. (1983) reported that the
stability studies of this enzyme at different
temperatures in dry and wet conditions show
that a1 -20°C ihe cnzyme is stable up to 8
weeks, while at room temperature, in dry con-
ditions, it 15 stable up to 4 weeks. However, in
moist conditions, al room tenperature, it is
stable only up 1o 2 weeks,

As far as identification of PGM, types in
semen stains is concerned, Rees and Rothwell
{1975 analysed both uncontaminaled semen
samples and also post-coilal vaginal swahs
and opined that although PGM wyping of un-
contaminated semen stains might be of value
in forensic case work, there were great diffi-
culties associated with the PGM wyping of se-
men in post-coital swabs, Dricd semen stains
up o three months old could be satisfactorily
typed. Liquid semen samples that had been
stored at -20°C for periods up to 47 weeks
retained sufficient enzyme activity for correct
yping.

For the present study Tris maleic acid
EDTA-magnesium chloride buffer, pH 7.4 was
used (see Sachdeva, 1987).
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Resulis

The resulis obipined with hoemolysanes,
liguid semen samples and fresh stoins of blood
and semen were ientical in band pattern, both
in intensity and definition.

It was chserved that stains stored at room
lemperature during the winter months of Mo-
vember through February retained typable
activity for about 12 weeks. However, in case
of the bloodstains stored at room temperature
during summer season (April to June} in steel
almirah and wooden cabinet the typable pctiv-
ity remained for a period of & and T weeks,
respectively,

In the third set of bloodstains which had
been kept at 4°C in a refrigerator, PGM | ac-
tivity was ohserved for about 15 wesks. On the
other hand, stains which had besn kept at -
20°C detectable POM, activity was noticed
for over 6 months. A mere |8 hours exposure
ol wel stoins {0 direct solar radiation spread
over d days in summer and winter seosons, was
sufficient o render them useless for enzyme
Iyping beyond 6 and B days respectively.
wherens in bloodstains dried in shade and then
exposed 10 sun light during summer and win-
ter months remained typeable tll 8 and 11
days, respectively. Bloodstaing stored at room
temperature in the rainy scason (July to mid
September) retained typable PGM patterns
only up to 19 days, Whalever the storage con-
ditions, soiled samples could not be reliably
typed beyond a period of 12 days. The set of
blosdsiaing stored a1 40°C 10 £5°C in a dessi-
cator over silica gel eould be typed upto 32
days of storage.

Mo detrimental effect on the PGM, patterns
was observed when blood was contaminated
with perspiration,

In case of 26 semen samples examined,
though the liquid samples stored at -200C
could be ivped up to 45 weeks, semen stains
could be wyped only up 1o 16 weeks, The sem-
inal siains retained their typable enzyme ac-
tivity up to 11 weeks stored during the months
of November through February, and upto 6
weeks in the moaths of April 1o June.

Dizscussion
fidK blood samples collected from local
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Delhi and some Indian states and Union Ter-
riteries populations have been phenotyped for
phosphoglucomutase, by this procedure, In
addition, 26 semen samples have also been
studieil for the persistence of PGM, activity in
them.

The stain substrate appeared to make no
difference 1o the persistence of enzyme activ-
ity. Satisfactory PGM, typing could be accom-
plished on all types of textile materials, met-
als, soiled ground surfaces, and others. The
only difference noticed was that for the satis-
factory typing in case of synthetic fabrics,
larger picces of stained cloth were needed than
in the case of cotton clothes.

As is the case with other proteins, PGM,
activity is more labile in hod and humid con-
ditions. Reliable typable activity remained for
19 days during the humid season as compared
1o 32 days in dry conditions at 40° 1o 45°C.
This is obviously due to the fact that homid
and hot ambient environs are quite conducive
ia the growth of microbes, which may degrade
and denature the protein, and hence loss of
enzyme activity. On the contrary, dry atmos-
phere and temperatures as high as 45°C would
be unfavourable for bacterial growth and thus,
proteins may be preserved for a longer time
periods.

By the same token, low temperatures of 4°C
to -20°C will also slow down or check the
microbial growth, thus preserving the enzyme
activity for longer periods of time. [t is partly
for this reasons that typable PGM, activity was
observed for relatively longer periods, in
bloodstains analysed during winter mosths
thas those studied during summer months.

