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e EXECUTIVE SUMMARY 

The significance and usefulness of genetic markers to type blood 

can only be determined based on a knowledge of the frequen.cy distribution 

of the genetic markers. The objectives of this study were to collect 

sufficient blood group frequency distribution data to determine whether 

variations exist: (1) among racial populations in the United States, 

(2) among geographic regions in the United States, and (3) between United 

States and Britis;h Caucasian populations. Originally, four representative 

areas--New York City, Miami, Detroit, and California--were selected as 

subject areas with the expectation that they would provide a combined total 

sample size of 12.,700 individuals. However, unforeseen circumstances 

caused a substantial reduction in the sample size as well as in number of 

areas represented. Even with the contribution of unanticipated data, a 

sample consisting of only 2871 individuals was finally obtained. The 

consequences of the se were reduc;;ions in the sensitivity with which 

phenotypic differences in populations could be determined and in the 

accuracy of the statistical analyse s of the data. In spite of these limita

tions, the study still endeavored to carry out the objectives, albeit with a 

doubling of the statistical error in the results. 

The institutions that contributed frequency distribution data to this 

study were Michiga"l State Pc;>lice Crime Laboratory, Northville, Detroit; 

Dade County Department of Public Safety Crime Laboratory, Miami; Los 

Angeles County Sheriff's Department Crime Laboratory; University of 

California at Berkeley, Forensic Science Group; and The Aerospace 

Corporation. The sampling bases for the first two laboratories were 
" 

essentially blood bank populations--blood donors. For the data, 

samplings were obtr:lined from specific proportions of ethnic subpopulations 

of Orientals, Caucasians, Blacks, and Hispanics !30 that statistically valid 
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phenotypic frequencies as a function of ethnic groups could be derived. The 

sampling basis for the third laboratory was a forensic population--the set 

of all people, either suspects or victims, directly involved in a criminal 

investigation. The last two institutions sampled another type of ~:estricted 

population- -volunteers. 

The specific information encoded onto stundardized data sheets 

comple; r.i for each sample included: contributing laboratory, analysis date, 

gender, ethnic origin, birth place, names of persons completing the sheet 

and entering the data on the computer, and the results of blood phenotyping 

for three antigenic and eight or more enzyme/protein genetic marker syste~s .. 

The antigenic systems tested for were the ABO (including ~ubtypes of A), 

MNSs, and Rh groups; the enzyme/protein polymorphic systems tested for 

were adenosine deaminase (ADA), adenylate kinase (AK), erythrocyte acid 

phosphatase (EAP), esterase-D (EsD), glucose-6-phosphate dehydrogenase 

(G-6-PD), group-specific component (Gc), haptoglobin (Hp), and phosphoglu

comutase-locus one (PGM
I
). In some case s, additional enzy'me/protein 

systems were te sted: carbonic anhydrase -locus II (CA II), peptidase-A 

(Pep-A), and 6-phosphogluconate dehydrogenase (6- PGD). All of the 

samples were analyzed in the form of wet blood or "fresh" bloodstains. The 

methods used to analyze blood samples consisted of conventional hemagglu

tination or electrophoreses. In a few cases, a number of laboratories 

contributing the data did not perform the actual 'analyses themselves, 

especially for the ABO and MNSs antigens, but relied on the typing results 

of blood ba.nks. 

During the course of collecting blood phenotype frequencies from 

analyzed blood samples, an effort was made to check and control sources of 

errors. Errors in analyzing blood samples were checked by a referee 

laboratory and by exchanging samples between laboratories. Errors in 

transcribing the phenotypes from the laboratory notebooks into the computer 
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(there were two modes of data entry- -interact i ve rem;')te and keypunching) 

were checked by comparison of the notebook and entered values for 10 cases 

selected at random for each contributing laboratory. Discrepancies 

encountered were counted and corrected. An approximation for P, the 

probability of the average phenotype entry being erroneous, was calculated 

as being within the domain of 5.7 x 10 -4 to 3.6 x 10- 3. These figures imply 

that errors due to transcription ar~ negligible for all practical purposes. 

Various statistical analyses were performed on the blood phenotype 

frequency data that we.re collected. The first statistical analysis was 

carried out to determin,e the homogeneity of phenotypic frequency over 

ethnicity while maintaining geographic location and sex constant. (Te sts 

for significance were based on the Pearson chi square and Fisher Exact 

criteria.) As could be expected, phenotypic frequencies are not homo

geneous but vary significantly from one ethnic group to another. The second 

e statistical analysis was carried out (using the likelihood ratio chi square 

and Pearson chi square tests, to test whether the factors of sex, genetic 

marker, and geographic location are independent while maintaining 

ethnicity constant. The results show that for most genetic markers among 

Caucasians and Blacks, these factors cannot be considered to be independent. 

This m.eans, for example, that the probability of being male, blood type A, 

in Detroit is not simply the product of the probabilities of being male times 

that of being blood type A, times that of being in Detroit, for either a 

Caucasian or Black. 

In view of these results, the third statistical analysis was conducted 

to determine which of the interactions (i. e., between sex and genetic 

marker, sex and geographic location and genetic marker and geo-

graphic location) was significant. It was found (using likelihood ratio 

chi square and Pearson chi square statistics) that there is no 

interaction between sex and geographic location and between sex and 
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genetic marker:. except for the genetic marker, G-b-PD, which is 

already known to correlate with sex. Under the assumption that sex and 

geographic location and sex and genetic marker do not interact (i. e., are 

independent), the interaction between genetic marker and geographic loca

tion was tested (using the likelihood ratio chi square and Pearson chi square 

tests). It was found that with few exceptions, there is some interacti.on 

betvl'een genetic marker and geographic location. This implies that 

phenotypic frequencies are affected by geographic location and signifies 

that it is inappropriate to take the phenotypic frequencies for a given area 

and apply' them to a different area. 

Because of the surprising and unexpected nature of this result and 

its discomforting impact on forensic serology, two attempts were made to 

verify it. One involved a further statistical analysis and a second involved 

purely phenotypic frequency data comparisons for different cities without 

statistical analysis; both tend to confirm this l·esult. 

In conclusion, there are variations in phenotypic frequency dis

tributions of blood groups: (1) among racial populations in the United States, 

(2) among different geographic regions in the United states, and (3) between 

United States and British Caucasian populations. However, these conclu

sions are only tentative, and. they must be qualified as such because the 

inadequacy of the sample size precludes a positive statement as to whether 

these variations can be regarded as signif:i.cant. The nature of these results 

would suggest that a more detailed study involving a greatly expanded 

sample set is urgently needed. 
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INTRODUCTION 

A. OBJECTIVES 

1. Background 

The abUity to connect a hloodst().in at a crime sc:~::ne with either a 

Sllspect or a victim is of immense value in criminal investigation. In 

principle, it is possible to identify a bloodstain as originatin5 from a 

specific i.ndividual from the entire world population on the basis of existing 

genetic rnarker systems. A genetic marker system is a set of mutually 

exclusive characteristi(~'J, known as phenotypes, of which only one is 

inherited and expressed by an individual. There are two types of gE:netic 

marker systems: (1) antigenic and (2) isoenzyme or enzyme/protein poly

rnol'phic systems. To use genetic Inarkers to their fullest extent for pur

poses of criminal inve'Jtigation requires that the frequency-of-occurI'ence 

(or genetic population) data on each analyzed pheno~ype be known. In 

e January 1973, The A('rospace Corporation in support of the National Institute 

of Law Enforcement and Criminal Justice (NILECJ) of the Law Enforcement 

A 8 8i stance Administration (LEAA) initiated a computerizBd data file i.or 

collecting and compiling frequency-of-occurrence data on genetic markers 

as a function of ethnic and geographic origin. The file includes data from 

crim.e laboratory casework analyses and data procured under subcontracts 

with crime laboratories located in designated cities. The file is intended 

to be a continuing program to which crime laboratories~ blood banks, and 

population geneticists can add new data as obtained and I'etrieve sta.tistical 

information as need~d. 

2. Purpose 

The purpose of this study was to obtain sufficient genetic marker 

distribution frequencies, from geographic regions, that were representa

ti ve of thf'l country's population sectors, in order to evaluate the degree of 

1- ] 

I 



consistency of these data: (1) among the United State s racial populations, 

(2) among var ious regions in the United States, and (3) between United State s 

Caucasian and British Caucasian populations. The ba.sic concept was to test 

the validity of the assumption that frequency-of-occurrence data derived 

from other geographic regions (or populations) are applicable to the geo

graphic i'egiotl (or population) at hand. Faced with a lack of frequency-of

occurrence data on phenotypic distributions ill the United States, criminalists. 

have routinely taken Cullifcrd's datal from Britain and ap'plied them here, 

presuming that the populations are equivalent. S-acondly, a very limited 

'lUmber of criIne laboratories within the United States are beginning to 

collect thei::." own frequency-of~ occurrence data, and crime laboratories 

elsewhere, which do not possess the resources to collect such data, are 

taking these data and applying them to their own jurisdictions under the same 

presumption. The need for this study is quite apparent considering the widely 

varying nature of the racial rnix within the United State s. 

3. Limitatiorls 

At the onset of this study, representative ar~as of the United States 

were selected to be sampled for frequency-of-occurrence data: New York 

City, Miami, and Detroit. California, a major population center, was 

intentionally omitted from this study because Dr .• Benjamin Grunbaum had 

l'E'ceived a grant from that. State's criminal justice planning agency to under

take a frequency-of-occurrence data collection study fo!' the State and had 

offered to cooperate by providing the California data to Aerospace. 

Based on a stati~tical analysis, it was concluded that a sample size of 

12, 700 individuals including the California data, was th~ minimum total size 

that would provide statistically acceptable frequency-of-occurrence data. The 

planned sample sizes were: New York City--1200 in,dividuals; Miami--900; and 
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Detroit- -600. The California frequency-of-occurrence data sampling of 

10,000 individuals was expected to increase the total size to 12,700. How

evel', as the program progressed, collection of frequency-of-occurrence 

data in the New York area was not carried out because of budgetary limita

tions and the high cost proposed for this study. In addition, Aerospace did 

not receive any of the frequency-of-occurrence data collected in Dr. Grun

bal'rn'a study. Consequent1~, only a substantially reduced sample size and 

reduced number. of areas were possible. Even with frequency-of-occurrence 

data contributed by institutions (Los Ange1e s County Sheriff's Crime 

Laboratory) not originally anticipated, a sample size total of only 2871 

individuals was achieved, one-fpurth of the expected sample. Because the 

reduction in sample size introduced a doubling of the statistical error in the 

results, the conclusions based on this sample size must be qualified as 

tentative and interpreted with caution. 

B. POPULATIONS 

The definition of a typical population used for this study presented 

an unexpected problem. Within the jurisdiction of any crime laboratory is a 

p0pulation represented by many ethnic mixes. For example, Lo~ Angeles 

County (excluding Los Angeles City and Long Beach, both not served by the 

Los Angeles County Sheriff's Office Laboratory) has a population of approx

imately 3.85 million composed of 71. 5-percent Caucasian, 6. 2-percent Black, 

1. 5-percent Oriental, 19. 3-percent Mexican, et~. 'Z This sampling population 

of interest to that laboratory is called the "jurisdictional population. " 

Ideally, a genetic population study should include an appropriate number of 

each ethnic group so that statistically valid phenotypic frequencies can be 

derived. The problem of population selection for the crime laboratory is 

not solved by using the regional ethnic mix; the population, as defined by 
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census takers, may not represent the population mix which is routinely 

observed by law enforcement personnel, which for the purposes of this 

discussion will be called the "forensic population." It is this latter popu

lation that is the most important to the crime laboratory. 

Another problem involves population changes and the need for a con

tinuing reappraisal of population components. From a pragmatic point of 

view, it may not be adequate simply to perform one genetic population study 

and hold the results indefinitely; it is well known that both the forensic and 

total populations change. 

Integral to the changing of population components is the problem 

of changing phenotypic frequencies within a given population subcomponent. 

For example, tha.t the Caucasian population in Los Angeles County changes 

50 percent between censuses is not as important as a change of 50 percent in 

the phenotypic frequencies used for genetic markers of interest within that 

Caucasian component. 

Unfortunately, phenotypic information cannot be determined from 

a one-time survey such as has been conducted in this program. Ideally, each 

laboratory should have an ongoing data collection program in order to 

recognize population changes within its jurisdiction. It is possible to relieve 

the time and expense of periodic population studies in two ways. The first is 

to have a recordkeeping system that will retrieve and rec'/rd statistical infor .. 

mation as it is developed during casework. The second method is to assume 

that the phenotypic frequencies of certain ethnic groups as discussed above do 

not change. Although not proven, this is assumed by forensic organizations 

throughout the world. Thus, the burden on the crime laboratory is to stay 

informed of the changing population components within its jurisdictional area. 

It is expected that a combination of these two methods would prov(:: most val

uable to laboratories. By continually deriving statistics from casework, each 

laboratory can keep abreast of its forensic population, and, by reviewing 
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census statistics, it can be aware of population changes occurring within 

its jurisdiction. 

In this particular study, diiierent populations were sampled by 

diiierent participating laboratories. Laboratories No. I and 2 did not have a 

population base considered large enough for statistical analysis. Laboratory 

No. 3 used a forensic population, and Laboratories No.4 and 5 used blood 

bank populations. These latter populations may not necessarily be relevent 

to either the. forensic or jurisdictional populations discussed above. In 

these instances, however, it was sim.pler and quicker to gather blood data 

from blood bank sampling than by criminal investigation casework sampling. 

C. GENETIC CONSIDERATIONS OF COLLECTED DA TA 

In genetic 4ata collection, several observations, both practical and 

philosophical, can be made. Practically speaking, it is of major importance 

that the interpretation of the data obtained provide valuable information to a 

criminal investigation. For example, genetic marker analysis of blood can 

provide information regarding the presence of certain phenotypes which may 

be characteristic of certain ethnic populations. Thus, a logical first 

investigative step is to analyze for the presence of these phenotypes. (Appendix 

A shows the electrophoretic results for enzyme and protein phenotypes.) Ii, 

after completion of such analysis, phenotypes o,f 2-1 of peptidase A, 2 of 

carbonic anhydrase II, and AS of hemoglobin were found, which are charac

teristic phenotypes of the Black population, the indication would be that the 

blood sample was from a Black. Depending upon the investigational circum

stance, this may be valuable information in providing a clue or lead to a 

particular suspect. 

It must be stressed that this biochemically derived information is 

extremely selective in nature. Although the phenotypes recorded in the 
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hypothetical example are characteristic of the Black population, the genetic 

makeup of this ethnic group is more inclusive. In fact, the individual 

perpetrator of the crime may, by all visible criteria, appear Caucasian, and 

the inclusion of these three "Black" genetic phenotypes may have resulted 

from a mixed marriage at some point in his ancestry. 

In the phenotypic frequency data collected during this study, several 

examples of this type of inconsistenc.y were noted. When donors were 

checked into the blood bank, the clerk (nurse) recorded, in addition to other 

information, their ethnic origins which were determined in several ways. 

In some cases, the donor provided the information about race during an 

interview. For Hispanics, the last name, birthplace, and the ability of an 

indi vidual to speak Spanish was used to confirm Hispanic origin. Skin color 

and visible anatomical characteristics were used for determining the racial 

origin, e. g., Black, White, Oriental, etc. Thus, that a blood sample 

classified as Caucasian contains genetic phenotypes that are traditionally 

characteristic of another ethnic background is not surprising because 

of the subjective judgment used to classify race. 

The philosophical aspect of this problem is whether or not to include 

these samples in the overall data base. Exclusion IOf these data will permit 

a more accurate or purified ethnic versus genetic marker set of statistics 

to be derived and evaluated. It can be r~asoned, however, that this would 

not be a valid representation of the population sample \~nd would not be 

useful to the forensic analyst or police investigator. Bloodstains from 

either unknown or known sources do not tend to originate\ solely from persons 

who are genetically pure or solely from those of mixed. ancestry. When 

suspects or victims are racially clas sified, it is usually based on the 

subjective criteria discussed. Subsequent blood analysis that reveals genetic 
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components appearing to be at odds with the subjective classification should 

not be a source of alarm or controversy, but ruther, an additional point of 

uniqueness of the individual. The number of such data compared to the whole 

of this study will not alter the stCl.tistics in a significant way, and their 

inclusion will be a reminder that all is not black or white in forensic 

genetic analys is. 

The number of data sheets for each ethnic group contributed by each 

of the .five laboratories is shown in Table 1-1. In specific instances, the 

cla s s ificati on of Hi spanic s became fairly complicated, and a more detailed 

system was employed. The Miami Hispanic populations were coded as 

double entries, e. g., Caucasian-Hispanic, Black-Hispanic, or Oriental

Hispanic. 

Several other special situations arose during the study. In one 

laboratory, eight pairs of homozygotic twins and three family studies were 

examined. One of each of the twins was included and the other deleted from 

the file because of the intention of the sampling to be as random as possible. 

It was not feasible to delete all members of a family except for one. 

D. DA TA COLLECTION 

The data collected for each person were transcribed from the 

laboratory notes to the blood data forms (Appendix B), and the information 

obtained is shown below. The data base contains three separate sets of 

data organized in a manner dependent upon the sophistication of the data 

management system, the available storage hardware, and the application 

logic. The data base content included census frequency data and genetic 

phenotype frequency data as outlined below: 

• Census Frequency Data- -Includes population distribution 
statistics defined in terms of: country, state (province), 
county, city; ethnic group, subgroup, tribe; sex; etc. 
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co 

Table 1-1. Number of Coding Sheets From Participating Laboratories 

Racia1/ Ethnic Origin 
Participating Laboratory Number 

Aerospace Berkeley Los Angeles Miami 
1 2 3 4 

!Missing 0 0 256 9 

Caucasian 10 58 239 359 

!American Indian 4 3 

IOrienta1 2 4 6 6 

!Black 104 334 

Other 95 158 

Hispanic 11 0 

B1ack-Hi spanic 12 

;White-Hispanic 187 

Orienta1-Hispanic 

[Total 12 62 715 1068 

• 

Detroit 
5 

507 

507 
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• Genetic Phenotype Frequency Data • 

• Forensically Useful Genetic Markers (Phenotypes)--Includes 
blood antigens, enzymes, proteins, etc. 

The information in this data base was maintained in a disaggregated 

form with each set of entries qualified by a reference to the reporting 

laboratory. Data entries also contained the name of the laboratory genera

ting the information, the name of the person entering the data on the computer, 

and the date of entry. 

