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" The purpo e of thts deteetablllty study is to prov1de the practlcmg cmmmallst -
bwuh adequate data to permlt the selectlom of those blood genetw marker systems for: B
a.serologlcal analy51s that have a high pn;obablhty of yxeldmg sxgmflcant results.t In R

? add1t1on, the data provxde a baselme for '1detectab111t1es obtamed by present analytmal; S

\\

techmques that can be used to test the va.ue of new and 1mproved techmques. Thls 1s. |
' _the f u'st comprehenswe detectabxlxty study that takes irto accouni, for a large number e

‘ of genetxc marker <zystems, the factors of bloodstam hlstory, 1e., the materlal on

"3,

. 'whleh the blood was deposxted and the humxdlty af whxch it was stored. :

"‘he detectablllty of selected, genetlcally derlved constltuents in hurnan blOO-c

| aged for up to six months was mvestlgated Blood dr(lwn from 12 volunteer donors, R

- was depos1ted on six substrates, i.e., g‘lass, wool nylon, and three types of cotton_h‘._ L

-(plam cotton, perma press, and demm) The resultmg dried blood speclmens were agedv ;
at ambxent temperature at 20 and 66% reiatlve humldltles, a few samples were aged - .

“at -20°C Analyses were performed on the samples kept blmd for the 1nvestxgator at

' 0ne, two, fou-, 13, and 26 week aging periods.

Red  cell antlgen systems selected for thls study were ABO MN Rh, Kldd
:~Duffy, and Kell The most stable antagens were A, B, and 0 of ABO, M N, and s of'
MN; and D of the Rh system. These variants were identified in speexmem aged for 26
weeks at both low and high relative humidities. The least stable antigens, Jka of
- _ Kidd, Fy? of Duffy, and K of the Kell systems, were detectable for only one week at -

o either humidity level. Of these antigens, only Fy and K aged at 2096 humidity were

detected at the two week test: pemod. Other varlants (S of MN and C, c, E, and e of

i

e




bf‘ﬂRh) wére «detected for varymg lengths of tlme rangmg f "om two to 26 weeks In
partxcular, Rh factor's ft,, c, and E were affected adversely by hrgh mmsturev‘ a
k envu'onments. Storage of the specxmens at —20 c generally resulted in a longer
:f i ;‘detectabulty tlme than storage at room temperature No s;gmflcant dlfferenees in -

T detehtablhty rfesultmff from substrate were ‘observed:

The fcn{xr en..yme systems selected for this study were adenylate kmase (AK),

/o 'L,a‘/enosme rfeammase (ADA), phosphoglucomutase (PGM), and ervthrocyte amd}
L phosphatas/e (EAP) AK and PGM 1soenzymes were still 1dent1f1ab1e at the 26 week
l.«'"‘jk'ltest permd, and ADA and EAP at 13- weeks for the low and high humrdxty storage.

‘_  condltlons- PGM is oenzymes appeared 10 be more stable at low humldxty, and ADA

‘and EAP et hlgh humldxty. No obvmus dlfferencos in detectablllty resultmg from

'_phenotype or= substrate were dlscerned »except possmly for perma press and denim

whlch appeared to °hor’fen the dc.tectablhty time of PGM Again, storage of the .

ts ec:mens at -20%C generally preserved the enzymes better than storage at room

-temperature.

The dxscrlmmatxon probablilty was calculated on the basxs of the genetic

- markers whlch were still’ detectable at the end of earh aging mterval. No test error

© was assumed, and frequency of occurrence data for each genetlc marker were taken

from the literature.
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b - ; o : %
-,7}!? The study Of the detec‘rabxhty Of genetm markers m dmed blooc‘ descmbed in b_ J

e \\ thxs report \yas conducted as a part af the BIood and Bloodstam Analysis Pro@ram T

. j?sponsared by the Law Errfmcement Aaslstanee Admzmstratmn a.t The Aerospace L

foode _Corporatmrb kfe px:ogram was un'ected mward the development of a blood( o
ol T . ~ o .

- K "_vmdlvsduahzatxon techmque, capabla of ifiennfymg blood antwens and prote1n~enziﬁme

L :phenotypes.i Tms techmqua would be acceptab‘ie for use by cmme laﬁmratomes an(l‘

\yxgeuld prowde admzssxb}e evxdence m our courts of law. An add;tmnal pragrarn e i

objeettve ;s to camp:le a blood type frequency data barik, for the U'.l S. poxza(atmn‘ o ) " - };

The purpom: nf the detectablhty sf:udy was to obiam datd thm t»ould aid the

' pract:cmg emmmahst to sexec @nly those genetle marker gvstems for analysxs, whmh

i . ) . )

S on the b&SIb of sero!:mgmal evxdence, wouiu ;:e mos; ixkely to provxde usable data. The S

C

o “»:\

evaluated in thxs study are bemo' analyzed in cmme laboratomes where bloodﬁ

mdxvxduahzatxon tests are perfc)rmed The study should, nOWever, be e‘tpana\ai\xo; .
mclude other systems of mterest as ’they gam usage m forensze apnhcatxons. SR S \
4 ‘I’hxs report mciudes a summary and a glassary for the nonspecmhst reacs-r, ‘as
. well a8 detailed descmpt:ons of the analyms methods used and fhe results obtamed, , |

5 wmch should be cf pmmary mterest to the practlcmg fofensm serosiogxst. s

ThlS report is a revxslon of the one prevxously titled, "P»rsxsi >nee of Selected Genetie

i
i
ki

E  7‘  Markers in Dmed Blood,“ ATR~75(7910)~1 April 1975,
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A

) of the semlogm&l speclmen. Some gene c' marke,:‘ B

1dentxf1ed ﬁftev several years, whgreas othe r3 cannot Ly,e succes

knomedge of them;;/é%ec
// o P

- eny

effects of humxd}ty and substrate on detectabxhty zs not a,vs.‘y le.
‘ EYE /

To hefp overcome thxs laclL Of data, the;- détectablhty ot selectnd genetm‘

arkérs i dmed blood aged under 20 and 66% relanve humxdltv conﬂzuons at amb:ent' :

suc month pemod 'I‘he red cell antigen systems ABO, MN I%h, ded Duify, and Kell

- were analyzed asmg an absorptnon—elutxon method, and the 1soenzyme systéms

- mo&g often m the dmed state, and the a‘fsﬂx‘éy to de}»ct vamants dlmanshes wzth t‘ze age -
‘In bioods)ams can still be: E

44 analyﬁed afte

S‘ te tlc study encompassmg manv rrenetlc'
marker systems has been reported, &nd relatWely 1avge dxscrepanmes & wang the‘ -

resuts obtamed by dxffereut mvestlgators. Iﬂ Pﬁl‘tlclﬂﬁl‘, deiaﬁed infor msmon on the e

v temperature, as well as for several spec'mens stored at,. -2!1 b w““‘ -Tmmed over a




%

'.subsira.tes. Emphasxs was @Iaaeé oﬁ textﬁw ,Aubstrates beoause stamf

’(ngst afken

enecunteced m roatme eaﬁeWOrk are on f&mﬁs a/é emmm seeﬁes for on a suspeot’s

clothmg. The biooc! analyses were cozzﬁﬁcteﬂ after storazre fcm me, tw% four, 13 and

s iR

26 weeks. ‘

I“ﬁ the bas:s theg ovnt of ﬂzyma‘tm Actwﬁry {see ?&ppendix A/ "I‘ables A-2

»through A—ﬁ\ aetected in druj blood, storage of sgecimens at tbe ’mgher humldxt/
ctjnchtlon appears to be oet 1' for the preservatzon of thé ADA and EAP 1soenzymes,
the reverse appfar "_t;o be tme for ’the PGM woenzymes. No effect )zesulting i»rom

dat‘fet

. r".y e K . L

*enﬂ&s m ?‘umldxt‘v Was deteeted for the AK syszem. | R S

ghil

/, g
e‘%he/ the dntlgén nor the 1soenzyme systems exhxbﬂté‘d mgmfuﬁant Vamatzons A

f

,n the df'tet'tabll’ﬁj of genetl(, markers because of substrate dlffterences./ 'fhe

BN .
R
=
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RELATIVE HUMIDITY conmﬂons SN
2%‘66% SRR N SRR

ENZYME SVSTEMS = 4

.
i

© o .
A

DETEGTABILITY TIME [weeks] B

o 7»:,

. . e »Figui:é\ S-2. Detectablhty of Enzy'mes in Drled Blood at
e A e Amb1ent Temperature o ‘
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detectablhty of the antlgens and 1soenzymes for the [specxmens stored at —20°C

however, was found to be generally better than that for thp cpecxmens aged at ambxent';
temperature. ', v - o j f-’i. S b Al ,/, e
A?"\\“ A