Starch gel was selected as the medium of
elecirophoresis for the present study as it gives
better sieving effect and resolution than that
obtained with agarose or cellulose acetate mem-
brane. Furthermaore, it requires no prior prepa-
riation or treptment of the sample as is the case
with cellulose acetate membrane, where blood
or semen staing have 19 be scrapped, extracted
[or 24 hours and cenirifuged; which is quite
cumbersome and time consuming. Moreover,
with strarch gel clectrophoresis, even weak
stains could be anslysed by applying more quan-
tities of bloodstained material direcily into the
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gel, It was also found o be mere economical
than cellulose acetale membranes,

CARBONIC ANHYDRASE IT

More than six decades ago an enzyme was
isolated from human red cells that rapidly
catalysed the reversible hydration of carbon
dioxide and was named carbonic anhydrase
{Meldrum and Roughton, 1932, 1933}, Two
milecular forms of CA oecar in human eryth-
rocytes and are referred w variously in the li-
erature a5 CA - B apnd CA - Cor CA Land CA
I isoeymes, The specific OO, hydrase activi-
ty of the CA IT isozyme is higher than that of
CA L In humans. carbonic anyhdrase isoen-
eymes are second only 1o haemoglobin as the
most abundant protein component to be found
in erythrocytes. Both CA Tand CA 11 are
monsmeric and are apparently under the con-
trol of two closely linked autosomal genes
{Harris and Hopkinson, 1976). [n tissues oth-
er than blood the CA-I isozvme has been
found 1o be present in adult postmortem liv-
er, kidney and reting, but CA 11 isoeyme is
more :-:_I_:ns:i\u:!:.l chatribiated in tigaues. It has
been found in gasiric mucosa, longs, cerebral
corlex cerebral meduolla, kidney. parotid
gland, ¢ilinry process and gall bladder. Genet-
ic variants ol CA [ have been identified (Shaw
et al., 1962; Tashian, 1969; Tashian et al.,
1963; Carler et al,, 1972; Ueda, 1974 but their
frequency of occurrence is (oo low Lo hove any
forensic applications.

Till recently, only one variant of humaon
carbome anhydrase 1L, CA T 2 had been found.
The variant was ofiginally designated CA H
and has subsequently been referred 1o as CA
1 {Carter, 1972; Osborne and Tashian, 1974},
CA 112 (Hopkinson et al. 1974 ) and CA 11, the
allele being CA 1P, Subsequently two more
alleles CA 11" and CAY (Blake and Kirk, 1978)
were found, Except for the Marathis and Par-
sis of Bombay, the Indian populations are re-
parted to be monomorphic for CA 11 {Ghosh,
1977}, However, very few population groups
of India seem io have been surveved. Never-
theless, a CA 11 fregquency of 0.0036 i an In-
dian population group samples in South East
England has been repored (Hughes, 1978}
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Resulis

For the present siudy, method us given by
Moppinger and Morrizon (1981} was followed
(see Sachdeva et al., 1990).

CA Il type -1 consists of a single Muores-
cent band with the most cathodal mobility, CA
I1 2 phenotypes is also represented by a sin-
gle band near the origin also with the cothod-
al mobility. The heterozygote CA 11 2-1 has
both the cathodal bands present in equal inten-
ALY

The effect of ageing on siared blood stains
varied depending upen the conditions of stor-
pge and treatment. The effect of dilferent stor-
nge - such as varied iemperatire, dry heat,
solar radiation, heavily soiled condition of the
bload seaing, ete. on the determination of CA
I types in stains was studied.

Blond stains at 20°C could be typed upto 17
wieeks, and those stored at 407°C also retaimed
sufficient CA 1T activity to allow reliable byp-
ing up ko 5 weeks, However, stains kept a1
ITC could be iyped only up 1o 6-T weeks.
Afver & weeks of storage at room (emperature,
the intensity of bands decreased rapidly, Af-
ter 18-19 weeks of siorage even under deep
frozen conditions (-20°C) the zones of activ-
ity disappeared altogether, leaving only the
diffuse fainily stained Muorescence at the sites
of electrophoretic bands,

In the months of winter from November to
February when the temperatore varied be-
iween 18°C o 27°C the stains showed typa-
ble activity till 12 weeks even when they were
kept ot room temperature, During the summer
months of April to June the blood stains stored
al room Emperalure in wooden cabinet re-
tained their enzy me activity for 44 days, while
it was only for 36 days in those stored in stes]
almirah. Whereas wet stains exposed 1o direct
solar radintion in winter for 18 hours spread
over 4 days could be reliabily typed for 15
doys, wel stains similarly exposed in summer
manths could be typed only up to {2 days. On
the othier hand, bleod stains, dried in shade and
then subsequently cxposed to direct sunlight,
i the winter and summer seasons retaned
their enzyme activity for 26 and 18 days re-
spectively,
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In the hot and humid conditions of July o
mid Seplember dui.ag rhiny season, it was not
possible to type the blood stains stored at room
temperature beyond a period of 29 days. In the
case of soiled samples also typable CA 1T ac-
tivity could be observed opto a week, Those
samplis which were subjecied to dry hzat con-
ditions {(40°C 10 43°C) by keeping them in a
dessicator over silica gel, remained 1ypable
even upio 42 days. It wos observed that per-
sistence of typable activity was not signifi-
cantly affected by the presence of body per-
spiraticn in them; both control samples as well
as blood stains made on sweat soaked cloth
gave good typable results up to 35 days.