The three antigenic systems for which sizeable amounts of data were 

collected were the ABO with A subgroups, Rh, and MNSs. For each of these 

systems, the absence of a mark in any result indicated that th~ test was 

inconclusive or not done. In the ABO system, one of the four phenotypes 0, 

A, B, or AB was recorded when the system was tested conclusively. The 

A subgroups, A 1 and A
2

, were tested for when the subject was either type 

A or AB. Other subgroups of A were not tested. In the Rh system, every 

sample tested was either D or D
U

• When D was not confirmed, D
U 

was 

recorded. The four antigens, C, c, E, e, were. always tested, but C W 

was not. For the MN system, inconclusive tests were reported as missing 

data. 

For the 13 enzyme/protein systems with data, the testing proced.ure 

was such that if the test was run conclusively, all alternate possible responses 

were examined. The absence of a~:-.y phenotype was construed as a test not 

done, and the absence of a particuLr phenotype when another was present was 

construed as a negative result. For example, if for the adenylate kinase (AK) 

system, with three major phenotypes, no results were obtained, it was 

recorded that the test was not done. However, if the 2-1 and 1 phenotypes were 

not present but the 2 was, the former two were considered as negative. The 

original data collection forms were revised to accommodate additional pheno

types for the erythrocyte acid phosphatase and group specific component systems. 
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II. ERROR ANALYSES 

There are many biochemical steps between the transcription by 

ribonucleic acid (RNA) of the genetic code and in the translation of RNA int.o 

proteins or enzymes. There are also many steps from the serological or 

electrophoretic stages of analysis to inputting data to the computer base 

where errors can be introduced at each step. Estimating the accuracy of 

phenotypic frequencies could depend markedly on an estimate of the errors. 

The errors discussed in this section are determined through rep1i.cation an.d 

thus pertain to precision and not to accuracy (1. e., the randorn error and 

not the systematic error). The error sources are classed as biological, 

quality control, data transcription, and sample-sl.ze reduction. 

A. BIOLOGICAL 

The first source of error is biological variation. Although the 

genetic determinant for these marker systems dO,es not change for any 

individual, at times extragenic factors such as medication may change the 

test results. 3 Blood bank donors are screened in order to determine the 

possible use of medication. Although duplicate samples should be taken 

from the same donor at different times under different conditions in 

sufficient number to give meaningful estimates of the error, adequate 

duplication was not economically feasible during the study. 

B. QUALITY CONTROL 

During the cour se of this work, different quality control procedures 

were used. The purpose of quality control checks was to ensure that the 

re sults obtained were correct and that all participants agreed on the interpre

tation of results on identical analysis of identical phenotypes. The pro

cedures used by Laboratories 4 and 5 are given in Appendix C. Comments 

on Laboratory Procedures are given in Appendix D. 

There are several methods that can be used to accomplish this. One 
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is to have the part.icipating laboratory send the analytical sa:mples to an out

side or referee labol:'atory for verification of results. In one instance, this 

was done by havin.g the participating laboratory perform analyses on 12 blood 

.samples in 9 differ'ent genetic marker systen~s. The blood samples were 

sent to a referee universi.ty laboratory for verification. When the results 

were returned, eight discrepancies were found in five of the nine genetic 

marker sy~;tems. At that point, it was impos sible to determine which 

laboratory performed the tests correctly. The participating laboratory 

repeated the analyses, obtained the original results, and sent additional 

samples to a second referee university laboratory that confirmed the 

results of the participating laboratory. The data illustrated in Table 2-1 

show the discrepancies that occurred between the laboratories. 

The results of this quality control test suggest that tne first referee 

laboratory may not have been proficient in performing simple antigenic 

te sting though this laboratory was known to be competent in electrophoretic 

genetic marker analyses; it was not possible to know this in advance, because 

the flrst referee laboratory did not make known its weaknesses until the 

discrepancies were fou.nd. 

A second way of te sting the laboratories to ensure consistency in 

interpretation is to exchange samples. Each laboratory analyzed 10 

samples and sent them to another laboratory for confirmation. The results 

of this testing are illustrated in Tables 2-2 and 2-3. These results showed 

that the consistency between the program's participating laboratories was 

not acceptable. However, it was found that one of the participating 

laboratories was :relying on results of the ABO, MNSs, and Rh typing done 

by an outside clinical laboratory before the same blood sa.mples were 

received and analyzed for other genetic marker systems by that particular 
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Table 2-1. Interlaboratory Discrepancies in Interpretation 

Genetic Marker 
System 

ABO 

MNSs 

Fy 

p 

Jk(a) 

Laboratory 
Sample No. 

3 

6 

8 

3 

6· 

6 

6 

8 

Participating 
Laboratory 

A2 

MNSs 

NSs 

a+b+ 

a+b+ 

1 

+ 

+ 

-- --------------

Laboratory Results 

Referee Laboratory 
Number 1 

Al 

MNs 

Me; 

a-b+ 

aA.b+ 

2 

Referee llaboratory 
Number 2 

A2 

MNSs 

NSs 

a+b+ 

a+b+ 

1 

+ 

+ 



0 

0 19 

Al 1 

~ 

~A2 
~ 
OB 
flI 
~ 
~AIB 

AlB 

S 

A 
~ S 5 
[:-i 

~ s 

~ S5 1 
~ 

~ 
E 

~E 1 
~ o e 
flI 
~ 
~ 

Ee 

Table 2-2. Interlaboratory Discrepancies 
Antigenic Genetic Markers 

A. ABO System B. MN System 

Actual Actual 
Al A2 B AlB A21 M N MN 

~M 11 1 
~ 

10 1 [:-iN 1 4 
~ 
0 

1 flIMN 21 
~ 
~ 

4 

0 

2 

c. Ss System D. Rh - cc 

Actual Actual 
s Ss C c Cc 

~ 
~ 
[-I C 2 
~ 

22 1 Oc 30 
flI 

9 ~ Cc 6 
~ 

E. Rh - Ee F. Rh - D, J/), 

Actual Actual 
e Ee p D J/) D

U 

r.iI [:-iD 26 

28 ~Jt> 12 
flI 

D
U 

10 ~ 0 
~ 
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Table 2-3. interlaboratory Discrepancies -
Isoenzyme/ Polymorphic Protein 
Genetic Marker s 

A. ADA B. AK 

Actual Actual 
1 2,:,,1 2 1 2-1 2 

0 0 
!:t1 1 37 r:r.l 1 38 
E-t E-t 
~ 2-1 1 0 ~ 2-1 0 
0 
Ilt 2 0 ~2 0 r:r.l 
p:; p:; 

c., EAP D. EsD 

Actual Actual 
A E BA CB 1 2-1 2 

A 3 ~ 1 30 
0 E-t 
r:r.l B 22 p:; 2-1 2 E-t 0 • p:; 

BA 1 10 Ilt 2 6 0 r:r.l 
Ilt p:; 
r:r.l CB 2 
p:; 

E. G-6-PD~' F. PGM 
,,-

Actual Actual 

0 A B AB 0 1 2-1 2 
r:r.l 

r:r.l A 8 E-t 1 26 E-t ~ p:; 
B 28 ~ 2-1 10 1 0 

Po. 
~2 r:r.l AB 0 1 

~ 

,,- One not called. .... 
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Table 2-3. lnterlaboratory Discrepancies - e Isoenzyme/Polymorphic Protein 
Genetic Markers (Continued) 

G. Hp* 

I 1 

Actual 

** 2-1 2 2-1M 

Cl 1 6 
~ 
~ 2-1 13 
~ 
o 2 
Po. 

1 14 

~ ~ 2-1M 0 

* One not called 
**One 2-1M actual was changed to 2-1 by consensus 
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participating laboratory. It was found that the outside clinical laboratory 

was not washing the red cells completely prior to performing their analyses, 

e specially important for the MN system. 

The one discrepancy that occurred in the haptoglobin system (Hp) 

was resolve(1. by agreeing it to be a 2-1M. The original interpretation of the 

sample as a 2-1 by Laboratory No.2 did involve the question of whether it 

was a 2-1 or 2-lM. 

In the group specific component (Gc) system, the staff at Laboratory 

No. 1 had never seen a 1- Y variant. Thus, this error became an educational 

experience and necessitated rerunning the previous Gcl phenotypes obtained 

in order to check for 1- Y variants that had been mis sed. 

C. DA TA TRANSCRIPTION 
1 

Data were transcribed from coding sheets (Appendix B) onto 
.. 

computer punch cards by two different procedures. The first was an 

interactive remote entry procedure for entering data onto the Aerospace 

computer from a terminal originally developed with the intention of 

becoming an ongoing data bank collecting data from many different loca

tions. Data were screened before entry. Interactive remote entry was 

discontinued when time became an important programmatic consideration, 

and data .from the remaining individuals were entered via keypunching onto 

the University of California, Los Angeles (UCLA), computer. Entry errors 

were discovered in both procedures. 

The different types of transcr iption errors between the laboratory 

notebook and the computer printout require definition. Coding sheet errors 

refer to transcription errors between laboratory notes and the coding sheet. 

Data entry errors refer to those occurring between the coding sheet and the 

printout of the computer file. 

2-7 



To estimate the size of the data tl-anscription error, 10 case numbers 

were randomly selected for each participating laboratory. These were 

compared to the computer printouts which were provided and discrepancies 

noted. Although the cases were not completely random, and hence did not 

permit each possible combination of errors to have the same probability of 

being included, each individual entry within each laboratorr had the same 

probability of being included. It was decided that this sampling procedure 

was sufficiently random for the purposes of estimating an overall error rate 

and had the advantage over a IlcOl.npletely" random sample in that each 

laboratory was ensured of the same size sample as a basis for intralaboratory 

estimates. Selection of individual entries randomly would not appreciably 

add to the validity while greatly increasing the amount of work. After 

encoding the data in a sequential file of card images in the computer, each 

column was screened for correctness of the entry. Incorrect entries were 

found and rectified. In C01UIllilS where no entries were expected, a printout 

of the corresponding laboratory and facility identification was made. These 

were compared with the coding sheets to see if the marks had been intended 

for a neighboring marker system but were misplaced. All the data sheets 

were reviewed by a person understanding both the genetic and statistical 
, 

aspects of the study, including the written comments. Over 640 changes 

were made after entering the 2871 original codi~g sheets into the computer. 

The raw data for the 10 randomly sele<.:ted cases from each labora

tory were compared to those in the printout from the computer file s as a 

check on transcription errors. Furthermore, a preliminary frequency 

count of entrie s for each system, overall and broken down by phenotypic 

and ethnic origin, was mailed to each laboratory with a listing of their data 

for visual inspection to ensure that the ratios agreed with their experience. 

In each case, the discrepancies were corrected. 
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In the interactive remote entry procedure, a sizeable number of 

errors were discovered; the greatest source of error was omission of data 

by excluding information contained in the comments section. 

In the keypunch and verification procedure, only one direct trans

cription error was discovered. This involved a handwritten "7" which both 

keypunch operator and verifier interpreted as a "9. II In addition, the key

punch operator was asked to take the data from the comment secti.on on the 

glyoxalase (GLO)-I system and record it in the position for GR (Appendix B). 

Thiel waa not done in 25 cases and had to be entered later. Dates of birth 

were transcribed correctly. 

No data entry errors were discovered for the 10 randomly selected 

cases, but errors were uncovered by the screening procedures. For 

example, test re sults were recorded for te sts the laboratory claimed not to 

have run; it was found such marks were misplaced on the coding sheet. 

From/the random sample drawn from the data bank to check transcription 

errors, an upper limit ma.y be computed using the relation P = (1 _ a )l/N. 

P is defined as the average probability that a phenotype entry is erroneous; 

(l is the confidence level (95 and 99 percent); and N is the number of entries. 

Using a lower value of N as the number of phenotypes gives a larger more 

conservative value for P. Because the number of entries for each phenotype 

differs, the value of P for each phenotype would, be expected to differ. The 

P calculated here is an average over the phenotypes considered. 

