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ABSTRACT: Results of a population frequency study conducted on 14 polymorphic blood 
grouping systems in the North Carolina white and black populations are reported. A microcom- 
puter program has been developed to facilitate the handling and storage of the large volume of 
data generated during the two years it took to complete this study. This computer program was 
also designed to calculate the combined phenotypic frequency for a given set of blood types. 
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The adversarial nature of courtroom testimony has undergone a significant change in the 
last decade, from a system relying primarily on eyewitness testimony and confession to an 
increasing reliance on circumstantial evidence and expert scientific testimony. This change 
has been brought about by the rapidly expanding capabilities of forensic scientists and by an 
increased sophistication of the courts, which have demanded scientists' participation in the 
examination of physical evidence. Forensic serologists have aided the courts by identifying 
individuals involved in crime through the identification and typing of body fluids spilled 
during the perpetration of the crime. When blood types from a questioned stain match the 
blood types of a known individual, the blood from the questioned stain has been shown to be 
consistent with having originated from that individual. Mathematical calculations can be 
used to determine the probability that another individual has the same combination of blood 
groups, which may be useful to the jury in considering how strongly to consider the evidence. 

Several appeals of conviction, the latest being the State of North Carolina v. L. D. Kirby 
[1], have been registered with the Appellate and Supreme Courts of North Carolina that 
challenge the use of population frequency data by North Carolina State Bureau of Investiga- 
tion (NCSBI) serologists in court. In addition, numerous objections have been raised in 
North Carolina courts when individuals from our laboratory testified to population fre- 
quency data neither generated by our laboratory nor specific for the North Carolina popula- 
tion. To date, these objections have been overruled and all appeals have been denied. 

In an effort to eliminate these objections and appeals, the NCSBI laboratory undertook a 
population survey for the state of North Carolina beginning in January 1981. In order to 
facilitate the handling of the large volume of data anticipated, a microcomputer program 
was designed to perform two basic tasks. The first task was to automatically sort and store 
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blood typing data entered by blood grouping system, phenotype, and race. This allowed us 
to maintain a running total of the observed frequency and observed number of each pheno- 
type in each blood grouping system for each race. The second task was to calculate the com- 
bined phenotypic frequency for a given set of blood types. This information was useful in 
writing laboratory reports and in preparing for court testimony on population frequency 
data. 

Microcomputers have been used before this study for the calculation of population fre- 
quency data. Tanton [2] described a program to calculate the combined phenotypic fre- 
quency for a set of blood types for the three different races found in his jurisdiction. Wist [3] 
described a computer program to calculate the combined phenotypic frequency for a set of 
blood types and also to store and to retrieve data by case file number for comparative pur- 
poses. The portion of Wist's program dealing with the calculation of population frequency 
data was the forerunner of part of the program designed for this study. 

Materials and Methods 

Computer Equipment Used 

The microcomputer used in this study was an Apple II Plus computer, which has 48K of 
random access memory. Peripheral equipment included a cathode ray tube (CRT) display, a 
disk drive, and an Apple Silent Type printer. Data were stored on a 16-sector, 51/4-in. floppy 
magnetic disk. 

The NCSBI Serology Program 

The NCSBI Serology Program, written in Applesoft, is initiated by a password program 
designed to limit access to authorized personnel, thereby avoiding erroneous input of data. 
The remainder of the program is divided into the main program and its accompanying text 
file. 

The main program allows one to select from six program options that perform two basic 
tasks. The first task is to calculate the combined phenotypic frequency for a set of blood 
types. In Option 1 (enter data and calculate statistics), one enters the observed phenotypes 
for each of the blood grouping systems tested and the racial origin of a given blood sample. 
After one verifies that all the entries are correct, the computer calculates the percent and 
number fraction of the population that has the same combination of blood types. 

When this program was designed, our laboratory had to use population frequency data 
that were gleaned from a combination of sources across the country [4-8], since the North 
Carolina population frequency data were yet to be obtained. These population frequency 
data were used to perform the calculations in Option 1 of this program and were stored in the 
text file accompanying the main program. The population frequency data can be updated or 
changed at any time by using Program Option 3 (update U.S. population statistics). Now 
that a sufficient data base has been established for the North Carolina population, we have 
substituted our population frequency data (reported in this manuscript) in place of the "old" 
U.S. population frequency data. Similarly, any laboratory with access to this program could 
easily substitute their own population frequency data. 