Discussion

Mo siorage bands were observed inold blood
stains. However, if the reaction plate was incu-
bated at 37°C for a longer pericd of time, say hal
an howr, the development of another weakly
staimed Meorescent band just near the orgin was
ebserved. This band has been shown (o be of CA
lisoenzyme (Hughes, 1978},

In thee Endian context, this system can also
be of immensc helpin actoal case work 1o help
the investigations in the determination of an
unknown blood stain that could have possibly
originated from an individual of Negroid or
Parsi ancesiry,

ESTERASE D

The exsience of variations in human red
cell esterases was lirst revealed by Tashian
(1961, 1969) with starch gel, borate buffer
electrophoresis followed by azo-dye coupled
staining technigues.

Hopkinson and his associales in 1973 identi-
ficd angther zone of esterase activity, EsD, with
‘flurogenic’ subsirate 4-methylombelliferyl
acetate overlays following starch gel clectro-
phoresis. This new esterase which could net be
detecied by the azo-dye coupling procedures,
was located between the zones of activity of
esterases A and B under the electrophoretic
conditions. .!'nlsu, thie EsD isozymes, in contra-
distinction to A, B and C esterases exhibit com-
mon gepetic polymonphism in all major Caogs-
casian, Black, Mongolian and Asian popula-
Lions.
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Close 1o the beels of EsD enayme discov-
ery in 1973 by Hopkinson et al., Parkin and
Adams (1975) recognized the forensic poten-
tial of EsD polymorphism. They employed a
modified thin layer electrophoresis procedure
and Tris-citrate-borate-lithivm hydroxide
bulfer sysiem, pH 7.2 to phenotype dried
bloodstains, Among other things, they report-
ed the difficulty in acourately typing of rela-
tively aged bloodstains due (o the fact that
there were alterations in the band pattern with
older stains. They could type EsD patterns in
bBloodstains up to 3 weeks old,

Since fluid blood samples submatied for
forensic serological analyses may contuin
anticoagulants and preservatives or may have
been cxposed (o different temperature envi-
ronments, in transit, a sysiematic study of the
cffect of these factors on the persistence of
EsD activity was conducied by Jay and Philip
(1979} employing the starch gel electrophore-
s1s techmique described by Parkin and Adams
(1975}, They reporied grouping of bloodstains
up i d weeks old, Stins older than four wecks
could Aol be typed. Fluid blaod incubated ot
37°C for one day was readily and correctly
typed irrespective of the anticoagulant used ;
however, by the third day at 37°C all the fTuid
samples had deteriorated 1o the extent that
none of the phenotypes could be identified.
After five weeks of siorage at 3°C phenoty pes
were casily identified regardless of anticoag-
ulant. Their studies showed that Mued blood
either without anticoagulant or with eitrate
flugride provided maximum stability of the
ispenzymes up 1o 28 davs. Heparin treated
samples were readable until the 21t day,
while oxalate and EDTA severely reduced ithe
survival ime 1o 14 and 3 days, respectively.

Prelimmmary studies of EsD in body fluids
showed that when seminal stains and swabs of
bosdy fuid were treated in the same manner as
bloodstains, very weak EsD potterns corre-
sponding 1o the blood pattern of the donors
could be observed. However, even in 2-4 days
old stains, the patterns were wsoally oo weak
for interpretation,

Mo detrimental effect on the EsD band pat-
tern was noticed when Blood was mized with
sweal or saliva; however, slight distortion of
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the bands was observed with saliva because of
slight digestion of the starch around the ori-
gin by the amylase (Jay and Fhilip, 1979).

Cirunbaum et al. (1 978) were able to oblain
1ypable results with esterase Disoenzymes on
cellulose acetate membranes in blood stains
upta 2 months obd,

An evaluative siudy of EsD typing by iso-
electric focussing was conducted by Horscroft
and Sution {1983, According to their study,
although simultaneous typing of PGM, EsD
and EAP was possible, it was observed that
EsD typing was so unreliable with stains ex-
cess of 2 days old, that tvping by this method
was not practcable,

Resulis

In the present study, for the detection of
ESD isozyme in bioodstains and semen stams,
the technique was adapted from Parkin and
Adams (1975) (see Sachdeva et al., 1933).

The three common phenotypes of eslerase
D are EsD 1, EsD} 2-1 and EsD 2-2, The same
band patiern was observed in case of blood-
stains, However, the intensities of individual
bands gradually diminished as the bloodsiains
aged. Anodal secondary bands of EsD were
also observed, gradoually becoming maore in-
ense in older stains.

However, in the case of haemolysates
stored at -20°C and 4°C, there was not much
decrease in the intensity of bands. In dried
bloodstaing, EsD 2 type could easily be rec-
ognized due to its relative faster mobility.
Differentiation between ExD 2-1 and EsD |
types did pose a problem, but these were iden-
tified withowt much difficulty by following the
scheme given by Sensabaugh (1982).