F,f’

: -'i*' = the dlscmmmatlon probablhty (the probablhty that two randomly seleeted mdwlduals

5
T
0

3

=

v wxll have the same combmatlon of genetlc markere) for each bloodstam agmg pemod

: For eXample, a dxscmmm&imn probablhty of one m approx1mate1y 2500 1s possmle for a -

dmed blooa"speelmen exposed to elther 20 or 6696 relatwe humldlty for one week: )

After 26 weeks storage, how\ever, the values are -one m 65 and one m 28 for agmg

IR under the Iow and hlgh relatWe humldlty levels, respeetwely. -

: Beeause the blood frequency data are unknown for most of the u. S populat;on, data
o ;j\, . ' for the Bmtxsh populatlon were used to approx1mate possnble dlscrlmmatlon values.
‘ -.:’some U. S. cnme labomatomes use the same data for their calculatlons and court

) presehtatlons. P | :

| .'xiyv v

' 4 .
Tt RN S L e

of occurrence of the oIood Vamants for the Bntlsh populatlon, were used to calculatc. o

S S :
. N i .
o el oo o S

b




C"HAPTER 1, 'v‘:INTR'OD_ﬁCTIO“N AND ;BACKG:ROUND ,

The purpose of thls study was to 1nvest1gate the oetectabxhty thh tlme of’

"-‘techmques and methods The effects of hurmdlty and substrate on genetm marker :

. _ per51stenee and on the dxserlmlnatlon probablllty are presented and should be useful to‘_

practlcmg forc,nsm serologxsts, as well as: to prov1de a reference to evaluate the

¢sens1t1v1ty of lmpI'OVed analv31s techmques and methods that may be developed
. Detectablhty of. geneuc markers in drled blood 1s mgmfleant because-
o '.serologlcal ev1dence is often found at the scene of major cmmes (homxcrde, rape, and‘ B
assault) The ab1hty to estabhsh the mvolvement of speclflc 1nd1v1duals m the |
_v':commlssmn of sueh crlmes thh a hlgh degree of conf:denee is an lmportant aspeet of

l foren. ie sc1ence. .Human blood contalrs many- genetlcally cor‘trolled eell and serum

L : constltuents such as antlgers, enzymes, and prctems. The mherlted varlants present 1n‘ ,

e _,these Lonstltuents serve to charaetemze and 1denttfy blood, determmatlon of these -
) vamants is kno wn as blood "H’lleldU&I on. ’?"' ' |

The present study mvestlgated the feasxbxhty of determmmg the varxants m:
”;'bloodstams on febrms after ‘they were aged under controlled low and high hurmdlty_
: eondltlons for varymg lengths \.“ time. Emphasxs was plax.ed on the analyses of stams'. y
_'_'on fabrics because mOre than 90% of serologlcal c-lue materlals are found on.

N .
textlles.1 Detectablhty of the varxants of ABO MN Rh, ded Duffy, and Kell red‘

,,*Yalues established by an Aerospace Corporation survey of 27 erime laboratories. |

,selected genetlc markers in drled blood by usmg currently avallable analyms. o



ey itwas studxed over a s:x momh pemod. The red cell antlgen systems were seleeted on

: cell . antxgen systems and of adenylate kmase (AK), adenosme deammaue (ADA),

'-'phosphoglucomutase (PGM), and erythrocyte acxd phosphatase (EAP) enzyme systems

| the bases of availablhty of antlsera and of spec1f1c analy31s teehmques 'rhat were well
k' estabhshed Although ABO MN, and Rh systems are the blood. grouo systems most
"fwxdely used in forensxc apphcatmhs, the effects on them of huxmdlty and to some"
o .extent, of substrate are unknown The AR, ADA PGM, and EAP 1soenzyme systems

) 'were chosen on the basxs of sxmllar cons:deratmns.

E Detectabllxty of antxgens and enzymes ‘n dried blood ranges from a few days to

'years, dependmg on the condltlons of speclmen exposure and on the partreular genetlc '
| marker system bemg tested. ‘?ven for a single system there is httle agreement amongv |
: mvestlgators on tlme limits for variant detecteblhty These dlscrepancles are due m_
’ part to the extremely complex nature of bloodstam analysis, to the development of
‘ ‘more sensxtlve techmques for 1dent1fy1ng genetlc markers in stains, anfd 10 a laek of .
standard analytlcal procedures Drxed blood analysxs often yxelds less deflthe results'
than whole bIood analysls and requn‘es conslderable expertlse on the part of the
serolog:st.}. Moreover, the relxabllity of the test results diminishes with the age of the‘ e

~ The current investigation was initiated because of the large discrepancies in

B availéble data, and bbecause of the paucit’yv of informatﬁlon on the effects of'substrate
- and humxdlty Addxtlonally, no systematxc study encompassmg many genetic marker
: ,systems has yet been conducted, and at the present hme crime laboratorles do not
: have a clear basas for determmmg whleh genetlc markers should be tested to obtain

| | meamngful results.. ‘

1 g, i R YIS




o " Lioss of varxant detectablhty m old, drled blood results from degradatlon andv
Amacceesmhty of the antigemc SlteS w1th tlme, the latter bemg caused by cell
_f»shrmkage through contmuous dehydratlon. 2 “Hence, the number of antlgemn 51tes per -

cell surface for each type of antlgen is an 1mportant faetor in - the- blood g'roup o

' determmatxon of old stams and may help explam dlfferences in detectabllxty w1th age.

v The number of antlgemc sites per cell has been calculated for some antigens. In the

ABO system, A and B cells have approxxmately 1,000 000 and 700 000 sntes, |

- respeetxvely. In the Rh system,‘ D _(Rl type) cells have 30,u00,4 ¢ cells 79,000,5_
.and e cells 21,000 sites.” | el

' Other factors that play a sxgmflcant role in variant detectabxhty mﬂlude the

speclflelty of antlsera and the strength of hemagglutmab111ty, requnrements for these -

. may also change with the age of the stains.

“Information in the literature regarding’ detectability of genetic markers in-dried_

blood Wi't_h age for the systems studied is gviven;ivn Table 1, Th_e data usted indicate the

‘age of the‘sta'ins when the genetic markers were detected through the use of several

@

. analytlcal techmques Variations in the persmtence of such red cell antlgens as the Rh - |

varlants are reported ABO system antlgens are the most stable of those hsted, and

-~ this system is by far the best known and most w1dely used in forensxc serology. The

| Kell and Duffy systems are the lea.;t studled and least st:«lble of the systems listed.
Large dxfferences in the reported pers:stence data Were ulso found for the enzyme‘

. gystems. In decreasmg order of stablhty are AK, PGM ADA, and EAP, with varlatloNS

in per31stence ranging frorr a few days to 11 months. ,



Ta.ble 1. .

Per51stence of thetlc Markers m Drled Blood
Reported in the therature : ’

- System

Variants

Agédermdl

~Bldod

Reference

ABO

| MmN

Rh

| Duffy
Kell

PGM

CAB
M, N
S

C#‘C,D

2—-—34 Lyr:
29-39 wk" |
26 wic
426 wk

5-—6 Wk =

' ~4r—-5 Wk

6 days

448wk

222 wk
422 wl

| 0, 5-90 wk |

9

Cg9et1

10

10, 18-19

10,18 .

10,18
20

12,18

20, 22, 31-33

31-32-

22,24-26,32 |

22, 24-29, 32 |
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mterchange.able terms. g

\\ (\

ot

P

Some comments on the dlfferenee m meamng betWeen detectablhty and -
S persxstence ere m order. : Detectabxhty xs a funetnon of the sensntxvx.ty of current‘-

' analytxcal techmques, whereas pers1stence 1s »a functlon of the l‘a.te of the denaturatlon g

R

or chemlcal degradatlon of the genetlc markers. 'I'hus, 1fnn apnetle marker is detected

““ina blcodstam aged for a certam length of tlme, it is known to persxst for at least that' o
| ,g,amount of tlme. It', however, the matker is not detectable by present techmques, ltS
R persnstence for that tnme remams unknown. It may stlll persxst, but at a presently.- e

' undeteetable level.

