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ABSTRACT C' 

\\ 

The purpose" of this 'detectability' stUdy is to provide the practicing '~rtmlqalist 17' 
. . . \ ;' ':1 , :. '~'" 

, , 

with adequate data to perinltthe selectiola of those blood genetic marker systems for 
. I ' • 

C;'c 
" " . ,"I • "-\', • 

serological analysis that have a high p~iobability, of yielding significant results." In 

additi~n, the data provide a baseline for :Ip~tectab;iitiesobtained by pre~ent ana1yti~al, 
II r '. \~I 

, . . ~ . 

techniques that can be U§ed to test the v~ue of new ~nd improved techruques.This is 
• • ~I . " .'. 

the first comprehensive detectability study that takes int9aCCQUnt, for a large'n~mber 
, . ~, ' 0 ' :'.: 

of geneti.c 'marker systems, the' factors of bloodstaJn history, ~.e.,' the materilll on ' ~">' 
," 

which the blood was deposited and the numldity at which it was stpred. , i) 

" \1,; 

The detectabilityof selected, genetically derived constituents in, hum~nJ)ioo~t~,~;" ,'r .. ";; '" 
aged for up to six month.:; was investigated. Blood dr(1wn from lZ volunteer donors "'" "=" -;:" 

,;' .' 

waS deposited on six substrates, i.e., glass, wool, nylon, and three tygesof cottoJ;t 

(plain cotton,perma press, arId denim). ' The resulting dried blood specimens were aged 

at ambient temperature at 20 and 66% relatlvle humidities; ~ few samples were aged .. 

at -200 C. Analyses were performed on the s~mples kept blind for the inve~tigators at 

one, two, four, 13, and 26 week aging periods. 
, , 

.Red cell antigen systems selected for this study were ABO, MN, Rh,Kidd, 

Duffy; and Kelt 'I;ne most stable antigens were A, B, and 0 of ABO; M, N, and:s of 

MN; and D of the Rh systerri~ These variants were identified in specimens aged for 26 

weeks at both low and high relative humidities. The least stable antigens, Jk~ of 

Kidd, Fya of Duffy,and K of the Kell systems, were detectable for only one week at 

either humidity level. Of these antigens, only pya and K aged at 20% humidity were 

detected at the two week test ·period. Otl1er variants (S of MN and C, c, E, and e of 
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i,I, " 

I. 

, , 

Rh) w~r~6detected for. vr,lrying lengths of time ranging f~om two to 26 weeks. In 
. . I . . 

partic41ar,Rh factorsC, '(:, and E were affected aoversely hy h~gh mOisture, 
,. ,I., 

~nvir6rUnents. Storage of the specimens at -20{)Cgenerallyresulted in a longer 
/. f~1 
; I . 

detectability time than storage at room temperature. No significant differences in 
.' 

I. ~jl . '- i, 

de~e~!tabi1ity ~~su1ting from substrate were obServed. 
I I" 

, The fq~r e\JUyme systems' selected for this study wereadenylate kinase (AK), 

R(ieriosine Jeamimise ····(ADA),PhOSPhoglucomutase (PGM), and erythrocyte .. acid 
/- " . 1" I . '!I. • I 

,i .'. I' ". '. . . ' .' . 

/ 1)hosphat~e (EAP). AK and PGMiso~nzymes were still i.dentifiable at the 26 week 
, /' , 

.' test peri~~d, an~ADA and EAr? at 13 weeks for the low and high humidity storage 

c,Onditions.PGM is()enzymes appeared to be more stable at lQW humidity, and ADA 
i • 

and EAP ~t high humidity. No obvious differences in detectability resulting from 

phenotype' or!! substrate were discerned, except possibly for perma press and denim 

which appeared to shorten· the detectability time of PGM. Again, storage of the 
, ~'. 

specimens at -200 C generally preserved the enzymes better than storage at room 

temperature. 

The discrimination probability, was calculated on the basis of the genetic 

markers wnich were still <;letectable at the end of each aging interval. No test error 
f 

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

from the literature. 

iv 

~ 

~: ' 

J 
" I" 
~'~. 
It> 

f ,. 
·t" 

I 
i., 

l 

I 
f 
"-
't~ 

~'" 

~, 
i 
k 
r 

I 
\ 
( 



·CONTENTS 
I 

v,; 

ABSTRACT. • • . • • • • 
• It • · . . •. iii 

PREFACE ...... . • • 0'. • • • · '". .' . .. . . .. viii 

ACKNOWLEDGMENTS. 

SUMMARY ••••.. 

"~'" . . . . . . • . i x 
• "'" 'iI • • • • 

I. 

II. 

INTRODUCTION AND BACKGROUND • 

EXPERIMENTAL PROCEDURE .••• 

• •. • .-. .. It _ 

A .. Whole Blood Analyses • • • • • · . '" . e' ... 

B. f'} Preparation of AgiIlg Test Specimens • • lit ~ • .. Ii •• 

" C. Antigen Typing of Dried' Blood.. • • • • • . .. ,. . . . u · · 
D. Enzyme Analysis of Dried Blood by Electrophoresis • • . 
E. Blind Testing • • • • ••• • •• . • • • • • • · · · · 

III. RESULTS AND DISCUSSION · . · · · · · • . · · · · · · · . 
A. Red Cell Antigen DetectabiUty · · · · · • · . 
B. Erroneous Antigen Test Results · · · · . 
C. Detectability of Isoenzymes • · · · · · · 

Discrimination Probability 
,", 

D. · · · · • · · · · · · · . 
E. T.."imitations . · · . • · · · · · · .. ; · · · . 

') 

IV. CONCLUSIONS . · · . · · · · · · · · · · • · • · . 
REFERENCES . . . . . · . · ' . · . · · 
APPENDIX A: ISOENZYME ANAJ.JYSES • . . . . . . , . 

" " . .. · 

x 
L 

7 

7 

7 

11 

14 
18 

l~ 

19 

28 

30 

37 
4] 

43 

4!> 

49, 

APPENDIX B: CALCULATION OF DISCRIMINATION PROBASILl'TIES • 55 

GLOSSARY .• • • • • • • • • • .' • • • • • • e' • " '" lit • • • .: • • .' • • • 5Y 
I 

v 

.~! 

/) 
'/ 



" 'Q " 

---~-~-~, ---- -----~-"i 

/' " 

iL~LUSTfi.~ TIONS 

Il) 

'I,>j} : '. .: ,:" . " 

'l~ . ~( TestDesign Used il) DriedBloodAnalyses 

2. 

3. 

Detect~bilityot'ABOAntigens . ,.' . ,'. ,. . . 
DeteC!tabllltyof Mand NAntigens .. 0 • );'i.. ~; . 

j~, ." .~ 

• 9 

~ 0 . . .~' . .22 

• 'It • . ., . .t:' '~ .24 

", Detectai:>ilityof RhAntigens • .. .26 

5 .. :,,; . I>et~(!ta.bUity of K~dd, Durfy;;1tnd KeU Antigens . " . .' ~ . .~~~. . 
',6. 

\ (l' 

" 'I' 

J)et~ctabUity of AK Isoeny~me • . 0,0 
" it,' "J • .. ,,, • II • .' -

'7. , ~, Detect~bility Q,fAP4" Jso~ozymes;. • . . . . .. . . . ~ . 
, 8,; ~= Det.e~tfib~litY//OrPGMl Isoenzyme~ • 

'." .' t . 
. . . . - . . 

9: De1ectai:>Uit~c of HAP Isoenzymes . • fI- • • .. • .• • " • • • • 

10;. :'Discrfrrrinatio~probabillty with Ageo! Dried Blood . • • .. ,. * .. • ,* .. 
. . 

• .27. 

• .33 

.35 

..36 

• .39 

Deteqtability of Red Cell Antigens in Dried Blood at A!iibient Temperature. .xviii 
\.. . '.' ,":- ; '; . 

. , 

DetectttbUity of 'Enzymes in Dried Blood at Ambient Temperature. . . ." . • xix 

'0 

. ,J 

vi 



-"i-

,-

! .. ' 

\;I II 

"1\,' if 

TABLES 
.. ' . ~. \, 

1. \\ PersIstence of Genetic M,a,tk§L's in Dried,l31ood ' 
Reported in the Litet'atu~~ ..' .) i.. • ..'. ~.,,~ . . :. ",. 

"? 
• '"~' • '4 

i~'fI 
:c.. 

" . '.' _. 4 ,',' 1\ . y. 

Number of Analyti~al Tests Pel'formeq, .. · .. ~ • "~"rl· 
",Ib 

· ~ . ~. . ~ 10 

3. 'Expei'imentalP:i!ocedures forAnti~~n Typing .: •• ~: . .. ..," .. ~ ... .. ',','1,2' ': .. . ~, ... -

, ' ," ( , ' " ' i,' 

4. j~xperimenta1 Procedures for Enzy!Pe,;Analysis . • .. .' ~ .. .. ". ." .4{" • 15 
i\ 
I) 

~ .... , () 

5. Blood Group Phenotype of Donors. ~' •• ,~ • 
, , . · '. 20 

6. .Blood Enzyme-ProteinPhenotype of Donors •••• · · 9;:1 
" , 

7. False Negative Test Resul~s .' .. .. •• • to • ., ,11\' .. 29 

8. False Pooitive Test Results. •• .. It • .. .- "- If -.' "." .. -.• -- -'-~.. .. .. .' 31 
~-

A-I. Sum mary of Enzyme Detectability in Dried Blood • 

A-2. Detectability of AK Isoenzyme in pried Blood 

.. -. .. ~r .. 50 

A-3. Detectability of ADA Isoenzymes in Dried Blood 

A-4. Detect~bllity of PGM Isaenzymes in Dried Blood 

A-5. Detectabli1ity of EAP Is<?enzym~s in Dried Blood 

· 

· 

. 

. 

. · 

. · 

· . 
'. · 

· · · 
• · · · 

B-1. Discrimination Probability with Age of Dried Blood • • • • • .". 
, , 

B-2. Sample Discrimination Probability Calculations .. .. .. :.. .. ~ · It • .. 

II I. 

cd. , • 

vii· 

. · 

. · 

.~, 

• • 51 

· · 
· · 
· · 

. . 
· r:: 

52 

53 

54 

56 

57" 

",i 



.!1 

;:;., . 

.::. ,'/ .. 
;)' 

PREFACE 

'"'0. ' 

rrhestudyof th¢deiectability of genetic markers in dried' blao,n described in 
,. .. "~,, f' "-' . . '. . 

. * '.' ".-'. . ;' " 
\\ '"tl1i$ repQft . ~,!as conducted~s a part' of the Blood and Bloodstain AhalysisProgl'am 

IL' /, - '. ", :.Q . r:. 

sponsored' by the Law 'Enfol'cement"As{;:istanee' Admirlistration at The Aerospace 

'CorporatiOfl-t> ,0 ':r!({ p~ogra.ril·· was !directed toward th~" development. of a blood 
n 

, . fudividualizatipri'technique~ capable of identifYl~!f .bloOd antigens and protein-enz~me 

phenotypes •. This t~~hhiq~ would beacceptabie for "use by c.rfme la50t'~toriesarl\t ," 
:"::>~~. . -- . . . . ': . "., 

~. ,,,.-,,,ould provide' admissible e,videncehl out:' cQurtsof law. '[\ne.dditional pregrarn 

~~VObjeeHV~-i~ tocompj~ea' blood type frequenc:y jata bankf6r the ,I)., S. P9?A11,a"t;on. ' 
',,> 

The purpose Qfthe detectability~tudy' was to otff.ain d~;::tthat wOllldaid ~he 

"practicing crhnina;listto s~i'ect -only tho$egenetic mark~t,~stems for analysis, which, 
. , .; ( .... " ' ... ' .. - ~ . . ,- .,.;:~;:/ j) , . 

on the basis of serologicfll evidence, would be most flkely to proVide usable data. The 
Q 

l'esultswouldalso Serve a,sa baseline to detE}.J!m'ine the sensitivities of new or improved 
" ;' ';;:'. - '. . ' I> . . . ;~/ / ;~". .' \~~~~.;~,._. '-.' . 

. , 'analysis methods CUf.tBOtly undel.' deveJdpment. The majoritr':;~~sthe genetic markers 
. ' 

fVa!uated in this stUdy are being analyzed in ~rime laboratories",~~~ere blood 
'.' ~~::.~""- . 

. 'Individualization tests are performed. The 'study should, howev.er, be expa~j;Q \, . .' : . .......*.~.~ 

',I include other systernsofinterest asthey gain usage in forerlSic apv1ications. '-':';~~;;:~:::., 

This. report inclupes a surnmary and a glQssaryJot' the nonspecialist reader, as 
! ~ . . . 

well as detailed descripitiol.lsof the analySis; methods used and the resultsobtaJ..ned, 

Which should be"of primary interest to the practicin,g forensic serologist. 

.. . 

Thisreportisa revision of the onepre.vioijSlytitled, "Persist~nceof Selected Genetic 

Markers tn Dried Blood," ATR-75(7910)-1; April 1975. 
,1 

, " It 

: Vi i i 
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SpMMARY 

/!' 

-C"-. \~~. • "" -. - 0'-
11'uman:1 'blo~<"{!~n~ail1S m~hy "inhel'itEld, e~9and"'setum constituents", called 

'" :~·_.'I .. __ v<:/'<r" ,~ .. ' ". :, .... ,"""'.. ~" ~ '. . . /"' 
·gen~tic mas¥/4~~9~variant$, wbic:tt:c~J>e id~ntified to show "the blood's relatively" 

. /:'" J-". ;".---- . ,., , .~~~ .' . , '. .. - /7' . . 

.uniqll§vt!;tiafacterist\es., By the )tiItd[vf,Qualjzatfon" of b!o6d-£ni'ough. Sfw)h identifieR don 
• .. / " ii' • ";;:'-,""'" • - .' -.":- • ' , , ,.' •. -. 