In bloodstaing siored at room lemperalure
(18°C-277C) durimg months of November
through February, esterase D had a maximum
stability of 4 weeks, However, in the summer
menths of April to June (32°-45"C) blood-
slains stored in stee] almirsh and wooden cab-
inet gave reliable resulis only up to 14 and 18
days, respectively.

It was observed that the enzyme acviivily
was better preserved at lower lemperatures of
4*C {5 weeks) and -20°C {7 weeks]. There was
a considerable loss of EsD activity in the
bloodsiaing which were exposed 1o sun light.
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Wl stains exposed to direct solar radiaton for
T hours spread over 2 days in winter and swm-
mer months showed typable activity up 1o 7
and 5 days, respectively. However, fresh shade
dried stains simlarly exposed to sun light in
winter and summer seagons, exhibited enzyme
activity up 1o period of 11 days and B days,
respectively. Humid mooths of July 1o mid
Seprember hasten the decrease of enzyme ac-
tiwity in stored bloodstains. During this peri-
od, it was not possible to group bloodstains
heyond a peried of 5-6 days. Heavily soiled
samples could alse be phenotyped but only
when the stains were not mose than 2 days old.
Blopdsiains subiacted 1o dry .. 4t conditions
(by keeping them in a dessicator) retained
ypable EsD activity upto 9 days only.

Body perspiration, an imporant conlami-
nani, did aot significantly affect the reliable
typing. Almost identical enzyme paticrng
were obrained in both sweat contaminated and
control samples.

In case of semen, though the fresh liquid
samples exhibited weekly developed zones of
activity, semen stains even a few hours old
gove such a poor resolution that analysis of
semen stains hod 1o be discontinued.,

Digcussion

685 bloodstains from volunieer donors rep-
resenting almost all the states and Union Ter-
ritories of India have been successfully typed
for esterase D, In this way, the sample stud-
ied was essentially of a heterogeneous nature,

Dhifferent buffer systems as used by Hop-
kimson etal, (1973), Parkin and Adams (1975)
and Hayward and Bosworth (1975} for starch
gel; and by Grunbauwm et al. {(1978) and Jay
and Philip (1979} on cellulose acelate mem-
brane were tried, Bul the buffer system recom-
mended by Biology Methods Manual (1978)
was found 1o be most satisfactory,

Imterestingly, it was observed that in case
of electrophoresis of relatively old blood-
stains, better visibility of enzyme band was
obtained when viewed from the reverse side
of the glass gel plate,

ADENYLATE KINASE
The enzyme Adenylale Kinase (AK), ong-
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inally known under the name of myokinase
takes part in the reversible ransformation in-
volving a high energy phosphate groap from
nne molecule of adenosine diphosphate
(ADP) 1o another producing one moleculs
cach of ndenosing triphosphate (ATP) and
adenosine monophosphate (AMP) thus play-
ing an important role in the body.

The determination of adenylate kinase
types in blood stains was first reported by
Culliford and Wraxall in 1968, They reporn-
ed the typable activity of the enzyvme in three
manths old blood stans, Rothwel] {1970 re-
ported the typable sctivity tn ene month old
blood stains. However, Cullilford (1971}
writes in his book that dried blood stains upto
3106 months old could be satisfactorily typed.
He reporis that in an aitempt to reduce the
amouni of blood stain required for s complete
enzyme investigations, an ¢fforl was made 1o
combine AK with 6-PGD (6-phosphogluco-
note dehydrogenase) on g phosphate buffer
;:]. |.||.':'|.'[,:||.1-|1i.|:|5 the anodie Fr:al'l-l;:f iz r.lh.l.l-t: lor
8-PGD and the cathodal party for AK.

Saha and Kirk { 1973} had reporied the sia-
bility of AK variants in dried blood stains on
filver paper up to one month at 20°C and for a
longer iime period in colder conditions.
Sacnger and Yotes (1975}, on the other hand,
claimed typabililty even in six months old
bloodstains. Investigations of Stombaugh and
Kearney (19773 on this enzyme showed that
bood stains retained good typable activity for
3o 18 months depending on temperature and
storage conditions,

Joshi { 1978) reported that staing stored at
room lemperalure gave 1y peable activily even
alter T months.

Results

By employing the succinic acid buller sys-
tem, 413 blood samples denved from Delhi
local population have been successfully typed
for periods ranging in age up to |7 months old
(see Sachdeva et al,, 1990},

Blood stains stored al room lemperalure,
during the months of Seprember through Feb-
ruary, gave satisfactory typeable activity upto
T months, In this system, it was observed that
blood stains stored a1 room lemperature in
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wooden cabinet during the summer months
{35°C - 45°C) survived for a relatively longer
tme period (72 days) tham those stored in steel
almirah {63 days}.