The absolute persxstenee of genetxc markers, in prmclple, can never be;

j - determmed. HOWever, for all pt‘aetxcal purposes, the persnstence may be consxdered to
S be the tlme the matemal takes to detemomte to the extent that it: becomes,'
_.fundetectable w1th eurrent analytlcal techmques. Thxs deflmtxon of persxstenee lS

- "‘operatlonal and is commonly used Operatlonal per51stence changes as the sensxtxvnty v, o

f‘ = v‘of analytleal methods mereases. In tms sem,e detectablhty and persxstence are

i
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: _ CHAPTER Il EXPERIMENTAL PROCEDURE -+

g A Whole Blood Analyses ':J// = E

c : Fresh blood cu:awn from 12 volunteer donors at The Aerospaee Corporatzon was e
- | vanalyzed by the Human Genetlcs Laboratory, Umversrty of Ca]xforma, Los Angeles N

bBlood group typmgs were: performed by drrect agglutmatlon m test tubes, and
‘polymorphrc enzyme 1dent1flcatlons made by electrophoresrs thh starch gel. - The s

blood speclmens prov1ded 15 dxfferent red cell antrgens and elght dlfferent 1soenzymes] o

" for detectablhty studles.

. B, Preparatron of Agmg Test Specm

Blood drawn w1th 20 ce syrmges from the same 12 donors was dlrectly deposrted‘ :
. from the syrmges onto six dxfferent substrates‘ glass, wool, nylon, and three types of
,cotton, 1.e., plam, perma press, and demm. Before the deposxtlon of blood the cloth‘ _' .
samples were washed ina phosphate—type \detergent (Tlde), thoroughly rmsed, dmed for i :
| 24 hours, and cut mto one meh squares. The nylon, wool, perma press, and demm were o
o ’_purchased new, whereas the plam cotton was a prmted sheet that had been used for
| 'three years and had undergone repeated washmgs | | | , |
Glass (ln the form of mlcroscope shdes) served as a control substrate. Unllke,'
textlles, glass 18 consxdered to be mert to blood constltuents, belng v01d of detergents,
preservatxves, dyes, and other possxble mterferences. However, beeause of sample
losses encountered durmg the wash} pmc,edure of the amuyses for antxgens, testmg o |

P | of the glass speclmens was hmltee to determxnatrort ef enzymes.




’l‘he ‘;26 bloodstamed speclmens were alr drled for A hours mv’a fume hood. They

7",: consxsted of duphcate sets of 12r spdeclmens eaeh, plus two”(stamed cotton speclmens\

ER

. f_;"preserved for freezmg The duphcate sets were separated mto two eonstant humldlty

malntameo at 20% ) relatWe humldxty by a saturated aqueous solutlon of potassmm _»";
S o acetate, the other at 6696 relatlve humldlty by a smular solutlon of sodlum mtmte. o
‘One hundred percent relauve humxdlty at 23°C corresponds to a water vapor pressure :

: of 21 mm Hg, varlatlons m thlS value as a result of ambxent temperature fluctuatmns

- and enzymL polymorphs detectable at four weeks were analyzed at 13 weeks and 1f

5 -’stlll detectable, at 26 weeks. For fvarlants that could not be ldentlfxed at four weeks,

. tests performed at one week

: Was- oA

’\J B S

. 'ehambers for agmg at amolent laboratory temperature (2310’:"_' Oﬁ?‘\eheﬂeb

o i s S s

\’\ ;

E -(+ 3°C) amount to + 4 mm Hg. The humzdlty chambers conslsted of glass dessmators, .

Ex f”and were exposed to fluorescent llghtmg throughout the agmg perlod. The remalmng BN

: .two bloodstamed speclmens, prepared on plam cotton, were aged m a *‘reezer at -20°

) ’m the dark, at ahumrdxty value of09 mm Hg : | ERE R ’ %
: ’I‘o reduce the total number of analyses, speclmens aged for four weeks were a ;

S Zlevaluated fu-st. ’ 'I‘he test approach used in thls study is shown in Flgure 1. Antlgem

”'_i..i;ithe experlment was repeated, and tests to detect the genetle markers were performed T

'jat two weeks. The experlment was repeated ag ‘n for undetectable varlants, and *he 3

3
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~Figure 1. Design Used in Dried Blood Analysis

' The types and numbers of anmytlcm tests performer’ m thxs study are presented -

m Table 2 ’l‘he number of t&sts hsted, altogether totalmg over 2100 does nbt mclude

. the repeai:ed analyses performed when questlonable results were obtaaned. Wxth an

__, _gg,eraze of 20 mmutes per test assumed, thn ‘txme expended on dmed b]oo:istam

analyses alone exceeded 700 houb&. \x\ i

Mg, o i
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g /C Antxg “'i'Typmgr o'”"

o obtamed

" "'fsg;ed Blood e f;-: -,: : : o

| absorptzon—e; f 'has proved to be markedly more sensrtwe tha "the absorptlon-

mhlbltm 10

K4

rt has also been renorted to be mﬁre successfui than mxxed

ﬂgg}utmatxon ftfr cert&m antlgens. 12

q;;-method, ~

Fop greupmg’ W bloodstams, m eontrast to

’ 'roupmg m sahv cﬁ' mmal stams for secretors, ansorptlon—elutxon is the methocf of

. /. .

choxee EEE #

- ';tbe ’specxfac\teehmgue employed for eaeh an‘ugen was adapted irom those aescmbed m

s’ummamzed in Table 3- Although vamet:o sueh as the use of papeur- fxem- or

P "trypsm-treeged mdwater eezls‘, were attempted, no sxgmflcanf ,mprovoments were

AD ar:tlsera except antm—Fy ‘an;d eriﬁ-.ika were obtameé from Hyland

Laboratory Antx—Fy Was obtamed from Spectra Bm}oglcals, and apti- Jka as well as

)'_4:_;’—,):_‘_;3«rr' R
e

0 “'the antxhuman gin&bulm were bt ined from Dade. Because s;gmfmant vamablhty in

thexr tlte):;?nwas observed, he amlsem were tested, at tlmes extenswely, for their

//_, L

| /}‘féblhty for usei bv/the absc}rptxon«elutren techmque. Antxserum that is. too

L L //7

coneentratofi may produce agglutifnatmn in negatwe contro} and antxserum that 1s too:

f \*4

dllute may result m msufflclent absorptnon and subsequent false negatlves. Therefure,

negat:ve eontrol/s conswtmg of unsta;med samples of all five textlle substrates, ‘

sub;ected to procedures xdentxcal to tho.ae of the blqcﬁstg\med substrates, were run

P

C‘f the several methed., that carr be emp‘loyed £er the determ;ﬁatxon of antlgeas

ol

| '_.the hterature. 'I‘he prcueduz'es fc;llowed fc:r t!{e tymﬁg of the 15 antIgens are o :

-



for Anugen;‘/ﬁg ypmg_"‘ -
e )

‘F'R'eéiisoiﬁtiod(?) N Annhumzm (d) o = o E
‘Temp. Se,rum Added : sl g
& & N R (drops‘/ .

; Sahne .

"’Bovme Serin albumin in Q 1% conqﬁnn‘atmn. ’

'.(f

..-(g )Dapend A

' n‘apecitic matrue:(ione #ccompauying the




"espeelally after the last wash

' Vunder both humldrty condxtlons as well as m the freezer., The antlsera were dlluted" S
| iuntll they gave negatwe results w1th these eontrols. In doubtt‘ul cases they were

: tested w1th specxﬁc fresh blood samples to prevent false negatlves. :

Certam antigen systems present partlcular problems MM cells are known to

v react w1th many samples of anti-N sere, causmg then to be mlsgrouped as MN For -

th1s reason exhaustm, sereemng of every antl-N serum wes performed to ensure that

"the serum used m ‘the testmg gave negatlve results W1th type MM eells. Addltlonally,
| o in the Rh system, antx—C sera are known te be often contammated by antl- serum..
"Therefore, the ant1~0 sera were tested m the elutlon procedure mth type Rh D ‘ |
' _posmve, C negatxve eells, as negat:ve eontrols. Negatwe results ensured the absenee '

o of antx-D contammatmn.

B '1. " ABO (A, B H) and MN (M N s) antlg Fxfteen 33 X 3 mm squares werev o

| cut fx om each of the bloodstamed speelmens tested at every aging pemod and placed i m :

10 x7 5 mm glass test tubes To each test tube contammg g elefh speclmen, two drop,s

_ of cold physmlogleel salme solutlon (4°C, pH 7 4) were added followed by one drcp of - -
' :the approprlate antlserum (A, B, H, M, N or s) (see Table 3) The mlxture was
"'stoppered and mcubatedvm a refrzgerator (4 C) overmght ‘The sahne solutron and |
excess antlserum were thhdrawn from the tuhe and sueked from the cloth w1th a

; plpette attached to an asplrator. The cloth speclmens were then washed sxx tlmes with

cold salme, the tubes bemg fxlled thh salme and left standmg at room temperature for

15 to 20 mmutes for each wash Care was taken to remove all of the salme SO].Uthl’l,



. cloth specrmens were carefully submerged m the solution.” The tubes were stopperedi- ,

~ “necessary.