Table 2-4 shows the number of marker systems and the number of 

data transcriptions entered fpr each laboratory. The overall upper limit 

for the 95- and 99-percent confidence limits, respectively, are calculated 

as follows: 

~~~~~~~- ---- ~ 

P ~ {l - 0.05)1/590 = 5.0 x 10- 3 

P ~ (1 _ O. 01) 1/590 = 7. 7 x 10- 3 
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Table 2-4. Number of Data Entries Checked by Random Sample 

Laboratory Number 

1 

2 

3 

4 

5 

Number of 
Marker Systems 

15 

13 

6 

10 

16 

2-10 

Number of 
Tran se riptions 

150 

130 

60 

90 

160 



On the basis of the randomly selected individuals, there is less than a 

5-percent chance that the probability of the average phenotype entry being 

in error exceeds 0.005, and less than a I-percent chance that it exceeds 

0.0077. 

Because some data entry errors were in fact found, a lower limit 

can be given for P which is greater than zero. This analysis is somewhat 

more complex. The errors due to omis sion of information in the comment 

section are of a different type and will not be discussed here. The effect 

will be to lower the estimate of the lower limit. Because it is inef£3.ble that 

all the errors were found in the screening process, any estimate based on 

these data will be lower than the actual rate. 

It was possible for more than one box to be checked for several 

marker systems during the study, namely in the Rh and MNSs systems; 

they could have a maximum of five and four boxes checked, respectively. 

Each box checked was regarded as a single data entry. Table 2-5 gives the 

number of boxes checked per coding sheet for each laboratory, the number 

of coding sheets processed by remote entry or by keypu~ch, and the value 

for the maxirnum number of data entries. Although numerous errors were 

found for the remote entry process, their number was not recorded 

separately from the changes made in the coding sheets. 

For a comparison of the two procedures for data entry, however, note 

that of the 144 changes made in the data bank w~ich could not be ascribed to 

omissions of data from the original coding sheet or known systematic tech

nician error (e. g., the Gc data were thrown out for one laboratory), there 

were four for the data entered by keypunching (1 keypunch error and 3 changes 

to original coding sheets) as shown in Table 2-6. 

Thus, a lower limit can be found for data entry errors caused by 

ke ypunching. The null hypothesis that P is less than P is rejected. The 
o 

probability that zero errors occurred in N = 6979 trials would then be 
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tv 
I .... 
tv 

Laboratory 
Number 

1 

2 

3 

4 

5 

Total 

Table 2-5. Maximum Number of Data Entries 

Number of Coding Sheets 

Maximum Number 
. , ... -, 

of Boxe s Checked Remote Entry Keypunch 

- --
24 12 0 

14 6Z 0 

17 574 141 

10 637 451 

24 886 3 

2, 171 595 

• 

Maximum Number of 
Data Entrie s 

.Remote Entry Keypunch 

288 0 

868 0 

9,758 2,397 

6,370 4,510 

21,264 72 

38,548 6,979 



e! (1 - p)6979. lithia occurred over (1 -a) (e.g., 95 percent of the time), 

errors would occu'r less than a (e. g., 5 percent oJ.! the time) in rejecting 

lower values of P when one or more errors occurred. In other words, with 

a critical region of 1 or more errors, the hypothesis that P is less than: 

• 

1 IN 1 1 1 1 2 1 1 1 3 
1 - (I-a) = N a - 2' (N) (N -1)0' + 6N (N - 1) ('N - 2)0' - etc. 

is rejected in favor of the hypothesis that P>P. (Note:' Because N is large 
o 

and a is small, the first few terms of the binomial e:.<pansion suffice. Calcu-

lations based on taking logarithms, done in somle cases, may not be 

sufficiently accurate. ) 

For the 1 error in 6979 data entries, there is a 95 percent certainty in 

rejefting P les~: than 7 x 10-
6 

and 99-percent certainty' in rej.~cting Pless 

than 1. 5 x 10 -
6

• Combining the upper and lower bounds results in 
-6 -3 -6 

7 x 10 <P<5 x 10 for the 95-P'.:lrcent confidence bounds and 1.5 x 10 < 
-3 

P <7.7 x 10 for the 99-percent confidence bounds • 

Table 2-6. Change.,s or Errors in Modes of Data Entry 

Entry System 

Key Punching 

Interactive Remote 

Data Entered 

6,979 

38,548 

No. Chal1g(~s* 

4 

140 

p 

-4 
5.7 x 10 

-3 3.6 x JO 

>:< These changes include corrections of the original coding 
sheet. Only one error was uncovered for the keypunching 
proce SSe 

D. SAMPLE SIZE REDUCTION 

The effect of reduction of the sample size sl"<'luld be elaborated upon. 

As noted, the sample size originally expected was 12/ 700 and the final sample 

was 2871. There are two ways of approaching the effect of sampl~ size 
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reduction: (1) the probability of not observing a phenotype or a combina

tion of phenotypes and (2) the statistical error or the standard deviation in 

the phenotypic frequency-of-occurrence data. 

1. Probability of Not Observing a Phenotype 

The frequency of occurren.ce f is the number of individuals with a 

given combination of blood genetic markers n divided by the total number of 

persons in the population n
T 

An individual selected at random (i.e., each individual has the same opportu

nity of being selected) would ha ve a probability p = f of having this combination. 

Estimates of the frequencies in the total population can be made by leoking at 

the results from a reduced number of individuals selected at random. For 

multiple random samples of size N, it would be found that t.he number of 

individuals X in each sample with the given combination of genetic markers 

'would have a binomial distribution with mean 

and standard deviation 

x = Np 

(J = 
X 

The frequency X/N will then have a binomial distribution with mean 
~ 

X/N = P 
a.nd standard deviation 

_ 0 = [P( 1-p) /N ] t 
Thus, X/N is an estimate of p. The larger N, the more reliable the 

estimate. Confidence intervals are easily obtainp.d when N becomes 

sufficiently large that the binomial distribution of sample means can be 

approximated by the normal distribution. The 95 - anr,! 99-percent con

fidence intervals about the expected estimate p are approximately 

t 20 and *30 respectively. 
p p 
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For any sample of size N there will be a non-zero probability 

(l_p)N that 'the event is not included in the sample. Therefore, in order to 

reduce the probability of not observing the combination at all to less than Z, 

one would need to increase N until 

(l_p)N < Z 

Values for N are given for several v-alues of Z in Table 2-7. 

Table 2-7. Sample Size Requirements, p = 0.001 

z* N~()~ 

0.06 2871 

0.05 3000 

0.01 4600 

0.001 6900 

0.000003 12,700 

* Probability of not observing a 
rare phenotype of p = 0.001. 

>.'o;c Nwnber of persons in the sample 

Table 2-7 implies that reducing the sample size from 12,700 to 2871 sub

stantially increases the probability of not observing a rare phenotype or a 

rare combination of phenotypes (whose frequency-of-occurrence estimate is 

p=O. 001) from 0.000003 to 0.06. In other words, the one-fourth l'eductio"l 

of sarilple size increased the error of missing a phenotype by a factor of 

20,000. 

2. Statistical Error 

The statistical error or standard deviation in the phenotypic 

frequency-of-occurrence data can be calculated if one simplifying but 

important asswnption is maden Because there is no a priori knowledge of 
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what the averages or the statistical means for frequency-of-occurrence 

data would be if the sample size were 12, 700, it is assumed that the 

averages or the statistical means would not differ from those for the 

frequency-of-occurrence data collected .from a sample size of 2871. 

With this assumption in mind, the following formula given above for the 

standard deviation can be used as follow s: 
1 

(1 
p(N =. 12, 700) 

[p(l-p)/12, 700] 2" 

= 1 

(J 
p(N = 2871) 

[p(l-p)/2871] 2" 

By eliminating p and (l-p), the ratio of the standard deviation for the 

sample size of 12,700 to that for the satl~ple size of 2871 is simply the ratio 

of the square roots of the respective sample sizes: 
1 

(J (12, 700) 2" 
p(N = 12,700) 

= = 2.09 
1 

(Jp(N = 2871) (2871) 2" 

Therefore, by assuming that the statistical means would be the same in 

the phenotypic frequency-of-occurrence data for the original target as in 

the reduced sample, the one-fourth reduction in sample size increases the 

statistical error in the phenotypic frequency-of-occurrence data by a 

factor of two. 

'Ihe two discus sed effects resulting fro~ the reduction in sample 

size should be borne in mind in interpretation of the results presented in 

the next section. 
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III. ANAL YSES OF DATA 

A. PHENOTYPIC FREQUENCIES 

The frequency-of-occurrence data collected for genetic marker 

phenotypes investigated during this study are compiled in Tables 3-1 through 

3-11. Frequency-of-occurrence data aI'e broken down by city, and, when a 

reference is not given, they were contributed by the crime laboratory having 

jurisdiction in that city~ These data are juxtaposed to frequency-of

occurrence data taken from the literatu:re for other cities to provide 

comparisons. These comparisons ",.re discussed in a later section. Rare 

variants are not shown in these tables for simplification. 

The data presented in Tables 3-1 through 3-11 are used in the 

statistical analyse s discussed in Section III. B. The forensic serologist may 

also find these data of value in evidence analysis or in court litigation. The 

proper use of the phenotypic frequency data requires calculations of the 

,accuracy which can be done in terms of the standard error. As discussed 

at the end of Section II, phenotypic frequencies are only estimates of p, the 

true probability of occurrence of the phenotype. If one were to take all pos

sible samples of size N from the population to arrh ': at the probability of 

occurrence of a phenotype, one would obtain N number of frequencies, f I , 

••• , f
N

, which would be distributed about a mean, f. When N is large, the 

distribution is approximately a normal distribution with a standard deviation 

or standard error, (f , given as: 
p 

( 1) 

Because p is not known a priori, it is necessary to find approximate forms 

for the standard error. First, it is noted that p( I-p) is never greater than 

0.25. Thus, an upper bound for (f is 
p 

1 

2~ 
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Table 3-1. Phenotypic Frequencies for ABO Obtained from Different 
Geographical Locations 

Location Phenoty:pic Frequencies (0/0) 
' .. v!' ,_, 

0 Al AZ 
B AlB AZB 

Cauc Blk Cauc Blk Cauc Blk Cauc Blk Cauc Blk Cauc Blk 

Miami 48.8 5Z.4 ZZ.8 18.3 7.5 3.0 13.4 2l.Z 4.7 1.8 2.8 2.4 

Detroit 41.Z 53. 1 33.5 16.0 1.4 O.Z 17.0 Z6.Z 4.1 Z.8 Z.8 1.8 

Los Angeles 57.9 54.8 17.9 14.4 6.7 5.8 15.4 ZI. Z 0.8 0 1.3 3.8 

Bullocks & Evans 
5 

51. 0 54.0 Z9.0 17.0 lZ.0 8.0 6.0 19.0 1.0 0 0 Z.O 
Counties, Georgia 

Tecumseh, Mich.
6 

43.7 ~ ~ 34.0 ~~ 9.5 ~- 9.1 -- Z.6 -- 0.01 --
San Francisco 

7 
45.0 49.0 3Z.0 19.0 9.0 8.0 11. 0 19.0 3.0 3.0 1.0 1.0 

San Francisco 
7 

56·9 zz.o 4.0 -- -- 5.0 -~ 13.0 -- -- 0 --
(Mexicans) 

Seattle 
8 

4Z.0 35.0 9.0 ~- -- -- 11.0 - . 3.0 -- 1.0 --
West Virginia 9 45.9 -- 41.3 -- 10.0 -- 9.1 -- 3.7 -- 1.0 --

Cauc. denotes Caucasians 
Bik. denotes Blacks -. 

• 

Sample 
Size 

Cauc Blk 

. 359 334 

507 507 

Z40 104 

335 300 

8965 --
896Z 3146 

335 --
5657 --
141Z --
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Table 3-Z. Phenotypic Frequencies for MNSs Obtained from Different 
Geographical Locations (Sample size Qn last page of table) 

Location Phenotypic Frequencies (%) 

MS MSs Ms MNS MNSs 

Cauc Blk Cauc Blk Ca.uc Blk Cauc Blk Cauc Blk 

Miami 8.7 Z.Z 1Z.0 7.3 9. 1 15.3 5.5 3.8 19. 1 10.8 

Detroit 6.3 3. 1 17.6 6.Z 13.4 13.4 2.4 2.7 24:.3 ll.O 

San Francisco 
7 

6.4 1.8 14.8 6.4 9.5 15.3 3.7 3. 1 22.2 ll. 1 

Tecumseh, Mich.
6 

.6.9S - - 14.9 -- 8.Z5 -- 3.3 -- 23.2 --
West Virginia 9 6.4 2.0 13.8 6.0 9.6 16.0 3.6 4.0 24. 1 10.0 

Englai1d 
5 

5.7* 14.0* 10. 1 * 3.9* 22.4* 

*Caucasian and Black populations grouped together. 



Table 3-2. Phenotypic Frequencies for MNSs (continued) 

Location Phenotypic Frequ~ncies (%) Sample 

MNs NS NSs Ns 
Size 

Cauc Blk Cauc Blk Cauc Blk Cauc Blk Cauc Bik 

Miami 22.0 34.4 1.0 2.0 6. 1 4. 1 16.5 20.0 309 314 

Detroit 22.3 38. 1 1.7 2.3 3.0 4.0 10.0 19.4 461 485 

San Francisco 7 23.3 36.0 0.5 1.0 5. 1 5.3 14.5 19.9 8962 3146 

Tecumseh, Mich. 6 23. 1 0.35 5.0 14.9 
not - - -- -- - - --given 

West Virginia 9 24. 1 33.0 0.6 1.0 4.5 4.0 13.4 24.0 1051 106 

England 5 22.6* 0.3* 5.4* 15.6* 1000* 

*Caucasian and Black populations grouped together. 

., 
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Figure 3-3. Phenotypic Frequencies for Rh Obtained from Different 

Geographical Locations (Sample size on last page of table) 

Phenotypic Frequenciee (0/.) 

CCDE CCDee CCdd .. e CeDE CcDee Ccdde .. 

Cauc3Rlan Black Caucnsl;,n Dlack Caucasian Black Caucasian Black Cauca.lan Black' Caucaelan Black 

Miami 0.3 a 17.7 2.1 a a 0.6 a 35.2 20.2 0.8 0.6 

Detroit 0.2 a 13.5 1.6 0.6 0 0.4 0 n.3 20.8 1.2 1.2 

Los Angeles 0.5 0 23.1 5.4 0.3 0 1.1 1.1 31.2 22.8 0.5 0 

San Francisco 7 0 0 19.2 2,2 0 a a a 34.4 22.7 0 a 
San Francisco 7 0 -- 24.2 -- a -- 0 -- 30.S -- a --

(Mexicans) 

'fecumBeh, Mich.£> 0 -- 16.?' -- 0.01 -- 0.1 -- 34.0 -- 0.4 --
West Virginia 9 0 0 17.4 2.0 0 0 0.3 a 33.4 26.0 0.3 1.0 

London 5 0.09 -- 20.7 -- 0 -- 11.5 -- 34.1 -- 0.6 --

-- -- .--------------------------------------------
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Table 3 -3. Phenotypic Frequencies for Rh (continued) 
(Slample size on last page of table) 

Phenotypic Frequencleo (,,/.) 

Loralloll ccDE ccOee ccddE ccddee ccDuE 

CaHc:astan Hlack Caucasiall Black Callcaslan Dlack CaHca"lan 13lack Callcaslan Black 

Miami 3.7 1.8 3. I 51. 4 0 0 13.2 5.4 0 0 

Detroit 2.4 1.6 2.6 50.3 0 0 23.2 7.3 0 0 

Los Angeles 7.0 2.2 4.3 51. I 0 0 10.8 6.5 0 0 

San Franclsco 7 ~.4 1.1 2.3 48.1 0 0 15.2 6.4 0 0 

San F'rnnclsco 7 3.9 -- 2.4 -- 0 -- 6.0 -- 0 --
(Mexicans) 

1~ccum8ch, Mich. 0 2.3 -- 2. I -- 0.01 -- 15.8 -- 0.01 --
West VI rglnla 9 3.9 2.0 2.1 47.0 0 0 14.3 7.0 0 0 

London5 14.7 -- 0.2 -- 0.7 -- 15.3 -- 0 --

CCDEe 

Caucasian Blaek 

0.8 q 

0.2 0 

0 0 

0 0 

0 --
0.06 --
0.2 0 

0 .. 
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Table 3-3. Phenotypic Frequencies for Rh (continued) 

Phonolyplc F'roq\lrno1 •• ("M Phenotypic Fr.quoncl •• ('f,) 

LOC'lltion CeDEe: ceDEe CCOuee cc.OuEe c:cddEe CeO
U 
•• 

Cauca,fllan ill.ok Callcastan Dlack Caue.etan mack Caucasian m.ck Cau~ •• l.n mack Caue •• lan Dtack 

Miami 1 I, 8 3.9 II,J 13.9 0.3 0 0 0 1.1 0 0.3 0 

Ootrolt 13.1 3.6 9.3 13.5 0 0 0 0 1,0 0 0.2 0 

LOll Angeles 9.7 5.4 11,3 5.4 0 0 0 0 0.5 0 0 0 

;;fSan Francisco 7 13.3 3.4 1l.5 14.6 0 0 0 0 0 0 'l 0 

San Fra.nctaco7 17.6 .. 9.9 ., 0 .. 0 ., 0 ., 0 .. 
(Mexicans) 

Tocumseh. Mlch. 6 12.5 -. 12.5 .- 0.04 .- 0.17 . - 0.6 .. 0.4 .-
W •• t Vlrglnla 9 14.4 3.0 12.8 13.0 0 0 0.1 0 0.6 0 0.3 0 

London 5 0 .- 0 .- 0 -' 0 ., 0 .. 0 .-

~., All other phenotypes not .hown were expressed by 1.6~; Caucasian; l.6r.lll~ck.j Olnd 5.4~ Mexican •• 

Sample 5'.6 

Ca.cootan Dlack 

355 331 

505 505 

186 92 

8962 3142 

335 .-
8963 -. 
1412 135 

1038 .-
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Location 

Miami 

Detroit 

Los Angeles 

Seattle 
10 

London 1 

Table 3-4. Phenotypic Frequencies for ADA Obtained for Different 
Geographical Locations 

Phenotypic Frequencies (0/0) Sample Size 

ADA 1 ADA 2-1 ADA 2 

Caucasian Black Caucasian Black Caucasian Black Caucasian Black 

90.7 97.0 9.0 1.5 0.3 1.5 354 330 

88.7 98.4 11.1 1.6 0.2 0 506 504 

93.5 87.5 6.5 12.5 O. 0 31 16 

90.5 96.7 9.5 3.2 0 0; 168 186 

90.40':' 9.38':' O. 22'~ 1353* 

':' Caucasian and Black pqpulations are grouped together. 



Location 

Mia~i 

Detroit 

Los Angeles 

Ann Arbor'll 
Michig,n 

England 

• 
Table 3-5. Phenotypic Frequencies for AK Obtained from Different 

Geographical Locations 

• 