Cold temperature stored conditions of 4°C
1o 30°C are best for the retention of typable
AK sctivity for very long periods, It was ob-
served that whereas it was possible (o type
blood stains kept in a refrigerator up to 14
months, Lypeable activity persisted as long as
I'T months ot -20°C.

In case of wet stains exposed o direct so-
lar radiation for 18 hours spread over 4 days
in summer and winter seasons, AK activity
wis observed to lose its intensity very rapid-
Iy and could be typed only upio 38 10 47 days
respeclively. However, fresh blood stains
which had been dried in shade and were sub-
sequently exposed 1o sunlight for similar pe-
riods. remained typable for 32 and 64 days,
respectively. In the humid months of July o
mid September, il was possible to obtain sat-
isfactory resulls upto & weeks.

Subjecting the blood stains to dry heat con-
ditions (40°C o 43°C) by keeping them in a
dessicator over silica gel, gave belter preser-
vation, as reliable typing results could be ob-
tained for abowt 2 months,

Blood stains which were made on sweat
soaked cloth picces gave as satisfactory results
a5 obtained with the uncontaminated control
samples.

Discussinns

It 15 observed that AK is quite robust en-
Zymie, able to withstand fairly vigorous con-
ditions of humidity and temperature, and still
maintain an appreciable activity,

Culifford (1971) reported that afier 3 1o 4
weeks the loss of activily was seen and a3 time
progressed, the loss of activity became more
and maore apparent until at three months, when
some samples retained sufficiet activity, many
did not, He also reported that *2" band in AK
seemed more sensitive to ageing than the
majar 1" band, particularly if phosphate buff-
er was used. He recommended the use of sue-
cinic acid buffer for the old samples or in cases
where low pctivities might be expected.

Rothwell { 1970} stodied the effect of sior-
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age on the activity of PGM and AK in blood
stains and reported that it was possible toype
AK enzyme in stains upto & months,

Saenger and Yates (1975) had reported the
typable AK activity for 7 months old bloosd-
siains by using cellulose aceltale membranes,
They mentioned that staing older than this
Failed to give a coloured exiract, even after 24
hours of extraction at 4°C and failed w give
clear AK resulis.

Stombaugth and Kearney's (1977) invesii-
gations on his enzyme showed that blood
atains stored at 25°C, 4°C or -16°C retained
the typeable activity for 18 months, and for
those kept at 37°C, up to 3 months.

The weakly staining anodal bands of AK,
which are secondary modification products of
the primary iscenzyme, become more pro-
ponced in older samples {Jamil el al., 1%978)
and stains {Culliford and Wrazall, 1968; Roth-
well, 1970; Cullifard, 1971). The results ab-
twined in the present study agree with these
observations. Analysis shows that even uvnder
hat humid conditions prevailing in most of
India, this enzyme exhibits great stabality.

GLYOXALASE |

More than five decades ago, Cohen and
Sober (1945} reporied cells with considerable
amaunts of glyoxalase activity. However, pe-
nefic variation of GLO [ was only revealed
when Kompl and asocianes (1975) showed it
Lo be polymorphic in a South-western German
population. The glyoxalase enzyme sysiem
which consists of two enzymes GLO 1 and
GLO 1L, coverts 2-oxaldehydes viz. methylg-
Ivoxal, phenylyoxal to 2-hydroxy acids, GLO
I and GLO I1 act together to produce the "gly-
owalose resction” which transforms methylg-
Iyoaal to a DL Lactate with glutathione re-
quired as o cofactor (Knox, 19600, GLO [ ca-
talyses the irreversible combination of meth-
viglvoxal and glutathione to form S-lac-
oy lglutathione, It is postuloted that this wrans-
formation ocours vim an intermediate product,
a thichemiacetal, which s rapidly converted
to S-lactoylglutathione {Racker 1951, Crook
and Low, 1952; Rose, 1957). Though GLO I
occurs in high concentrations, GLO [T is to-
tally absent in the human red cells.
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Electirophoretic analysis of GLO I exhibis
three common phenotypes : GLO 1-1, GLG 2-
I and GLO 2-2 determined by two codominant
autosomal alleles, GLO" and GLOY,

For the present study, the starch gel elec-
trophoresis procedure (Biology Methods
Manual, 1978) with slight modifications was
fallopwed (see Sachdeva et al., 198%9).

Resulis

404 bloodstains from volunteer donors of
Delhi city have been successfully typed for
GLOT isozymes. In addition, paired hlood and
semen samples of 26 men were also tested Tor
correlation of GLO 1 types, as well as siabili-
ty in dried semen stains, No discrepancy was
found in any patred samples,

Blowdstaing upto 12 weeks old, depending
upon siorage conditions were successiully
iyped, Bloodsiains stored af room temperature
(rom Movember through Febmory could ens-
ily be typed upto 7 weeks. During the months
of summer (May & June) blood stains stored
in o wooden cabinet retained GLO 1 activity
at least one week longer (5 weeks) than those
stored in steel almirahs (4 weeks), However,
bloodstains stored a1 <20°C and 4°C were
typable upto 12 weeks and 10 weeks respec-
tively.