~'O 'ab§enet}:'ci{:a-n'indiVidualattnecrimescene. However,,·,blood foundaterIm~sne~~sis 

:~$tbf;e~ in~ht!'pried st~te~ ~nd the ~tYi~l.dej.ectvariant~ dim'irflShes":~ith the age 
.-.p ~'. 

/' 

Sotn,egene-ti~ markeJ;~ln bloo~fJ.insc;an still be 
:- " - - ;"." ~.~-;;.:- . ~. -. -' .' " 

oC the SetPlo~iC~' spe~imen. '. 
'f ~ , 

, identiiieQ41fte,r several years; w~~e$o~eracannot~esuc(!e.~~fUllyanaJyzed after 
/. ' 

1 
1 
l' ,,'t 

,0 " omya few days.'" Becauseof.:.s«~)11arg~dift.ere~ces in the stability of thesevaritlnts1 a -:~<,--,,:~ 

kno~r"dge d~),!~~¢aifuty of,ge~lliie matkers in ~~.~OQ<}=Wl!h·ti;;~·1 
en!#tol}P'~t, aw.r'~u~~~ate, wouklbe us~tul to theswoiffrurst"ll1 theS'eiectiOflQf the ' 

.' "'~' // -; ~;..:,,/' 

~ .. 1.~":> -<:' ,c':-':'" ; _",;;;:«; '"" " ", / ,~-~:--
':;§p'ecif'~r;;'ana1ys~'to beperiormed On~'ooIpglea1. evidence.·~' 

, . ;' -. , '..-~"~' "~ 

~re is a" paucityof:,ctata'in tile" litera!l,!r~-regarding the detectabiuty of 
",I----:;:.-"y<-:-=-·_"'7"" __ ~_~,..:.~~-.:---,-- ___ ~ .... P 

ffeneu(!,inark-ers in, dried'..fSI(}oo( , N'o' '~yst-ema:tic ,study encompassing'many.genetie 

marker systems has been reported, and'relaiively large dis~r~pai1eieS e?~ist~w~ng tl1e 
" " . ::,", .. -. -

. :. - - . .:" . 

. results. Qbtainedby differentir~~iigators. In particular, detailed information on the . ,-' ")// '. 

eifect~of pumi4ity. andSUQstrat'eondetectabll1ty~notav8jJ.JWle. 
~;~ ~ ~ /i . 

1/ 1" ' " , I 

" 'c To he1p overcomethts le:c~of~ataJ thedetectability or select'3d genetic, 
~ '. 

mal'kers in (tried' blood aged under 20 &rid6696 relative humidity cowihions at ambient 
\\ --

ternpe;atllre, as well as for several specimens store,d,at -~nd~,'waS'detertTtified over a 
'. . It 

six month period. TOe.red cell aritig~n. systems ABO, MN, ~h, Indd, Duffy, and Kell 

Were analyzedilsing an abso2;'[>tion~elutioIJ method, and. the., isoenzyme. syst~ms 

x 



- ;-;---;,-;"'""'7', ._.~;/4" ",2 ,-",O -': 11 I // ,.;7')17 ~ "t; 0'" : 'J:, < ' .?:," -.: ~ ~ t-'_o-~._ .. f~' /(' 
_' // II .~ .. 

c •• ' J :/~J~I¥:C'~:""~~;'?"7j~;~~~ . 
· ~d~r1Ylate~~rcAK)¥ adenoSitle</ deaminaseO(ADA.:~ .. ph~sPhoglucoinutase (PGM)f and. .-
'/ ;~?F '.' . ..... ."~ .. '. . ~/ "' ..' . .' '. ..•. "" ....! .' 

. '. __ #5'i~fu.ocyte aeid.~oSphatase (EaP)~flre.studieqi)y'rn.eans oLelectfiophoresiS on stateh 
-i:?1.~~<~' ,1/ -:" _ - . 1)..-.9" . • ,.' ] :1/ ;-'; :' .,:,. 

::-=--,~e1/The~~~en,sy~~~~-eTe selected. o~/~"bases of'avanabiIityofantiS;~~;~dOf 
( .~.s-p~ql~~.mrY~~ltechniq~sJhat w~~w~iteharae~erized.· . ABO~ MfiI~:~~d4fhare tpe 
'" :._·-_-~~·-~~ff:'._,;-; ... ";" - ", ~ '_ ". II .. , ~.\:" _ ., .. ..,-/>,/.. - =-' ,. 

r;;c/~ ~-blo~)tf' groutf syst~m~, most Widely . u;ied itl' fore~ic-appliddtiQis~/ ye~·~~n for. th~e, • the '. 

'r' 

~ .' 

';';:-'. 

'effects of hurrtrdityand tos~nne e~i~rit oft SUb~t~fi¢iare U,if~~'Wri~ 'rIt~- AK1'! ~D~t" 
;;/ 

PGM,$nd ,J>AP isgftm;yme systems we~echosenotr'be t;a~s of sirn ifur:ccmsideratt'onsy .'..¢; .... 
• ...• .' , -'-0;'"=:.""7_ ,'" 

/ • ..;: ':;':'" :" ".,:,._. -0 . . .. .", ./''' 

,»lood use~ for'the study wasQbt~ined:f.'t'on~ J:2; VOluIltee~ldono!'s~ 'Gl~~l WiQn, 
_:. - y / 

Wi:?olf at\)d three types of cotton, i.~~;; pla~fi' /~erJJnapr~ss, a.rid,denim, Jfle.~e-llSed;i'a$ . 
- .' .' . :. - . . '.: . <' .' ... ;.' .' '.:' . .J! ~/~/_. . . .' _ . 

sUb$trates. Emphasis was plaeedon t,e;et1k~/substl'ates be~ausestail1,gfh9st often 

encounter~d" in. routin~(!e.seworkare onf~}rjcs ;af~crime scenes, <oJ' 9n .' a 5uspet!t'; 

clothing. The lil~od analyses wel'e. copducted artel'stor.tlge for ~ne, tW~J$ f~ur" 131 aild 
,; .,~" 

,'5)" 

· 26,w~eks. 

For the dried blood specimens stori--d at 20 and'66%i relatblE!'hUmidity,'tbe t;.;o 

average aging periodsa;t;"'WhicWth'e redceU" aJJ!;igen~We1j~ sucees~fUllyana1yzeeiO:Gnthe ~"Y 
. '~. ,," . ".: :- ,.,,E. ,': ,',- ,,:./_ .• "::;.,, ~ ",. ''-.,_, .:. _,.i-,: '-~'-.i~....)~. . . 
various. substrates are~iVen in Figm-e'S-l,. 'SimUatly, the §~~e~~~'which tb,e o , 

, ..... '.'- ,;). . . " ,< '7~/~:,'Y'#~ . '/ 

isoe~ymes wer¢,fdentifiable are gi~enJf¥~igur;.~~. ~:9'- ;~ 

.onthe basiaof the,-atli,~u~t·~f ~i~;t!£)~ativitY(See AppendiX" A~' 'fables"At-2 
- .:.; .,/~ - - ;;; 

;., ,I -,' 

'. the retfe.rse aJ?peifrsJc to be true for the PGM ]:lj;o~nzymes. '~o effect resulting ~rom .... 

df.ff~~~e'nees )ntf~miditN· was detectedf'or ~heAK system. _ ~ .. 
~ ~ 

l~either the antigen nor the isoenzyme systems ~xhipi~~d significant.variations/j 

, '.: I '- '~'. : i, . ~ 

.in ,:the detectabUity of genetic' m~rkers becaUSe of substrate 9if~~erencesy;t~e,'J 
....;;/'. ' .. , /,f7. . 
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.. oete,c,t,abilityof. the !\ntigens and isoenzY11les.for the i~pecimens stored at "..200 C, 

~ ........ fio~em .w';;f~~nd to be, generally better than that for tht specimens aged at ambient.· . 

" J! 

temperature. " .~c~ 
. ;:o~' . . .'~' . _:- :_~; _. . ;;:' __ _ '_~ .. _. ,__ _ _," - -::--:.--~ 