Phenotypic: Frequencies ('}'o) Sample Size 

AK 1 AK 2-1 AK 2 

Caucasian Black Caucasian Black Caucashln Black Caucasian Black 

93.0 97.9 6.8 2.1 0.3 0 355 331 

94.7 99.6 5.3 0.3 0 0 506 506 

90.6 100 9.3 0 0 0 32 19 

94.5 97.1 5.5 2.9 0 0 254 139 

91.15'~ 8. 74~' 0.10* 1887* 

::=~ Caucasian and Black ~opulations not separated. 
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Table 3.,6. Phenotypic Frequencies for EAP Obtained from Different 
Geographical Locations 

."J.:" 

Location Phenotypic Frequencies (%) 

EAPA EAP BA EAP B EAP CA~" EAP CB EAP C EAP RB EAP RA 

Cauc Blk Caue Blk Caue Blk Caue Jiik Caue Blk Caue Blk Caue Blk Caue Blk 

Miami 12.9 7.0 39.7 30.9 42.3 59.4 2.6 -" 0.3 2.3 1.8 0.3 0 0 0.3 0 0.3 

Detroit 13.1 6.0 37.0 34.5 39.0 55.9 4.2 0.8 6.8 1.2 0 O· 0 0 0 0 

Los Angeles 10.0 5.0 40.6 47.0 46.1 46.0 2.7 'j 0.5 1.0 0 0 0 1.0 0 0 

Seattle 8 17. I 7.0 39.4 35.0 31.6 51. 7 5.2 0.5 6.7 2.3 0 0 0 2.6 0 0.7 

Austin. Texa. 12 -- 3.9 -- 32.5 -- 55.5 -- 0.6 -- 4.2 -- 2.0 -- 0.6 -- 0.6 

Pittsburgh 13 11.7 5.4 42.S 33.3 39.6 59.3 1.6 0.3 4.6 1.5 -- 0 -- -- -- 0.1 

England
5 13.5+ 43. 1+ 32.0+ 4.4+ 6.9+ 0+ 0+ 0+ 

*also 0.2"/0 DB 

*also 0.3% RC and 0.6"/0 DB 

+Cauea.ian and Black populations grouped together 

Sample 
Size 

Cauc Blk 

350 330 

503 501 

21'9 100 

193 429· 

-- 357·· 

1239 718 

880+ 

'. 
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Table 3 -7. Phenotypic Frequencie s for Es D* Obtained from Different 

Geographical Locations 

Phenotypic Frequencies (0/0) Sample Size 

Location EsD 1 EsD 2-1 EsD 2 

Caucasian Black Caucasian Black Caucasian Black Caucasian Black 
< 

Miami 79.3 83.8 19.8 15.2 0.8 0.9 348 328 

Detroit 78.1 84.0 20.9 15.2 1.0 0.8 507 505 

Los Angeles 71. 8 77.4 26.9 20.4 1.4 2.2 216 26 

,~ EsD phenotypic frequencies could not be found for other areas. 
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Location 

Miami 

Detroit 

England 
5 

Table 3-8. Phenotypic Frequencies for G6PD Obtain~d from Different 
Geographical Locations 

Phenotypic Frequencies (%) Sample Size 

a6PD A a6PD BA a6PD B 

Caucasi.an Black Caucasian mack Caucasian Black Caucasian mack 

0 23.1 0 8.1 100 68.8 352 321 

0.8 21. 7 0 11. 4 99.2 66.9 506 498 

13.85::: 52.64':: 31. 98':: 397':: 

':' Caucasian and Black populations grouped together • 

• 



Table 3-9. Phenotypic Frequencies for Gc Obtained from Different 
Geographical Locations 

Phenotypic Frequencies (0/0) Sample Size 

Location Gc 1 Gc 2-1 Gc 2 

Caucasian Black Caucasian Black Caucasian Black Caucasian Black 

Miami':' 46.0 78.3 43.8 18.7 10.2 1.8 352 3Z7 

Detroit 49.1 75.6 42.3 23.3 8.6 1.0 501 484 

Los Angeles 56.5 R4.6 34.8 15.4 8.7 0 23 13 

Tecumseh06 51.1 -- 40.9 -- 7.9 -- 7658 --
Michigan 44. 90~:():( 6.10*"~ England 5 48. 98'~"~ 49 

,,~ There were also 1.21}'0 Blacks who were 1-Y • 
):,~, Caucasian and Black populations grouped together. 



Table 3-10. Phenotypic Freq\lencies for Hp Obtained f1'om :Different 
Geographical Locations 

, 

Phenotyplc Frequenciell (%) Sample Size 

Location Hp 1 Hp 2-1 Hp 2 

Caucasian Black Caucasian Black Caucasl.an Black Caucasian Black 

MiamP:' 16.1 37.9 44.1 44.1 39.S 12.5 347 311 

Detroit':":' 13.S 2S.1 41. 9 41.6 44.1 16.7 506 502 

Los Angeles'~~("~ 15.9 29.1 47.2 41.9 35.5 24.4 214 S6 

Tecwnseh,6 17.1 -- 4S.S -- 33.6 -- 7655 --
Michigan 

14.6 46.0 Pittsburgh 13 2S.6 49.S 39.2 20.5 1263 721 

England 1 13.85+ 52.64+ 31.9S+ 397+ 

':' There were also 50/0 Blacks who were Hp 2-1M and 0.3% Blacks Hp O. 
,~,~ There were also 0.19% Caucasians who were Hp 2-1M, 11. 30/0 Blacks Hp 2-IM, and 2% Blacks Hp 0. 

':"~t There were also 1.4% Caucasians who were Hp 2-1M, and 4.6% Blacks Hp 2-1M. 
Caucasian and Black populations not separated. 
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Table 3-11. Phenotypic Frequencies for PGMl Obtained from Different 

Geographical Locations 

Phenotypic Frequencies (%) Sample Size 

Location PGM
1 

1 PGM
1 

2-1 PGM
1

2 

Caucasian Black Caucasian Black Caucasian Black Caucasian Black 

Miami 60.1 62.7 33.1 32.7 6. S 4.5 353 330 

Detroit':' 57.6 60.S 35.0 34.6 7.3 3.S 505 503 

Los Angeles'~'~ 57.5 6S.3 36.S 25.7 5.7 5.0 22S 101 
S 56.6 65.5 37.3 30.9 50S 654 Seattle --, --

Pittsburgh 13 57.7 67.4 3S.9 29.3 5.3 3.4 1253 714 

England 1 5S.4 61. S 36.1 33.6 5.5 4.6 2115 103 

-
':' There were also 0.4% Blacks who were I-AT and 0.4% Blacks 2-IAT. 

,~~, There were also 0.9% Blacks who were 3-2. 



by substitution into equation (1). To exemplify, for a sample size of N = 100, 

the standard error is no greater than 0.05. When the sample size, N, is very 

large and f is a "good" estimate of p, f may be substituted for p in equation 

(1) to give equation (2.): 

Jf( I-f) 
(f == P N 

(2.) 

Exa.mpie applications of equations (1) and (2.) to the phenotypic fre

quencies given in Tables 3-1 through 3-11 follow. If a Los Angeles Cauca-

sian tested as AK type 2.-1 is said to match that of a blood stain, what is .the 

probability that a Caucasian picked at random from the Los Angeles pop

ulation would also match the bloodstain? From Table 3-5, it can be seen 

that the phenotypic frequency for AK type 2.-1 in Los Angeles for a Caucasian 

is 0.093. The sample size, N = 32., is considerably' smaller and suggests that 

this frequency may not be a"good" esHmate of the true probability of occur

rence of this phenotype. Using equation (1), one obtains the standard 

deviation, 

1 
Up = 2.~ = 0.09 

Because the normal distribution gives a 95-percent level of confidence that 

the true probability of occurrence is within two standard deviations of the 

estimated probability of occurrence of this phenotype. a conservative esti

mate of the probability that a person picked at random from the Los Angeles 

forensic population matching the bloodstain is 

0.093 + 2.(0.09) = 0.2.7. 

For a second example, if a bloodstain is typed as Hp 2, what is the 

probability that a Black picked at random in Detroit is the source of. the 

bloodstain? From Table 3-10, it can be seen that. the phenotypic frequency 

for Hp type 2 in Detroit for a Black is 0.167. The sample size was N = 502.. 
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Using equation (1), one obtains U = 0.022 which implies the estimated 
p 

probability of occurrence is fairly accurate and that f can be substituted for 

p. Using equation (2), one obtains the standard deviation as follows: 

=J(0.167HI-0.167) = 0 016 
Up 502 • 

With over 95-percent confidence, one can state that the probability that a 

Black picked at random from the Detroit population is the source of the 

bloodstain is 

0.167 + 2(0.016) = 0.199. 

B. STATISTICAL ANALYSES 

To reiterate, the objectives of this study were to determine whether 

variations exist in frequency distributions of blood groups: (1) among racial 

populations in the United States, (2) among regions in the United States, and 

(3) between United States and British Caucasian populations. This section 

is concerned with statistical analyses of the phenotypic frequency data 

collected during this study and is organized to address the stated objectives 

in that order. The statistical analyses conducted for this study were done at 

the University of California, Los Angeles (UCLA), with a standard bi.omedical 

package of statistical programs 
4 

which include the Pearson chi square, 

likelihood ratio chi square, and Fisher exact Tests. 

1. Homogeneity Among Ethnic Groups 

The first set of hypotheses to be tested is that the phenotypic fre

quencies are homogeneol.ls among ethic groups. This is tested by consider

ing each ethnic group to be a random sample from the same population. 

Although samples from the same population are not expected to give exactly 

the same estimates of a phenotypic frequency, they are expected to be "close." 

When only two ethnic groups (e. g., Blacks and Caucasians) are involved, the 

distance between the frf.'quencies might we1l be taken as the difference 
I 
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between the groups. When multiple ethnic groups are involved, however, 

more complex concepts of distance are requir~d. Some of these concepts 

are more easily related to probabilistic statements than others and some 

are more easily calculable than others. One measure of distance for 

counting phenotypes in a population is the Fisher exact statistic.
4 

Unless 

the sample size is small and the differences between phenotypic frequencies 

large, however, the computations involved become excessive. For samples 

which are so large that the distribution is approximately continuous and 

the subsamples are not too far apart, another measure of distance used is 

the Pearson chi square statistic.
4 

If one theoretically considers all 

possible samples, the resulting statistics reflect the distance between 

ethnic group frequencies has a distribution that can be calculated (Fisher) 

or estimated (Pearson) theoretically. The fraction of the number of samples 

with distance statistics greater than an observed value is considered to be 

the fraction of the number of times (i. e., the probability) of being in error 

in rejecting the hypothesis when in fact it is true. When the probabili.ty 

is fairly small (small being typically taken as less than 5 percent), one is 

fairly safe in rejecting the underlying hypothesis of homogeneity of pheno

typic frequencies among ethnic groups. The hypothesis is expressed as 

P(M, E I S, C) = P(M I S, C)P(E I s, C). P(M, E I s, C) is the probability of 

occurrence of a g:.enetic marker M and an ethnic group E, both withi~ sex S 

and city C; P(M I S, C) is the probability of occ.ur:rence of a genetic marker 

within sex and city; and P(E I S, C) is the probability of occurrence of an 

ethnic group' within sex and city. 

Nine ethnic groups were used a.s described in Table 1-1. TIle under

lying hypothesis was tested for each genetic marker for each sex in each city. 

If any of the nine ethnic groups was not represented in a particular data set, 

it was not considered in computing the statistics. For example, the Los 

Angeles data used the one category of Hispanic (primarily Mexican) while 
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the Miami data subdivided Hispanics (primarily Cuban). The probabilities 

for finding a distance statistic (Pearson or chi square) as l;a,X'{f:) or larger 

than that observed when taking multiple samples from the same population 

are given in Table 3-12. Wben the probability for the Fishel' statistic was 

computed, it was more accurate than the probability for the Pearson 

statistics based on the large sample approximation. For that reason, the 

Fisher statistic should be given more weight when both statistics are 

available. 

In interpreting these results, several comments should be kept in 

mind. In testing a. large number of such hypotheses, one would expect 

5 percent of the tests to show statistical significance at the 0.05 probability 

level due to random fluctuation when the hypothesis is in fact correct. For 

Laboratories 4 and 5, far more than 5 percent of the results have occurrence 

probabilities of less than 0.05. 

In interpreting those probabilities greater than 0.05, it is very 

important to keep in mind that a high probability for a statistic does not 

mean that one can safely accept the hypothesis of homogeneity of pheno

typic frequencies among ethnic groups. It ma.y simply mean that the sample 

sizes were too small to detect the existing differences. Indeed, the total 

numbers of persons involved (see Table 1-1) show that Laboratories 1 and 2. 

have much smaller sample sizes than Laboratories 4 and 5 and hence, one 

would be less able to detect small differences •. 

In summary, the results in Table 3-12 show that many more pheno

types were significantly nonhomogeneous than would be expected by chance, 

and strong ethnic bias is indicated for several phenotypic frequencies. 

2. Independence of Sex, Genetic Marker, and City Within Etlmic Groups 

To determine whether sex, genetic marker, and city have bearing 

on the phenotypic frequencies obtained within an ethnic background, another 

statistical analyses was carried out. The question of independence is not 
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Table 3-12. Probabilities for Test of Homogeneity of Phenotypic Frequencies Over Ethnicity 
Within City and Sex, P{M, E I s, C) = P(M I S, C) P(E I S, C) 

, 

LABORATORY 
Type Sex 

Number 1 Number 2 Number 3 Number 4 Number 5 
Pearson Fisher Pearson Fisher Pearson Fisher Pearson Fisher Pearson Fisher 

ABO M 0.917 0.9162 0.0105::' O. 000 1 0:' O. 0000 ::: 
F 0.3998 0.2731 O. 0004:;: 0.0000 ::' 

ASUB M 0.3241 0.3169 0.3766 0.3070 
F 0.6210 0.8182 0.5514 O. 0000':: 0.6356 0.4031 

Rh~D M 0.2561 O. 0174':' 0.0000 ':' 
F 0.2249 0.0314'~ 0.0000 ':' 

Rh~C M 0.4611 0.2361 0.3538 O. 0000::' O. 0000';' 0.0000 
F 0.4059 0.5714 O. 0182':' O. 0000':' 0.0000 

Rh~e M O. 026}::' 0.0530 0.1923 0.0761 o. 0000':' o. 0000 .:' 
F 0.5991 0.5667 O. 0006';' o. 0009':' 0.0000 ,;, 

Rh~E M 0.2870 0.4167 O. 0218':' 0.1110 0.0790 
F 0.5439 0.7206 0.5994 0.0166:;' 0.0136 'J' 

Rh-e M 0.8163 0.9500 0.4519 0.6096 0.2059 0.1727 
F 0.8849 0.3819 0.3952 0.2855 

M M 0.4250 0.4909 0.5422 0.7192 0 • .4584 O. 0001 ':' 
F 0.5991 0.5667 0.9372 0.0028 :;, ---

N M 0.4250 0.4909 0.3715 0.5205 0.4126 0.0001':' 
F 0.5991 0.5667 0.9278 0.028 ;:t 

S M 0.6576 0.6182 0.1894 0.2962 0.0000:;' O. 0001 :;, 

F 0.0679 0.1474 0.0005':' 0.0028 
M 0.4250 0.4908 0.6Z86 0.5077 0.0762 0.1289 0.0885 

5 
0.5312 0.7158 0.6544 0.6362 F 

Rh M 0.0889 0.4921 O. 0000':' O. 0000':' O. OOOO~' 
F 0.9263 0.0002':' 0.0000':' 0.0000 ::' 

MN M 0.1636 0.7901 0.0445':' O. 0000 ':' 
F 0.0850 0.1187 O. 0000 ::' 

Lewis aM O. 0117':' 
F 0.7975 

,~ Error. is small «50/0) in rejecting hypothesis of homogeneity of phenotypic frequencies over ethnicity within city and sex • 

• 





simple because there are several ways in which several factors can be 

independent. Events A and Bare sa,id to be independent if P(A and B) = 
P (A) P (B). The events A, B, and C, however, can be pair-wise 

independent without being "mutually" independent in the sense that 

P(A and B and C) ;. P(A) P(B) P(C). 

The first hypothesis tested was that the three factors (sex, genetic 

marker, and city) are mutually independent, i. e., P(S, M, C) = P(S) P(M) P(C). 

The likelihood ratio chi square and the Pear"lon chi square statistics were 

calculated comparing the hypothesis of mutual independence (as given above) 

with the hypothesis of mutual dependence. The results in Table 3-13 show 

that in most genetic markers among Caucasians and Blacks, the hypothesis 

of mutual independence is highly improbable and can be safely rejected. 

Higher probabilities for mutual independence were found among the Hispanics 

and ma.y, in part, be due to the smaller numbers sampled and hence, giving 

rise to diminished sensitivity. Therefore, these results are not shown. 

Because dependence between sex, genetic marker, and city within 

ethnic groups was shown, it becomes important to determi.ne which of these 

interactions is significant. In order to determine this, ,2 ... (>, hypothesis that 

sex and genetic marker are independent within a given city and ethnic group, 

expressed as P(S, M I c, E) = P(S I c, E) x P(M I C, E), is compared with 

the hypothesis that sex and genetic marker within a given city and ethnic 

group are not independent. 

In Table 3-14, the probabilities for the likelihood ratio chi squares 

and the Pearson chi squares for the analyzed genetic markers are given. It 

is seen that the probabilities are sufficiently large and that there is no evidence 

for interaction between sex and genetic marker within these populations which 

is significant at the 5-percent level, except for G6PD. This is in accordance 

with known results. 8 

Under the safe assumption that sex does not interact with genetic 
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Table 3-13. Probabilities for Tests of Independence of Sex, Genetic Marker, and City 

Within Ethnic Group, peS, M, C) = peS) P(M) P{C) 

Genetic Marker 
Probabilitie s 

System Caucasian Black 
LR P 'LR P 