The second major task of this program is to file and store all blood typing information 
entered for North Carolina residents by blood grouping system, phenotype, and race. Each 
time an entry is made in Option 1, that entry is automatically added to the North Carolina 
population data base generated from previous entries, thereby keeping a running total of 
North Carolina population frequency information. Program Option 2 (retrieve North Caro- 
lina statistics) allows one to retrieve the latest cumulative North Carolina population fre- 
quency data generated by entries in Option 1. When Option 2 is used, the CRT displays the 
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observed number and frequency for each phenotype in each blood grouping system and for 
each race. A hard copy printout is also available for the latest North Carolina population 
frequency data. The North Carolina population frequency data retrieved by Option 2 can be 
edited by using Option 6 (change North Carolina statistics). 

Since a population frequency survey should be composed of random, nonrelated individ- 
uals to remain unbiased, we devised procedures to ensure that the same individual was en- 
tered only once and that if several members of the same family were tested, only one individ- 
ual's phenotypes were entered. 

For those unfamiliar with microcomputer operations, we should explain that the pro- 
grams and the data stored in them are supplied to the computer from a magnetic disk. Since 
the computer erases all memory of the program and its data after it is turned off, it is neces- 
sary to transmit (update) any new information in the computer to safe storage on the disk. 
Program Option 4 (update a second disk) and Program Option 5 (exit the program) both 
update the text file that contains the North Carolina population frequency data and the 
population statistics used in the calculations in Option 1. Option 4 performs this updating 
function on two disks, whereas Option 5 updates only one disk and then immediately exits 
the program. 

Sources of Blood 

Blood samples used in this study were obtained from three sources. The first source was 
blood from victims and suspects of crime submitted to the NCSBI laboratory for typing tests. 
These samples were drawn via venipuncture into vacutainer tubes; in the case of homicide 
victims the blood was placed into clear plastic vials. Neither the vacutainer tubes nor the 
plastic vials contained preservatives or anticoagulants. Blood samples were also drawn from 
NCSBI employees by finger puncture onto clean cotton sheeting to form a stain, which was 
allowed to air dry. The final source of blood was the Virology and Serology Branch of the 
North Carolina Public Health Laboratory. These samples were obtained via venipuncture 
into vacutainer tubes that contained no preservatives or anticoagulants. 

Methods of Blood Group Typing 

The ABO types were determined by the direct and indirect tube typing tests of the liquid 
blood. Lewis typing was by the direct tube method or the ficin-capillary tube method of 
Mudd [9], using Ortho Lewis a and Lewis b antisera prepared from goat serum. All protein 
and enzyme typing tests were performed on bloodstains that were prepared by pipetting 
whole blood onto clean cotton sheeting and allowing the bloodstains to air dry. Table 1 shows 
the gel type and electrophoretic method reference for each of the protein and enzyme systems 
examined. 

Results of the North Carolina Population Survey 

North Carolina population frequency data for 13 blood grouping systems is shown in Ta- 
bles 2 to 6. These results reflect similar values to previously published data from several 
different U.S. communities [4-8] as shown in Table 7. The hemoglobin, carbonic anhy- 
drase, and peptidase A blood grouping systems were found to be monomorphic in the North 
Carolina white population and the adenosine deaminase system was found to be monomor- 
phic in the North Carolina black population. In all other blood grouping systems, the North 
Carolina population frequency data fit Hardy-Weinberg equilibrium at a 5 % level of signifi- 
cance as determined by chi square testing. The Yates correction factor was used to calculate 
chi square values for polymorphic systems having only one degree of freedom, since the accu- 
racy of the determination is increased in cases where the values from either class are low. 
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TABLE 1--Electrophoretic procedures used. 

Blood Grouping System Gel Type Reference 

Erythrocyte acid phosphatase (EAP) 
Phosphoglucomutase (PGM) 
Haptoglobin (Hp) 
Esterase D (EsD) 
Glyoxalase (GLO) 
Adenylate kinase (AK) 
Adenosine deaminase (ADA) 
Hemoglobin (Hb) 
Carbonic anhydrase (CA) 
Peptidase A (PepA) 
6 Phosphogluconate dehydrogenase 

(6PGD) 
Phosphoglucomutase subtyping 

(PGM sub) 