For the. elutlon, two drops of salme were added to each tube and the

",k_”_v‘and placed in a crrculatmg water bath at 56 C for 15 mmutes The tubes were t‘\env‘
remOVed f om: the water bath the cloth speclmens qulckly removed from the tubes, ,
‘and a drop of 0 5% salme susnensxon of the approprlate 1nd1cator cells. was added to'
'_. each tube w1thout delay After reabsorpt:on for one hour in the refrlgerator (4 C), one
- .drop of antlhuman serum was added (Coombs techmque) when necessary (see Table 3) | g
xThe tubes were centrlfuged for three mmutes at 1500 rpm, and thelr contents .

: v""’exammed for agglutmatxon macroscoplcally with a coneave mlrror (producmg 1. AX'

‘ magmflcatlon) and a hg-ht, microscopic exam_matlons_ were made: for confirmation when

v ntlge The procedure followed was bas1cally as ‘deseribed in the foregomg, ‘the

o modlficatlons for each antlgen being clearly noted i m Table 3.. For Kldd Duffy, and

Kell systems, the method was adapted from Ruffle and Ducos 13 o

R D. . Enzyme Analy31s of Dr1ed Blood by Electroonore51s

One-1nch square cuttmgs of all. bloodstam speclmens tested at every agmg

. period wer.e_ submitted to the Human ‘Gen‘e._tlcs Laboratory, University of California,
" Los Angeles, for elect'rophoretic'analysis of the four enZyme systems containing  the

"elght lsoenzymes under study, The experlmental procedures followed by the Human

Genetlcs Laboratory are detalled in Table 4

| For ADA and EAP (also GPT), preparatlon for anglysis mvolved the_
' 'soakmg of samples of the dried blood speclmens for one hour i in two drops of & 1%, 8 -

B .mercapt_oe_thanol sol_udon in the gel buffer appropriate for each enzyme (see Table 4‘)?

, ..14-

2. MN (S), Rh (C,e, D, E e), nd K}dd (Jk ), Duffy (Fy®), and Kell (k)

i e T A A g e



Table 4. Expernnental .‘Prq:::edui'e’s 'fér? Blood Enéyﬁ;g Anaiysis'

v/‘,,.

S ’ ‘."'Prcvc':edux"'es .
Electrophoresxs(a) | Staining

. ; /J et & S , 3
' . , . I Constant' { . : N : _ .

} B““g" B“ifer fo‘ftll &“;,f:zédr Voltage " Stain Mixture | Overlay | Time(®)
' e Setting . Ingredients ) Material {min)
o S‘rw em_ ‘ pH “lof Br;dge Buffer (V/em) | LRI < : - - : _

7 apa fcime | 50 | 1/20 | 5| Adenvsine-MTT, xantha- | Agar 60
e e acid*. ..y - b e ' S nine oxidase, mmleosxde. :
PR SR LT I R ) o phosphorylase .
Cax leiwier 7o | 1@ | 4 | mrT, ADP, NADE, BMS, | Agar | 30-45
R : 'NaOH SRR REERE T . G-6-PD, hexokinase S ; :
EAP. Citrate- | ~6.3  C1/40 R A 5 : Phénolphthaleih, mono- Filfei‘ 120
e phosph%t‘e : S . < ‘ ,phosPhat'e, ‘NH4OH : - paper. .

- PGM | Harris | 7.4 |, /10 5,.6(8’ 1 Tris, MTT, G-1-P, .| None | 60
o e T | Nape, pMS, Ge6-BD | \ .

" _ ( )Run in refr:gerator w;th coohng plate for 18 hrs on starch gel

U (.b)MTT 3.(4;5- dxmethyl thxazolyl 2) 2, 5 chphenyl tetrazolmm brormde
.. ADP ' .  Adenosine diphosphate _
- NADP -Nicotinamide adenine dmuclectzde phosphate
" PMS - - - Phenazine methosulphate . - .
. G-6-PD. - Glucose-6-phosphate dehydrogenise
"TRIS ~ ~ TRIS- (hydzoxymethyl}-ammomethane -
S G- P Glucose -1-phosphate
Fon e G-, 6di P Glucose 1, 6~d1phosphate '

(e )Staxmng wasg allowed to occur at 37 C e
- @ )H;tstxdme buffer (0 005 M) was used mstead of bndge buffer.

/f S (e)Constant current, 50 ma, Was used



'-ﬁfor PGM and. AK, treatmem thh the sulfhydl'yl reagent (/3 -mercaptoethanOl) waﬁ

':".'.qgenerally Omltted. The B-mercaptoethanol serves to reduce the S-S ds.su’lfxde SRR

| ‘.”";brzdges in aged molecules whxch resul.t in the dlstortxon of electrophoretzc

. patterns absorbed on a Whatman No. 3 filter paper (8 x 5 mm) that was

mserted dzrectly mto the starch gel for the respectwe electrophoretxc runs. _

. The 1soenzyme separatlons were routmely carmed out w1th 10.596 Electrostarch

(Otto Hlller) gel ina Grafar electrophoresxs ehamber (13 X 30 X 0 6 cm) eqmpped with
e Buchler power supply (Model No. 3-—1014A), 0 to 1000 V, 0 to 250 ma. The

"' ‘ 'blochemlcals were obtamed from Slgma Chemleal Company, St. Loms.

'('

Lo Adenosine déamiha‘sé '(ADA) The determmatmn of ADA in the aged; B

bloodstams was performed thh a ‘ coolmg plate in aecordance w1 th the vmet_hod‘

descrxbed by Spencer et al.14

2. Adenylate kmase (AK) Starch gel electrophoresis followed the

procedure ‘of Fildes and Hams 15 ; in which a cooling plate in the refrigerator ,af 180V

(4 V/em) was used, but without addition of magnesium chloride to the staining agar
| o?grlay. (Control runs showed the addition of MgCl, to be ‘nonessential for good

o résulté.)’ /

3. Erythro jte aeld phosphatase (EAP) Starch gel electrophoresm was
16

‘ camed out at 4°C accordmg to the method of Swallow and Harms

i . v,fol,}l}owmg. _modxflcation in the staining proc,e:d_ure of Sparkes et &1}7. A solutign

16~

with the




' accordmg to the method descrlbed by Spencer, Hcopkmson, and Harrxs

cont'ainingvobs gm':of pheni)lphth‘alein ‘mo’rloph:os;phate}"E in 125 ml of eitra.tebuf'fer at

v pH 5 5 was poured over thlck fxlter paper on the cut gel and 1ncubated for two nours at -
37° C. The fllter paper was then removed amd the gel flooded w1th ammomum:

v_ hydrox1de untll the color developed

4. Phosphoglucomutase (PGM) EIelctrophoresns was carrled out at 4 o]

After development w1th a stammfr agent, the electrophoretlc plate was read by '

: 'qualxtatxvely charactemzmg the resultant band palttern 1nto f1ve categorxes

- No detectable enzymgi_tic activity

0 - |

1 - Fa‘intlyv detectable but not identifiable
2 - | bFalntly detectable and xdentlflable |

3 - Identlflable : |

4 - Clearly '1dent1fiable 1

‘Readings of 2 or rnore 'were 1nterpreted as posxtlve results Although such

‘f;&readmgs, bemg based on the ]udgment of the analyst, are subjectlve, the relative

o

’

values can’ mdleate the effects of storage r'ondmons. " Further detalls of the

electrophoresis results mcludmg these readmg values are presented in Appendlx B

| Hydrolysxs by 4—methy1umbe111fery1 phosphate, used by most crlme laboratorles to

visualize EAP, was found by Sparkes et 511.17_ to be . less satlsfactory than

) phenolphthalem monophosphate.