ABO 0.0000* 0.0000):< 0.0000):< 0.0000):< 

A Subgroups O.OOOP:< 0.0001):< O. OOOO~< 0.0000 * 
Rh 0.0202):< 0.022b.'< 0.2779 0.1486 

):c 
MNSs 0.0166 0.0164):< 0.0009>:< 0.0011)~ 

ADA 0.1766 0.2044 O.OOOO~< 0.0000 ):< 

AK 0.1135 0.1248 0.0000):< O. 0000 ~< 

EAP O. 0021~< 0.0035~< 0.0022>.'< 0.0016>:< 

EsD 0.003b:< 0.0032):< O. OOOO~< 0.0000 >:< 

PGM
l 0.0076* 0.0089;:< 0.0000>:< O.OOOO~< 

Hp 0.0223>:< O. 0141~< O. OOOO~< 0.0000'* 

Gc 0.1271 0.049"1>.'< 0.0001):< 0.0001* 

*Error is small «50/0) in rejecting hypothesis that sex, genetic marker, and city within ethnic group 
are independent. 

LR = Likelihood Ratio 
P = Pearson Chi Square 

-------------~---- --
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Table 3-14. Probabilities for Tests of Independence ot Sex and Genetic Marker Given City and 
Ethnic Origin P(S, M I. C, E) = P(S I c, E) P(M I c, E) 

Genetic Marker 
Probabilitie s ):~ 

System Caucasian Black 
LR P LR P 

ABO 0.4805 0.4864 0.2743 0.3029 

A Subgroups 0.2429 0.2451 0.0750 0.0947 

Rh 0.9047 0.9401 0.9976 0.9974 

MNSs 0.4155 0.4398 0.2930 0.2913 

ADA 0.8863 0.8881 0.5552 0.5268 

AK 0.2790 0.2846 0.3306 0.4388 

EAP 0.8497 0.8507 0.88'24 0.8770 

EsD 0.4759 0.5199 0.2011 0.1841 

PGM
1 

0.9991 0.9991 0.1618 0.1796 

Hp 0.9558 0.9514 0.7914 O. 7853 

Gc 0.0630 0.0680 0.2362 0.2159 

G6PD 0.4557** 0.5300** 0.0000 0.0000 

*All probabilities in Table suggest significant error in rejecting hypothesis' that sex and 
genetic marker, given city and ethnic origin, are independent. 

**All except four persons reporting as CaucaAians were tested as G6PD type B. These 
exceptions were male type A. It ca'nnot be c:onfirmecl whether these four have any Black 
ancestry. Without thee:'~ four male types A, the two sexes would express the same pheno
typic frequencies, and there is no evidence in the data for interaction between sex and 
phenotype. 

LR = Likelihood p.atio P = Pearson Chi Square 

• --
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marker and city within ethnic groups, the interaction between marker and 

city was tested. In this instance, thr:', hypothesis, that gene.:tic marker and. 

city are independent within a given sex and ethnic group, P(M, cis, E} = 
P(M I S, E) P(C 1 S, E) was tested against ,the hypothesis that genetic tnarker 

ana: city are not independent within a given sex and ethnic group. The 

probabilities for the tests shown in Table 3-15 are generally not significant, 

but four notable exceptions can be seen where both the likelihood ratio and 

Pearson chi square statistics have a probability of occurrence of less than 

0.05. This is unusual because the numbe:t· of tests with probability less than 

0.05 is expected to be less 'than 3. 1 at the 95 percent confidence level. There 

are two ways in which one of the four exceptions can be accounted for. 

First, if one of the four exceptions, namely, that exhibited in MNSs pheno

typic frequencies, was ascribed to differences in laboratory analysis between 

Laboratories 4 and 5 and if there was no actual difference in the two popula

tions, then there would leave only three notable exceptions. The second way 

to account for one of four exceptions is to note that of the 22 tests, one would 

expect 5 percent or 1. 1 tests to have a probability less than 0.05, by tnere 

random fluctuations. With either consideration, then one could say that 

three remaining apparent geographlc differences in phenotypic frequencies 

are expected by chance. 

These results showed that the phenotypic frequencies differ in a 

significant manner in sepa ... ·ate geographical loc,ations and led to another 

statistical analysis to address the same question. Data from the two 

sexes were not distinguished~ but phenotypes and city were distinguished 

within each ethnic group. The probabilities for the likelihood ratio chi 

square and Pearson chi squares for testing the hypothesis P(M, C I E) = 
P(M I E)P(C IE) are given in Table 3-16. Of the 64 tests (2 per ethnic group 

and marker), 18 wer~ significant at the 5-percent level. This is far greater 

than the number expected under the hypothesis of no effect due to city and 
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Table 3-15. Probabilities for Tests of Independenc.e of Genetic Marker and City Given Sex 
and Ethnic Origin, P(M, CIS, E) = P(M I' S, E) P( ciS, E) 

Genetic Marker 
System 

ABO 

A Subgroups 

Rh 

MNSs 

ADA 

AK 

EAP' 

EsD 

PGMI 

Hp 

Gc 

Caucasian 
LR P 

0.0342* 0.0569 

o. 0001 ):~ 0.0001* 

0.0681. 0.0905 

O. 0088):~ 0.0090* 

0.8863 0.8881 

0.2251 0.1917 

0.9497 0.8507 

0.4689 0.3963 

0.9926 0.9926 

0.9558 0.9514 

0.1001 0.0326~'< 

Pr obabilitie s 

Black 
LR P 

0.1969 0.1681 

o. 0008~c 0.0012* 

0.8947 0.7622 

0.6542 0.6731 

0.5552 0.5268 

001332 C,0379~'< 

0.9824 0.8770 

0.3046 0.1907 

0.5900 0.5981 

0.7914 0.7853 

0.3830 0.3151 

* Error is small «5%) in reJecting hypothesis that genetic marker and city, given sex and ethnic 
origin, are independent. 

• 
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Table 3-16. Probabilities for Tests of Independence of Genetic Marker and City Given 

Ethnic Origin P(M, C I E) = P(M I E) P(C I E) 

Genetic Marker 
Probabilities 

System Caucasian Blacl~ 

LR P LR P 

ABO O. 00 14~¢ 0.004* 0.1474 0.1399 

A Subgroups 0.0000 >:¢ 0.0000* 0.0010>:¢ 0.OO06>:¢ 

Rh 0.0025~¢ 0.0026>:¢ 0.7708 0.5540 

MN 0.0010>.'< O.0009>:¢ 0.9421 0.9420 

ADA 0.6161 0.6386 0.0602 0.0106>.'< 

AK 0.5261 0.5057 0.0532 0.0545 

EAP 0.0026* 0.0086* 0.1661 0.2049 

EsD 0.3084 0.2906 0.6006 0.5315 

PGM 1 0.8139 0.8184 0.4824 0.4992 

Hp 0.1812 0.1316 0.0001 >:¢ 0.0002* 

Gc 0.8394 0.8819 0.2777 0.3363 

>:¢Error is small «5%) in rejecting hypothesis that genetic marker and city, given ethnic origin, are 
independent. 



geJ'1.etic marker interaction. Thus, again, the hypothesis that city origin 

has no effect on phenotypic frequencies within ethni.c groups was rejected. 

ThE;re is strong evidence that phenotypic frequencies for any ethnic group 

vary from one geographic location to another. This information could be 

quite discornlorting to forensic scientists who use the data of others in the 

p:resentation of their evidence in court. 

These differences can also be viewed by not using statistical 

parameters. Tables 3-1 through 3-11 compare the values obtained by other 

sources for 11 genetic marker systems. Tables 3-1 through 3-11 also 

show that there is variation for each phenotype troIn one geographical 

location to another. The variations al'e usually between 0 and 10 percent. 

It is tempting to speculate the reasons for these variations in 

terms of population equilibrium, drift, ethnic origins, etc., but the 

critical question concerns the significance of these variations for the forensic 

scientist in the prese,ptation of his data during litigation. In this light, does 

it make a difference 'whether the re sults of bloodstain phenotyping are 

reported as coming from blood occurring in 56.5 or 60.2 percent of the 

population? The terminology generally used for presentation by 

serologists in court is described as an approximation, which implies a 

tolerance in the absolute values being reported. It is not clear that the 

magnitude of these variations is in'lportant. 

3. Comparison of U. S. and British Caucaeian Populations 

The phenotypic frequencies for United States Caucasians obtained 

from this study (i. e., pooled. from the data contributed by Miami, Detroit, 

and Los Angeles) were compared with those for the British-population 

phenotypic frequencies as compiled by Culliford. 1 In order to make the 

comparison, a number of simplifications had to be made. First, the 

question of homogeneity of phenotypic frequencies among the sampled cities 

in the United States 'was ignored. Second, the question of the :r.epresenta-
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tiveness or randomness of the samples (Miami, Detroit, and Los AngelL.", 

in terms of the over-all Unived States population was ignored. Third, thE.: 

British population, as sampled by Culliford, was assumed to be essentially 

Caucasian. (Although other ethnic populations were included in his data, 

Caucasians constitute 90 percent or ri"lOre of the British population. ) 

Fourth, the statistical analysis was limited to a comparison of protein/ 

enzyme genetic marker systems because Culliford's data did not include 

antigenic systems. 

As a measure of simil~.rity or difference between the two popUlations, 

the probability was calculated for obtaining the observed chi square value 

(or larger) that the two popUlations (U. S. and British) were samples randomly 

selected from the same popUlation. The results are summarized in Table 3-17. 

Of ·the five genetic marker systems compared, half had probabilities of 

occurrence of less than 0.05. Although this suggests that differences may be 

detectable between the U. S. and British populations, the conclusion that the two 

populations are different is tenuous without additional data to substantiate it. 
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Table 3-17. Comparison of United States and British Populations 

Genetic Marker System 

ADA 
AK 
Hp 
6PGD 
PGM 

Caucasian 
Black 

0.55 
6.07 

11.36 
0.50 

2.93 
6.10 

II 

2 
2 
2 
2 

2 
2 

P~?bability of obtaining the observed 
X value or larger that the two 
populations were randomly selected samples 
from the same population. 

0.76 
0.048** 
0.0034*** 
O~ 78 

0.23 
0.047** 

,~ Unless otherwise specified, populations are Caucasian. U. S. population data were obtained 
by pooling those of Miami, Detroit, and Los Angeles, acquired during this study. The source 
of the British popula.tion data is reference 1. V is the product of the number of phenotypes 
being compared minus one times the number of populations being compared minus one. 

"''''~ Probability of observed chi square is less than 0.05. 

*,,~,,~ Probability of observed chi square is less than 0.005 • 

• 
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IV. PROBABILITY OF DISCRIMINATION 

A. STA TISTICAL CONCEPTS 

The selection of a genetic marker system for use in bloodstain al1o.ly

sis to discriminate between blood samples of different individuals or to de

termine a particular sample's rarity is generally accomplished by checking 

its frequency-of-occurrence data in an appropriate source. 'The greater the 

number of phenotypes and/or the more uniform the distribution of phenotypes, 

the more useful is the genetic marker syetem. The selection of the specific 

system to use can be quantitatively based on a statistical concept known as 

the discrimination probability. The discrirn.ination probability is the proba

bility that any two individuals chosen at randGm fr.om the population will have 

the same phenotype(s). The ability to discriminate between individuals based 

upon blood phenotypes depends geometrically upon the number of genetic 

markers used for phenotyping. The greater the number of genetic markers 

in which a particular bloodstain from a crime scene matches an individual's 

blood, the greater the likelihood that the unknown sample came irom tJ-;)t 

person. These concepts are based on the assumption of independence of 

genetic marker systems. >Ie 

A question of fundamental importance to forensic serologists which was not 
directly addressed in this study was that of statistical independence of popu
lation phenotype frequencies. For example, it is commonly assuIl".ed that 
the probability of a person being type A and type MN is the product of the 
probabilities of that person being type A and of being type MN. However, 
it can be shown that even if the ABO system is statistically independent from 
the MN system in each of two populations (e. g., ethnic groups) but the two 
systems have different frequencies of occurrence in the two populations 
(as shown to be the case for ethnic groups in the previous chapter), then 
the two systems will not be statistically independent. in t~e combined popula
tion. The critical question that il.eeds to be answered here is how large an 
error might be introduced, and heretofore in the literature, this has not 
be'en addressed. 
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During criminal investigations, the opportunity to match blood 

occurs when bloodstains found at a crime scene are compared to the 

suspect's blood. Thus, for unknown bloodstains, a match is sought from 

a relatively restricted population, i. e., suspects, victims, and perhaps, 

witnesses. 

The probability of a person's blood chosen at random matching th~s 

unknown stain, P, is equal to the simple product of the probability of occur

rence (frequency of occurrence) p. of eacb. mutually exclusive and independ-
1 

ent characteristic or phenotype in each geneti.c marker system, i, for 

i = 1, ••• , N, analyzed. 

The product of the probability of occurrence of each phenotype, p. 
1 

N 
P '-0 n p. (1) 

. I 1 
1= 

is called the probability of match or identity. It gives the probability that 

a person who is r.:hosen at random from the entire population will match 

the phenotypes for all i, from I to N genetic marker systems in the blood

stain clue. From another point of view, it can also be seen as the percent

age of the population that has blood which matches the bloodstain clue. Let 

us apply equation (1). 

If a dett:!ctive discovers a dried blood clue under the fingernails of a 

victim, he would then obtain blood samples from the victim and the suspect 

and have them analYZEd. While the analysis proceeds, he is presented with 

what is known about blood composition such as that shown in Table 4-1. 

A ssume that the bloodstain clue cnntains the most common phenotype in 

each genetic marker system and rnatches that of the suspect as shown ill 

Table 4-2. Because the victim's blood differs from the clue in the genetic 

marker systems, MN, Hp, and PGM l' it is certain that the blood under the 

victim's fingernail is not his own. The probability that the suspect's blood 
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Table 4-1. Known Phenotypic Frequencies for Genetic Markers and Discrimination Probability 

Genetic 
Marker 
System 

ABO 

MN 

Hp 

AK 

6PGD 

Discrimination 
Phenotype (frequencYI Probability 

P
A 

= 0.340, P
A 

= 0.080, P
B 

= 0.090, P
A 

B = 0.OZ4, P
A 

B = 0.006, Po = 0.'460 0.34Z3 
1 Z 1 Z 

P
MN 

= 0.498, PM = O. Z88, P
N 

:: O. Z14 0.3769 

PI = 0.139, PZ-
l

:: 0.526, Pz = 0.3Z0, Po = 0.015, PZ- lM = 0.015 0.3986 

PI'" 0.584, PZ- l '" 0.361, Pz :: 0.053 0.4744 

PI :: 0.91Z, PZ-
1 

:: 0.087, Pz = 0.001 0.8393 

P
A 

:: 0.958, Pc = 0.041, P
CA

:: 0.001 0.9194 



Table 4-2. Frequency of Phenotypes Determined in Blood Samples 

Genetic Marker Bloodstain Clue Suspect's Blood Victim's Blood 
System Phenotype Frequency Phenotype FreQuencv Phenotype Frequency 

ABO 0 0.460 0 0.460 0 0.460 

MN MN 0.498 MN 0.498 M 0.288 

Hp 2-1 0.526 2-1 0.526 2 0.320 

PGM
1 

1 0.584 1 0.584 2-1 O. 361 

AK 1 0.912 1 0.912 1 0.912 

6PGD A 0.958 A 0.958 A 0.958 

• • 



• matches the clue merely by chance is simply the probability of match or 

identity, v·i~!ch by equation (1) is 0.460 x 0.460 x 0.498 x 0.526 x 0.584 x 

0.912 x O. 958 ~ O. 060. This probability is not significant enough to provide 

reasonable certainty that the suspect was involved. 

Now let us suppose thc4t the clue contained the rarest phenotype in 

each genetic marker system listed. The probability of a person chosen at 

ra£",dom from the population matching the clue is given by O. 006 x 0.214 x 
-13 

0.0,\5 x 0.053 x 0.001 x 0.001 = 1 x 10 • If a suspect was found having 

this blood type, it would be difficult to argue his innocence. To reiterate 

qualitatively, equation (1) states that the probability of a match is dependent 

upon (a) the rarity of the phenotype and (b) the number of genetic marker 

systems analyzed for. 

If every blood specimen contained one or more rare phenotypes, it 

would be very useful to always analyze for rare phenotypes. However, be

cause the rare phenotypes are difficult to find, numerous genetic marker 

syst(;.ms must be analyzed for. Such a task is not within the time or sample 