Detectability,id&ta obtainedfU2tbi:Hltbdy;together with' the known frequertcie3, .. . ... 
. " . . . . ..... '. '" -,,_'d-.:.<"~~'. ~; .' . . * . . 
pf occurrenc~pf.,the'btood variants for the British popUlation, were,used to calculate 
~~~.~~: .. -';>-':- -~:- '-:;..-~---- . . . ', '. • . -

. """lhe, discrimina.tion probability (the proba.bility that two randomly selected individuals 

wiU'havethesame combination of genetic marker~)for each bloodstain aging period . 

. For eltllmple, a discrimination probability of'one in apprQximately2500 is possible for a . 
..:-' , '. . '-. . 

dried blood specJmen exposed to eitUer 20 or 66% relative humidity for one week~ 

After 26 weeks storage, however,' the values are ·one in 65 and one in 28" for aging 
" 0 '~_. . . 

under the ~owand high relative 1)umiditylevels, respectively. 
\.\ 

;":., 

* Bec'awe the .blood frequency data are unknown· for mQst of the U. S. population, data 

, for the British population were ~ed to allproximatepossible djscrimination values. 

Some U.S. crime laboratories use the same data for their calculations and court 
'.: ~"~~'~' ", 
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CHAPTER Y. INTRODUCTION AND BACI(GROUND 

The' purpose 6fthis study was to investigate 'the detectability' with time of 
.. 

,selected genetic markers in dried blood by using currently available analysis 

techniques and methods. The ~ffects ot' lmmidity and substrate. orl genetic marker 

persistence and on the discrlminatipn probability are presented; and should be usef~l to. 

practicing forensic serologists, as well as fo provide a reference to evaluate the 

sensitivity of improved analysis techniques and m~thods that maybe developed. 
~ .' 

Detectability of genetic' markers in dried blood .is significant because· 
. . , . . 

. serological evidence isoiten found at the, Scene of major crimes (hOmicide, rape, and 

assault). The ability to establish the involvement of specific individuals in the 
, . 

commission of suc!,lcrimeswith a high degree of confidence is an important aspe.ct ·of 

foren:ic science. Human blood contains many genetically Controlled cell and serum 

constituents such as antigens, eJ:lzymes, and proteins. The inherited variants' present in 

. these coristttuents serve to' characterize and identify blood; determination of these 

variants is known as blood "individualization.11 

The present study investigated the feasibility of determinIng the variants in 

" bloodstains on fabrics after they .were aged unqer controlled low and higtJ humidity 

conditions for varying lengths ~~~ time.Emph~is was placed on the analyses of stains' 

on . fabrics because more . than 90% of serol()gical clue materials are' f{lundon 

t t 'l 1* eX'1 es. Detectability of the variants ot ABO, MN, Rh, Kidd, Duffy, andKell red 

* Values established by an Aerospace Corporation survey of 27".crime laboratories. 
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cell. 'antigen systems and of adenylate kinase (AK), adenosine deaminase (ADA), 

phosphoglucomutase (POM), and erythrocyte acid phosphatase (RAP) enzyme systems 

'.' was studied over a six month period. The red celiantlgen systems were sel~,cted on 
. '. .,,:. 

. -

the bases of availability ·of antisera and of specific analysis technjques that were well 
'. . ~ 

established. Although ABO, MN, and Rh systems are the blQod group systems most 

widely. used in forensic applications, the effects on them of humidity and, to some 

extent, of substrate are unknown. The AK, ADA, PGM, a.nd EAP'isoenzyme systems 

were chosen on the basis of similar conside~ations. 

Detectabilityof antigens and enzymes in dried blood ranges from a few days to 

years, depending on the conditions of specimen exposure and on the particular genetic 

marker system being tested~ Even for a single system there is little agreement among 

investigators on time limits for Variant detectability. These discrepancies are due in 

'. part to the extremely complex nature of bloodstain analysls, to the development of 

more sensitive techniques for identifying genetic markers in stains, an~ to a lack of 
./ 

standard analytical' procedures. Dried blood analysis often yields less (iefinitive results 

than whole blood analysis and requires considerable expertise on the part of the 

serologist. More.over, the reliability of the test results diminishes with the age of the 

stains. 

The current investigation was initiated because of the large discrepancies in 

available data, and because of the paucity of informatkm on the effects of substrate 

and humidity. A.dditionally, no systematic study encompassing many genetic marker 

systems has yet been conducted, and at the present t.ime crime laboratories do not 

have a clear bf,lsis for determining which genetic markers should be tested to obtain 

meaningful results. 

-2-
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Loss of variant. qetectability in old, dried blood results from degradation and 

inaccessibHty of the antigenic sites with time, the latter being caused by cell 
. u 

shrinkage through continuous dehydration. 2 Hence, the number of antigenic sites per 
. . 

,_, cell surface for each type of antigen is an important factor in the blood group 

determination of old stains and may help explain differences in detectability with age. 

The number of antigenic sites per. ,cell has been calcUlated for some antigens. In the 

ABO system, A and B cells have approximately 1,000,000 and 700,000 sites, 

respectively.3 In the Rh system, D (R1 R2 type) cells h~ve 30~fiOO, 4 ~ cells 79,000,5 

and e cells 21,000 sites.5 

Other factors that play a significant role in variant detectability include the 

specificity of antisera. and the strength of hamagglutinability; requirements for these 
. , 

may also cha~e with the age of thl? stains. 

'Information ili.the literature regarding detectability of genetic markers in dried 

blood with age fol' the systems studied is given in Table 1. The datalis:ted indicate the 

age of the stains when the genetic markers were detected through the use of several 

analytical techniques. Variations in the persistence of such red cell antigens as the Rh ' 
:' 

variants are reported. ABO system antigens are the most stable of those listed, and 

this system is by far the best known and most wid~ly used in forensic serology. The 

Kell and Duffy systems are the least studied and least s~~lble ot the systems listed. 

Large differences in the reported persistence data were fllso found for the e~yme 

systems. In decreasing order of stability are AK, PGM, ADA, and ~AP, with variatiorts 

in persistence ra~ing from a few days to 11 months. 

-3-
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Table 1., Persistence of G(!netic Markers in Dried Blood 
R.eported in the Literature 

, 

Age of Dried 
System Variants Blcsod R.eference 

ABO A.B y 2-34 yr 9 

MN M,N 29-3~~ wk 9-11 

S 26 wic 10 

Rh Cfc,D 4-26wk 10,18-19 

E 5-6 wk 10,18 ' 

e 4-5 wk 10, 18 

Duffy Fya 6 days 20 

Kell K 3-19' days 12, 18 

AI{ 4-4~~ wk 20, 22, 31- 33 

ADA Z-21~ wk 31-32 

PGM 4-2:~ wk 22, 24- 26, 32 

EAP 0.5-.-.9 wk 22, 24- 29, 32 
:,,;~ " 

" . 
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Some comments ,on the, difference in meaning' bet~een detect~bmty:::_ a~d 

persistence are in order~ petectability is. a function or. th~. sensitivity;ofcUrrent 
. . . .. . , '. ,',- ':". :' '. . _. ," (I 

analytical techniques, whereas persistence is:11 function of the rate of the denaturation 
o ' " 

, or chemical degradation of the genetic markers. Thustl~~!,l~tic ":larker is detect~d 
." . : 

in a blood3tainagedfor a certain length ortime,jtis known to {>er~ist for at least"that 
~ . , 

amount of time. If, however, the marker is not detectable by preSent'techniques, its 

persistence, for that time .remains unknown.' , It ,may sHU {>er.sist;butat a presently 

undetectable level. 
.' ' 

The ab~olute persisten~e of genetic markers" in principle, can "never be 
i~ 

determined. H~;~ever, for all practical purposes:~ the persistence may be considered to" 

'be the time the material bikes to deterior~tte to the ~x1;ent that it,· becomes, 

un.detectable with current analytical techqiqut:1~. This defini,tion of 'persistence is 
f ' 

operational and is cornmonlyused. Operati6nalpersistence ch~nges,8.s the sensitivit~, 
or analytical methods incre~es. In thi~ se~ie detectabilityancl persistence' 'are 

intercha~eable terms. • 

j' 
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CHAPTER II. EXPERIMENTALlPROCEDURE 

Whole Blood Analyses 
"' -" 

,," . 

" .\;:. 

Fresh blood d~awn from 12 volunteer doriorsat: The Aerospace Corporation was 

,- analyzed by the Human Genetics Laboratory, tJniv~~sity of CaIifornia, Los Angeles~ 

Blood group typings, were performed by direct' ag~utination in test tubes, and 
" . . ,...,......, , . " ;'" 

polymorphic enzyme identificatioIlS made by'electrophoresis with starch gel. 'The· 
. . - '. 

blood specimens provided 15' different redceH arttigensa~d eight differentisoenzymes 

for detectability studies., 
•. \~\ ',j 

? . ' B. " Preparation of Aging ·:Test Specin~~ 

Blood drawn with 20 cc syringes from thesame;t2donors was directly deposited \ i 
" , 

from the syringes onto six different SUbstrates: glass; wool,.·nylon,and,three types of , 
p . 

cotton, i.e.; plain, perma press, and denim. :BefQrethe deposition of blood, the cl6.th 
, . . . . 

samples were washed in a phosphate...;typei4etergent (Tide), .thoroqghl~ rinsed, dried for ' 
," . " " v 

~", 24 hours, arid cut into one inch squares. Thenylontwool,perma press, and denim were 

" il 

.", .' . .' . . . 

purchased neWt whereas the plain cotton was a printed sheet that had been psed for . .'. , . . ' 

if 

three YE!arsandhsd undergone repeated washings. 
:\' 

Glass (in the form of microscope slides) served as a control substrate. Unlike 

t~xtiles,glaSs is considered to be inert tobloodconstituentsr being void of detergents, 
~~-~. . ~. "; 

1/ preservatives, dyes,andother .l')'C'0ssibleinterfel'ences. However, because of sample 

; , losses encountered duri'ug the was'hini>p?O~~dure of the ~w.yses for antigens, testill$' 

of the glass specimens was limite:'d to deterrninatl6if'of enzymes. 

-7 .... 
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.' :1~hei~6 bl,?odstained spec.hne~wereairdried fOI:,24';ipours.ina.fumehood. They 
. , ·1' •.... " . . ...• i! c, :co',,'" '. '.. '.' d 

. consisted ofduplica,te set,s of 12~specifuens eac~ plus two (stained, cotton specimens) 
.. -,) 

" ' ... , ... I:' ""._ '.. ...• . '.' :~. ."' . ': •...• ,.',: ... ;~: _ •... '~, 
. reserved fCi:r freezmg. The Quphcate.sets were separated Ul,to two constant humidity 

.'. II . " .. ..., . ,. ". 

chambers r~r ai?;ing at ambIent l~poratory te,JIlP~rat~re (23~ o~-=-):~~mb~r,: was 

" mai~tained at 20%\\ relative htimidity. 'bya saturated aqueouSs~iutio; of.potassiuIn . 
'" . ' . ' ,'" .' 11,<. '. . , /,. :, 

• \~" ::-"'1 '. " ';" .'",' . . ".: ,:... '. ". : 

.tlcet~te,theotherat 66%,.re1atfvEhhumidity byas!~lilarsolution()r sodiunl nitrite~ 

" '.' OIle hundred.percentre1at,ivehufniQity.at 230 Ccorrespondsto awat~r vaporpr~sStire .. ' 

.. ;;.-

V:: 

0.' 

of 21 mm Hg; variationS in this value )1.S a result of ambient, temperature flUctuations 

. (+30 C):'am&unt to. + 4 mm Hg. T~~ humidity chambers consisted of'glassdessi~ators, 
_. , - • .' c. ',,'. -.: 

~nd:.were e~p~sed to fluorescent . lighting throughout' tbe ~ng period~Ther,emaining 
", . . '.-=--, ' . .' 

twobloodstairiedspecimens,'prepared on J:l~in cott~n, were ;~g~d ina freezeraf -200 C, 

ill the dark, at.9. h~idity value. of 0:.9 . mm. Hg. 
~ , T" d,. . t " 

··To .reduce the total numbe'f of analyses, specimens aged for' four w,eeks'were 
,/. ' . ': " . ':,.,"" " ',' '. -';: .' (.. 

evaluated first. The test approach used 1n this study is ~I}own in Figure 1. Antige~~ 
". . )) . ..' .. ' '.' '.. .' If .... . .... '/ 

and enzyme polytnorphs detectable at four weekl3 were analyzed tit 13' ·we.eks and, if . 
, .' ,~. .,' , . , " . - ( '. . ,- . 

still detectable,Elt 26 weeks. . For;varian~~ that could not beiclen~fied at four weeks, 

" .. the experiment wasrepeatedj ~1)9 tests to detect thegelletiCmarkers w~re,perforrned 
'.. , ' ". ',)' I ,'..... • 

at two ~eeks.J'heexperinient wasrep~ated ~gainforundete9table variants, and :the 
'\1 . 

tests performed at one week, 

\\ 
II 
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. Figure 1. Design Used in Dl'ied Blood Analysis 

. --- .. ~. - '-

"1) 

r? 

-'--- -..= 

; :. 

The types and numbers ofanalyticlll testsperform~crin this study are presented 

.' in Table 2. 'Ilie nurnbetof tests listed, altogether totaling over 2100, dqes not include 

the .repeaiedanelYsea pel'formed when question~l~results were obta~,ned. With ~n 

dried' bloodStain 

. ~) 
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1\1~~¢~ ofl\l1~ytieal Testa EA~firro-e:d . .' .:.~ '.' , .: .-" .. /f.: ...... c 

.•• c.~."'.';"_; .•. 

,J. ~'." 

-;'-~- --;-'~-="'-'-+=:".' '0--=--"",".:0 • ~!1 . 

Aging Te,st Perioq. ,weeks /~_C~~=-~?:'.> 
~~------~~~~~-r~~r-~~~~~~' . System: 

Antiserum 
. 0 .,{;, 'total r-rOL 

'. ~ole B~o'od c. 2 4'1'3 126 of Test~ 
J-; ........ -----.;....-"""'l, .... ·-..;.,...---..................... +---l--~-.:..._:~ ..... _4{!_!--'-.....,.J_-~-...... -,;.;__I 
~a L 

'7~ 
Anti-"A12 '- 36 .32.,'" -# .' 

'.' . 12 3ti jz /1: ~ .3:5"'( Anti-B ~.~ .' r'.' " 

Anti-H,' 12. . 36 

hlN 
Anti-M 
Anti-N- .~." 

~i-S 
. AnU-s 

Rh 

Anti-C 

. Anti-"e 

Ariti-D 

.i\nti;'E 

.Ant1,~e 

-lUda'- -

Jka 

, Dilffy / 
~.ya· 

KeU' 

K 
.AK 

ADA 

POM 
EAP 

II 

..-'.~=:1%;' •• -" 

12 

.. ~: 

12 

12 

12 

12 

.!2 
12 

12-
._.,-__ ~ '~". - _"_ ~>r_~';_--O' 

_~. 12 

12 

12 
-",,,,,; 12-

12 

12. 

34 31. 

:H > '34 
35 

34., 34 

~15 
'15" . 

-10-

3SJ 
'3¢! 

4:6 
~.~6 

34 

17 
D 

16 

36 ., 
17 

-,::''' 

" -19 
i8 

36 

" 
'1\) 

~('f( 

26 
II .. : 

a4 
.26 
.2-6 

.' 

Total 

;:11 

, 

L16 

115 . ~) , 

98 
97 
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-97 
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"i14 
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C. "" Allt~e~!yping ofnrjid Bloof? '~ ,~' /, 
, " , "", ',' ," , ' //~ 

Of thfl se\Ter~, ~ttl!::l{i~}-tffllt ,cani bef:mgloyedf!Jr the determjf{a tion ofantigem('/ 
.~ .' . !-f- _'~'!- /:"..~ , .• ~<~ ~ . - . . .,,~.-., :::;: .... --- . .?' " " 

in driedblQodstaiti$J'':~~9rpti~n~fuUori Jslhe mOli~sensiiiVearid themostwlcl~y ". 
'empl()y~d. be$titI~ed by Kind, ~,1' Ni;k~lliJ.ind 'p~l'eira1$/~tl~eHdge1))I6n~'~~~c 

. t". '.' -.,. "'.- ../7" . (.;~ 

absolPtiP~~i(mri has proved to he "markedly more-sensitive th~1f:;';t~e absorpticm-
f, ' ' " ''''-' /-,' , 

, : 

~: 

f'ihiQitiQrPmethod; 10 it lias also beenre90rteclto be [i10fe.successfvJ than mixed 
~ ",}.' , 

'".a~gltitination rarcertain~ritigens.12· For groupjntifr bloodstainS, jn contrastto." 
J, . 

f; 

. , 
;~ 

I!';:// ", -. _",;::,.-;-0'" ',_. • ," .,.- • " '> ,-,: __ ,:" .,'- ", . . 0 

.!g'rQuping in saliva dFseminalstains for secretofs, ~lisorption-elution is the tas:thod <iL 
;p1~. ",:,.r ': -"C ••••• _,/,.' '., - • • • ." •••• - -

.. ,' .. \ "j7~hoice. /f-;;SP 
~~~:. ',:;: . .~-;> ..... , . '. " ''''; - . 

i' . "7~,~~ ,'~ ,B?cau;~i:here are numerous variaUonsof tne absQrptien~ti6ir1fietho'(f-:intik, 

,th~;;Cifi~ ~~hniq~~e employed fot eachantigi!lO was adapted from th6SE},ile~~~ibed in " " 

the literature. irhe proeedUr'es folIo}4:'~d for the~typirag ot the 15 antigens are 
.",,~. . ..' '.;.--'- . 

'. -'::; 

summsl'izedin Table 3" Althbugh 'V~riati<rnS; "';~chasthe use of pip«in-, ficin-, or 
. . -'- ',' ..... ".,. ~!. ~ 

.-,,,--- ./!J 

trYPsln,.,.treated indicator cells; were attempted1 no siwuficant &mprovements were 

Qbtained~ 

andanti..,JkR were;;" obtained from Hyland 
~"i. -

.,-;.; 

? .-; ....... ..;... ___ ::;:;~~.::;;-:-:;~ _~ -_=;7r . - ,.:. .. ~ .... >;:;; :-~ ~;,::;. ..... .. , 

the antihuman gl('\b\!lit#£~fu'e -obtained from Dade. Because significant varia.bility in 
_ _ ...... p:::.-F .. ......- . 

"""~ - ~;'\:"" ,I ' 

their tite~~wasobse.rved,the imtisera were tested, at times extensively, for thair 
. ~p/Y" : '. : " ":.-

~tahility for us(J~y,~-tlle ahsm'Ption-e\utJontechnique. Antiserum that is too 
,.,_,-?,y, . /..5'~( _"",, . 

C{C" concentraj;edn};y ,prQdUceagglu.~r(~ationin'negative ec)ntrols, Jmdantiserum that"is too 
. ".' 'E~:, . ::c' '1-. .,;. 

dUutemay result ,in insufficient"absorption a~p subsequent false negatives. Therefore, 
. . .'~ ,~j' 

negative ool}trolS consisting ofunstainle<! samples oiall five textile substrates,. 
,,-; . -' , . 

subjected· to .Pto~edur~s identical to those of theJ;lI90dSt~lined substrates, wel'e run 

:11~. 

I' • 
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Colli. 
,rili4~ 

. Cold' 
. si/-li:;te" 

I' .6 

"'i . (). Sf. ··1< ·0 

0.5 

Cold." .. f..' ·:5;l11ne .... ~.··.~"'""'-;~'=' lCS 
iSa:linej . 