For the purpose of svmulatmp' actual cmme laboratory condmons where the»_,- e

£ lndentnty of bloodstam ev1dence samples is unknown, as well as to ensure mvestlgator» =

- ‘1soerzyme was not hmlted to those samples known orlgmally to contam that antxgenp -

v vy

~or xsoenzyme, but a.J samples were tested accordmg to the des:gn shown m Flgure 1 i

thelr 1dent1ty bemg unknuwn to the mvestlgators at the tlme of testmg

(e

o

A

AR

//

™.

objectmty, all samples were tested bhnd That 1s, testmg for a speclflc antlgen or‘ S




CHAPTER Il REStjt;"rs AND DISCUSSION

S ORI

i (

The results of the fresh blood analyses for the 12 volunteer donors, performed

by the Human Genetzcs Laboratory, Unwer31ty of Callforma, Los Angeles, are
presented in. "‘ ole 5 for the red cell antlgens and m Table 6 for the enzymes. From
:soenzymes (eompr:smg four enzyme systems)

these results 15 antxgens and e;ght
were not dlfferentlated durmg the study, ie. typmg was performed only for antlgen A
i L

were selected for tne detectabll‘ty study of up to snc months. Antlgens A1 and A2
xsoenzymes on. the vamous

in general and the enzyme GPT and protem Hp were excluded.
" The dlstrxbutlon of the 15 antlgens and exght
substrates is mcluded in Figures 2 through 9 A.lso 1ncluded 1s the number of samples
of ‘each genetle marker testedv under both __low (20%) and hlghv (66%) rela_twe humldity
condztlons (at 23°C) on eaehbsubstra‘te' for‘ e:ta:mole;' the antigen'A' of the.ABO .system

was tested on nylon and on perma press cotton, and on each of these substrates one

sample of the antlgen was. tested for each humtd;ty eondltxon (see Fxgure 2)

Red Cell Antlgen Detectablhty

Rh, Kldd Duffy, and Kell systems are schematxcally presented in Fxgures 2 througn 5
ABO antlgens (Flgure 2). The ABO antlgens in drled blood were deteeted

Results of the detectabthty study of the 15 red cell antlgens of the ABO, MN

L 1; >
after 26 weeks of agmg. The H antlgen, in partmular, was Lnaffected by the suc types
of substrate on whxch xt was depos:ted and by the two hlllﬂldlty condxtlons under whlch
1t was' stored' moreover, on plmn cotton xt was unaffected by freezmg temperature.

Antlgens A and B, studled less completely, exhlblt sxmllar characterlstlcs.

RETRN
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. Table 5. Blood Group Phenotype

of Doners =~

Red Cell Antlgen System
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iR 'j', o (a ’Analyses performed by the Human Genetms La.boratory,
b /Umversﬂ:y of Ca.hfornna, Los A.ngeleia. .
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e'~‘6 Blood Enzy'me-

e h.r\a..‘_._ NS

Protem Phenotype( ) of Donors
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5

Wﬁﬁf He glsak‘_ @w&“nme; 48 34 Miear eld type &

» ihs ABO antxgens, bemg mserisztwde &ubstr&te, cok.‘ temperatute. and humldlty. -
' They w‘ﬁf generally sdantifxable for«i to 26 weeks sf agmg /// - |

%m, waéd_.efectable for four o

. v. ._ “_4/
19 to be

It appears th t t!': amhty to:'f”;

| : antisem used. Even f’or fhe ant;sera obtamed ftam the same suppher, conmdezabie;”.f

- x*eported dgteetabmties. S
23

=
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" ';”verlfy thls has been reported. N

by meoln and Dodd,
F' ‘elght weeks by other mvestlga.tors.
. per51st from t‘our to srx weeks,

o beca,we of poor quallty entxserum has also been reported.

| _, '3 Rh Antlgens (F:gure 4) The D antlgen wes detectable after 26 weeks in: ,'

R every specxmen tested. ' Antlgen e, on the other hand,”was detectable for only ebout‘ :

two weeks. Both D and e detectablhtxes appear to be mdependent of substrate, .

o . ,u

S g - Detectablhty of antlgen C, c, and E 1s affected by humzdxty, but not by S
o substrate or temperature. Upon u.orage of the speclmens at 20% relatxve humxdltv at
= amblent laboratory temperature (23 + 3 C), C was generally detectable at 26 weeks,k :
Vf":i;‘and e and E at 13 weeks. Storage at 66% relatxve hum1d1ty, however, shortened
- detectability txme to two week‘* for C and E, and to between two and four weeks for c. o
Mmsture, therefore, has an adverse effect on the persxstence of these Rh antlgens, |
' :whlch suggests tha* blood m general should be preserved m a dry envnronment. Thls:j' f L

e -conclusxon conflrms the experlence of erlmmallsts, although no study attemptmg tov

N
\

Antlgens C, c, and D have been successfully typed on 26 week old stalns !
11 )
19 21
11 19 however, faxlure to detect e even m fresh stams.
21

4 ded, Duffy, and Kell Antxgens (F:gure 5) The antngens of the Krdd,'; o

fv"Duffy, and Kell systems are extremely dlfflcult to. type because of weak agglutmatxon o |

” between the antlgens and thelr antlbodles. : 'l’he antlbodxes w111' not dxrectly' : ‘
"' agglutmate cells contmmng the epproprmte antngens because the antxgens, bemg -
A, : ', umvelent, leck a secqnd bmdmg snte. The cells must, therefore, fll‘St be sensrtnzed

and they have been xdentlfxed m speclmens aged from four to

“Antlgens E and e have been reported to -
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=4 (on demm at both humldltles), Fy of; Duffy (on cotton, wool and perma press, at both

s :;mth the antxbody, and then agglutmatlon brouzht about by the 8ddftl°" °f C°°'“bs

. ‘(antxhuman globulm) serum. Often, \no clear-cut results were obtalned. Jk of ded, e

- ;humldmes) and K of Kelly (on cotton,, at 66% h" di y) were 1dent1f1ed after repeated»' T

) _'analyses of speclmens aged one week Fy and K were detected in spe.egmens stored,‘, o

2 two weeks at the 20% humldlty level.,

Stams on cotton, wool, perma press, and nylon contammg no Krdd Jk antlgen, o

7 were tested for Jk antngen, to determme 1f false posmves would develop. : No false o

| ;' posxtxves were obtaxned, mdlcatmg that, m generel, substrate-blood rnteractlons

e produce no materlals that react w1th Jk antxsera. g

Accordmg to the lxterature, the detectablhty of ded, Duffy, and Kell antlgens' :

' :has not been Stl.ldlEd m detall. It has been reported, however, that ?y can be detected '

. after six days and K after 19 days. 19

B Erroneous Antlgemc Test Resutls

Tlns study shows that erroneous tests results, elther posmve or negatwe, can- be‘

' "obtamed even when usmg the most dependable techmques avallable.- In some

fmstances, negatwe results were obtalned for. antngens detected at later times and o

shown to persnst for longer periods in subsequent tests (see Table ?) For example, .

| , was detected after two weeks of mcubatxon at 20% humrdxty, but not after one week.

i At other tunes, pos1t1ve results were obtalned for antlgens known to be absent from_'

A\

“msome substrate effect. Bloodstalns deposrted on demm, nylon, and wool produced most

o - the sample (see Table 8). ThF faise negetlves are probably caused by overwashmg of

7" the samples,whereas th,, false posrtwes may* caused by s&mple underwashing, or by |
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 Antigen

" Relative

] umidity

)

_Denim |
Denim
. Denim &
- Denim

. Rh

‘B

.

66

o2

20
66

Cotton
} Cot_fbn’. h

_Coftoh :

| Cotton

{  ABO

o
CMN

Kell

N -

86
B
66 )
a0

Wool
| Woar

{ i
Rh

Lt w

20
20
20 -

Perma press |

Perma press

Permapress |

MN
. MN
Rh

20
20
20

Nylon

~MN

66
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o : leflcultles in typmg on nylon have been reported by de Ren et al. -

IASIERUAE LS

.;_C.

' __ ,.of the false posxtwes. _ Demm regularly came apart upon washmg, and the attempt ta'_,: EORE
L and thxs may have mdueed msufflclgnt washmg. Nylon, bemk a polyamxde, contams.' -
ptide-like lmkages (—CO NH—), and wool contams the protemaeeous substance_ﬁ

e ‘keratm, both of these may conce:vably resemble antxgemp sxtes and thus mterfere. o

22 :

: ?ePetltmn of many Lests. In the actual praetlce of serologxcal e\udence analysxs,

however, the lmportanee of conductmg tests at least in tmphcate, a.nd w1th proper' i . o

be used m court testxmony and it the vahdxty of the ensumg conclusmns is to go R

- unehauelged

v_ : C = Detectablht;y of Isoenzzmes

'l‘he elecfrophoretxc separatmn and xdentxf;eatmn of 1soenzymes of AK, ADA "

‘:.,ijGM, and EAP systems m dmed blood aged under 20 and 66% relatxve humldxty, T
) -’;;,r-ondxtxons were conducted at the Human Genetxes Labara*ory, UmVersny of ‘

S Cahforma, Las Angeles. The anaiyses were performed on the same specxmens used for -

B

' the determmahon of antxgens. Although the mterpretatlon of the electrophoretxc band_ ) :
'_pattems is sub]ectlve, bemg based on the judgment of the analyst, the results may, |

o _mdxcate some effects of storage conchtmns. s

= P

The largé numbgr of analyses ieon»rlucted at each agmg test perxod precluded the SRR

contmls cannot be overemphasmed. Reproduclbmty is necessary 1f the results are to-‘ D
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h 23 to decrease”"'