Direct salar radiation, particularly in suns-
meer, proved very damaging to enzyme stahil-
ity in bloodstains. Freshly prepared wet
bloodstains exposed Lo direct sunlight for 18
hours spread over 4 days in summer months
could not be typed beyond 12 days, while wet
stains similarly exposed in winter months
could be iyvped upto 14 days. The rainly
moiths (July 1o mid-September) proved to be
the most unfavourable period; just after 10
days of storage at room temperature, GLO |
aclivity in bloodstains was too low to b sat-
isfactorily typed. Bloodstains subjected 1o dry
heat conditicns {by staring them in i dessica-
tor over silica gel) showed typable enzyme
aclivity upio 3 weeks.

The effect of difTerent storage conditions
on seminal strains was very similar 1o that seen
in the case of bloodstaing. However, the inen-
sity of the bands in semen sumples was low-
er. Moreover, no semen stain could be typed
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bevond 4-5 weeks in winter and 2-3 weeks in
summer. Stains kept at -20°C and 4°C gave
reliable results for 7 and 6 weeks, respective-
Iy. Storage bands were observed as in the case
of blood, though it was still possible o distin-
guish three major glyoxalase phenotypes
without much difficuliy.

Discussion

Bloodstains typing of GLO 1 has besn at-
tempied by using starch gel (Biology Methods
Manual, 1978; Emes and Parkin, 1980) cellu-
lose nocetate membrane and a mixed starch!
agarose gel (Scoil and Fowler. 1982; Meghal
el al, 1983) as media. Emes and Parkin's
(1980} work on bloodstains showed that the
GLO Lizozymes survived drying and could be
demonsicated o be unaliered upto 13 weeks
after the stain was made. Seotl and Fowler
(1982} by employing a mixed siarch/agarose
gel could identify enzyme types from pre-
pared bloedstains and case material upto 6 1o
B weeks depending upon conditions of stor-
age. Meghal et al. (1983} in an actual case,
were able to detect GLO 1 phenolypes in
bloodstains 4 weeks old,

Swudies of Sehajpal et al, (1983) on blood-
stains prepared from menstrial blood showed
that glyoxalase I deteriorated most rapidly in
rainy conditions, while in winter GLO | phe-
natypes could be reliably detecied upro 40
days. During summer months, the isoensymes
could be detected only upto 10 days

GLO Dyping from semen staing has also besn
reported (Scott and Fowler, 1982), Whole lresh
semien produces the same band pattern, maobili-
iv amd activity ratios as the corresponding blooed
sample. Prepared semen stains demaonstraned
altered band patierns, penerally with increased
micility bt litthe loss of activity. The GLO | and
GLO 2 phenotypes developed two bands anod-
al o the primary bands, with a decrease and
eventual disappesrance of the last anodal bands.

In the initial stages of the present study the
Scott and Fowler (1982) method was fol-
lowed, but it was notiged that the band pattern
obtained was more diffuse than when using the
Biology Methods Manuval {1978). The inclu-
sion of magnesium chloride in the gel buffer
markedly improves the reactivity of all bands
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in each of the GLO T phenotypes. The present
study confirms the observation of Scon and
Fowler ( 1982) that even though overall activ-
ity of the enzyme is incrensed in the presence
of Mg™ ions, the least anodal band still loses
its activity faster than the other two bands with
more anodal migration in case of GLO 2-1

phenolype.

G-PHOSHOGLUCONATE DEHYDROGE-
WASE

B-Phoshogluconale dehydrogenase partic-
ipates in the hexose monophosphate shunt
pathway converting hexoses into pentoses
needed for making nucleic acids. It catalyses
the oxidation and decarboxylation of 6-phos-
phogluconate to ribulose 5-phosphate, the
coenzyme nicotinamide adenine dinucleotides
phosphate (MADP) being simulianeously re-
duced 1o NADPH. Magnesium is also reguired
as a cofacior,

Fildes and Parr {1963) were the first (o re-
port the existence of genetically controlled
variants of this enzyme in human erythro-
cytes, as revealed by starch gel electrophore-
sis. Gonetic siedies of Bowman en al. {1966
demonstrated that the three elecirophoretic
phenotypes were due to single locus, two al-
lele systems, PGD* and PGDS, thus giving
three common phenotypes © the A for usual
type) with an “a” elecirophoretic band; the
heteroeypous AC (common Plaisiow variant)
with both ‘o’ and "¢’ bands and also a sirong
hybrid *b" and the C (Canning) variant, with
adominant “c” band.