'/(T{e)1 . ,l';liu~;/ O.$, 
. "'sa tlntl 

!J!~!fc!O' ~~~t) .I·/~~~~~~ 
~::c;;.'!'.~",le~J-,),'_..J-,,~~~::r~~· . 

p,' 

D .~';;; 

(a)W-ai:l~~d six times. with .,.15 .tQ!~Q.n'll~ lIt;lndjlii-h~~e~n cacho wash,. 
• ':. • '" c; "' __ .-';" ,..--( • !;i 

. (b)Elution was carried .oMi;; at56~C·!i)r· ;1,5. min l~,~,ct:h:ui~tlng wat~r bath. 

'i 

Re~b50tption(cJ 
Temp. 

eOe) 
Antihuman (d) 

Serum Added 
.... (dtopst 

(c)Rflaheorption Wa8~1l;,w~aJ'~~cc1~r lorapp;9~;h:~~;lYlhl:~.' ..... ' ¢, ::~~ " 

:; (d~Ub!ileqre~centr1fuga;ti~1i at 1509, rp~{or 3,~in lo11owed byr~aditig.-fQr :a8igl~tim(fibn. ;~th(;~~~;ve: ~.i~~ill:a:d l~k.h}. 
(e)}ioomtf3mperalU!'e"sallne, SQlutl()n~}' .. ,... /\ .~. ."., 'i"·· 

, . ?ft . .'." . . Ii ;;; 
(f!aQvjnesarUnia}bl1mh\ in!.l.3:O/';:on'llnttati:Oii~ .. .>' '~".. .'. , 

(g)D~p,en!leritoll sPe~lJic.in8trueffon~ ~ccompanyi~JJ,~(j'(i~II&~~ruin'~.ie~:>0c/. 
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urider both humid~ty conditionsasweU.asin the freezer~ The antisera .were diluted 
,~ 

,:!ntil"'they gave negative re$\.\~i:s with these eontrols. ,In ·doubtfu1cas~s 'they were 
, : . .- . ',~ . 

tested wi th specific fresh blood samples to prevent false negatives. 
" . 

Certain antigen systems present particular-problems. MM cells are known to . ~~ 

react with ~8,ny samples of anti-:-N serat 'causing tllerntQbe misgrouped asMN. For 
, '- , 

this reason exhaustive scr~ening of every anti-N serum wasper~prmedto ensure that 

the serum used in the testing gave negative resUlts wit~typeMMcel1s. A'dditionally, 

in the Rh system, anth-C sera are known to be often contam'inated by anti-:-1) serum. 
, ; . 

. " Therefore, theanti-O sera wer~ tested in the elution procedure with type Rh D 

positive, C negative cells, as negative controls. Negative re~ultsensured the absence 

of anti~ D~>contamlnation. 

1.' ABO (A, B, H) andMN (M, Nt s) antilieI1!' Fifteen 3 x 3 mm squares were . 
,. 

cut from each of th(bloodstained specimens tested at every aging periqo and placed in 

10 x 75 mm glass test tubes. To each test tube containing a'clothspecimen, two droP? 

of cold phYSi~logicl\tl saline solutio,n (4oC,pH7 .. 4) ~ereadded, followed by one drop of 

the appropriate antiserum (A, B, li, M,N f or s)(see Table 3). The mixture was 

stoppered and incubated in a refrigerator (4~C) overnight. The saline solution and 

o excess antiserum were withdrawn from the tube a.nd sucked from the cloth with a 
D 

. pjpette attached to an aspirator. The clothspecimen~ .were then washed six times with 

cold saline, the tubes being filled with saline and left standing at room temperature for 

15 to 20 minutes for each wash. Care was taken t()remove all of the saline solution, 

especia.lly after the last wash. 
" .::- .. ~::::..-
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For the elution, two drops of saline were added to each tube and the 

cloth sp'ecimens were carefully submerged in the. solution. The lubes were stoppered 

and placed in a circulating water bath at 560 C for·15 minutes. The tubes wer~then 

removed from the water bath, the cloth specimens quickly removed from the tubes, 

and a drop of 0.5% saline suspension of the appropriate indicator cells was added to 

each t,!be without delay. After reabsorption lor one hour in the refrigerator (4°C), one 

drop of antihuman serum Was added (Coombs technique) when necessary (see Table 3). 

The tubes were centrifuged for three minutes at 1500 rpm, and their contents 

examined·· for agglutination macroscopically with a concave mirror (producing 1.2X 

magnification) and a light; microscopic exa.minations were made for confirmation when 

-"necessaI'Y' 

2. MN (S), Rh (e,c, D, E, e), and Kidd (Jka ), Duffy (Fya ), and Kell (k) 

antigens. The procedure followed was basically as described in the foregoing, the 

modifications for each antigen being clearly noted in Table 3. For Kidd, Duffy, and 

'Kell syst~ms, the method was adapted from Ruffieand Ducos. 13 
.~ 

D. Enzyme Analysis of Dried Blood by Electrophoresis 

One--inch square cuttings of all bloodstain specimens tested at every aging 

period were submitted to the Human Ge~etics Laboratory)" University of California, 

Los Angeles; for electrophoretic analysis of the four enzyme systems containing the 

eight isoenzymes under study. The experiinental procedures followed by the Human 

Genetics Laboratory are detail~d in Table 4. 

For ADA and EAP (also GPT), preparation for analysis involved the 

soaking of samples of the dried blood specimens for one hour in two drops of a 196, f3 -

mercaptoethanol solution in the gel buffer appropriate for each enzyme (see Table 4); 
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Table.4. . Expetimental Pr().cedures for Blood Enzyme Analysis 
.' . . (--", 

., 
Procedures " c, 

. 

· .. '.E~zyme' 
Electrop1tore'~is (a) Staining 

System 
. ii,,)" 

" Constant 
,. ' ... 

. Bridge' Bu£fer Gel Buffer: 
Dilution .Factor Voltage Stain Mixture 

.' 

S~';~t~fu . Setting Ingredients(b) 
c\r :.~- ~~{ . pH ofB:ddge'Buffer (V/cm) 

,: .:.~:,=>-::~,,".- ~ 
"--"' 

'. ; 

. ADA· Citric . 5.0 1/20 5 Ade2j;~>$ine-MTTi xantha~ 
acid nine oxidase, nucleoside, 

phes phoryla.se 

AI{' ~~bWI 7~(} t (ttl. 4 MTT, ADP,NADP, PMS, 
0-6-PD, hexokinase 

EAP Citrate':' 6.3 114q 5 Phenol phthaleirt, mono .. 
phosphate phosphate, NH40fi 

'. 
5,..6(e) PGM HarriS 7;4-

i~' 1lto TRIS. MTT. O-i-P. 
NAnP. PMS, G-6-PD 

(a}Run in refrig(~ratol" w:ith cooling plate for 18 hl"s. on starch gel. 

(P)MTT ' 3-(4; 5 .. dimetbyl .. thiazoly1. .. Z)-Zi 5-diphenyl tetrazolium bromide 
ADP Ad~n9sine diphosphate. . . . '. 
NADP Nicotinamide adeninedinucleot1.de phosphate 
PMS Phenazine metbosulphate' 
Q-6-PD' GlucQse-6"'phQsphate dehydrogenase 
TRIS TRts - (hyd<:'oxymetbyl) *aminomethane 
O";1.P Glucose ... f.-phosphate , ~, " 
G.-1, 6 di P 01~,,:ose .. 1, 6-diphosphate 

(c)Staining was allowed. to oceurat 37°C. 

(d)~·Ustidine buffer (0. 005 M) was used ~nBteadofbrid,ge buffer. 

(e)Constant curl."ent,50 ma;was used.. 

'l 

Overla.y 
Material 

Agar 

Agar 

FHter 
paper 

None 

r 

, 
Time(c) 

(min) 

60 

30-45 

120 

60 



--~ ~-------~-~ --", .' 

" I; 

1. Adenosine deaminase (ADA). The determination of .ADA in the aged 

bloodstains was performed with a cooling plate in accordance with the method 

described-by Spencer et 81.14. 

2. Adenylate kinase (AK).. StarGh gel electrophoresis followed the 

procedure of Fildes and Harris 15 in which a cooling plate in the refrigerator ,at 180 V 

(4 V Icm) was used, but without addition of magnesium chloride to the staining agar 

oV~l'lay. (Control runs showed the add!tion of MgC12 to be nonessential for good 

results.) 

3. Erythrocy!~ acid phowhatase (EAP). Starch gel electrophoresis was 

carried out at 4°C according to the method of Swallow ·and Harris 16 with the 

following modification in the staining procedure ot Sparkes et al.17 A solution 

-16-
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... .. .* 
containing 0.05. gmof phenolphthalein monopho~phate· in 125 ml of citrate buffer at 

pH5.S was :'pouredover thick filter paper on the ,cut gel and incubated for two hours at . 
<. ";' • • 

370 C •. T~e filter paper was then removed alnd the gel flooded with ammonium. 

hydroxide until the color developed. 

4. Phosphoglucomutase (PGM). El~lctrophoresis was carried out at 40 C 

according to the method described by Spencer, Hlopkinson, and Harris. IS 

After development with a stainin~ agent, the electr=ophoretic plate was read by 
" 

,.;, qu~itatively characterizing the resultant band p~ltterninto five categories: 

o 

1 

2 

3 

4 

No detectable enzym~~tic activity 

Faintly detectable but not identifiable 

Faintly detectable and identifiable 
( ~) 

Identifiable 

Clearly identifiable 

\ 
Readings of 2 or more i were interprete~j as positive results. A~though such 

t . readings, being based<;>n the judgment of the analyst, are subjective, the relative 
I, 

. values can indicate the effects of storagel~onditions. . Furthef details of the 
.' ( . . . 

electrophoresis results including these reading va:Lues are presented in Appendix B • 

... 
~ .. . 

.. flydrolysis by 4-methylumbe.lliferyl phosphate; used by most crime laboratories to 
, I 

visualizeEAP, was found by Sparkes et ~1l.17 to be, less satisfactory than 

phenolphthaleinmonophosph,ate. 

-17-



1/ 

II 

. ) 

... r-

'0, 

E. Blind Testing . 

FQr the purpose ofsimulliUng' actualcrirne laboratory conditions, where the 

identity of 'bloodstain evidence samples is unknown, 8S well as to ensure investigator 
" .' ~.' 

QbjeCtivity, all samples were tested blind': .That is" testing for aspe~ific antigen or ,"" " , " 

, lsoerTZyme' was ~otlimited to thosesal1lples .known origiQallyto contain, that 'antigen. , 
. -' ';. .. \ 

'or isoem:yme, ,but all sa~ples weretested according, to the design shown in Figure 1, 

their identity being unknown to the investigators atthe time of testing. 

o 
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CHAPTER ~I1. ltEtSUL'rS AND DISCUSSION 

i( 

, , ", i \, ..' " ' ,! ' ':, 

The results of cthe\fresh blood analyses for the 12 volunteer donors, performeq 
< \\:. <\l' " ' ' . ::'1' '", ,," r:, , , , .~. 

the Human Geqetics· L~lboratory, UI1iV'ersity of California, .Los Angeles, are 
, " , 

presented inTa61~ 5 for the red ceUantigens and in Table 6 for the enzymeS.Fro~ 

.. -.tnese res~lts ·15 . ~ntigensandeight isoertzymes(comprising. four enzymesystems) 
,', /' ' ,-:i '. 

were selected for the detectability study of up to six ,mori'ths •... Antigens Al and A2 

were not differentiated during the study, i.e., typing was performed only for antigen A ... . ' .'.' , '. ' n .. ' 
in general, and the enzyme>GPT and protein Hp wereexcludedi 

The distribution afthe 15 antigens and eight isoenzymes· on the various 
'. .' ~ 

substrates is included in Figures ,2 through 9. AlSo included is the number a! ,$amples 

of each genetic marker tested under both low (20%) and high (66%) relative humidity 

condUions (at 23°C) on each substrate. For example, the antigen·A of the ABO system ' 

was tested on nylon t:!.nd on perma press cotton; and on eachofthes~ substrat~ ~ 

sample oftha antigen was.tested foreachhumidity condition (see Figure 2). 

Red Cell Antigen Detectability " r' 

Results of the detectability study of the 15 red cell antigens of the ABd~ MN 

Rh, Kidd, Duffy, and Ken systems are schematically presented in Figures 2 througll5. 

1. ABO antigens' (Figure 2). The ABO antigens in dried blood were detected 
I 

after 26 weeks of aging. The H antigen, in partiaular, w~ unaffected by the six: types 

of substr,ate on which it was deposited and by the twoili~jrnidity conditions undel' which 
. , . . " 

. ,I 

it was stored; moreoveJ;', on plain cotton it was unaffected by freezing temperature. 

Antigens A and B, studied less completely, exhibit similar characteristics.·· 
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Table 5. 'Blood Group Phelibtyp~(~rof porters 

. .:; . , . \ 

Don.or' 
IDNo. 

;1 

11-

III 

IV 

v 

,",f 

',.' 

--.~ 

ABO 

0 

'B· 

0 

6 

0 

Ai 
0 

o 

o 

t1{ed Cell Antigeu.syste:m 

MN$s Rh 

MN$E! 

,·Ms 

Ns 

MNs 

Ns 

MNSs, 

MNSs \ 

. >;-/,', ,'-

/c'QE'e 

CeDe, 

CeDEe 

CeDe 

+ 

+ 

'-. /.'. 