size constraints of forensic serologists. The optimal approach is to analyze 

a blood sample for between 7 and 10 genetic marker systems, each contain

ing between 2 and 5 equally distributed phenotypes. 

That this approach is ideal is demonstrated as follows: Given that 

the phenotypes are equally distributed within each g'enetic marker system, 

the probability P, that two blood samples merely match by chance is given 

by the reciprocal of the number of phe~otypes M raised to the exponent 

number N of the genetic marker systems analyzed, as shown in equation (2): 
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Probability of match is shown in Table 4-3. 

Table 4- 3. Probability of Match 

M, No. oC 
N, No. of Genetic Marker Systems 

Phenotypes Z 3 -j. 5 £> 

2 .500 .250 • 125 .062 .031 .016 

3 .333 · III .037 .012 .004- .001 

4 .2.50 · 063 • 01!! • 004 • 001 .OOO? 

5 . 200 • 040 • 008 • OOZ • 0003 • 00006 

(2) 

----
7 8 9 

.008 .004 .002 

• 0003 • 000 I .00005 

• 00006 .00002 • 000004 

· 0000 1 • 000003 • 0000005 

This table shows the probability of a r.andom match with a blood 

sample when N genetic marker systems are analyzed for with M equally dis

tributed phenotypes in each system. Note that three genetic marker systems 

with five phenotypes in each provide the same probability of match as seven 

genetic marker systems with only two phenotypes each. 

The selection of genetic marker systems using the statistical concept 

discrimination probability was discussed qualitatively and is discussed 

quantitatively below. The probability of occurrence (frequency of occurrence) 

of a phenotype j for a genet}.c marker system i in a given blood sample is 

denoted as p... The probability p. that any two blood samples chosen ran-
~ 1 . 

domly from the entire population have the same phenotype j .for a genetic 

marker system i is given by: 

z 
P. :: p .. 

1 1) (3) 

• • 

• 

Because every genetic marker system contains more than one phenotype, 

the probability that any two blooll samples chosen randomly from the enti:l'e 

population match in anyone of the phenotypes from I to M, for a genetic 

marker system having M phenotypes I is given by: 

P. = 
1 

M 
£ 
j=l 

z 
p .. 

1J 
(4) 

Equation (4) gives the discrin'lination probability for one genetic marke:r 

system. The discrimination probability for a set of genetic marker systems 

(i. e., the probability that any two blood samples chosen randomly from the 

entire population match in anyone of the phenotyp6s, j(j = 1, •.• , M) of 

each genetic marker system i (i ::: 1, ••• , N» is given by substituting equation 

(4) into the r ight-hand side of equation (1) and obbaining: 

N 
P = n 

t= 1 
p"z) 1J 

(5) 

The most efficient set (i. e., the best ()hoice) of genetic marker sys

tems is that which produces the smallest numerical value for the discrimina

tion probability as defined in equation (5). The smaller the probability, the 

fewer the number of samples that wiE coincid~nt1y match and conversely, the 

greater the number of samples that do not match. Jones has mathematically 

proven that the discrimination probability, as defined in equation (5), de

creases whenever (a) the phenotypes are more uniformly or equally distribu

ted in each genetic marker system, (b) the number of phenotypes increases 

for a genetic marker system, and/or \c) the number of genetic marker sys

tems analyzed for increases. 14 Note that by the way that discrimination 

probability is defined, better discrimination is given by smaller probabilities. 
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There are similarities and differences between probability of match 

and discrimination probability. Both probabilities, as expressed in equations 

(1) and (5), utilize the same frequency-of-occurrence data. The probability 

of match applies to the situation faced by the criminalistics laboratory in 

relating a blood clue found at a crime scene to a specific subject. The dis

crimination probability applies to the situation faced by the criminalistics 

laboratory in selecting efficien.t genetic marker systems with which to type 

a given bloodstain clue. In illustrating the difference between these concepts, 

Table 4-1, which gives an example of a set of genetic marker systems, con

tains calculations of the discrimination probability for each system. Table 

4-4 shows how the probability of match is used to tie a bloodstain clue found 

on a suspect's clothing to the victim's blood. 

B. PRACTICAL APPLICATIONS 

The concept of selecting an efficient set of genetic markers is dis

cussed in relation to applications to discriminate within ethnic groups, be

tween ethnic groups, and between ethnic genders. This section ties together 

the phenotypic frequency-of.·occurrence data collected during this study and 

the concept of discrimination prob2l.bility to point out which genetic marker 

systems are most useful for these applications. 

This study, as well as others, notes that ~l. racial bias in phenotypes 

is manifested by the frequency-of-occurrence data. The distributions of 

phenotypes with respect to ethnic groups are shown in Figures 4-1 through 

4-4. For example, it is clear in Figur~ 4-1 that there is a strong ethnic 

bias regarding the gene frequencies in the group specific component (Gc) 

polymorphic protein system. Although not as pronounced, ethnic bias is 

clear for all of the genetic marker systems illustrated in these figures. 
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Table 4-4. Example of Calculation of Probability of Match 

Marker 
System 

ABO . 
MN 

Hp 

PCEZ 

POM
I 

Phenotype* 

0 

MN 

2 

C~ 
1 

p .. ::: Frequency of 
1J 

Occurrence 

Product n p .. ::: 
1J 

0.460 

0.498 

0.526 

0.903 

0.584 

0.0635*:.: 

*Common to bloodstain clue and victim 

**Probability of Match 
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Figure 4-1. 
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Visualizing phenotypes of the genetic markers graphically illustrates 

the practical aspects of using certain systems for differentiating bloods from 

individuals within ethnic groups or between ethnic groups. 

Using the prindple thai: the more uniformly distributed are the pheno

types of a genetic marker system, the better the discrimination probability 

of that genetic marker system, Figure 4-1 demons:trates Gc is better able to 

distinguish the blood of Caucasians than of Bl:acks. The ratios of the average 

phenotype frequencies for Caucasian'3 are approximately 45: 12:43 (for Gc 

phenotypes 1,2 and 2-1, respectively) as opposed to 75:2:20:3 (for Gc 1,2, 

2-1, and 1- Y, respectively), for Blacks. The discrimination probability is 

cal cula.ted to be o. 39 for applying Gc to Caucasians and to be 0.56 for apply

ing the system to Blacks. The same approach r.an be applied to each of the 
.. 

other genetic m'a,'f,ker systems. Esterase D (EsD) and phosphoglucomutase-

locus one (PGM
l

) eire better for discriminating blood of Caucasians, while 

" haptoglobin (Hp) is better for discriminating blood of Blacks, as can be seen 

in Figure 4-2. Figure 4-3 shows erythro(:yte acid phosphatase (EAP) can 

be equally applied to discriminating blood of both Caucasians and Blacks, 

although the ethnic biau for the different phenotypes is apparent. The MNSs 

genetic marker system is a good general discrimination system (discrimina

tion probability is 0.37) but a,ppears to be actually better for dlffel'entiating 

the blood of Caucasians than of Blacks. 

The discrimination of blood within ethnic groups (e. g., among Cau-

casians.£!. among Blackr;) represents ollly One practical application of blood

stain analysis, but there is discrimination of blood between ethnic groups 

(e. g., between Caucasians _~nd Blacks). The ethnic bias in the blood pheno

typic frequency-of-occurrence data is not sharp enough to permit clear-cut 

decisions io be made regarding the ethnic origin of a bloodstain except for 

a small number of genetic marker systems. Three of these systems, 
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carbonic anhydrase (CA II), peptidase A (Pep-A), and hemoglobin (Hb) an~ 

illustrated in Figurfl 4-5. The information in Figure 4-5 strongly implies 

that the presence of phenotypes 2 or 2-1 for either CA II or Pep-A or AS or 

AC for Hb in a blood sample indicates that its ethnic origin is most probably 

Black. (Note that inferences about ethnic origin of a bloodstain based on 

phenotype information must be of a probabilistic nature,) It is noted that 

because the frequency of occurrence of the aforementioned particular pheno

types is not very great, their potential ability for discrimination of blood 

among Blacks is small. 

Glucose-6-phosphate dehydrogenase (Figure 4-6) is an isoenzyme 

genetic marker system that provides the forensic serologist with an added 

dimension of blood discrimination. First, the A or BA phenotype of this 

system provides a high discrimination of blood between Blacks and Caucasians. 

This system, in fact, is the best genetic marker of the systems mentioned 

so far including CAlI, Pep-A and Hb. Second: the BA phenotype of this 

genetic marker system provides a mechanism for singling out Black females. 

A particular genetic marker system may have a very good discrimi

nation probability and yet present many difficulties in usage, An example 

is the Rh system (Figure 4-7) which has a discrimination probability of 

0.20 and has been espoused as one of the most efficient systems. 15 However, 

when the practical aspects of bloodstain a.nalys~s are cot ... sidered, the Rh 

system loses a lot of its appeal as a viable tool for forensic serology because 

Rh blood typing is based on identifying both the presence and absence of par

ticular antigens and the analytical procedures require obtaining a meaningful 

negative result. In wet or whole blood typing, the negative result is more or 

less conclusive; in forensic serology, ty:ping is performed mostly on blvod

stains, inherently complex. For a number of Rh antigens, a negative result 

due to degradation of an aged bloodstain cannot be distinguished from a 
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negative result due to absence of an antigen. Thus, the only meaningful 

result for the Rh system is the presence of. an antigen. Figure 4-8 shows 

the frequency-of-occurrence distribution for Rh system antigens for which 

meaningful typing can be performed by forensic serologists. Note that the 

discrimination probability of this genetic marker system worsens dramatically. 

The utility of the Rh systems for discriminating blood within ethnic 

groups can also be seen in Figure 4-8. An ethnic bias is evident in the 

figure: The antigens D, c, and e occur in 90 to 100 percent of Blacks, and 

the antigens C and E occur in les s than 30 percent of all Blacks. Thus, in 

one instance, almost every Black will give a positive result while in the 

other, the majority will be negative. It can 'be concluded that the utility of 

this system for discriminating blood among Blacks is minimal. The utility 

of the Rh system for discriminating blood among Caucasians is slightly 

better. The D, C, and c antigens occur ~rith more uniformity (i. e., are 

more equally distributed- - 80, 65, and 80 percen.t, respectively) such that 

discrinlination probability is enhanced. However, considerations of expendi

tures of time, rnoney, and bloodstained mate:tial do not favor utilizing the 

Rh system in comparison with the other genetic marker systems with com

mensurate discrimination probability. 

/ 
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APPENDIX A 

EXAMPLES OF ELECTROPHORETIC RESULTS 

• • 

• 
l 

, 

Adenosine Deaminase 

A-I 

1 
1 
1 
1 
1 
'1 
1 
1 
1 
1 
1 

2-1 
1 

NEG 
1 
2 

NEG 
NEG 

1 
2 

NEG 

1 
1 
1 
1 
1 
1 

2-1 
1 
1 
1 
1 
1 
1 

> .. ~., •• 



• 

• 

• 

Haptoglobin 

~""''i; •• ";,'('\ 

I~:;'l"" " 

o ";;'f~' f 

*' 

I 

I 

• • f, t 

,. .. J; " 

t I' I. 

A-2 

1 
2 

1-J? 
2-1 

1 
1-J? 

2 
2 
? 
2 

2-1 M 
2-1 
2 

2 
2-1 

1 
2-1 M 
2-1 
2 
2 

• 

• 

• 

Haptoglobin 

• I 

\ t I " :. . 
" 

, . '", " 

" 

• I 
~ , 

A-3 

2-1 
2-1M 
2-, 
2-1 
2-1 

1 
1 

1 
1 

2-1 
2-1 

2 
2 
1 

2 
2- " 
2-1 
1 

2-1 
2-1 
2-1 



, 

• 

• 

Carbonic Anhydrase II 

A-4 

1 
2-1 
2-1 
2-1 
2-1 

1 
1 
1 
1 

2-1 
1 
2 

1 
1 
1 
1 
1 

2-1 
1 
1 
1 
1 
1 
1 
1 

• 

• 

• 

Glucose - 6 - Phosphate Dehydrogenase 

A-5 

B 
B 
B 
A 
B 
B 
B 
B 
B 
B 
B 
A 
B 

A 
BA 
A 
B 
B 
A 
B 
B 
.8 
B 
A 
A 
A 

A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
A 



, 

• 

• 

6 - Phosphogluconate Dehydrogenase 

A-6 

A 
A 

AC 
A 
A 
A 
A 
A 
A 
C 
A 
A 
A 

INC 
AC 
A 
A 

INC 
AC 
A 
A 

A 
A 
A 
A 
A 
A 
C 
A 
A 
A 
A 
A 
C 
A 

, 

• 

.... 

• 

\ 'I lr 
\ 

!l 
~ I "1,·' '. 

.. 
, 

Adenylate Kinase 

(J 

A-7 

1 
1 
1 
1 
'1 
1 
1 
1 
1 
1 

2-1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2-1 
1 
1 

1 
1 

2-1 
1 

2-1 
2-1 

1 
1 



Peptidase A Glyoxalase - I 

• 1 • 2 
1 2 
1 2 

2-1 1 
2-1 2 
1 2-1 
1 2 
1 2 
1 2-1 
1 2-1 
1 2-1 
1 2 
1 2-1 

I" I 

1 2 
1 2-1 
1 2-1 

2-1 2-1 
2-1 2 • 1 ' • 2-1 
1 2 

" 2 1 \.'; 

1 '0:::,. ,:1 2 
1 . 2 
1 " . 2 

2-1 2-1 
1 2-1 

2-1 2-1 
1 2-1 
1 2 
1 1 
2 2-1 
1 2-1 
1 2-1 
1 2-1 
1 2 • 1 • 2 
1 2 
1 2-1 
1 2 

A-8 A-9 



Esterase - D 

• 

• 

• 
A-IO 

1 
1 
1 
1 
1 

2-1 
1 
1 
1 

2-1 
1 
1 

2-1 

2-1 
1 
1 

2-1 
1 
1 
1 
1 
1 
2 

2-1 
1 
1 

1 
2-1 
1 
1 
1 
1 
1 

2-1 
1 

2-1 
2-1 
1 
1 

• 

• 

• 

Phosphoglucomutase 

A-II 

1 
2-1 

1 
2-1 

1 
1 
1 
2 
1 

2-1 
1 
1 
1 

1 
2-1 
1 

2-1 
1 

2-1 
1 
1 
2 
1 

2-1 
1 

2-1 

1 
2 
1 

2-1 
1 

2-1 
2-1 
1 
1 

2-1 
1 

2-1 
2-1 



• 

• 

• 

Erythrocyte Acid Phosphatase 

A-12 

S 
S 

SA 
CA 
BA 
A 
B 

BA 
B 

SA 
SA 
A 

SA 

CB 
RC 
S 

SA 
SA 
SA 
SA 
A 

SA 
B 

SA 
S 

DB 
RB 
SA 
BA 

, 

• 

• 

Erythrocyte Acid Phosphatase 

A-13 

CS 
S 
S 

SA. 
A 
S 
S 

SA 
S 
S 

RA 
SA 
S 

RS 
RS 
RS 
A 

BA 
CA 
A 

CS 

RS 
SA 
RS 
RB 
SA 
RB 



• 

• 

• 

Erythrocyte Acid Phosphatase 

A-14 

B 
SA 
B 

BA 
S 
B 
A 

BA 
BA 
RB 
B 

BA 
B 

B 
8 
A 
B 
B 

BA 
B 

CB 
RA 
BA 
BA 
SA 
BA 

B 
CA 
BA 
RS 
A 

SA 
A 
B 
B 
A 
A 

SA 
CB 

APPENDIX B 

BLOOD/BLOODSTAIN ANALYSIS DATA FORM 



BLOOD/BLOODSTAIN ANALYSIS DATA FORM 

Llboratory Cue No, CASE (11 

lib. No. LAB 121 

Olte: YA 

Monlh MNTH ~I 

O.y DAY 161 

Glnd" GEN 181 DIAl 
Mille 

Ethnic B~kQround ETH 171 D lei 

Caucasian 

,rIlFI 

~ 

0 101 
Am. Ind. 

rIlGI 
~ ISpocllYI 

Plac. of Birth P0B IH) (clIY. SIIIItI ___________________ _ 

Specimen Sou,,,, SAC lal rIlil 
Wh~ood 

Muillpllcily MUL T 1101 

ABO 

A Subgroups 

Ah 

~"Ior 

MN 

Dombfock 

Oully 

KIll 

Kldd 

DleQO 

V,I 

VI 

~ . • 
HLA locus A 

HlA Locus·B 

AB0 1111 GILl 

ASUD 1121 81QI 

AH 1131 01VI 

SEC \141 alGI 

LEW \1&1 01KI 

MN \161 ~ISI 

00M 1171 BIYI 

DUFF 1181 EZJIAI 

KELL 1191 [!]IHI 

LU 1201 BIPI 

KIOO 1211 !!:JITI 

OG0 1221 IE1IXI 

1231 ~IBI 

VEL 1241 BIFI 

1251 Bill 
YT 1261 alLI 

XGA 1211 jgl01 

HLAA 1281 GIAI 

SIAl 

0 151 

8 BI 

[!!]INI 

8 v' 
8 01 

rIlJI 
o,!::nii'ood 

ANTIGEN DATA 
~tr~1 

QJISI 

0 1A1 

rEalCI 

l!r)IJI 

BI01 

~ITI 

[~JtBI 

miDI 

!]]IKI 

~IUI 

[!JICI 

[~]VI 
[!]IOI 

~IPI 

GIUI 81VI 8 1w, 

8 01 EWl*, 8 m 

B'PI 

8 1XI 

E3IFI 

B-1 

Control F .. 11l1y u. Onfy 

Contr. FecUl1y eo. Numbo, ____ _ 
En"'ed ________ _ 
V .. UI.d ________ _ 

SISI 

IBWl111AI 

~IFI 

~YI 
~HI 

ElZI 
E!3"1 

ADA 

AK 

EAP 

G61'D 

6PGO 

PGE I 

PCF'I 

OI'T 

Gl."- r 

PEP 0 

IITP 

\"'I,··tl1l""1 

, 1 I, ,I "t I ~ 

1"''''11111' •• 1\ 

AnA '1m 011' 
AK (J\) [~}Nf 

~AP 1321 01fl 
ESO 1331 [~:}Il' 
(i6PO (34) G.]iJo;I 
aPGU IjGl 010' 
PCE I 1361 WI\V\ 
PCC2 13'11 ~II)) 

t'L:~J 1381 BUll 
lIH 13910!l1 

on 1401 0151 

PEPA t411 [2]IXI 

PEPU 1421 [2]'" 

PEPe) 1431 0"" 
lJrr (441 B H', 

r(JM I ~451 Ci:]IW 
a U1 ) 

PliMll461 [QI'" 
P(j~1J 1471 011f 
I..,., 14111 0'~~ 

tm 1491 ~}" 

~" 

[~=lu 
~'Ht 

G·lit 
QJ., 
QJ',l 

0" 
B'\ 

ENZYME/PROTEIN DATA 

[~}1.l1 

GIKI 
GIT! 
B,ol 

B-2 

~I"I 

Gill 
BtU' 
GtEI 

G" 
~ 

G" 