24

rmkmann et al. \zand Rothwell 25

o 'bbstlll clear and readxly drscermble. _‘ were able to"f* o

i ' :»analyze the 1soenzymes after 11 mol ‘ths of storage at room temperature. Brln.'mann
T 'et al. also reported that although -theband patterns were md;scermble, the actmtyi
: ) could stxll be detected on sxx year d‘ld stams. RothWen was able to ldentlfy the AK

e isoenzymec after stormg the samples at —20 C for two years. il S

R ; ,2 ADA Isoenzymes (Flg__ be 7) At the 26. week analysm permd only one; out ‘ } '_.}"
of the 14 aamples of the ADA 1soen2ymes tested (one of two. sambles of phenotype 1",“7
S ‘:_run on frozen cotton) was. clearly* 1dent1flable.' Ali o}thers‘} exh;blti!d only famtlyi A
i deteetab/! Jmatrc ectmt;. 'A "1‘3 weeks, all ADA woerrzy{;:les rvere 1de1t1f1able,’}::' R

- ,;"however, speclmens stored at hlgh I'jurmdlty (6696) produced better defmed ADA band:"_‘j s
= patterns than those stored at low hiumrdxty (20%) No dxfferenee in permstence was; ST
| fownd between p\‘lenotypes 1 and 2"1 “0" was there any effect of the Varxous fabrxc._ S

R

'vsubstrates. | The speclmens stored 5irn'i the freezer fared best, _conflrmmg that blood

o \‘ ‘
» e samples in general should be prese yed at low temperature, where the humxdxty is also ‘3‘
A -’low (see Appendxx A, 'I‘able A-3) o B T R P i ROl P f [ 1

N
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detectable m drled blood at 13 but not at 26 weeks, are consxstent thh a 22 week

‘ ,‘:":pemstence repox:ted by ankmann and Du‘l@. : In eontrast, Welch found that the

ADA 1soenzymes in bloodstams on cotton, exposed to air and ambxent temperatures,

// ¢

could be 1dentnf1ed after 15 but not after 20 dhys. NEa

21
1

1

. at 26 weeks. | All three E"‘? M,

and PGM lsoenzymes were

/r' -' the detectlon of PGM

’ ‘, " PGM 1soenzymes have been rehably deteeted in drled blood after four to

j f '13 weeks, 23’ 25 2}’ end occasxonally after fwe months 25- 28 = ;; =
Sl e 3 EAP Isoenzymes (FzgureS) Both B and BA 1soenzymes of the EAP

o ‘.system were detected after 13 weeks of gtorage m all cases but one (B on cotton)

Detectxon after 26 weeks occurred tw:ee (B on. demm, and BA on perma press, the two
-substratee bemg those appearmg to have en adverse effect on PGM) under hxgh
T .r,'-humxd:ty (6696) storege, and once on frozen eofton (B) At 13 weeks greetei‘

' enzyma,txe actlvxty was consxstently obsewed for the specnme?s aged under the hxghe{e

humldity ’level (66%) than for those stored at the Iow leve‘l (20%) et

S - 3 f- PG;M1 Isoenzymes (Flgure 8). Perma [mws and demm appear to hmder

,}/ Do In a study conducted by Brinkmann et al., | B and BA phenotypes were //
| .‘.'*'5‘ xdentlﬁed in stams up to mne and sxx{ n}eeks, respeetxvely}’ In the preeem:/éiudy no
?f‘_ e s:gmfncant dlfferenee m the detectabnhty of thwe two phenotypes, .was observed, both

=g o . 3 PN
S - :
-34- o
o W
AN
| .
A b
7 W
. F) AN 1

phenotypes bemg generally detectable et 13 weeks. In other hterature, a large |

dxscrepancy exnsts m the detectamlnty oﬁ the EAP 130enzymes in stams. Reported tnme

LR Do

B
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- le;ts for theuz ‘dermfmanon vary f‘roxﬁmw d&ys, SQ 22 days, 23 39 days, ‘ to e;ght

:;, - : oi' mne woeks. ; ‘Thns studv has sho“; &”zh&t EAB ssoenzymes can bu detected afteer 13

Weeks of storage under a vamtv/ f condzt;gn& o T /:Q S

. o Eesr ’a“‘ﬁfﬁ‘” v “of —(3}&? e @ctnopheretm results | mcludmg“ band B
charactemzatxons are presented m éEFﬁrtdxx A e ey )

| D mscmmmatmn Prababxhty e | et

_ Gn ti%/ basxs of the reszﬁts of tms a ang study and ef me fx-aqusgmes; of
urrenee of tbe gxfferent vm:xants (see Appendlx B Table B«l), 1t xs poss’ble \\

caieulate the dlscrxmmatwn probabmty achxestabie by the analyses of the genet,c | ™ ~
L ,.{;_J-j"vm&rkers persnstmg at eaczh test permd. B;zscnmmatxozs:gmbabmty as apphed in thls :
e o regort lS defmeﬁ as tﬁe pmbabxlity tha'i: two randomg}» ',;qted mdzvxd.mls wﬂl have-,
. '*he same combma%:on cf the detectable blood vamanté meluded in. thls study‘\

it ﬁWheneves a vanant becomes umdentzmble, e degree of mdmﬂuahzatmn l'esuﬁlﬂg L

) ’"ifrom the bla#m}tam aralysxs deeregses* ‘The degree of mdmduahzatxon determmes the o

Ac‘:‘mﬁtecﬁy, this agx ;Lstudy is: meampiete sinc:e 1t eovers hmlted number ef, s

genettc market stozage eondxttcms, anaivtxcal teehﬁxques, a,nd mvestxgatwe skllls. Thev 2

T ff@ﬁuenmes of occurrenee of the genetac markers are i‘or the British populatmn (bemg; g

) - unknawwf t,mcst af tﬁe U. S populatzan} &nd tmxs do. not stmctly applv to the U. S.'

= 5Neverthqeless, calcul&tmn ef the é:senmmatm _\"rebabxliues xs eensxdered usefiil as. a"_ L

A

ERa fgmde forn shomng the approxamate degree cf 1\d1vxdlxahaatxsn that ean be obtamed ' |

- '?"based on fhe detectabmty oi the factors in ag’\xd bl&adstams = e / T
2 R AR S . o5 :
~ . “ ‘&l \\ /[

o X e ) °



L dxscrmnnatlon probabﬂuy .t‘or each agmg test perlod xs obtamed by multlplymg the
\,.,v"::{;'dlscmmnatron probablhtxes of all the varlants detectable at that pemod. Flgure 10
_._}‘shows the calculated dlscrlmmatlon Jprobablhtles w1th tlme for
L _"vhumldlty condltlons._ The method of calculatlon and the dlscrxmlnatlon probablhtles of e

L md1v1dual systems for the dnfferent test perxods are presented in Appendlx B’

| ! ,'2500 people, two are expected to have the same combmatlon of the vanants mcluded

-'?'thhm on e week, thls value apphes m many cases.l At 26 weeks, however, the :

o _values ‘are one in 65 and one 1n 28 for agmg under low and hwh moxsture levels,

“"tlmes of the genetlc markers and thereby enhance the degree ot‘ mdmduahZation of |

’d!‘led blood upon \agmg Moreover, to achleve still greater dxscmmmatxon of -

;Lextent to whxch a suspect can be excluded from mvolvement/m a crime, or, :

‘one Week of storage under both 20 and 6696 relatlve humldlty condltlons, l.e., out of ;’ ‘k

v ""\s“ :

*

¢ suspects. The overall

'ithe two relatwe g

) . D

(

A drscrlmmatlor? probablhty of one out of approx1mately 2500 1s possmle after

. ; in thns study._ Smce most\ serologxcal evxdence reaches the local crxme laboratorxes -

| 'respectwely Thus, the: degree of mdmduehzatmn decreases rapldly with mcreasing?f A

o age of dmed blood, especlally when exposed toa humld enwronment.