X 'j' A' MB ./CeDEe .. 

a. -b + 

a ~ b 

~ - b +. 

a +b 

a - b + 

.a - b' + 

a +. b -

a+b 

a.-b+ 

a-b+ 

a+b-

K 

+ 

'-

~_C~_ ~-·-r:~. -··-r-.: J::~~=r-::!:~o=(/:< 
!.' ...... _..,.---.."c.".." ...;;...tL..-._._ ...... .." • ..,..o;;.Y"--L ___ ...... _..&-,.,,....,_;..... ...... _~_"';O' __ "-___ ..,.-,....--'-__ ..... 

(pO}Ana3;'y;;; ped~rmed byth~Human Gemetics 
/'Un~versity ofCa.lifornia, Los At1.gelels. 

ft;t~r.;/i 
./ 

.x(?~ 

~;: ..: 
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.1-1 
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iIi 1-1 

2-1 

1-1 

'1-1 

1-1 

1-1 

1-1 

1-1 

~: 

2-2 

1-1 

1-1 

2";1 

2";1, 

1-1 

1-1 

1,.,1 

GPT(b)/ 
° •• ~I 

" 2-?/ 
",' 

BA ,,1:'1 /.-::--

.:1 

:,y 2 ... 2 

,:-? '"{.:1 

B 2.1 

~A" 2-1 

BA' 2 .. 1 

B 2-1 

B 

·B 

:SA 1-1 

BA 2-1 

(a) Anaiys~~,p~,r£ormedby:ffifHUnianCenetics Labo:ratory; trniversity of 
Ca1i£b"riiia, L()sAng~fti6 '" , ' 

(b)Aging~halY6is;~ot'ped·o.~med,because ,of d~t#cuities 'encountered . 
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• -P ~/~ ", . . ,>~:~]:;;~(!::o "~ 

;~~ •.... ··II~j,,~~!'~~i$no $ipifk!Wesu~te; '1u~iillty or 
'.~ ···"Dt.~iT!p~ra!~et$ Qrt ~heQersist~J}~~~ OfttU;ABoanti~ens;a~-leiistuP' to 26t~eeks. " 

~" ~' :c--;;qfO~' ~r~rt;d' A'and!B'an~g~~\to: pe~etectable~nbl~~~amed' fabF¥f'~~ .. 
r' .-~ -_. ," J. .-. J. '.~~_~.'- ~- ='- ~ - . II . ~ ·~:;';'Y~~~""o/'·" . _" ~.' .y·t."c ,.' '. / 