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APPENDIX C 

PROCEDURES OF LABORATORIES 4 AND 5 

(Michigan State Police Crime Laboratory (4) 
and Dade County Crime Laboratory (5)) 



() 
I ..... 

TAN\( BUFFER 

QElBUfFER 

SUPPORT MEDIUM 

AMOUNT REOUIRED 

APPLICA TlON 

TEMPERA TUllE 
AND 

CONDITIONS 

VOLTAGE AND 
Dt)RATION 

RE"CTION BUFFER 

RUCtiON MlkTURE 

• 
LABORATORY NO.4 

Glyoxalase I (GlO I) 

fm: OIOM 42390 1211 g I 
Mnll'IC ACid o to M 40670 11620 1 
EDT A !trao Held) OOIM 10 '22 g 292 0 [ 
MgCI,tlH,O OOlM 7 10 9 203 Q I 
D'sldled H,O 35 I 
Adlusllo nH 7 4 willi 40'. NilOH pH 7 •• 

I t5 (1llutlOIl 01 I[HIK buffer 

pH 7.4 

I nlln OCI 

2', slarcll I', Og,"050 gel 

LYSATE STAIN 
I caliOn Ihroad sankOd wllh Iysol(\ J to 2 thmilds 0' stwnad malNlal 
11>!~letl I I Wllh 0 10M CI~IOIld'S sonkOd 1)\ n flIlnunum 01 CloIMd'S R~~QMI 
Flo~gMI (dllhlolhrMol) (n1l1d~ III 0 10M wllh g~1 bullN) lor 5 10 10 

mlnulo5 

Cold (00111 [II 4'C (Of COO/II'~ pl~lol Mlgra1lOIl AnodiC 

OilY ~50 " lot 3,3 4 hours Nlghl 

51111'0 as ()·POD Iiln~ bllllo( 

pH 6.8 

IIlI AQllr (powdl't) 04" (] 
GlO reacllon buller 15 () ml 
H~nt noar find stano by 
Olul"lhlono rcri'lced 12011\0 
Melhyl (IIy(,..I 200 I 
OLD reliC lion buller 50",1 
Cool ugm 10 65'C, lIdd glulhlhlon~ solullon. pour over !I~I Incubnlo 37"C lor 30 
mlnules (CRITICAL) 

Remove giululhlQne gol. Ih~n 
(bl Agoroso. Type II 020 9 

015l1li0\1 H,O 20 ",I 
HeAtla bOiling hot Cool 10 6S'C nr\d ndd 
KII, 50lol1on 200 I 

(II 100 dark. use ISO I) 
Poor 110m Cotner 01 (lei (on Coohng p~1le) 
KII, solullon KI 1650 ~- 4, -

I, 2 54 g 
Dlshlled H,O 300",1 

OlO eM be run slmullnneously With eso and PGM 

Esterase 0 (ESO) 

TriS 010 M 4~ 30 II t 2 t I 'II 
Mnl~lc ACid 010 M 4067 q II (l~ III 
SOTA 1''''0 fiCIt\} OOIM 10 2~ q 2 O~ (II 

Moel,6H,O OOIM 7 10 'I 20;1 q I 
Distilled H,O as I 
Adlusl 10 pH 7 " ,,,,HI 40', N"OH pH 7, .• 

I 15 dllullon 01 lonk huller 

pH 7.4 

1 mm gcl 

'2'. slmch I', OgMOS~ n~1 
, 

LYSATE STAIN 
I collon Hllcad so,lk~d Wllh IvS,lip I to 2 Ihr£lilCfs of st;II!1(ld ,",ltt1tc.l f 

dlluled I I wllh 0 10M Clel,ll1d s sOllCkPd If) a1 HlInUl?Unl of CI(lf.lnd!' Rf',If]E'nt 

Re"9MlldlthlolhfPIIOI) /maUp 01 () 10M With 'Wi bulh'l) 101 5 (0 10 
m!nulrs 

Cold rOOm 01 4'C lor CnOlllll\ plal!'1 Mlq',,"on AnO(J,,' 

Day: 250 V fOI 3,314 hours Nlghl 

SOdlll1!l ocelill~ ~ 05 tJ 
DIsIJlled H,O ~mll!ll 

Adlusl 10 PH 6 0 WIllI 0 I NAn''', ,\PC' 
pH 6.0 

lal RellCllQn buller 10 ",I 
(n) 4 ·melhyl omlwlhlNyl ,,(·pl.,lo \1 004 q 

Ols~olvt'ld In ,1 nU(llnlWH 01 \\('(olon("l 
Add 10) to (bl nr'li $,1turt1lt' 11 51.' X 5',' mdl PIN'(\ ()I WI',\1I11111' a~VI\ Olt()I1',ltl)Qtllphl(; 
papN \\IIIH fh(' fP,1('IIOn I1llxtut('l 
PlacQ pilpl'r {lGrOS$ P'llt{1 tor !1 It1l11ul(':; .1t rOOI1\ h' I11I)('Iri:\lwl) 

FollOWing the 5 10 10 nlifilllt_) 11Irlt'hOn nf'nod If'lmovi' ItlP Whallllan JMM t)YIIIJ.ly ~H1d 

rend Ihe IM\llIs under lOl1ownv~ UV 

Aceto, U IS used 11\ tht' W.Whv'l nm.tutt~ tUf'lfl'ly to 1,1('lhliII1' I.fls!'('II\'ItHl Ih(' 4 n!{'Itllyl 
umt)elhloryl :tCt!tilll' 11\\0 !ioklhon AttN Ihn tirop 01 1l('\'IOIH' tl.1l. tlC't'fl.1dd('>" to ltlt' 
4.nh)thyf umbelhfflryl "crt-Ial£' tho SOdlUIIl .ICl't,\\P (;r.I:JItOI1 should ill' .ldd"tll'h)lIIplly 
bl1tore thil ncefolw t\Ul t1vilpOr"It' 

. ,," , . ",..,\.o'll"""'-" 

EsD Can be run ~1JIl1/I1;""·o1/sly With pGM and GlO 



() 
I 

N 

TANI( BUFFER 

GEL BUFFER 

-., 
SUPPORT MEDIUM 

AMOUNT REOUIRED 

APPLICATION 

TEMPERA TURE 
AND 

CONOITIONS 

VOLTAGE ANO 

DURATION 

REACTION BUFFER 

REACTION MIXTURE' 

NOTES 

• 
LABORATORY NO, 4 

Peptidase A (PEPA) 

(.) Tns 010 M 12 Ilg,11 0 hler H,O 
Ib) NaH,PO .. lanhydrouse) OIOM Ie Og'l Siller H,O 
Add (b) 10 (.) 10 reAch pH 7 4 

T ANII BUFFER 

pH 7.4 C.lhodlc pH B.6 

(.) T"s 001 M o 61g 500 "'/ H,O) 
(b) MaleiC aCid OOIM o 58g 500 ml H,OI SOAK BUFFER 
Add (b) 10 (.) 10 reAch pH 7 5 

pH 7.5 

1 mm starch gel SUPPOR T MEDIUM 

lOGo storch AMOUNT REOUIRED 

LYSATE: STAIN 
2 calion Ihrends soaked With lysate 2 to 4 stained threads soak{'d In il nllnlmum 

01 gel buller lor 10 minutes APPLICA liON' 

TEMPERA fUR£ 

Cold room (or cooling plate} Migration AnOdiC AND 

CONDITIONS 

Day Nlghl 90 V (4 5V em} overnight 
VOLTAGE AND 

DURATION 

NIl,HPO. 02M 14 199 sao ml H,O 
Adlusll~ ,'; 7 5 wllh 10M HCL 

ALTERNATE BUFFER 

pH 7.5 

L·valy!·)·leuclne 10 Omg 
MnCI, DIM 025 ml 
1 rnl Q·d,nnISldine dlhydrochlondc (lrom stock solullon 01 SOOmg 20 Oml H,O) 
2ml peroxidase (stock solution - SOmg::! Oml reaehon butler") 
snak~ venom amino ACid oXldaselslock sotullon ... 100mg 2 Omlt'enctlon buller} 05ml AEACTION MIKTUR£ 

reactlOIl buller 125ml ('Ior SIGMA P 8000) 
2 000 ngnr gel 12 5~ 

• The components ot tho reaction mldure should be mixed In the order whIch appc_lrs 
above Upon addihon at these components. the tormatlon ot a mtlky preCIPitate may occur 
but II IS not inimical 10 reactivity 

Rubber gloves must bfJ worn when preparing the reachon mlltture and applYing It 10 the 
plale. due to the amino aCid oICidase actiVity 01 snake venom 

The ongln slolS should be plac~d ,n the gel approximately 1'1 IOches tram the cathodiC 
NOTES end at the plate rAther than l' 3 \he way tram the cathode end because the PEP A bands 

mlgratld a c:onsiderable distance by th,s method 
Because the PEP A bands diffuse qUickly, the reachon mixture should be orepared poor 

to terminating elec1rophoresls aod removal ot the plate from the tank 

Hemoglobin (Hb) 

Tns 208.10' M 252 9 Adjusllo PH 9, I IVllh 1 EDT A (Iree acid) 355.10.3 M 25 9 20°0 NaOH 
Bortc Acid 307,10.2 M I 9 9 
Dlslilled H,O 101 
Sodium barb,tal 343.10·2M 5 15 g Adjusl 10 pH 8 6 wllh 
BarbitAl 72.10.2 M 092 9 10M NoOH 
Dlstllied H,Q 101 Anodl. pH 9.1 

PrOpEtrq (f so/utron conSisting 01 
Anodic lank bulter 50 ml 
Cathodic tank buffer 50 ml 

CcUulo!)e acetate 

12>0:5 c;m StriP 

LYSAT~ STAIN 
Apply nee I lysate With a smglc l·cm Extract stained mater!.11 with 1 drop 01 
long stroke 01 ~ capillary pipe lie striP buller Apply e)(trnct 10 cellulose 

acetnte With n singlu 1 cm long slroke Of a 
capillary pipette 

Room temperature Migtalton AnodiC 

Day 160 V lor t hour Nlghl 

Beckman "8·3" 
GlYCine Q 29 M 763 9 21 8 9 I 
Trls 3 7~ M 1575 9 45 g.1 
Dlstlllnd H,O 351 

., 
Ponsoau S 015 9 
300 Ttlchtomc~hc aCid 1000 ml 
Immerse cellulose acetllie strip In Ponsei;lu 5 stain lor 4 minutes Wash stnp In 3 0 D aeehe 
aCId lor 2 to 3 minutes Rinse all ncellc aCid under tau water and allow sJ.np 10 alr.dry 

• The cellulos€) acetate striP Is floaled on lop 01 the solullon 01 soak buller until soaking IS 
Visible. Ihen the striP should bo plunged Into the soak buller When samples are ready 10 
be applied. blot the stnp on paper towel and ~'\y the slrip hcross bndges made 01 several 
thicknesses 01 IiIler paper or Whatman JMM chromBlograohlc paper 

Stnps of cellulose acetate. 8)(2 cm. soaked In soak buller and blotted, should be lIsed 
as edge ships tor the main strip, that 15, l."d acro~s the bndges and runnmg along the lop 
edge and boltom edge at Ihe mAin stnp The shape 01 the rnm" slnp with edge stnps In 
place IS that of the capital tetter ",.' 

Washmg olt the acehe aCid with tap waler prevents the striP from becoming brlttte when 
dned 

The edge sttlPS ploYsnl dJsiorhon on Ihe Hb bands dUring electrophoresIs 



(') 
I 
VJ 

TANK BUFFER 

GEL BUFFER 

SUPPORT ME~'UM 

AMOUNT REOUIRED 

,.PPlIC,. liON 

TEMPER,. TURE 
AND 

CONDITIONS 

VOLTAGE AND 
DURATION 

REACTION BUFFER 

REACTION MIXTURE 

NOTES 

• 
LABORATORY NO.4 

6·Phosphogluconate Dehydrogenase (6·PGD) 

la) Na,HPO. lanhydrous) 0.20M 56 764g. 26 392g11 
Dlshlled H,O 201 

Ib) NaH,pO. IAnhydrous) o 2() M 46 Og. 24 Og'l 
Dlslilled H,O 201 

Add Ib) to (a) to reach pH 6 8 

pH 6.8 

1120 dlluhon 01 tank butter 

pH 6.8 

I mm slarch gel 

10', slarch gel 

LYSATE STAIN 
'1 cation IhfJad soaked With neal Iysale 2 10 4 threads 01 slalned malenal soaked In 

a minimum of Cleland's Reagenl 
(dllhiolhreltol) made al 0 05 M With gel 
butter for 5 to 10 minutes 

Cooling plate. 4'C. Mlgrallon AnodiC 

Day 230V I t I 5 Vlcml lor 4 hours Night 

Tns a 02M 6079 
Dlslilled H,O 250ml 
Adlusl 10 pH 8 0 wllh dllule HCL (HCL ciliuled 1 5 With H,O). Ihen 
Add MgCI, 109 pH B.O 

2 0'. agar gel lag 
6·Phosphogluconale 3 Omg 
NADP 20mg 
PMS 10mg 
MTT 20mg 
Reaclion buffer 10 ami 

Incubale al 37'C lor 30 10 60 mlnUles 

1\ run In conlunctlon wllh ADA. use ADA paramelers (excepl use 60V) and Include Ihe 
!ollowmg Ingredients Into the ADA reachon mixture 
6·Phosphogluconnle 60mg 
NADP 4 0 mglmlnln",m) 

CarbonIc Anhydrase II (CAli) 

Tris 6.B7xl0·2 M 3763 9 10759 1 
Dlsodlum EDT A 251<10.3 M 326 9 093 g I 
BOriC Acid 6151<10. 2 M 1764 9 504 9 I 
Dlslilled H,O 35 ) 

(Same as Stock Hp tank buller lor polyacrylamide melhodl 
Hp butter diluled t 5 pH B,2 

Trls 45x10<M 1363 g 
EDTA /lree aCid) 1 OxlO·3 M 0073 9 
Boric ACid 2 5XlO·2 M 0 387 9 
Distilled H,O 250 ml pH 8.S 

I mm Slarch Gel 

10', Slarch Gel (2 0 mg NADP per plale added to gel' • I 

LYSATE STAIN 
I colton thread ~oaked with neal Iysale 1 to 2 Ihreuds of stained matenal soaked In 

a minimum 01 gel butter for 5 10 10 mlnules 

For day run Coohng plate. 4'C 
For night run Coohng plate or cold room al 4'C 
Migration See notes 

Day 330 V (t 5 V cm) lor 4', hours Nlgill 100 V 154 V em) ovornlghl 

(a) NaH,PO. (anhydrous) aIM 18 g I 5 1 H,O 
(bl Na,HPO. (anhydrous) aIM 9 937 9 0 7 I H/Q 
Add Ib) to la) 10 reach pH 6 5 
Same as ADA lank buller pH 6.S 

Fluorescein dlacetate 10mg 
Dissolve Fluorosceln dlacetah? m 2 drops 01 acetone and before ~r(ltone Ciln (lvnporatE.1 
add 
Reaction buller 501111 
Saturate a 3)C51~ Irlch PICCP 01 Whalrnan 3 MM chromAtographic pi'\per With the reaelton 
mixture Place papf),1' across plate nnd IncubatE" ill 37°C for t a minutes 

• Run CA 11 simultaneously wllh G·6·PD 
•• The 2 0 m9 NADP In Ihe 9,,1 IS reqUired lor G·6·PD MalyslS "no musl be nddod 10 Ihe 
slarch gel solullon lollowlng 1110 bOIling slaqe and PfiOI 10 Ihe do~"sslnq stago 

Migration of CA It bands In thiS method IS npproxlmntely 1 Inch fmudll. 10 the- orlwn lor 
the CA II • 2 ba.nd and apprO)(lmnl{lly 1 2 IIlch ctlthodlc to thp onqln for Iht' CA \I . 1 
band Therefore the paper cOl1tillnln~l the reliction nm<fur() must 0('0 pfilr.Nf ')nlo thl' pf<\le 
directly over the ongln such that the ongln bisects tht' Pi1P('f O\l£lrll)~' 

FollOWing the 1 Q·mtl1lJte r£'l1ctlon nrmod remov\,1 th~ p.lPpr Ovt1rlay and H",Uj I"" 
results under long·wave UV 
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Ji:>. 

TANK BUFFER 

GEL BUFFER 

SUPPORT MEDIUM 

IIMOUNT REQUIRED 

APPLICIITION 

TEMPERA TURE 
AND 

CONDITIONS 

VOL TAGE liND 
DURATION 

REIICTtON BUFFER 

REliCTION MlnURE 

NOTES 

• • 
Glucos&-6-Phos~hate Dehydrogenase (G-6-PD) 

LABORATORY 4 • LABORATORY 5 

Tri5 667xIo·2 M 3763 g 1075 gil Trlzma base (sigma T·1503) 1075 9 
Dlsod,um EDTA 25xl0·3 M 326 g 093 gil Disodiurn EDTA (sigma Slack ED2SS) 093 g 
Boric aCid 8 15xl0·2 M 1764 9 5.04 g'l BoriC acid (sigma B.0252) 504 9 
Dlslliled H,O 35 I Dlslilled H,O up 10 I Iller 
(Same as slack Hp lank butler for polyacrylamide melhodl 

pH 8.2 pH 8.2 

Tris 4 5Xl0·2 M 1363 9 Tnzma base 545 9 
EDT A (Iree acid) IOX10·3 M 0073 9 Free acid EDTA (sigma Slack EDS) 029 9 
Boric acId 2 5xl0·2 M 0387 g Boric acid 1 55 9 
Dislilled H,O 250 ml pH 8.5 Dislilled H,O up 10 1 hler pH 8.5 

I mm slarch gel 2 mm slarch gel (slarch sigma 8·4501) 

la', slarch gel (20 mg NADP per plale added 10 gel"1 10'. slarch gel (10g'100ml) 2 mg NADP musl be added' 

LYSATE STAIN LYSATE STAIN 
1 colton Ihread soaked wilh neal'ysale I 10 2 Ihreads 01 .Ialned malerlal soaked in 2 X 7 mm washed red cell slOin soaked 10 

a ""mmum 01 gel buller lor 5 10 10 mlmJles mlnules In gel buller conlalning 7 mg ml 
NADP 

For day run Coohng plale. 4'C Coohng pia Ie al 4'C Migration Anodic 
For mght run: Coiling plate or cold room at 4'C 
MigrAtion Anodic 

Day' 330 V (15 V.cm) lor 4', hours Night '100 V (5V'cm) overnighl Day' 300 V for 5 hours Nlghl' 100 V overnlghl 

.. 
TriS 010 M 303 \l Trizrna base 122 g 
Dlstiliad 250 ml Distilled H,O up to 1 hler 
Adlust 10 pH 8 0 With dll HCI (HCI diluted l' 5 with H,O) 1'hen. Adjust to pH 8.0 wilh 15 HCI Then add 4 g MgCI, 
Add MgCI, 109 pH 8.0 pH 8.0 

(a) D·Glucose·6.phospalo (sigma G·7879) 25 mg 
2.0°0 agar gel 100 9 Nucleoside adenine diphosphate 
Glucose·6·phosphate 10.0 g (sigma N·OSOS) 10 mg 
NADP 4 0 mg (minimum) MIT tetrazdlum (sigma M·2128) 5 mg 
PMS 1 S mg Phenazine melhosultate (sigma P·9625) 2 mg 
MIT 20 mg Reacllon buller 2S ml 
Reaction buller 100 ml (b) Type 1 agarose (sigma A·60 13) 059 

Distilled H,O 25 ml 

• Run G·6·PD simultaneously With CA It • 2 mg NADP added to gel solution lollowlng the bOiling slage but prior 10 degaSSing 
•• 2 0 mg of NADP musl be added to the slarch gel solulion following lhe boiling stage slale. Incubate for 30 minutes at 37"C 
and prior 10 lhe degassing stage 

Incubate in mOisture chamber at 37'C for 15 minutes. read lhe results of the G·6·PD 
portion 01 the gel. and return the piate 10 the Incubator lor completion of the CA II 
reaction 

--
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TAN~ BUFFER 

SOAK BUFFER 

SUPPORT MEDIUM 

AMOUNT REQUIRED 

APPLICATION 

TEMI'ERA TURE 
AND 

CONDITIONS 

VOLTAGE AND 
DURATION 

REACTION BUFFER 

REACTION MIXTURE 

NOTES 

• • 
Group Specific Component (GCI 

LABORATORIES 4 AND 5 

Glycine 029 M 763 9 218 9 I 
Tns 372 M 1575 g 45 9 I 
Distilled H,O 351 

pH 8.4 

, 
Same DS tank butler 

pH 8.4 

Cellulose Acetate Membrane 

SERUM STAIN 
Apply neal serum with a single 1 cm Extract slalned material with I or 2 drops 
long slake nf " capillary pipette 01 H,O from a double·drawn pipette. "xtracl 

Ihls oolullon with a 4X vol of CHCL, Apply 
as serum 

Room lemperal ure Mlgrallon Anodic 

Day 390 V lor 35 nIlnules Nlghl 

Anll·human Gc glubulin [Allanllc Anllbodles) 
Immerse membrane In I 6 d,lullon' (a 85', Isolonlc saline) for 5 mlnules 
Wash membrane 30 minutes In agItated sahne bath 
• Dllullon depends on balch 01 anllsera 

o 1 °0 Coomassle Blue A In alcohol!aceUc aCid solulton (WIV) 
Alcohol 50 ml 
Acetic aCid 10ml 
Dlslliled H,O 50 ml 

Wash sahne off of membrane With distilled water 
Stain membrane 3 to 4 minutes 
Destmn With alcohol'acetlc aCid until contrast IS developed 



ADENVLA~NASE(AK) 

LABORATORY 4 LABORATORY 5 

Cltnc acid (monohydrate) t37 M 100 52g, 28 72g1 Cllrlc RCld "nhydrous (SlqITIO C·07591 263 q 
NoOH 267 M 374g. 107 9 I Sodium hy(hO"d.' tMillIillckrodt ?'lOBI 10 I q TANK BUFFER Distilled H.O 351 Dlsldled H/O up 10 IIIIN 
Adlust to pH 4 9 with 40', NoOH 

pH 4.9 pH 4.9 

Succinic Held 00164 M 0945 9 L·Hlsli~1I1n ISlqmi) H·60001 079 f1 

GEL BUFFER Tns 00164 M 1 113 n Distilled H,O up 10 I liter 
Distilled H,O 500 Illi Adlust to pH 7 0 Wllh (onc~lltrut(>d NoOH 

pH 5.0 pH 7.0 

SUPPORT MEDIUM 1 mm slarch gel 2 mm starrh q~1 ISlnreh Slom.) S··150 It 

AMOUNT REOUIRED 10'. storch gel 10', sl:uch \Jel I IOq 1000111 

LYSATE STAIN LYSAlE STAIN 
I callan Ihread soaked In neal Iysale 1 thrend of stained material so~kcd In a 2 :.. 7 tllln watiil('ld fPd epn slau\ 50ak('ld 5 

APPLICATION minimUm 01 g~1 buller lor 5 10 10 nllflulos 2 mUlut('lS ,n ()(11 bullN 
threads lor weak starns 

TEMPERATURE 

() 
AND Coaling plale (or cold room flI4°C') Mlgrnlioll CalhodlC Coohnq plall' III 4 "C M'Qmlloil CathodiC 

CONDITIONS 
I 

'" 
VOLTAGE AND 

Day 250 V (t2 5 V cln) lor 4 hours Day 300 V lor 4 haUlS 
DURATION 

Nlghl NIIIIlI 

Tns 010 M 303 g Tnzma b"s~ 151(1"1,1 T· 15031 6 Oll!J 
Dislilled H,O 250 ml Dislilled H,O uP 10 500 ml 

REACTION BUFFER Adlusl 10 pH B 0 with dllule HCL (HCL d,luled I 5 Wllh H,O) Then. Adlust 10 pH 8 0 with 1 :, Hel Th0tl mid 2 q MqCIc 
Add MgCI, tooo pH B.O pH 8.0 -2 0', aqnr gel to 9 laJ Glucos,' ISlllhl.) G·50001 .,~ JllIl 

Glucose t~ 0 rng Ad~nolslllo 5",llphO~lihl\ll" 

Adonoslne'5·dlphosph~lo 10 mg (Boehrlnncr) ISlllma A·27541 12 nl'l 
NADP 3 1 mg (<",Immum) NlJclpOSldp fldenllw dlphosptlnl(\ 
PMS ~ 5 mg ISlnmo N'050S) 10mli 

REACTION MIXTURE 
MTT 40 mg MTT T~\r(\zohurn ISlllrna M·21 Jel 10 rnq 
Glucose·6·phosphale dehydrogenase (0 5 u plale)20 mlcroliler Phen\,wn(l 111C'lho5UIfc110 (slqm.l P·9l'1251 ;: Illq 

Hexokinase (IOU pialeJ20 ""croiller H(l);okln,lS(l·Q/tIC(JS(l· 6· pttosP,lt!' 