The heat stability of the cnzyme at 37°C in
human haemolysates is poor and variation
between Lhe normal and loss stable varian)
phenotypes has been described by Parr and
parr { 1965).

MNumerous methods have been descri bed for
the electrophoretic phenotyping of this en-
#yme. Fildes and Parr {1963} and Bowman et
al. (1966) deseribed the method on starch gel
using different bulfer systems. Cellulose ac-
ctate gel (Khan and Rotmazzi, 1968), cellulose
acclate membrane and polyacrylamide gel
have also been tried (Peeples et al., 1967,
However, for the forensic typing of PGD iso-
cnzymes, the thin layer starch gel technigues
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a5 originally given by Wraxall and Culliford
{19681 has been found 1o be maost satisfaciory
(Culliford, 1971) {see Sachdeva e al,, 1989,

Results

The PGD ispenzymes are one of the mos)
labile isnenzymes that are imponant from the
forensic point of view. The same band pattern
was observed in hagmolysates and corre-
sponding bloodstains. The intensities of PGD
bands decreased with age although o was
found that stains up to 3 weeks old could be
typed satisfactorily. The technique has been
used 1o type 469 bloodstains prepared in the
lnboralory using a variety of substrales com-
monly encountered in case work examination

PGD activity in stains that had been kept at
room temperature in the winter months of No-
vember to February remained typable upto 18
days. on the ather hand, bloodstained material
stored in wooden cabinets and steel almirah in
the summer months of April 1o June gave relia-
ble typing results upto 11 and B days respective-
Iy. Howewver, stains stored in cold conditions
such as at 4°C in u refrigeraor and at -20°C
showed satisfactory results for a longer time pe-
rinds off 22 and 34 days, respectively.

Wet bloodstaing exposed Lo direct solar ra-
dintion for omly 4 hoirs on a single day, in the
summer and winter months, could not be
iyped beyond apriodof 2 and 4 days, respec-
tively. But freshly shade dried stains exposed
similarly 1o sunlight in sammer and winter
months remained typable for 3 and 5 days,
respectively. The rainy months of July to mid
September proved 1o be least favourable pei-
od for the preservation of enzyme activity in
booodstained moterial. Afver just two days of
storage af room temperature, stains became
umtypable. Stains which were made on soiled
surfaces gave typable activity only up to 24
hours. However, bloosdstains stored under dry
heat conditions (40°C o 457C) in a dessica-
tor over silica gel remained typable upto 1210
ld days.

Discussion

There are, as yet, very few reports on the
PGD enzyme stability studies in fresh and
dried bloodstang and none from Indin. Stor-
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age leads to o rapid loss of activity. Pare and
Parr (1965) reported a quick loss of activity
depending on the isoenzyme type, after 15
minules of incubation of 37°C. The mean loss
of activity (%) observed in three common
phenotypes was: AA {usual type) 27

CA (common variant) 49

CC {canning varianl) 62

However, these abservations differ from
those of Satoh et al {1985). According to their
study the heterozygote type [AC) shows
marked thermosiability, and the homozygoate
type (CC) marked labiling. Within the limits
of error, the loss in the homozygole type is
twice that in the heierozygoie type.

Storage of blood samples at room temper-
ature reporiedly leads 1o the loss of PGLY ac-
tivity at a slower rate than at 37°C. Sworage a
0 delays this, but loss of activity is appar-
cal in twooor three weeks, Excellent preserva-
tion is obtained by storage at =70 (Culliford,
19711,

The Porensic Science Laboratory, London,
found that at -20°C unsatisfaciory storage of
AC was obtained beyvond 7 days, iF 10 was fro-
zen and thawed each day. However, it has been
found that storage in liguid nitrogen 15 excel-
lent, though long term storage was not tried,
All samples stored in nitrogen gave reliable
Iyping resulis to periods of over one year (Cul-
lifard, 1971}.

Excepl in the case of relatively fresh sam-
ples of blood. the PGD isoengyme sysiem
seems 10 be not very suitable in Indian climat-
¢ conditions. The deterioration and loss of
activity of this enzyme is very rapid and can-
not be reliably typed beyond 18-20 days.
However, if the bloodstained material can be
kept in refrigerated conditions, or preferably
at 2070, sanslaclory enzyme activity can be
observed upto 5 weeks of siorage.

SUMMARY AND CONCLUSIONS

In brief, the present siudy of bloodsiain
analysis on more than 600 samples shows that
hot and humid conditions hasten the process
of protein denaturation more as conirasted
with cold and dry conditions. This is obvious-
Iy due to the fact that humidity and higher
tlemperatures are conducive 1o the microbial
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growth, which leads (o the detenioration and
denaturation ol proteins, thus severaly afTect-
ing thewr typability by electrophorelic separa-
Lacm FIII:II:I.:I.‘llI.I'I.!!..