, ambient'c()nditions El(t~~~t;''\~~Sif~.f4!!~~d''a 3~~Eta~ eldtype' Ai' 
6 . . :,'.; .4~~Y' ~ . . . "," .j / '. rj :~., ~ 

~~~ta.in. FiO"~~Yses ¥iere rllso.cont.ft{cl:ed usbig tb'e absorption~lution method on 

M':':~'~~:~;redO~ different' J~~ri~ ,su~~tr~tes ths.tincl~ded~'Otton, WQol,.silk, and 
:f;: ", r;;' " . "', ".) -. '. 

j' 

: . ,'.. ~,,"',#t111i~~icmElteri$ls such a$flylol1and r~yon. 'NQnsgecificabsorption--efution was stated " . 
... ~~~:-:~.---'-- - ':::"-,. ~ .;~"- __ .~ ___ . , ,,'.', ,'. _ " ~_.:.':.:-' -__ ~_ ' : ,\ = . "0:;:; 

~:"i' not tQoo~Qr' with, any 9f: ~hese materi~", . ~<"'. ," . ~':'_ <;;.;/r.Ft:;'1~~ 

< ." . ~.2fMN4.!t~ise~lFisure3). TheM, N" and s~~t~QS-behavErSl~~ryto , 
:the 1\80 ailtigensf~ing ins~li$it~{1Sri6$tr&t~'cokltemperature:at1dhUmidity •. 

. ' Tll~,~-;~'gerierauyjdenilfiablef()r:yp to 2.6 w~eksotagirig~'4> , 

.- .' " "'''The S~ntigen;c least .stable .'6~ ,the ~~IYl!i:!!~OOt'eCi;bi~f~; four 
',.-. .': , . :-;:;;-.'. '-";. ,"" .-~: ,----~-..;:---~:>---~p:.:;:~-':""-: .=- - . ' . 

. ,w~eks:. .:No, ~e~if'ie ~ff,~<rt&.-o.hfibsf~ateo~ldityconditions ''Yere noted;: the short 
0"'. .•••... "'. /. ..'.' 

. detectabUity . timeappear$tI)Tesui~m !deli~iencies'ifi the.;analyticalteclmiqueas 

, Liricoln~ ~nd: Dodd 11' ,wete~~;r;{)e'S,~ntigen in stai~ 101'26 weeks. .. ".~~~!; 
'. -:;:p-1:' u:_ "- ". ~ ,f ': .-: -" •• 

~~·,--·-<::c~"~~ta~~~~~ntfgen$°\1i'~i1~cr\~i~ElteoSeen 'rep9tted by Fiori10 Jo be 
:. d/:' ._< /1 " ....:~.< .' " 

detectll.ble 'iit1:~J'29-"weekS' of aging~der,~bi4!nt conditions.~ In .astudy conducted by 
.. - " .;~~.~ . . - . . . 

per~ir~t12 -M ,andN' were detectable after 39 wee1(s. It wpears ~8t the tioiUty to .~,' 

,~ . idenufy'thE$'e antfgell$ is greatly depende~l,on4.,eiproced,ure and the quality of. the 

antiseraused~Evefl:for theariUsera obtaihed fi;,m the samesupplfer, conside~able,' 
. '. . .~" .' . . "~ . . 

spe~ihcantigen. 'l'hese "c01ISidf!r~!~ns may' explain' soi1i~t)fth"e:discfepaRcie$~'iJ) J~e •• ~ . 
.';"" _ ~<~.~.::;7~'<-""· . 

':;:; 

reported d~tec:rtabiliti~s. 
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3. 
.j ',. '.... . . .: ' • " ; ':" " , ' 

Rh Antigens (Pigure4). The D.antigen was detectableB:fter 26 weekS in . 
'. , ... "',' ...... ' ..... ~,>, '.' " .. ' 

every Specimen t~t~d~ Antigen e,on the other' handJW8$ d~tectable tOl-only $out 

, two weeks. . Both]) a,R,!iedetectabilitiesap})ear to be . ind~endent otsubstrate, 
, , ' , 

IlUmidity,and temperature •.• . ,. 
~ Dete~tability of antigell C, c,and E is affect¢dbyhumidity, but not by 

.' .. ' subStrate or teQlperatui-e •. ' Upon storage of the speciIJiens at 2()% relative humidity at 

a~bi~nt laboratory temperature {23 . + "30 e)," <; was gener~y detectable at,26 weeks, 
,'" '.' ~ .-~~~' -. (j' . 

and c and E at 13 weeks. Storage at 6696 relative humidity, however, shortened 

'. .detectability time to two week$forC andE,and to betw'*i!en two a!)d four weeks for c. 
, ' , . ~ .... . 

MQistUte, therefore". has ~ ad~erse effect on the persistence of these' Rh antigens, 
, ~. ..; , 

which suggest~thatbloOdin ge~e,r8,1 should be preserved 11) a dry epvironment. Thi~ 
\ , " 

. .\', : 

conclusi9n c,onfirms the" experienc~\,of crimmalists, although no study attempting to 
I l ',verify ,this has been reported. " 
r " " ,: , , \t, ' .,. 
('; ,Antigens C, c;and D have\peen successfully typed on 26 week old stains 

,\J l ' by Li~C01n and D~~d,lr andth~~have b~~p identifiedCin;)speclmens aged from four to 

r<\,; eight week~b1' other inv~stig4tors.19~21'~ntigens Eand e have been reported to 

f;~ persist from foUr ,to six week~;11-19howeve~,failure to detect ei?venin fresh stains. 
;r6,t . '\ . . ,\ f ',' '/. IT. . b!>~we·ofpoOr quality BntisenUn "'" IIIso b!>e~r"';;~ted. 21 

)1 . 4. Kidd, Duffy, and' KeD Antigens (Figure 5). The antigens of Ute Kidd, 

iI,,' . 'b,uffy,andKensystemsare extremely difficUlt t~tyJ?e because of wetlk agglutination' 
• \' • ' j' 

?~, 

\ 

~>; " , " -, 

t';:, 

~etwee~ ttleantigens . and their antibodies. The, antibodies will. not directly 

,Sgglutinatecellq con~ing the .appropriate,' antigensbec8Uge the ,. antigell$, ~ing 

. uni~alent., lacfca .se~~c:i bindmgsite.The cells ~ust, therefore, first be sensltized 

.',' 
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with the antitiody, and then Ilggl~tination brought about by .theaddltionofCoom~ 
. . . :, "'. " . . .~~~\ : ': ''', . . .-.' ~. ," 

(antihuman globulin) serum. Often}>~o clear-cut results were obtained.Jka of Kicld 
: . . . . . . -('. .' -\\ \ \-';; . . . 

(ondenimvat both humidities), ~~~,;o~ Duffy (on ,cotton, wool, andperma ~r~~,at both 

humidities) and K of. KeUy (on~ottoJat66% humidity)wefe i~entifiedafter repeated 
. '. r \ r ,\ 

. analyses of specimens aged onew~e~~\ . pya . and K were detected i~ ~~(timens stored .. 
. '. "\ '1~:\\ \\ . . ::, ,~ 

tw~ weeks at the 20% humidity leve).,; \\, . 

Stains" on cotton, wool, per~a pre$,~ and nYloncontaini~ no Kidd" Jka a.ntigen 
. : " .. 

"':p '; '. 

" were tested for Jk,a antigtin, to determinei~;talse positives would develOp. No false 

. positives were obtained, indicating that, ;i~' genersl,substrat~lood interactions 
.' 

produce no materials tilat reactj WithJk8 antisera. 

According t.6 the literature, the detectability of Kidd, Duffy,andKell antigens 
. ~ . 

has not beensttldied in detail. It has been reported, however, that Fyacan be detected 

. atter six days and K after 19 days~ 19 

B. Erroneous AntiKenic. Test Resutls 

This study shows·thaterrone,ous tests J,"esults, either positive or negativ~t,can'be 

'obtail}ed even when using the most d~endable techrliques ,avai.lable. In sQme 

insta~ces" negative results were obtained tor, antigens detected at later times and 

shown. to persist for lo~er periominsubsequent tests (see Table '1). For example, K 

was, detected after two weeks of. incubation at 2096 humidity, but not after one week. 

At other times, positive results wer~obtained for ant~gens knowntCll',lle absent from 

. the sample '(see. Table ',8). 'Th~faiSe' negtitiv~s are' prObably.' caused"by overwashing of 
'. \'.'. II . '. .... . 

. • .. the samples.where~ ti\;, f. po$itlves may:r caused by SlImple underw~. or I1Y 

some substrate effect. Bloodstains dep6sited;·on denim, nylon, and wool produced Most 
ii, 

':"28-
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Table 7., FaIse Negative Tiest'Results 
, r 

'; 
I; 

Relative 
~ Substrate System Antigen 

i 
Weeks 

l\ 
Humidity 

,. (%) 

Denim MN '''M I -
2 66 

" ! 
" . 
Denim Rh E· 

, 
2 20 

(l . ' 
Denim \' Rh E 4 20 

Denim Rh e I, " 
1 66 

, , 

, 
Cotton ABO H 4 66 .. 

Cotton, MN N 2 66 

Cotton MN \~" 
s 2 66 

, 

Cotton Kell K 1 20 
, ", 

Wool MN s 2 20 

Wool MN s 13 20 
I, 

Wool Rh e 1 20 

Permapress MN S 
:1 

2 20 
Perma press MN 

"::', 
s 2 20 

Perms, press Rh .e 1 20 
I 

Nylon MN , s 
" 

2 66 
\ 

-29-
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. Substrate 

Denim 

t.' Denim 

Denim 

Denim 

. Denim 

Denim 

Nylon 

.Nylon 

Nylon 

Wool' 

Wool 

Wool., 

Cotton. 

"~e. . J i: , , '. 'I 

• i,~:::·$\· 
1 {. . . 
\ \ .' 

: . . ' 

Table 8. :False Positive Test ReSults ' . 

System' 

ABO 
ABO 
ABO 
MN, 

MN 

MN 

"MN 

Rh 

MN 

Rh 

Rh 

MN 

Rh 

. , 

False· 

Antigen 

.A 
B 

B 

M 

N 

S 
''''Ii , 

A 

N 

C 

N 

C'" 

E 

M 

E 

-30-

Weeks I,! 

26 

26 
-=-.,-,..<~.......,- ::-' 26 

c 

.13 
2 

2 

26 

26 

2 

.' 2 . ,", 

26 

2 

4 

2 2) 

;.:.: ' 

,,' 

Relative· 
1 ' 

Humidity 

(%) 
" 

I! 
, i , ' . , 

66 
I J 

,20 
/. 

/l- . .; ,66 

20 

66 
66 

20 

.66 

66 

20 
20 

20 

20 

20 

..') 
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of t~efalse positiVes. Denim regulal'lycame apart upon :washil1g. and the attempt to' , 
.. ,\ ,'. . .... ' ~'. '. ". . . .' : /;:;'."-'''',~ ·,,.,'t/" . .... ; 

aVQidthismay have indUCed insufficl'fnt wb.hing. Nylcin,being' a polyamide, contains 
" ..•.... ,. .'., .... /(, '!.' ..... , 

"'peptid&-like linkages (-CO· N H;"), and wool' contains theproteinaceoussubstallce 
.: ' ' . . '. ' 

keratin; both of these may conceivably resembleantig~nic sitesanQ thus interfere~ 

Difficulties. in t¥l>ing on nylon 'have been reported by de R.en at· 81. 22 
1 . Q 

. Thelarg~ nurnberof analyses Jt!~nductE!dat \'!ach aging test period precluded the 

repetition of ,many./t~sts.. In the 8,ctualpractice of s~rologic81 evidence analysis, 
: '. -/;:. . . 

,however, the importance of conducting, tests at least in triplicate, and with . proper 

controls, cannqt be overemphasized. . Reproducjbility is neces$8.i'Y if tbe results are to 

be used illCOl1rt testimonyan4if the validity of the ensuing conclusions is to go 
-

unchallellJed• 

c. ;DetectabUity of Iso enzymes . 
p 

'Tbeelectrophol'etic separationandidentiti~!ltionof isoe~ymes of AK, ADA, 

PGM, and'EAP' systems in dried blood aged under~O and66%~ r~latiV'ehumidity 

,conditions were conducted at the Human . Genetics Laboratory, University of 
. . 

l i'. ' '" ' ' , . ' . .-

California,LosAngeles. Theanruyseswere performed on the same specimehSused for 
. ..' '. . .... '. 'Ift .' . .' '. .. . . . . . 

the determinatioriof antigens. AlthOllgh the interpretation of tl\eelectraphoretic band 
• • ~ "'.. J • • • 

patterns' isslIbjective, beil)gbased on the judgment of theanalyst, tberesults may 

incJicate some effects of storage conditions. 

'0,,' 



, " . .",:.' ' .. " 
.' .. :. 

. '. , J . v \,~.:~\~~. . ", ". ..., .' . "" '..';' . . '.f-

1. AKIsoenzyme (Figure '~For ;tpe AKsystein, altl,2donorsparticipating' 
. , '. . ..... ' ..... :) .,' ,"'~c ". ,d' ' .• ,:>'..... ' . 

, .in.· the study were of phenotype .~., Th,eis9e.~~Yl!le wasJaintly,.,detectable and, 
. ".: •. ~"i~.::. '.', ". :.:\\ '~ . ."' .. W ".'. ; ~<' ,'':1' : .,.. ,: }~\. " ":' .•. : .".: 

ldentifiE.\ble at 26 weeks for bpthth~i20 aJ)'Ci'66%,relative humidity COIiditio~on~EALsix __ ,-~~~~ 
\ . . .... '. . ". ...-' . '.' , .. '., . '. , ii /. G .' .... . .' .. '. o~.:~"<~-~>---:. . . ('",:r 

substrates,. as well as f01:"thefr~en ~amples •.. At Jhe 13we~~period, th~ band p~tterns\ 
'.' : '." '. . ':. " '. . . . ". /" : . ::'" '.: .''': ,J~;,' .; :/:' ". " ....' . '. ;-- . '. ...... I' \ : 

Jwere clearly· defmedforall::;torage~oriditionS. No~~ifferehceS a.mong aging conditioml. 
:.!. 1.lf 

". ':J 

. " 
, "' 

or substrates 'were discerned 1~, _'.t.' . ; ", '. '" "" (. . " ~ . . _ ...... _'. ,:.:.'.. .. ,l./:.. ' . ' .. ;w.," 
l,i"': /, 

The activity~of AK,~ymes \yasrepori~ir:'6y W~lctt··~3 tp decr~~ej'/~·. . . 
. .' _ , , . . . '~"'" _. .... ..', ::', _, . , '" .. f·, l. . . 

sotnewhaton aging of We stain from,~5 to ~O daY~,a!-thoug~;~~3,Qdays the pattern we.s .. y/ \ . '1
1 

· ~:::~::::es::.rut:Ql:=::o:::::~::::=:e:~t:e~e;:;:~:.\\ .!. 
· et ale Blsoreported that although t~e band patterns were indiscernible, the activity' 

. ,'If' '. . .. '", .. . . ,.... . '. 1 • 

· could still be detected on six ·YEfar~lldstairis •. ' ,RothW~ll w~sable. to identify tne AK 
0, 

· isoerEymes'flfter storing the sample~,:,at -20QCfortwoyears •.... 9. 

0, 

i" . 

2.' . :, ADA lsoelEymes (Fswi1~At tl1e 26we~l1na1ysi~perio<d~onlyone~,out .' 
· '. .:..:'. -. ,:' .'. : " . "~ '. ::._::i:,'T:::'/'~' '. . .' _ . '~. "\: ~'_'."::~: ..... '" .~.<!. ," ." , 

. 91 the 14 <S'amples of the ADA ,isoe~ymes: tested (one oftwo~Samplesofpheno~f?e 1 
. ... .... . " '.. '.. , I! ... . 

. . run' .. on frozen cotton) Vl$scle$rl~: . identifiable. .. All. others .~~~ibit~d only faintly 
'.' , " ~. '.J . ..... II·,. . 

detecta"'l~ .. enzymatjc .. activity. . At i~3 weetcs, all ADA,,' u;oenZyfues were ldeiltifiable; 
, ." .'~'" (i:. 00",,_',,9'" :-- >" ',..:_ .. .' .,.' ',' : _,) .' .,' .> _. -'-0 .'. ._', . '~., :_. _ ..... __ .. ~ .' ,. __ ._ .. ' , 

however, specimeosLStoredat.high JltUinidity (66%) producedbe.tter·detined ADA band' 
. , '.,' :F ' .'. .•..... '. . 

.. ,' 

.:"';:,> 
1 i . 
1\· 

patterns than those stored at .low ~I~idity (20%). No difference in'persistencewas, .' 
, .' I '. . " 

fO\1nd>~tween p\\enotypes. 1 .. and 2-~' nor was ther~ any effect of the various fabric 
;\ '1) . .' .', . 

substra~~. . The specimens stored~ thef'reezerfaredbest,confirming that b190d 
'. '" ," ... '" ..' .' .. ' 

'. ~mples .i'J{generalshould, bepreserY~d at low temperature,' where tile, humidity,is also 
. . . . . .~'. . . - . 

if 

i6W (~eAppendix A, Table A ... 3)~ i: r 
I: 

() 
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:. .,...' .. ' ". ' ..... ' -. ··r' 
:J]he results(,)f this study, whichdndicate.that, ADAisoe,~~lJles· a.re 

J:,r' -..... ".'. .', ',,\ .,.11. ./:. ..' .~~--"-.~ 

detectable in dried bidod at 13 .but not at 2S"cweeks, are 'con§istelltwitb a22. week; 

p~rsist~~cereported 'b:fBrinkma,nn. andDirks~24 .Incontrasf,Welch 23· found that-the 

,AJ)Aisoenzymes in.blootStainson cotton~,exposed:to:'.air 8QOambienttetnperatures', 
I( 