Reachon buller 10 ml dehvdroq~n.lse ISIQII"I H·66291 1 IIUI 

Aenehon buf/vr 25 IllI 
Ib) Type 1 ,Iqmos., ISlqn'" A·bO I J) O!') q 

Dlelill~d H,O 25 ml 

• II IllfJ olectrophoresls lank IS re/rlgerated or placed In cold room dUring eleclrophoresls. Spot silnlplN, III ('{JiliN 01 plilt€' t('l (1PtPC'1 \'11I1tI1l1s 

water Will condense on the lmdcrsldes of the lop plato and must be Wiped away abOlJl 
once per hour Any condensale droPPing on the slarch gel WIll resull In a 10C""l~d Ileld 

NOTES 
dlsfllplion and CUllse a severe dlslorllon ot Ai'( bands In Ihe region at the waIN drop 
Please remember to disconnect power before drYing Ihe lop plate and fecbnnec,mg 
power each hrn~ 

Use a cooling plAte In a place nt room lemp~mture 10 alleViate the problem 01 
condensation 

Remember thai AK bands mlgrale loward Ihe cathode by thiS melhQd 

; ,j 
I I: 
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TANK BUFFER 

GEL BUFFER 

SUPPORT MEDIUM 

AMOUNT REOUIRED 

APPLICA nON 

TEMPERATURE 
AND 

CONDITIONS 

VOLTAGE AND 
DURATION 

REACTION BUFFER 

REACTION MIXTURE 

NOTES 

• • 
PHOSPHOGLUCOMUTASE (PGMI 

LABORATORY 4 LABOR.\ TORY 5 

Tns 010 M 4239 9 1211 9 I TnzmA bAse (sigma T·1503) 12 II q 
Maleic aCid 0.10 M 4067 9 1162 g I MAleic RCld (SlginA M·0375) 1162 9 
EDTA (Iree aCid) OOIM 10 ~2 9 292 gl Free aCid EDTA (sigma Siock EDSI 2 9~ g 
MgCI,6H.O OOIM T t(l 9 203 g.1 MgGl, 6H,O (sigma M·0250) 8 120 
D'slilled H.O 35 I Distilled H.O up 10 t IIlet 
Adlusl 10 pH 7 4 w,lh 40', NIIOH pH T.4 Adlust 10 pH 7 " Wllh 40', NoOH pH T.' 

I ' 15 dtlullon 01 lank buile, I 15 dllullon of lank buller 

pH T.' pH T •• 

I Inm gQI 2 mm slateh gellslarch SigmA S .. 15D II 

- -
2,° 0 starch 1 0Q ngarose gfJl 10', .Iorch gel (lOg 100ml) 

LYSATE STAINE 
I cotlon Ihre~d soaked wllh neal lys~lo I 10 2 Ihroads of slalned malo"AI soaked 2.7 mm washed red cell slHln sonked 5 mlnul~5 II, gpi buller 
Use Cleland's Reagenl,f done ,n can· III n minimum 01 gef buller for 5 10 10 
lunchon w,lh EsD or GLO mlnUlus 

Cold rOOnl at 4'C (or cooling plale) Mlgrallon Anodic COOling pia Ie al 4·C Mlgmlion Anod,c 

Day 250 V lor 3·3'4 hOUls Nlghl Dny Nighl 120 V OVNnll)hl 

Ttls D06M , 82 g Tnzma base T 28 0 
Dlslilled H.O 25¢ ml D,st,lIed H,O IJplo II'IN 
AdJusllo pH a 0 Wllh dll HCI (HCI d,luled I 5 Wllh H,O) TI'en Ad/usl 10 pH 8 D Wllh I S HCl Tn('n ;1<1(/ I \J MnCl, 
Add Mgel. 050 9 pH 8.0 pH B.O 

2 0110 agar gel 10 9 (II) Glucosc·l-phosphol. (We,sl" 
Glucose-I·phosphale (conla'nlng al Icasl I', Biochemical L Imlled WB36) 75111,1 
glucose· I ,~Hj,phosphate} 300 mg Nucleoside ndelline dlphospb~I<' 
NADP I 5 mo (minimum) (sigma N·OS05) T II1fl 
PMS 25 mo MTT Tefra~ol,um (sigma M·211'l] IOln9 
MTT 40 mg Phenallne rncll1osullalo ("9m" P,9625) 2 nm 
Glueose·6·phosphole dehydrogenllse 20 mlcroitler II 0 u""_plala) Glucose,6'phosphate dchydroger",.c 
Reachon buffer 100 ml (sigma G·78Tai I I1lg 

Aeacllon buller 25ml 
(b) Type I agllrose (Sigma A'60 I J) 05q 

D,slllted H.O 251nl 

Incubalac 31 37·C lor 1 hour Incubate for one hour at 37" C 
Place Qfigln 4 cm tram the cathode end 
If doing PGM, EsD. and GlO logett,er. hrsl develop for EsD Alter hlle, papa, IQf EsD has 
been removed. pour GlO (I) overl'l" Then pour POM overlay Place in Incubalor lor 30 
mlnufes Then remove and poor f,'.'cond GlO overlay I 

-
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TANK BUFFER 

GEL BUFFE~ 

SUPPORT MEOIUM 

AMOUNT REQUIREO 

APPLIcATION 

TEMPERATURE 
AND 

CONDITIONS 

VOLTAGE ~ND 
DURATION 

REACTION BUFFER 

-

REACTION MIXTURE 

NOTES 

•• r ' • Adenosine Deamlnase (ADA) 

LABORATORY 4 LABORATORY 5 

o I M Phosphilto bulior 1111 Anhydrous NoH,PO. (slglna S·0751) 2340 9 
/.11 NilH,PO. /ilnhydrow;I 36 a 0;3 a r DlslIl1Qd H,O liP 10 '500 nl' 
{bl Nn,HPO. {""hydrousl 1987g141 Ib! Anhydrous HiI,HPO. ISlgma $·08761 994 9 
Ad(! Ibl {o 101 In (('arh pH (i r, DIslll1ed H,O up 10 700 rnl 

Actr! (b) 10 In) 10 roo~h pH 6 4 
pH 8.5 pH 6.5 

I 10 dllullon 01 {(ll1k bullN 1 10 dllutron ollnnk bulim 

pH 6.5 pH 6.5 

I n\m Sll\tC't\ qt'l :I mill sla(eh gel (Slarch Sl9m" 5450 I) 

12<'1, slllrl'h Ilt" 1 D', slarch gel II Og 100 ml) 

~YSATE STAIN ~YSATE STAIN 
FreSh Iysat" 1 collon 1I"~(ld soakl'd Extract slltlns In n mlrmllum Of 2x7 min washed red cell slain soaked .5 
'" npallys"l!> Slo((>d Iysi!lp Mrx Iysale .nlcrcaploclh~nol ulluled 1 80 wllh gel nllnules In gel bulfer conlalnlng 7 m9 ml 
2 I wllh I 10 dllutlOI1 01 ·I1lNCit;:lIO' bullm lor 30 10 60 mlnules ond absorb Clelan(\'s Reagenl 
elhanol or I 1 wllh 0 05 M CI~land s IIlla 2 10 4 CINU' eoilon IhreMs 
Rp.1gool {01(/lIolhrelloll USE' 2 Calion 
Ihrpads 

COld (com 01 4'C (or coollOn plal,\) Migralion Anodic Coohng plal~ 01 4'C MIgmlion Anodic 

Oa\, Night 60 V (3V em) overnlghl Oay 300 V lor 4 hOllrs NIg~U 60 V overnlghl 

(n) NoH,PO. (onhyd'ollsJ :; 56x1O· 2M o 154 9 50 ml 1'1,0 (U) Anhydrous NaH,PO. a J08 9 
Ib) Ha,HPO. !anhydrous) 2 4XI0'~M a 7 109 200 ml H,O DIslllled H,O liP 10100 ml 

MO (0) and Ib) 10 reach pH 7 5 (bl Anhydrous Na,HPO. 0710 9 
Dlshlled H,O up 10 200 ml 

pH 1.5 Add (A) \0 Ib) 10 rench pH 7 5 pH 1.5 

20 9 2 0'. it9ar gel (a) Adenosine (sigma A·9251) 40 m9 
30 m9 Adonosine PhennZlnc melhoslillale ISlgmo P·9625) 2 m9 

4 I11g PMS MTT TQlrnlolium ISlgma M·21281 10m" 
8 mgMTT Xanlhlne o.,dasc (sigma X·1875) 50 I 

40 nllcrohler Xanthine o.,dase 10 10 lIml ~Iale) NucleoSide phosphorylase 
80 mlcrohler NucleoSide phosphorylase II 00 uml plale) (sigma N-:Hl03) 100 ) 

20 ml (eacllon buller Reacllon buller 25 ml 
(b) Typo 1 "omoso ISI9ma A·60 13) 05g 

Dlslilled H,O 25 ml 

ThiS concentration 01 :hc slmch gells shghtly higher In Ihls melhod Ihan Ihe usual 10', 
slarch gel omployed lo( most olher enzymes 

TillS melhod reqUires exlracllOrl 01 st. Ins Irom Ihe Sllbstw1e malerlal and absorpllon Inlo 
clean cotlon Ihreads because 01 ADA senSItIVIty 10 the adv~ose alfecls 01 subs Irate 
contamlnanls such as delergent or baclerla 

Place origin 4 0
• cm Irem cathod" end 11 run "' conluncllon wllh 6·PGD Run nl 80 V I 

Ins leAd of 60 V 

_J 



• : • 
ERYTHROCYTE ACID PHOSPHATASE (EAP) 

LABORATORY 4 LABORATORY 5(Multlsystem with Esterase D(ESD) 

NaH,P04 0245 M 102 9g. 29 4 9 I Anhydrous NaH,PO_ (sigma 5·0751) 294 9 
TANK BUFFER Trlsodlurrl citrate 010 ~. 102 9g. 29 4 g I TANK BUFFER Tnsodlum citrate (sigma C·7254) 38.6 9 

Distilled H,O 3.51 pH 5.9 Distilled H,O up to 1 liter pH 5.9 

GEL BUFFER 1 1 00 d~iutlOn 01 lank butler GEL BUFFER I 100 dilution 01 lank bufler 

pH 5.9 

SUPPORT MEDIUM 2 mm starch gel SUPPORT MEDIUM ;! mm stiuch gel (starch sIgma S·4501) 

AMOUNT REOUIRED 12 no starch gel AMOUNT REOUIRED lOti.o starch gel 11 Og' 100m!) 

LYSATE STAIN 
1 Whalman 3MM chromatographic paper E)(lracl stained malenal with a minimum 01 LYSATE STAIN 

APPLICATION 
thrend·' cut to 8)(2 mm soaked with lysate gel buller diluted I 1 with 0 10M Cleland's APPLICATION 

2",1 mm washed red cell stain soaked 5 
diluted 2 1 with 0 10M Cleland's Reagent Reagent and soak Inlo 1 Whftlman 3MM minutes fn gel buller containing 7 mg'ml 
05 4 mg rtllhlothreltol per I ml H,O. make "'hread" measuring 6)(3 mm Cleland's Aeagent 

() up fresh) 

I 

'" TEMPTERATURE TEMPERATURE 
AND Cooling plate. 4°C Migration Anodic AND Cooling plalo at 4°C Migration. Anodic 
CONDITIONS CONDITIONS 

-
VOLTAGE AND 

Day 400 V 120V cm} lor 4'; hours Nlghl 
VOLTAGE AIoID Day' 400 V lor 4 hours Nighl 

DURATION DURATION 

EAP Anhydrous citric acid (sigma C·07591 525 g 
REACTION BUFFER Sodium hydroxide (MaHinckrodt 77061 100 g 

CitriC aCid 005 M 525 g pH 5 a Distilled H,Q up to 500 ml 
REACTION BUFFER Distilled H,Q 500 ml 

Adlusllo pH 5 a wllh 0 05 M NaOH EAP 
4·Melhylumbellileryl phosphate 

REACTION MIXTURE (sIGma M·S683J 4 mg 
pH 5.0 ReRclion bulter 10 ml .. 

4.Methylumbelhforyl phosphate 0004 g ESD Sodium acctate. trihydrate (sigma 5·8625) 2 as g 

Reaction buller 10 ml REACTION BUFFER Distilled H,Q up to 500 ml 

5aturale a5',)( 51, Inch piece 013 MM What"'-..,n chromatographic paper With the pH 6 a Adjust 10 pH 6.0 with 0 1 N Acellc Acid 
REACTION MIXTURE 

rcacllon mb:ture 4·Methylumbelliferyl acelale ISlgma M·0883)5 mg 
Place papor across plale and store In mOisture chamber incubated at 37°C lor 20 to 30 ESD Acetone I ml 
minutes REACTION MIXTURE Reaction butler 9 ",I -

Following tho reaction period. remove the y.J~atman 3 MM overlay and read results 
under long·wave UV Saturate a 3 " 9 Inch 3 MM Whalman paper with EsO reaction mldure. place on most 

NOTES The concentration of the starch gel Is slightly higher In this method that the usual 10°o NOTES 
anodIC po.'"i!cn 01 plate and incubate 5 10 10 minutes at 37°C. Remove overlay and read 

starch employed lor most other enzymes results under longowav9 UV. Then saturate a 5 )( 9 Inch paper with EAP reachon 
Avoid use of glycerol due to selective Inhibition 01 the "C" isozyme mhclured. pl.ace on plate from origin towards anode and incubate for 30 to 40 minutes 
Place origin 4 cm from cathode edge 01 plate 
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LABORATORY 4 

{ 
Trls !l.Bbxl0·2 M 37.64 g 10 '(5g/l 
Disodium EDTA 2 5Xl0·3 M 3.26 g 931gl1 
Boric acid 81.1.,0.2 M 17 .64 9 5.04gll 
Distilled H,O 3.51 
Make a 1·5 dilution. pH B.2 

Same as tank buffer 

pH 8.2 

Verllcal slab polyacrylamide gel 

4', to IS', continuous denslly gradient 

SERUM STAIN 
Serum sample Is applied to well at top 01 gel Extract slalned malerial With aqueous 
15% acrylamlde end) lormed In homemade solution of 1 OUosucrose using 1 to 2 drops 
gels by acrylic comb or commercial gels by Irom a double· drawn pipette. Apply 10 
pins tic sample· spacer. using a double·drawn sample well at top 01 gel with a double· 
pipette Fill well no more Ihan 1'4 lull. drawn pipette to no more Ihan 2/3 lull 

Cold room at 4'C; buffer pumped continuously through the syslem. AtRT. 
buffer should also be clrculaled through a cooling balh 

t<~ 

Night: Ol/ernlghl at 250 V or Over·the·Weekend at 110 V 

o·lolidine 025 g 
Elhanol to mt 
Dissoll/e tolidlne In the EtOH IIrst. then .dd. 
Acetic acid. glacial 15 ml 
1.0', Hydrogen peroxide 10 ml 
Remol/e gellrom glass brace, slice all tip 01 gel tram lower corner to m.* tell side Irom 
rlghl. immerse gel Into renction mixture contained In a 5·lnch petri dish Aller 10 minutes. 
rinse gel wilh water. 

Commercial equipment deSigned for Ihls melhod is required. 

• o·tolidine is carCinogenic and rubber gloves must be worn during the preparation and 
application 01 the reaction mixture. Sera samples must contain al least sufflclenl 
hemoglobin 10 saturale the haptoglobin molecules In Ihe samples. This lel/el of Hb is 
marked by a clearly observable pink coloration of the serum. Whenever a serum sample 
lacks the pln~ color. Hb must be added to saturate the Hp prior to electrophoresis. As a 
source 01 Hb, use a small volume 01 lysate Irom the Ireshly washed red cells of a 
"confirmed" Hb A donor. Failure to salurate Hp with Hb results in the production 01 
spurious band patterns lormed by unsaturated Hp·Hb complexes. Hb soln: 20 mg Hb in 
0.50 ml 10% sucrose. Two drops serum from regular pipette plus 1 Hb soln. from 
double· drawn pipette. Allow to stand 20 mlnut"s before inserting sample. Lypholyzed Hb 
can be obtained from Sigma lor the Hb soln. 

'. 
LABORATORY 5 

Sodium hydroxide IMallinckrodt No. 770B) 2.0 g 
Boric acid Isigma B·0252) IB.6 g 
Distltted H,O up to I liter 

pH 7.9 

Trlzmn base Islgma T·l 503) 920 g 
Citric acid ar,hydrous Islgma C·0759) 1.05 g 
Distilled H,O up to I liter 

pH 8.6 

2 mm Acrylamlde gel 

Cyanogum 41 Gelling Agent ISigma C·5BB) 5.0 g 
Telramethyl·ethylenediamlne Islgma T·B 133) 0.1 ml 
Gel buller 100ml 
Ammonium persv!.fate Islgma A·6761) 100 mg 

2x7 mm Whatman 3MM paper soaked In serum diluted 4: I with Iresh hemolysate for 5 
minutes 

. Cooling plale al 4'C. Migration: Anodic 

, 

Day: 300 V lor 5 hours Nigh\: 61) V ol/ernlght 

p.p··Benzylidenebis·(N.N·dlmethytaniline) 
(Easlman 3620) 75 mg 
GI.cl.1 acetic acid (Maltinckrodt 7848) S ml 
Dislilled H,D 2.5 ml 
Sodium perborate (Mallinckrodt 7B48) 240 mg 

Dissolve p.p'·benzylidenebis·IN,N·dlmethylaniline) In glacial acetic acid. then add the 
waler and sodium perb~rate. Pour over 3MM Whalman paper Ihat extends Irom Ihe origin 
10 Ihe hemoglobin band and allow to develop 
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APPENDIX D 

COMMENTS ON LABORATORY PROCEDURES 

APPENDIX D. COMMENTS ON LABORATORY PROCEDURES 

1. Troubleshooting 

A benefit of a bloodstain analysis program is learning to correct problerns 

as they arise- -troubleshooting. No matter how good or reliable the method s 

used, problems are inevitable. They can be attributed in part to human partici

pation and in part to labile biological reagents. In the following paragraphs, 

problems which were encountered and the attempts to solve them are discussed. 

Visualization difficulties were encountered with PGM
1 

(due to G-6-PD), 

ADA (due tc xanthine oxidase and nucleoside phosphorylase), and with AK (due 

to ADP). Initially these problems involved the lack of visual intensity of 

isozyme: bands and were remedied either by increasing the proportions of 

reaction components or by changing suppliers. 

A lack of intensity of the band patterns in Gc, attributed to reduction of 

the antisera titer, was addressed by a reduction of the number of cellulose acetate 

membranes cycled through each batch of Gc antiserum. Severe background 

staining occurred with the gradient polyacrylamide gels used for Hp analysis, 

and troubleshooting revealed the excessive staining was caused by unnecessarily 

high concentrations of ammonium per sulfate in the gel solution. In addition, one 

laboratory found that in about 4 percent of the cases, it was impossible to obtain 

normal electrophoretic haptoglobin patterns; the cause was not identified. 

A disproportionately high frequency of the MN phenotype was observed. 

This problem was identified as that of insufficient washing of cells. The samples, 

from all but 60 of the blood specimens were recovered and retested. Corrections, 

where necessary, were made on the data forms. 

Two laboratories experienced difficulty resolving the BA and A pheno

types of the glucose-6-phosphate dehydrogenase (G6PD) system. This difficulty 

was due to the resolving capability of the electrophoretic system being used. 

Several attempts were made to resolve this situation, but none was satisfactory. 

D-I 



It was noticed that the resolution of GLO Ion the starch gel plates be

gan to deteriorate to the point of endangering proper identification of the 

phenotypes. Troubleshooting revealed the problem to be associated with the 

use of a new batch of starch. The previ.ous high-quality results had been ob

tained using a batch of sta.rcf~ from a particular supplier. A new batch of 

starch from the same S'''-F",,;Uer consistently yielded poor GLO results. A 

number of test samples of other available batches were obtained from the 

supplier but these were also unsuitable. A check with the supplier and dis

tributor revea.ed that the original good batch was no longer available. The 

method for the multisystem analysis of GLO, PGM, and EsD using a I-percent 
>Ie 

agarose gel containing. 2-percent starch was used for the balance of the project. 

Probl~ms were encountered with G-6-PD, CAll, and ADA when diffusion 

of bands and an apparent loss of activity occurred. Troubleshooting was initi- f, 

ated. However, when the next batch of blood samples were received from the 

r 

Red ~ross, the electrophoretic results were normal. The reason for the dif- ~ 
ficulties encountered with the former set of blood samr.J.es remains undeter-

mined. 

2. Electrophoretograms 

In addition to providing meaningful statistical information, participation 

in data gathering provided the opportunity to observe the rare variant's in many 

genetic marker systems. Contact with local blood banks and other serologists 

helped to form mechanisms for obtaining sources of rare standards and antisera 

as well as rare variants or their electrophoretograms. 

* This method, known as "Group I", developed under another project of The 
Aerospace Corporation on Subcontract No. 67854 with Beckman Instruments, 
Inc. 
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