Development of more sensrtwe analysrs techmques may extend the detectablhty '

bloo&tams, analysxs of add1t10na1 genetlc markers oan be performed. Among the ,‘



10 \\\ O L 20% R‘LATWE HUM!DITY
e TTT—L (360) |

~ STORAGE TIME (weeks) ' o

fesminse

PN

Figure 10, Dis cf.mination‘iimngﬂity_ with Age of Dried Blood =



systems Ereatly enhancmg dlscnmmetxon probabxhty (because of theu' favorable ,,
;'%fre(mency dlstnbutxon m the populat:on) are the gamma globulm (Gm) and hUman' <
ileueocyte antngens, locn A, B, and C (HLA A B, or C) antngens, he glmamate-

“o pyruvate transammase (GPT also known as alamne ammotransfeliase) l?{lenzymes, and " S
- 'the group specnfxc component (Gc) and hagtoglobm (Hp) POlymorphm serum protems, R
oy Methods of groupmg these systems m bloodstams, though avall&ble, have not been".-bl
. :.‘routmely carned out m U. S. er bﬁi“f.t',"ﬁés”-, . " : 5 o : |
L el B L Add’tmnal SyStems, havmg less favorable frequenmes of occurrence, mcluc_l.ef . S
(( N\ § hemoglobm (Hb), glucose-&-phosphete dehydrogenase (GGPD), B'Phosl)hogluconate- -
N dehydrogenase (6 PGD), esterase D (BSD)”, and pseudocholmeeterase (PCE) Use of .
f t>)ese systems by 0. VSI-', crammahsts 18 rare beeause the anaiytlcal techmques ere \
v .complex and vahdlty ot‘ the results is uncertain. Improved techmques and additlonal'
SN studxes on the persnstence of these genetlc markers are therefore deéu‘able. '_ . .

AV T o

S
¥
S

1
if

S The Aeroq:ace Corporatton sponsored a pers:stenee study at the Department of i
o - “ Surgery, Umversaﬁr of Califorma, Los Angeles, whnch showed that HLA loc1 Al, A3,_
| "As, and locus B7 per31st at least one month. The prehmmary study a]so demonstrated _
'the feasxbxlxty of t.he apphcatxon of the HLA system to the mdmdualnzatlon ot blood" S
:'jevxdence in the law. enforcement f;eld. A repor‘t, "Identlfxcatxon of Drled Human Blood_
k .,-Samples by HLA Antlgens," M. Tagasugx, D, Aknra, and P I. Terasaks‘ was presented at o
 the 43rd Semx-annuai Semmar of 'I‘he Callforma Assocmtwn of Crlmmahsts in Longv‘
‘Beach, Cahforma, 9-11 May 1974 | |

e
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: The lnformatlon in thls report wxll be useful to the forensxc serologxst, who must i

kY

.decrde for each bloodstam problem the genetlc markers to test. However, emphasns e g
must be placed on the hmltatrons of thxs study. It is mtended as a begmmng, as. a';'
: ', startmg pomt for future research It covers a hmxted number of genetlc markers and )

. ’_:;.*imarker systems, agmg condmons, analytlcal techmques, and mvestlgatlve skllls.v

Moreover, the tests were conducted on clean specxmens free of 1mpunt1es. 1t~ 1s -

) v'reallzed that m actual pra ce. se ol cal evxdence preserved under known andf

o constant condmons 1s rare, and the specrmens may be contammated thh 1mpurxtles '

such as perspu'atlon, urme, soﬂ, and bacteria. These factors hmxt the apphcatxon of .

E the results of the study Nevertheless, ttus lS the fu-st comprehenswe study of genetxc -

- rnarker deteetabrhty to molude the storage factors of .,ubstrate and humndrty. :

-4l



- temperature) The results should be -of dxrect transletable -beneflt to all»emme

 CHAPTER IV. CONCLUSIONS

Thxs effort is the fu'st comprehenswe study of the detectablllty of selected o
” genehc markers (15 antlgens and 8 xsoemymes) that also takes 1nto aceount the hlstoryf L

of serologxcal evxdence (mcludmg the factors of age, substrate, humxd:ty, llght andv'

) laboratorles that perform bloodstam analyses Wxth some knowledge of the hlstory of

ba bloodstam, the crxmmahst can now determme the reasonableness of performxng .

certam analyses (see Fxgures 2 through 9) For example, on a bloodstam three months'._ '

. ,_:_old to perform an analysxs for the e antlge—n of the Rh system may he unreasonable; o

o :(see Fxgure 4), testmg for the PGM isoenzymes 1, 2-1, and 2, however, could be done -

- ,w1th confldence (see Figure 8).

- The study confrrmed lrterature reports that there are 1arge dlfferences in the-

: detectablhty of d1£ferent genetxc markers 1n drled blood. For the varxants anestlgated S
von varmUS substrates, the agmg t1me at whlch detectxon was suceessful ranged from' ,

; Zéro to 26 weeks

Genetw markers tested in thxs study include many more than were. routmely'

tested in U, S crime laboratorles at the time the project was 1mt1ated (June 1974).° 1

’Addltxonally, mvestzgatlon of these markers ylelds dlscrlmmatxon probabxhtles |

conmderably greater than are commonly obtamed by current routme bloodstam _‘ ’

= analysxs.

-43-



Wlth the development ot‘ more sensztwe analys ls techmques, 1t may be possxble to

. v‘;extend the time limits. for genetlc marker detectrtblhty in older dmed blood Such

'techmques w111 be espeexally benef 1c1a1 to cmme laboratorles in cases where'
;serologlcal evidence i$ obtained some tlme after the comm1ss10n of the cmme
It 1s strongly recommended that srmrlar persrs‘tence studles be undertaken for all ’

other genetlc marker systems that offer good dlscrlmmatlon probabilities.
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~ APPENDIX A, ISOENZYME ANALYSES

o ’Ehe raults of electrophoretxc separation and mentxflcatxon of AK, ADA, PGM - |

o EAP memymes in dried blood aged "Hdel‘ 20 93!5 6596 relan.ve humxdmes at_;

u’l ‘

o Table A-l. The fractmnal values represent t‘he number of speenmens 1dent1fmb1e over "'_-__ . i‘_

e

ﬁconsequently, are morestable than the ADA and’EAP 1soenzymes, whxch perslsted only»
: ' 13 weeks. No dxfference in 1soerzyme persxstence were found for the enzyme systems _
1 'tosted. | | o | " o
_ o ’i‘he band patterm were categomzed as follows. , 0 no detectable enrymatxc‘
; i acuvnty, 1, f&.rrﬁf d/tectable but not 1dent1f1able, 2, famtly detectable and. L
’xdentlfmble& 3, 1dent1fnable- and 4, clearly 1dent1ﬁab1e. 'Phese readmgs, together thh'-__'" L

;v.band patterns. ‘The 13 week readmg ve.luw for the PGM system reflect clearer band -

' ,iamblent temperature, and alsa he. sl)eclmens stored at -20"0, sire summarrzed “‘" o

: _the substrates and phenotyp&s, are gwen m 'I‘ables A—Z through A-5. All the AK and; S ,: |
o the m&wnty Of the PGM émalyses of sgeclmens stored for 26 wepks ynelded xdentlflable:t' e

B patterm for specxmens exposed to the lower humxdxty In cuntrast, exposure to the,' S

Ij_hxgher humxdnty appears to be benefxclal for the preservatnon of ADA and EAP' o
| 1soemymas (Tables A-3 and A—5, readmg valuas at 13 weeks) The persxstences of the ”

S
v 'm persistence r@ultitg from substrate effeet were evxdent.

. at room temperature under exther relatwe humxdnty level. No sxgmfmant dlfferencw

e isoerzymes stored at -20%C were generally better than those of the 1soenzymes s:tored R

e e

S fthe total number analyzed. AK and PGM xsoenzymes persxsted 26 weeks and, L
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Table A-2.  Detectability of AK -IS_oenz&mes‘iﬁ Dried Blood

e

.| Substrate S

‘| Donor .
ID No.-

’ Pheno -

13

26

' Stain Age (weeks)/Relative Humidity (20 and 66%) |
R _- - ;

- type-
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: ﬁéteétabiii’ty, of ADA Isoenzymes in Dried Blood
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 Table A-4. Detectability of PGM Isoenzymes in Dried Blood -
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\APPENDIX B CALCULATION OF DISCRIMINATION PROBABILIT[ES

| The dxscnmmatxon probabxhty, ,x,e., the probabxl:ty that two randomly seleeted . o "

e ﬁ_ﬁmdmduals wxll have the same commnatmn of the genetxc markers meluded m thxs_ o

"".'study, was calculated for the vamanls 1dentxfxed at each agmg test penod. . For each s

'genetlc marker system, the value w*as obtamed by summatxon of the squares of xts- :

Iphenotypxc frequencles of occurren«?e (see Table B-l) The overall dlscmmmatxon:f a

-_probablhty was obtamed by multlplymg the values avallable for each system. v
Table B-l presents the dlscmmxnatlon probablhtxes aemevable by th° analyses of

:}-the vamants that were detectable a1 each agmg test perlod In the MN system, for

Vmstance, M N S, and s antlgens could be typed up to’ four weeks, yleldmg a. |

' "dxscmmmatxon probablhty of 0. 163. 'l‘hls value increases to 0.309 at 13 weeks because }

o of the fallure to type S wluch makes thes and Ss phenotypes mdlstmguzshable. Larger,

numbers represent lower degrees of mdxvxduahzatlon.