could be identifi~dafter 15l>ut( not' after 20days~ 
:j , .. '. . . ,. . ' . ". : .. '\ . . ..... ,.,: 

. •. ..~/ 3. PGM1Isoenzyines (Figure 8),," P~rmap.r~S"£\nd Qenirn ~pea'J: to- hinder .'. 

. J th~detecti(jn. of PGMl
l a~dP(nWi2~~at ~6 .W(!~kS.~\P!:~ttP~~isoenzY'Tes. were 

',," 

1(" ' 
'1 ,. . \ 

" t .,' 

.Ii 

(I ••• 

I,' . 

." . , . 

,I~ 

II.' 

" 

\1 , - . 

detected after 13 weeks of aging,81th()ugh thebandpatterl)S were, cl~arerforthe ~'-' .' . '.' . . . . " - ',' 'c. .. . . 

~sp~clmens .stofed a.t tb:lowerlevel ot hUMiQity . (ir{6ontJ:8stto the ADA isoenzyrpes). ; 
· \\.' ,,-' . . ' • . . ';" \ 0 '" - . '; ," -

'~ \. '., ". - .. 

\'" . PGMisoei1zyme~ have been reliably· detected in dried bloOd after four' to', 
o \ '. • '... • •• ..' • 0 . .' .; ... , 

13w.eek$, 23; 257"2B''Sn,d occ8SionaUYafterfivemon~~.25"'28. . .' . ". ..:' I, '. 

',' .' , ,. , 

,4~EAP is~e.;z)m~s(Fig!!1"e9 ). . Both B'and BA isoenzymes.ot1 lite .EAP 

r"? system 'were'detected 'alter' 13 weeks of ~torage .in all caSes 'but one (8 .oncotton)~ . 
. - - --'co:.. . ' . , '", . 

Detection atter26 weeks occUrred twice(B ondellim,andBA on permapres'~,the, two 
• : ' .' ot ; 

substrates being those appeariqg, to ha\{~ ajtadver~~ff'ect.~ ~nPGM) 1mderhigh 

humidity '(6~'¥t)' storage,a.nd ;,(;n~e?nfrozel1CQttonW)~At 13 weeks •. great~f 

e~~matic activity.was cOilSisten!lY 9bserv~d, for tl1especirner age(junderthe highe~ 
'. humidity level (66%) thanfortho~st()red at the low level!(20%1 •. ' . 
., 

. In a study conducted by Bribkm8.nnet~~~ . 2~. 'a' andBA Ph~n()types were· 
. .' " ". .' - "' . ~ , i . '. , . 

· id.,nijfied. in stains up . to nine and six( ~eeks~r,;sPectively .• :~~n ·tfie.pI'~~~~~ nC).· 
_ ...2_-==---,_",'---'_ -- -.- :-".----..--=--------"-----;-:-.--"--- . -

e·signific.antdifferend~ it) the detect(lbUity;qf these tWQ, pnenotypes/' was observed, both .. , 
.. ~'" ' , ' . ,. 

· pl)enot;ype$!)eing. genei"~ydetf,!ctable' at.· 1.3 .,veeks. ..Inother· literature,. a, la~e 
I, . .' 

. \\ discrepancy ex.i!?ts .in the detectabUity of' the EAP tSoenzymes in stains. Reported time 

1/ • 

,-:;. : c ,,'..:. _ .-;:::;'" 

"-'.:-.:.:--: 
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~~=.-<'. -'I',,' ';.'<c~"'~'-'.' ,~':9 

ft1~-~~~·i~;/~·~~.~. 
. ~t· ", 

fl.> ','. _.. . . . ' ,'-o_~ \L.. ..'.... \~ . '. ": 

t;, ~"~.limits'ff)r theitJdeGtifIeation varY frOOI·~WdaYi:.~O 22 days~ 23 30 days, 3~ to eight t - ). ~, Q = 

t. . , ()l'nine~e*s~, This study h~ sbo .Jf]:bat EA2lsoenzymes 'Can b~.detected after .l~"" 
f.;;~. . .. , ... ' ........ ,.' . .... .,.'.' '. ' . . 
f' zweE!ksorstor8g¢Unde~a vsrietw' i condiijmts. , ' _ . .d,;=-~~--:-

.. '.:' "', ",~.' . ,'"",',~"'""" ~-~,~ r ,.. .. ?~. '. ~:Fu~t~~;:~C;f=th~~~dttophoretic results, in,ciUding, bahd' 
~;''';-~''~-- ".' // '.." " . ", '() ',: 

\~c~~~cterizatiOl<as are:preserrt~d In APpe~Qix A,,' 
,:5 . 

L D~Olscr1minationt>rob~bilitl " 

. > . On ~besis ~. the results of this ~inf; S;Udy an~' of tlie frequ"..J!Ci"t<lf 

; ~~cur.rence of tne ~ifferent variants" (see Appendix S, Table B-1), it is PosSifile~ 

;, 
I:=-

~~, 

e,al~ulate the discriminatl6n Pl'obebilityactiievab.l,e 'by the analyses. otthe' genetic "'~";"''''''> '". ",.. ., '~' - , 

. .. ' ;ji, 

markers persisting at ea~tlte$t per.iqa~~ . D3Scr~1riination..PtotJ~~Uity, as appUed in tbis 
?; e 

reporfisdefin~d8Sth~pt'obf,JbiUf;y tbllttworand()Jn~Qtedirl(nviQuaJs;Ylill ha.v~ -,- .~- ~ 
u : • . .':"':~: :.:4;:: . .....", . '1 . '"'. ' ,",: . - : . i,-';-': 

the 'same·.· CQml>ina'ti<Ut °ot the detectable" blood variants'include,9' in this study:' 
,.',' " i~ ",," t " • ," "'. ,~.: ", ".' ',_, ._~=._ ""-.,--~. , .~-

iYJfenevef a variant be~ome$ unrd~mtitiable, the~degtee-' ofindividUali~ation're5u1ting 
.' ,/' ': :'.. . :: .... , _: .. ',1;/ ~ _._.. ~'. .. 'c .' . '. 0"". -""": • ;.... ',._'. ,',. ",' .' • • • 

" from theblQ(l/~t«in~na1ysi~ decrt¥eS;. T~d~e~ of individqa1i:l.atio",;determine~the 
. -;-. . /,,:' . '.\ . 'i:.' .' .' - 1, 

'1 

=-'. "" .. ':' ..', ,'., , '.....' ,. .'. .:' 

~4mitt~,dl;, t~~eging~,stUdy isincom~tet~1 '$1he~ it covers'J\:.li,mited num~l'qf 
. \' '. '. 

lenetic
H

mar1cer $tQt'a~conditj(nlS,8,nalytjcfl1 techf.iques,and investigative skilJ.$. TIle 

tr~U~~($ofooc~renceot the ,It.enetic('mg'''ker~aret6?'the British populatIon (being,', (J 

\U1know~Jor.rnOst(Jr toe U .. S"p~ulatiori) ~d thus, do. not .strictlY@~lY to th~:yU.· s. 
,"' '? .' '", '. . ".... '~\ ", \\., ',' 

, . 
,N~yertb'es$~. ~~C~lati.6P ~tthe '(1i$CriJ111nati~ri:~rObabilitieS is eonsidel'~d usefuIas a . 

. gUide l!~r>oShOWiQg< the approximate ,iJegree ~fi~iVidUaU~tjOn that can. 'he obtained 

'b8sedonthedeteetabiUty ~f the.tllctor:S:.in ~~,dbl~odstain$. 
: " . '. . '.' . " ': ;:; ,~. ." "',; " '\ ' 

. ' .. :/~ ,'. 

:\ 
II 
.. ~ 
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",extent to which a, suspect~an . be excluded'{fom,:involv.~menF: in 'a ~ctir1l~,or~~ . . ' .. 
• .'":'. . ":. ':".:;" "' .:. ." .... ': '.' ". ". ..... . ,.~. .' . "'"'-t ".. ' .;. . 'V, .,' ':: •. ' ,. 

: altefnatively,·:identJtiedastHe crilninal from ,a closed group~f' SUSPl'lct~ .. l'he ,OV~J;~ 
, .'.~~ .: ... : ... _>;' '.: :'>' .... ': .. ~.;". I; .. ····, ': " .. ' , .. ' ............ ., ."'." :':~. ' " ... ' .. ··.c:", ~~~" . ~ . 

. :'. discrimination probal:,'d},ity for each aging test period IS obtab'i~d by mUltiplying 'the:!',} 
0,." , , . ',<' .: .:: '.' . ~' .. .. :. . ", ' •. ' "",~ 

o • 

~iscrirhination' probabilIties:' of' aU" t~e '. variants detectable at: that fpetio~. .<Figure .10 . . 
, ',;, .....•. ':' .• , ......... 0 . , .... :;.... " .,:~> ...... "," . < .. : .~ ..~' ,.' '., "., '..' . 
. Sh9ws~he calc~afed di.scriwination"pro~abiliti~swith time toi:<,the: hvo;)re~~tive 

.'... "'" ._. __ ,"." , .' .-.. ' ,':.. " .. ,.: ,'; . . ,,:'0 '\ ,'" ," . v. "_,'. ' .:_'. '. .j" :: . .'.' '. ' • .- " 

humidity conditions •.. The method of cal~plation and the discriminationprobabili,ti,~s of·,> 
': . :'.: '.' ~ .' , '. . ,!\:. ,- " :': ..... .' '\', , '. ":.''' , t. '. . ,:. . ,;,. • ". ' ~-'~ ,.~,.; .• 

. individual systems for the different test periods. are~ presented ill Appendix B.' : . 
.' '.'. . '.". .•.. :, "', " ...... 'l 

A'. discFimination' prob~bilityof ·one. out of approximat~ly2~5Diris.' possibl~ . after . ,u . " " , . . . ... '. ., '.-
, ' . . . : 

one .. week of storage under .both 20 and 66% relative humidityconCUUol18; i.e., out of ., , 

2500 peopl~, two are expected to have the same combinationol the variantsirlcluded 
. . {.' 

. in this study. Since'mo~~ serological evidence reaches the localctime labor~t~ries . 
, . . '. \ .' . '. . . .' 

., i within one week, this vtdueappIiesin many cases.1 '. At 26 weeks, however, . the ' 
• . ' .'., '. ~. '1

i
' • 

values i1ar.e one in 65 and one' in 28 foraging under low and high moisture levels, 
'.' ... 

respectively. Thus, tne degree of. individualization decreases rapidly with increasing"" .', 
, . . . ' . .- .. ",. 

age of dried blood, especially when exposed to a humid environment.·, 

'0 Development of more sensitiveanal~js tech~ques may extend the detectat>ility 
.~. . ~. , 

. times of the genetic markers and thereby enhance the degree of individlJalization of 

dried blood upon agiilg. Moreover, to achieve still . greater <iiscrimmatio.n of· 

. bloodstains~ analysis~f additional genetic markers~an be' perfQrmed. Among tbe 
" 
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<sYstems greatly enhancingdjscrimmation proo.~bility(because of Uleir,'tavorable" 
: ," ,~) '. :. ' .. '. ,'_ ,'" . J,', ",_, :'", . , '. ',' . , ',/,,,,,'0 .; 

, ,frequency distribution intl1epopula~iol'l)' "arethegam'ma globulin (GDl) and hurnan "'" 'J 

. . l~l!l;oCyte I1iItigens, loel A. S, I1iId& (HLA A, ii, or ~) *lllltlgens; u:e~gbJt8m~t... . .'\! 
,HI "', 
i" ( 'pyruva~e trl,lnsaJTlin~e (GPT,Wso'known, ,tlSalanjneal1}i~~~r~ns~~t~) irtenzymes, and "\ 

thegr,Oup,specifiCCOl1lponen~ (Ge) andhaptQglobin(~P)!POI:V11l0'hic~serum proteins. 

Methods ofgrQupirig, 1,hes'e systems in b}oodstains, ,though avail!~le, haVEt not been' 

routinely carried Qut in U. S~;crim~'1a~rat()ri~S~ ", ,;; 1 

, ~ \, Additional ,systems, 'having less, tavorable(lfrequeiJ,cies of QccurrenCe, include 
/;7-'" ", , ,':, 

(\".,m,·ogIObin(Hb) •• gJU~h,oSphat~,dehYQrog,,' e,.',' nase (G:,PD), ',,;~,-P, hO, SPh, ag,' lucpnate 

"""J;dehydrogenase (SPGD), e$tersse D (EsD),and ,pseudochobnestei',8Se(PC~). Use of ' I 

J'''' ". ' 
'Y/t~;ese systems by /"U. S. cri.mirialists is rare bee,aose the analytical technique5sre , 

compl~x and validity ot the, resultsdsuncertB.jn.lmproved tecbniq\les, and additional 

studies on the persiStence of these genetic markers are therefore dJir~ble. 

• 

, I 
; \ . 
. 1,. 

; 

TI\e Aer~aceCorpor&tion sponsored Ll persistence. study ,at "th~D~tme~t of 

Surgery, University of Cali.fornia,Los Aoget~s, Which showed that HlIAloeiAl, 1\3, 

A9, and locus B7persistat least one mc;mth. The preliminary study ,also demonstrated 

tbefeasibilityof the appli~ationofthe liLAsystein to the ii1~~vidUalizatioll of blood 

, evid~nce in the law enforcement field. A report, '*Identification of Dried Human Blood 

,Samples by, HLA Antigens," M. Tagasugi, D. Akita, and P. t. Terasaki, was presented at 

the 43rd Sem~annU81Seminar of TheCiUitornia Associat50n of Criminalists in Long 

Beach, California,S-ll May 1914. '-' 

1Ioj' • 

" 
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Limitations~ ,",' 

o '>~:-, .. ~ The, infor'mation in this ,report will be usefulto theforensic$Crologist, who must 

decide ,for each bloodstain problem the genetic marl<~,rs to test. However, emphasis 

must be'placed.on the limitations of tbisstudy. It isintencied asa beginning, as.a 

" starting point for fut~rere£t!arch.lt covers a limited number of genetic markers and 
. .., . 

marker systems,agingconditions, analytical techniques,ahd investigative skills. 

M.oreover, the tests\yereconducted on clean specimens free of,. impurities. .It is 

realized thflt in a.ctual practic;e serologi<:alevidence preserVed under known and 

constant conditions is rare, and the specimens may be contaminated with impurities 
~-~,-;: , 

such as perspiration, urine, soil, and bacteria. These factors limit t,he application·' of 

the results of the study. Nevertheless, this is the first comprehensive study of genetic ' 

marker detectability to int!lude the storage factors of ~ubstrate and humidity. 

",;'-



CHAPTER IV. CONCLU&IONS 

This effort is the firsfcoml)rehensiv~ study of tile detectability of selected 

genetic markers (15 antigens and 8 isoenzymes) that also takesintoaccQunt the history 

of serological evidence (including the factors of age, substrate, humidity, light, and 

temperature). The results shoUld be of direct translatable benefit to all crime 

labora.tories that perform bloodstain analyses. With some knOWledge of the h~tory of 

a bloodstain, thecl'iminalist can now determine the reasonableness of performing 

certain analyses {see Figures 2 through 9}. For example" on a bloodstain three months 

old, to perform an analysis for the eantigen of the Rh system may be unreasonable. 

(see Figlire 4); testing for the PGM isoenzymes 1, 2-1, and 2; however, could be done 

with confidence (see Figure 8). 

rhestudyconfirmed literatl,lre reports that there are large differences in the 

detectability of different genetic markers in dried blood. For the v.ariants inVestigated 

on various SUbstrates, the aging time at wbich detection was successful ranged from 

zero to 26 weeks. 

Geneti<~ markers tested in this study include many more than were routinely 

tested in U .. 8. crime laboratories at the time the project was initiated (June 1974)~1 . . . 

Additionally, investigation' of these markers yields discrimination probabilities 

considerably greater than are commonly obtained by current, routine bloodstain 

analysis. 

) " 
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With the development of more sensitive analyslls techniques, it may b~possible to 

extend the time limits for genetic marker detect~~bility in older dried blood. Such 

techniques will be especially beneficial to crilne laboratories in cases where 

'ser9logical evidence is obtained some time after the:commissionofthe crjme. 

It is stro~lyrecommended that similar persisltencestudies be undertaken for all 

'. other genetic marker systems that offer good discrimination probabilities. 
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APPENDIXA,~ l$Oini~YME ANALYSi~ 
- -- '.~' . 

-.;1-- ' 
'. CO 

, :." '.' - -' 
. ' .' 

.. 'llh~' results. of electrq;horetic.separation andid~~tificatiofiof AK"ADA, PGM, 
,: ..... -- .' .',. ~," '.' " " '. '. ,.., . , '..:1':' . 

8Ild EAP,iSoerrl;ymes in dried' blood aged Uhder20~d6696 re~ti~ehuiniditi~ at 
. " .. ". .... . . . .. ,.' . '.' .. ~, . ',<1 r " .' ,,' 