Exposure of bloodiaams 1o direct solar m-
diatacn was observed 1o be very detrimental to
eneymelserun protein stabiliny, I reduced
considerably the time period upto which a
blesod prestein can reliably be typed.

There was no signilicant effect on the de-
fectability, band paitern and sone intensity of
engyme Lype in blood stains when they were
contaminated with sweal,

Virlually scores of factors can affect the
stability of a particular genetic marker in
bBloodsiains. Therelore, of is ey difficult 1o
make gencralizations. Moreover, as Sajac
{1980} writes "The protein and chevme sys-
tems and red cell antigens differ in ther de-
gree of persistence in deteriorating blood,
Consequently, although an analyst may hawve
the necessary skalls 1o determine several ge-
nedic markers in fresh undeteriornted blood he
miay bz umrble fo obtoin readable or unequive
ccal results Tor meone than one or two of these
sy=teims indetenisrated bisod or bloodstains”.

[ bais been observed that among the factors
included in the present study, isoenzyme AK
and serum protcin Hp are teo ol the most mo-
hust profeins and s most soitable for typing
in bleodstiins even under adverse conditions
of storage. Haprogobin could be fyped upto 1B
months o storage at -20°C and uplo aboui 4
months in bleodsiains kept al room lempera-
fure even in summer months. [F was possible
tor bt typable AK patterns upto |7 months
in hlocdstains stored at -20°C and for 9- 10
wiecks in those stored of room temperature in
summer months, Next comes the PGM 2 it re-
mixined typable for 6-7 weeks af room temper-
ature in summer season and Tor over 6 months
il keptat -20°C, The isoensyme of EsD, GLO
Eand Ca 11 are cqually suitable, though their
3.[."|hj||1:|.' Fichge al room lemperalure i5 mob
more tha 3-7 weeks: but bloodstains stored at
=20°C could be typed upro 12-17 weeks.

Excopl i cases of relalively very fresh
samples af blood, the 6-PGD isosnzyme
seems 1o be not very suilable under Indian
climatic conditions. The loss of activity of this
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engyme is very rapid and cannot be reliably
wped beyond 18-20 days even in winter
months. 15 stability is miserably poor in sum-
mer when it cannol be satisfactorily typed
beyond a week.

In case ol semen staims, though the freesh
liguid samples exhibited weakly developed
zomes of EsD gcovity, semen stoins even few
hours old gave very poor resolution. 1 was
possible to type seiminal stains both Tor GLO
land PGM | isoeneymes, GLO I enzyme could
be typed upio 2-3 weeks in bloodstains stored
al rockm temperatiene in summer months. How-
ever, il remained typable for about 7 weeks if
the semen stains were kept ot -20°C. Similar-
Iy, isozyines of PGHL could be typed upto 5-
6 weeks in semen stns stored al room wem-
peraiure. However, it gave reliably typable
patlerns uplo 16 weeks iF stains were kepl al -
207,

Aninteresting observation was thal blood-
stiumms slored o wooden cabinet, in the hot
sTner season, retained their eozymes/serom
profein activity for a relatively longer periods,
than those stored in steel almiral. It may be
advisable 1o store the acival case work sam-
ples in wooden cabinets before and after they
arg teansferred 10 the forensic laboraiory.

Howewver, “Age alone s not critical o the
reliabality of phenotyping a blood sample { £a-
Jog and Grunbawm, 1978). Rather, il 15 cssen-
tinl to consider the cumulmive elfects of sub-
strate, biological quality and quantity, envi-
ronmental elfects such as heat, humidity and
contamination, and the preservation and teans-
portation of the sumple prios wo subimission to
the crime labormory” (Zajac, 19840),

Much depends on the method of collection
and submission of biological materials o the
Torensic laboratory. The processes which de-
grade and denature enzymefserum protein are
sccelerated when appropriate packaging
methods are not employed. Some of the guide-
lines For the collection and submission proce-
dures for biolegieal matenials arc as follows -

“... In order 1o preserve the hiological and
bagehemical and biological information one
should expect 1o maintain body Mud stam
evidence under either air dried and frozen, ar
dried and relrigerated, or air dried (non-hu-
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e b conditbons wntll submission, Liguid
blood samples should be relrigerated and sub-
mined as gquickly as possible, even il the ne-
maining items cannot be sent at the same time.,
Refrigeration of the submitted items while in
fransil = nol feguired.

"Stained items should be contained in pa-
per envelopes, paper bags, or olher conlainers
that allow for the exchange of air but prevent
the buildup of moisture. Liquid blood samples
should he submitted in sealed blood test Lubes
without chomical preservatives (anliconpu-
lamis acceplahlc) to prevent bréakaoge an tean-
sit, Sexual assualt evidence, such as vaginal,
oral or anal swabs should be thoroughly air
dried and placed in envelopes or other con-
tainers that allow air 1o pass (Mursh, 1985},
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