) Sample caleulatlons for the MN system (see Flgure 3 ) are gwen in Table B-2.
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. Storage Time
_{weeks}

‘Relative Humidity-

@oea_r ™

S

Kigal®

Duty®

Cxent® ) A

< |

Apa'®)

- pamiet’

,E@(c) .

Discrim.

| Prab, xm“‘

- 1iDiscrim. | '

Prab, " |

'Low(_ZO?x) S
. 4v
o -

1 High (66%)
.
a3

0,396
0,396
8,396
{0396 .
I o.396

b easse
| voses

0,196

5,396

0163
-0, 463
@)_';!6?»':.

5.300

| o.308

0,183

0,163
KL
{0309

a.211

0.2t

-_n\._'z:..s |
}o.218
0,324

‘o.zu .

0,2![

0743 |
0.745 |

D644

1 olssz

0,836
- 0,836

0.836 |
| o.sae-|
"”a.‘sse'
0. 86

0,836

| o836
1} o836
0.836
0936

0. 818:

0,818 |
a8ty |

0,848
Jo.ats |

0,848
0,818

0,470 ¢
0,470

0.470
0,470

Q470

i &e&fm
0,970 )
: 0,};7‘0

: 0. 430

0,329
0.329.
D 0,329
0,329

00329 |
(0,329

0.329
0,329

12
15
28
156 -

A
‘14
R 1)
R L
358 .

2500
w0
- 670
KL
65

“2500
630
2000
""zo'-s‘." T

28

1 26

0,396

0369

0.%48 .

0,836 |

1ooaro

,-(a’!_i-‘r'cquﬁ.‘“‘? ci;n. tquéxd' IR R R_#ée; and R, ’S\angek, '*‘iitood éraaps in‘ Man,"! Oxiord am.{ Eclkxburgh. Blackwell Sciemiﬁc: Publications (1963). i'

, - ml?:équcncf'dsm mun& m‘.P. Do Isasist, "'Apphcd Blood Gmup Sernlegy." &pqctrw onlogicals. lesxon of Beckton, Dtckinson‘ and Co. {t972).

"”rmquency data found in R L. wm:ams "E‘orennc Seience - . the. Preseat," Analytic.al Chemzatry. Vol., 45, 1973, pp. 1076 ma%.

W, .
Ty
!»

e

)

,‘(

i i i

BT e A R 0 b s ek i



: fiable}Bééé

'Wp‘fe' ﬁiéféﬁ“ﬁ#aﬁbxﬁ*'-R:é;haﬁmey Coteutations

'.';' fPhenbtypé'

.Ag_\

Veeksjiﬁf:: '

i A&i3wveek,_ .a“]'~*’

Frequency

(Frequency}a

Frequezxcy

(Frequexwy}z i

M5

CoMss |

MNSs

. .:MNst
. NSs

v‘0.66 '?5:

Cos
0.08
0.24
fﬁ0.22 ..f'”

- 0.06

‘6,15-

~ 0.0016

| o001t |
| 00036

o, 0036_P‘ ;;
o.0196
00064 {

'_, 

 ‘_'0 0225}',5

KX
- ow 3:2 v. : .

©0.04 |

loss

.l:';OrQ1, 

Qﬂ%fv

,'}9?9§3§:1  7:»V

- o.0016 |

Toml 0. 1634

- -57-

] :':: , Total-v : 0 3&?4 SR



- , :ABSORPTION. Remw&a} of anubodses fmm serum m’ adsorptmn cn red r:e!ls bearmfr
. the agsprepmate ant;gen recsq:mr srtez:. L I
o ‘AGAR\. A sulmrm am:} ﬂster ﬁf a caﬂplex gal&ctose polysacchande ebtamed from :
: o seam*eeé. Employed&ssngpmt medmm and gel in electrophcresrs. '
| . AGGLUT!N&TIGN The cmmping of red c:ens by an amxbody (agglutmm)

. ALBGMNS. Prgtem cqmsmutents in blood semm

gﬁn@ are anﬁthet A& beeame they arg never (normally) mhemed tmemew fmm .
asmglegarent. B e ' |
o 1AN’1’IBOD§:’. An immmeglcbmm molecule with specit‘xc mcegtor sites, iormed m-
L |

; : Q v-_jm&oa\teﬂm&te. ' s | | T
= ANT!GEM& DE’!“ERMW‘&&T. _ ’i’h& ”indmxdua! s:ta o the antxgen moieeule that -
| mmbmas thh a ﬁ&emﬁc antxbndy ‘ :

‘Akﬂsmnm. Bimd mmm in which mem are spemtw, anmmms.

S am&sorhmsamadded R _' -
i mscﬁmmxrmx PROBABEIIPY, ’I‘ha probab:lxtg that t'.vo randamly se’ecteﬂ “

E&éimﬁuais w:ll ha% !aa same mmbmaﬁnn oi genem markers.

oo

g AELELE (allelomomh) One o{ twe: ar mom altematzve forms of a gene ﬂccupvmg thej ’. e

same lmﬂs on h@malegom cmcmasomes. ‘i‘he expressed eharacter mf auehc - '

Ry ramem%e to an ﬁmtzgemc stxmuius. ‘The »temr is usuany used collee%wglv tu reﬂbzf REEY

Bﬁﬂk’m{. An;,r suhstame @r nh@nmal mmpqu!ld that tends to kgep pﬁ constant when f o



) chemxcal transformatmns, such as hydrolysls, omdatxon, or reductxon, but 1s;~

L mlgratlon on a support medxum under the 1nflueu e of an electmc potentlal. .

”".;;l:.LECTROPHOB.ESIS. A techmque £or the separatmn of molecules through theurf e

S ENZYME A protem substance produced by vamg cells capable of speedmg up spemflc‘f’v_:‘

‘ unaltered 1tself in the process, a bxologleal catalyst.

| -'ERY’I‘HROCYTE Red blood cell.

o FORENSIC SEROLOGY Applymg methocs of plsysmlogical fluid - dlfferentmtton in.

* B

cmmmalxstlcsr

FREQUENCY OF OCCURRENCE. ‘The percentage of occurremce of a genetxc factor

ina populatlon

‘GENETIC MARKER A readlly recogmzable gene product that can be used m famlly'} ',

' and populatxon studles

 GENETICS. The branch of blology dealmg with heredlty and vanatlon in ammal and' o

plant specles.

R

: GENOTYPE ltn entlre set of genes ina partlcular system thought to be present in aaﬁ”

‘ mclvxdual from the results of the typmg tests.
HEMAGGLUTINABILITY Ablhty of red blpod cells to agglutmate

o HETEROZYGOUS. Havxng two dlfferenc allelic genes.on the two correspondmg lociof

8 pair of chromosomes.v i different alleles are present on the two chromosomes,

the cell is said tobe heterozygoms for that gene.

palred (homologous) chromosomes. o

IMMUNOLOGICAL ANALYSES. Analyses of antig"ens by their reaction with antisera.

-60-

HOMOZYGOUS. The presence of two apparen'dy identical alleles at a gwen locus on“

B
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~ INCOMPLETE 'An*x?ﬁam}fst; An antibody that does not react visibly with red cells that

o | contam corr&ipondmg antxgen. Other terms t‘or suech a_ntxbod:es are: late
anﬁbodn%, b1<>0kmg antxhodxes, glutmoxds, glutmms, albumm ant:bodres, and

hypemmmune Jmtxbodxes

. .ISGENZYMES (isczymes); Multtple moleeuiar forms of an enzyme ing smgle spemes.

e -pH ’I‘he negatwe logamthm of the hydrogen ion conaentrat;on in solution; a measure ‘

of solutmn acmdxty or basmxty. :

o PHENOTYPE Thie measurable charactenshcs af ‘an orgamsm that reflect the

genotype in coeperatxon with the envxromnent.

: .POLYMORPHS Genencally determined altern&twe forms of enzymes and protems.
"RELATIVE HUMIDITY. The ratxo of the amount of water vapor in the air to the

amount that would saturate it at the same tempemture.

- SERUM. The plasma of blood that separates on clotting; the hqmd that separates from

‘the blood winen a clot is formed.

STARCH GEL. An electrophoresis medium.

SUBSTRATE. The ;suppo.ft megium upon which 'électrophor&eis is run, or material on

- which blood was deposited.
TITER (ANTISERUM). The effective strength or concentration of antibody in 2n anti-

- serum.
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