, aqlbient tergperature, andaJ,sQ for tlies.Pecimens stored at -2ft'C, are, summltrized in 

.' ,: ,." '. -.... 'i . 
'. , '. 

() " , .. 

,Table, A-t. Thefracti()nalv81uesrepresenttbenumbef'~of Specimens identi.f~bleover • 
("j 

'the, total .nunlberanalyzed., A.K and PGM isoemyrnes,llersiSted ·26 week~ an~ 
, "'. "/1 .".... ,'" . '. .< 

·eonaequentlY1 are morEtstable'.than the. ADA. and/EAPisoenzymes~ which.t>ersisted.only 

13 "weeks.', NOdifferences·jn isoenzyme.persistence Were found.for.theenzymesYSteIIi$ 

tested·, 

, The band patterns ,were c~tegorizedas follows: , 0, no detectable e~y~atic 

activity; 1, ·f&ir~-a;t~ctabr~, but not identifiable; 2, faintly deteetaple and 

identifiablei3, identifiable; and 4\, clearly identifiable. These readings~ tQgether with' 
'. ,', " 

tile subs,trates' and phenotypes, are given in Tables A..,2 through A-5. AU the AKand 

the majority of the PGM analyses of SPecimens stored for 26 weeksyielded'identifiable 'I 

band, patterns.' The 13~weekreading values' for the PGMsystemreflect·~le~r.er band 

patterns ft)r specimens exposed to the lower humidity. In contrast, exposure to the 

higber humidity appears·.to be beneficial ,for ~epreServation,of ADA and, 'EAp 

. isoe .. ymes (Tables A-3 and A-5, readi~ values at 13 weeks). The persistences,ot the 

.isoem:ymes stored at -20°0 were generally better than those oftheisoenzymess,t~red 

at room temperature under eitherre1ative humidity level. No signifioant differences 
I)' " ' in persistence resulting from subStrate effect were evident. 
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Table A..,Z •. DetectabUity ofAKIsoen,zymel3,in Dried Blood 

Substrate Donor Pheno-
roNo. type 

Stain Age (weeks)!Relative Humidity (2.0atld 66%) , 

.4 13 26 

Low ·High Low,· High Low High 

til 1'-1 
VITI ,1-1 

4 4 4 4 2. '2 
4 4 4 4 2 2 Glass ~, 

I 1, .. 1 
VIr 1-1 

4 4 4" 4 2 2. 
4 4 4 4 2 2, 

Cottqn 

X 1 .. 1 
XI 1-1 

4 4 4 4 2 Z 
4 4 4 4 2 2. 

Nyldn 

IV 1.1 
XII 1.-1 

4 4 4 4 2. 2. ;:\ 

4 4 4 4 2 2 
Wool 

VI 1-1 4 4 4 4 2. 2. 
:::X 1-1 4 4 4 4 2- 2. 

II 1-1 
V 1 ... 1 

4 4 4 4 2. Z 
" 

4 4 4, 4 2. 2. 
0 Denim 

I 1.-1 
VlI 1-~ 

4 4 2. 
4 4 2. 

Cotton (Fl"~zen) 
(-:-.;;. 

o No det~cte;b!e, enzymatic activity ~ 
II 

t 

1 FaiiItly detectable but not Hentifiable 

2. Faintly ~ete'ctable' iirid identifiable 

3 Identifi~ble' 

4 Cl~ar1y identifiable . /' 
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TablEf A; .. 3 •. Detectabilityo£ ADA Isoenzymes in.Dried Blood 

------..;,......--.~ ....... -:..,..-"--.-~ ......... "--..-....... ----~.;.;.....----------~----'--'.,-........... -----.... 

" 

Substrate 

Gl~ss 

Cottqn 

Nylon 

Wool 

Parma Press 

Denim 

Cotton (Fro~@.nl 

DOllor 
·10 No. 

'In 
YIn 

,·1 
VII 

X 
XI 

IV 
XU 

VI 
IX 

II 
V 

I 
vn 1 

Pheno­
type 

1 .. 1 
1~1 

1-1 
1-1 

1~1 
1-1 

" 4-1 
l...cl 

1..;1 
1-1 

2-1 
2-1 

1-1 
1,.1 

o No detectable enzymatic activity. 

1 .Faintly detectable . but not identifiable. 

2 Faintly detectable and identifiable. 

Stain Age (we.eks)/Relative Humidity (20 and 660/0) 
- . 

4 13 26 
Low High Low High Low High 

4 4 .3 4 1 1-
4 4 3 4. t 1 

4 4 3 4 1 1 
4 4 3 4 1 1 

4 4 3 4 1 1 
1 4 3 4 1 1 

4 4 3 4 1 1. 
4 4 .3 4 1. 1. 

4 4 3 4 1 1 
2 4 3 4 1 1 

4 3 3 4 1 1 
4 4 3 4 1 1 

4 3 4 
4 4 1 

~ _______________ ~~_/JZ 3 Id,entifia.ble. 

4 Clearly identifiable. 

. , .' 

·:k .. :':~ '''d..- ~r . ,~.= .'. ". J .... ,,.... • ..)l~,~ ...J._ ........ , .. """ .. '.,.",J...k .. > 1'40''''';':';' .,' ...:l<; ....... ~U,,.\)l<.~.~.:#-H~\'tl~~;.i. ''-' ,J~, ,'.. < ,;,,..' ¥::'1# 'IU!{;',. 
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Tabl~ . A;'4. betectability of PGM Isoenzymes in Dried Blood 
:; 

Substrate Donor Pheno-
tPNo. type' 

Glass III 1-1 
Vln 1.1 

Cotton I 2-2 
VII 1-1 

X 1. 1 
Nylon XII 1-1 

Wool IV 2-1 
XII 1",,1 

VI 2-1 Perma Fress IX 1-1 

Den.it<i'l· II 1-1 
V 2-1 

. Cotto.n (Frozen) I 2-2 
VII 1.1 

o No d,etectable e~.~ymatic aCtivity. 

1 Faintly detectable bl:1t llot identifiable. 

2 . Faintly detectable and identifiable. 

3 Identifiable. 

4 Clearly identifiable. 

Stain Age (weeks)/Relative H1,lmidity (20 and 66%) 

4 13 26 

Low High Low High Low High 

4 4 3 2 3 2 
4 4 3. 2 3 3 

4 3 2 2 0 0 
4 3 3 2 3 2 

4 4 3 '. 2 3 2 
4 4 3 2 3 2 

4 4 3 2 3 2 
4 3 3 2 3 3 

1 4 3 2 3 0 
3 4 3 2 0 0 

3 4 3 2 2 0 
:3 4 3 2 0 0 

3 4 2 
4 4 4 
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Table A-"S.;Detec'f;abilityofEAl? lsoenzymesin Dried Blo.od 

Stain Age (wee,k.s)!Relative Humidity{20 and 66o/c.) 

Do.nor 'Pheno 2 4 I: 13 26 Substrate ID No.. type Low Bigll Low High Lm.v "Fiigh Low High 

Glass ill :a 3 4 S 4 0 0 
VIII B 3 4 3 3 3 3 0 0 

I 13 3 4 4 4 0 0 0 0 
Cotton VII BJ\ :3 4 3 4 3 4 0 0 

X B 3 4 4 4 3 4 0 0 Nylc.n 
.. 

XI BA 3 4 4 4 3 4 0 0 
} 

1 0 ... 'l IV B 4 4 4 4 3 4 
WC.o.l XII BA 3 4 4 4 3 4. 1 0' 

Perma l?ress 
VI BA 3 4 0 4 3 4 t 2 . I 
IX B t 4 2. 4 3 4 1 0 .Qi ... ( I 

4 II BA .3 4 4 3 4 0 0 
Denim V B 3 4 4 4 3 -4 0 2 

C o.tto.n . (Frozen) I B ~~' 3 3 3 
VII 'SA :1 3 4 t 

0 No. detectable enz.ymatic activity". 
~ '; 

1 Faintly detectable but not identifiable. 

Z Faintly detectable and identifiable 

3 Identifiable. 

4 Clearly identifiable. 
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\.A;PPENDlX B •. CALCULATIO:N OF DISCRIMINATION PROBABILITIES: 

The dis~rirnination probability, ii.e., . the probability thattworandomly sel,e.ct~d . ,.' 
. I 

. individuals wiUhave the same com~~ination' of th~geneti~ mark~rsincluded in this 
• . ", . 0'" '.' l \ • ("" . 

.., .. ' . . .. " '. . . . .' :. '. ", ,- '\ " . "."'. . . .' . 

study, was calculated fOf the variants identified at eachv~gingtest period. For .each 

genetic marker syst~m, the value was obtained by summation of the squares of its 

phenotypic frequencies of occurrenc!e.(seeTable B-1).', The overall.discrimination 

.' probability was obtained bYmUltiplyi~lg the values available for each system .. 

Table 8-1 presents the discrim~natiQn probabilities achievable by the analyses of 
\; 

the variants that were detectable a1~ each aging test period. In the MN system, for 

.instance, M, N, S, and s antigens:could be typed up to four weeks, yielding a 

discrimination probB;bility of 0.163;. l'hisvalue increases to 0.309 at 13 weeks because 

.. of the failure to type s~ which makes! ,the sand 5s phenoty~s indistinguishable. Larger 

numbers represent lowe,r degrees or Uldividualization. 

Sample qalcuiationsfor the MN'system (see Figure 3) are given in Table B-2. 
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RClla~v4i It.um1<lity . 
'ABO\:&) ~~(b) Rh(a} l\~ddtQ), D\lf!ytb~ . ~ell{b} A! .. ,td . AI;!Atc ) 'PGMtc:l' ElU'(cl 

Discrim'
4 

1/Dificrim. 
S.toragc Time' Pl'ob. ;'<1Q Prob. 

(weel<B) . , 

Low {lO"} 

'1; '. 0,3'10 O. i6l o.Ui O.Hl 0~5sa 0 .• 8.16: O.S}6 U.s.fa Q.4'lQ n.n9 4 .' 2S0.0 

2 0';~9f> . 0,163 a.au ~ · O.~U6 a.936 a"IHS 0.470 <l,:n9 1a 83() 

.. n;19(, Q'~ 103 n, Z.U~ ~ ~ · 0.836 O,S~S 0.41a O,32.<} 15· 610 

II ()~396 O .. lG9: (I.wi.. · · ~ 0: 8.3i! 0.8t~ 0,410 a.3~~ 28 360 

U. O.3'!6 O.)O<) G.);! .. · · · a.S3i. •. 0,47..0 . 156. 6S 
" 

Hip 16o"~ 

1 0.l96 O.l63 0.211 '. 0.644 0.S;2 0.836- (kSl6 O,8i8 ~.41n Q.n9 '* 2500. 

2 0.396 O.t63 O. atl · - Q 0.&36. a.S.U} 0.470 0.32,<} 14 69Q 

'" 
0.196 Ihl63 0,.'745 · · · .0.811> Q~818 O.47() O,3Z9 51 .~O 

·n -G. l<) 6 . 0.309 G.74; · · .. b.g)6 0.818 0.470 0,32.9 96 104 

a6- 0.396 0.309 O.H~ .. · · (1.83,6 . G. -1.10 . . HS as 
.' 

("JF!'tIqu~ncy data CQUf.\d in R. R. 1.\ace,at\'! a.s~lIlte~. 'il~to<ld Gro;lps inMan." Oxfol'tt arul ,E;.~tnb\,ll'~h •. Bla.ckwe·1t Scientific PUbUcatlOolls (19&8) •. 

(b),f't:o;iq\lcu'q'..a.~ (oulld m:.P. D. lnitt. ··A~pllll!d.lnaoc101'o\lp Serl1l~gy." S~c:t.r'" B!ologlc",ls,. Dlvbion of aec:\ttol\~Dtcldnson( and q" (t912.) • 

. (';),f'l'equenc;Y data (qullllin R. L. WUltaq\s. u,f'oronalc Scleiv:e ~ th." Prelllent." Anslyttl:~l Chembtry. Vo!:·,. '\5, 1971,\ PI'- t016.tUS9A. 

" jI 
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1:'able. B .. 2..· Sample Disc.riminatipn:F:~obability CalcUI;l,tiona . 

. ,.,. 

, . '. Ph~notype' . Frequency'. (F+eCJuencylZ ·.Frequency (Frequ~n~y}2.· 

, '. 
" 

'MS 

MSs 

Mis 

MNs 

MNSs' 

MNs 

NS 

NSs 

Ns 

0.06 

0.14 

0.08 

0.04 

0 .. 2.4 

0.22 

0.01 

0.06 

0.15 

0.0036 

0.0196 

().;O064 

0.0016 

0 .. 0576 

O~O484 

O.OOOJ. 

o~OO36 

0.0225 

To.ta1: O .. 1~4 

(l.O6 

J o.aa 1 •.. J 0,.0484 

0.04 "0 .. 0016 

l 0.46. 
l .' .' .' 

f O.2.116 
.' 1 .' . 

0.01 0.0001 
.' r . 

1.021 j . ": ., J 0.044' 

To.tal: Oe.3094 



~ . 

, 
t 
j 

k 

~" 
··r. 

\\ 
\' 

, !l 

o 

'. . ,;/ 

. QJ,ijSSARY 

AJJ$ORPTION.Rento'laI or,antibodiesfro~senunbY 8QsQrpti.on on red cells bearing 

' .. the. apprOPriatean6genre¢£Ptor~ite$. 
'':"> . 

AGAR. ,~~ swff,lrie acldester or :acomplexgalilctbse polysaccharide obtained from 
. .. . 

. . . 

. sea\fee.d . Employed as ~lPPQrt medium- and gel aneU!ctr~horesis. 

AGGLutJti'ATIO.N..Th~clumping orred cellS by an a~tibody (agglutinin). 

ALBUi'tltNS. '. Protein ~nstitutentS in blood serum. 

ALLllLR (aUeloMogph). One of two or mor:e alternative forms ()f a gene occupying the .. 
(. 

$lime .1oc~ . ,on bo"ologous. chrornosomes. . Tbe e.'Cpressedcharacter of allelic 
, •. "\1 .. . •..• . 

'I " ~ . 

~nes areantilhetiJkJ, became. theY afe neVer (normallylinherited together from 

asingleparent<c 

IA:NTmQDY"Anit'llmuneglobWili moleeule witll$p~cf(ic rec:eptorsites. formed in 
, 

f 
'l . 

... / i"~~to an:anUgenic stimulus~, The tetqtis usually used collecliv.ely -tC.l re~rr 
\ 

: .:'/ 

to, nr,plecules with sirnilar speeU'iCitywithirtase~m specimen. 

ANllGSti. any~bstance tlUlt ettn stl~uJate neutr~;;~~a~~ production when' 
.' , . - '~, 

" 
The tndividuaI site on the antigen molecule thaf 

cambmea witha,,~ci(ieantibody .. 

ANT$-StiUM .. · l}lood~~tn in which ther~ a.resp(!ciffe anti~ies. 
. . .. : . . . . 

BUPP£llt.AIl)'~,..nceor e.helnical «lmpoulld tbat"tends to keep pH constant when 

s.cid$or·~$·are added 
I . 

\1 

, 'Ii 
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~~, 1-~ ,'-, ,-,-' ,~" ""'i"!'"' ---__ .,.......,...,.....,.,...--.--~___,.~ 
,! ' 

.ELECTROPHOn,ESIS. ',A technique for the separation of' l1lolectiJ.~ . through their 
, 

migration on a support medium under the infltieJ. e of an electric potential., 
. '. . 

'9" . ENZy&tE~' A proteillsubstance produced by Uvingt!ells capable of speeding up specific 

~ \ / . 

" ' 

"chemical transformations, such as hydrolysis, oxidation., orreCluction, but is· 

unaltered itself in the process; a biological catalyst. . 

ERY'I'HROCYTE.' lted blood cell. 

FORENSIC SEROLOGY • Applying methods ofphysi<;>logical fluid differentfu.tionin " 

criminalisticsc 

FREQUENCY OF OCCURRENCE. The percentage of occt.lrre'nc~ of a genetic factor 

in a population. 

GENETIC MARKER. A readily recognizable gene product that can be used in family 

and population studies. 

GENETICS. The branch of biology dealing with heredity and variation in anim'aiand 

plant species. 

GEN OTYPE.,A.n entire set of genes in a particular system thought to be present in an" 

inclividualfrom the results of the typing tests. 

HEM AGGLUTINABILITY. 'Ability of red blood cells to agglutinate. 

HETEROZYGOUS. Having two different allelic genes on the two corre;ponding IMior ., 
, 
a pair of chromosomes. If diff~rent alleles are present on th~two chromosomes, 

the cell is said' to' be heter~ygolf.s for that gene. 
~ 

HOMOZYGOUS. The presence Qf two apparently identical alleles at a given locus fm 

paired (homologous) chroJ1l1osomes. 

IMMUNOLOGICAL ANALYSES. Analyses of antifiens by their re.a.ction with antisera. 
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INCOMPLETE ANTl1BOIJY. An antibody that does not react visibly with red cellS that 

contain corre$ponding antigen. Other terms forsu.eh antibodies are; late 

antibodies, bl<»cking antibodies,glutinoidstglutinins. albumi\~antibOdies, and 
'. ' 

. hyperimmune~~ntioodies. 

ISOENZYMES (tsozy:mesh Multiple molecular f()r~s of an enzyme in a single species. 

plI.1'he neg~tivelogarithm of the hydrQgen ion concentration in solution; a measure 

of solution acidity Qr basicity. 

PHENOTYPE. Thle measurable characteristics of an organism that reflect the 

gellotype in cooperation with the environment. 

POLYMORPHS,. Genetically determined alternative forms of enzymes and proteins. 

RELA,TIVE HUMIDITY. The ratio of the amount of water vapor in the air to the 

amount that would saturate it at the same tempera.ture. 

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

the blood wlnen a. clot is formed. 

STARCH GEL. An electrophoresis medium. 

SUBSTRATE. The support mer.1ium upon which electrophoresis is run, 01' material on 

which blood was deposited. 

TITER (ANTtS1BRUM).The effective strength or concentration of antibody in an anti-

serum. 
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