2 mm horizontal, 10% starch [10] 
1 mm horizontal, 10% starch [11] 
4-21% vertical gradient polyacrylamide [4] 
1 mm horizontal, 1% agarose-2% starch [12] 
1 mm horizontal, 10% starch [10] 
1 mm horizontal, 10% starch [12] 
1 mm horizontal, 10% starch [12] 
Titan III-H cellulose acetate [13] 
1 mm horizontal, 1% agarose Type 2 [14] 
I mm horizontal, 1% agarose Type 2 [14] 

1 mm horizontal, 10% starch [12,15] 
0.5 mm polyacrylamide electrofocusing, [16] 

pH 5.0-6.5 

TABLE 2 - - A B O  and erythrocyte acid phosphatase (EAP): North Carolina population frequency data. 

Observed Observed Expected Gene 
Group Type Number Incidence Incidence Frequency X 2 

ABO 
Whites A 327 0.423 0.419 A B O  A = 0.258 0.075 

B 70 0.091 0.085 A B O  8 = 0.060 
O 356 0.460 0.465 A B O  ~ = 0.682 
AB 20 0.026 0.031 . . .  

N 773 

Blacks A 155 0.241 0.249 A B O  A = 0.159 0.195 
B 132 0.206 0.213 A B O  ~ = 0.138 
O 322 0.502 0.494 A B O  ~ = 0.703 
AB 33 0.051 0.044 . . .  

N 642 
EAP 

Whites A 49 0.117 0.098 E A P  A = 0.313 5.980 
B 169 0.404 0.385 E A P  B = 0.620 
BA 144 0.345 0.388 E A P  c = 0.067 
CB 36 0.086 0.083 . . .  
CA 20 0.048 0.042 . . .  
C 0 0.000 0.004 . . .  

N 418 

Blacks A 16 0.044 0.039 EAP A = 0.197 2.821 
B 220 0.601 0.591 E A P  B = 0.769 
BA 106 0.290 0.303 EAP c = 0.011 
CB 4 0.011 0.017 E A P  R = 0.023 
CA 2 0.00S 0.004 . . .  
C 0 0.000 0.000 . . .  
RA 4 0.011 0.009 . . .  
RB 13 0.035 0.035 . . .  
RC 0 0.000 0.001 . . .  
R 1 0.003 0.001 . . .  

N 366 
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TABLE 3--Phosphoglucomutase (PGM) and phosphogtucomutase subtype (PGM sub): North Carolina 
population frequency data, 

Observed Observed Expected Gene 
Group Type Number  Incidence Incidence Frequency X 2 

PGM 
Whites 1 496 0.596 0.598 PGM 1 = 0.774 0.020 

2-1 294 0.353 0.349 PGM 2 = 0.226 
2 41 0.049 0.051 , . .  
Other 2 0.002 0.002 . . .  

N 833 

Blacks 1 504 0.649 0.648 PGM I = 0.805 0.065 
2-1 242 0.311 0.313 PGM 2 = 0.195 
2 30 0.039 0.038 . . .  
Other 1 0.001 0.001 . . .  

N 777 
PGM sub 

Whites 1 + 1 +  1 2 7  0.374 0.382 PGM I+ = 0.618 4.186 
1 + 1 - -  72 0.212 0.190 PGM t -  = 0,154 
1 - -1 - -  6 0.018 0.024 PGM 2+ = 0.161 
2 + 2 +  11 0.032 0.026 PGM 2-- = 0.067 
2 + 2 - -  9 0,026 0.022 , , ,  
2 - - 2 - -  1 0.003 0.005 . . .  
2 + 1 +  67 0.197 0.199 , . ,  
2 +  1 -- 12 0.035 0.049 , . .  
2--  1 + 27 0.079 0.083 . . ,  
2 - - 1 - -  8 0.024 0.021 . . .  

N - 340 

Blacks 1 + 1 +  151 0.429 0.419 PGM I+ ---- 0.648 4.969 
1 + 1 - -  61 0.173 0.185 PGM 1- = 0.142 
1 - -1 - -  9 0.026 0.020 PGM 2+ = 0.163 
2 + 2 +  12 0.034 0.027 PGM z -  = 0.047 
2 + 2 - -  4 0.011 0.015 . . .  
2--  2 -- 1 0.003 0.002 . . .  
2 + 1 +  68 0.193 0,211 . . .  
2 +  1 -- 19 0.054 0.047 , . .  
2--  1 + 25 0.071 0.061 , . .  
2--  1 -- 2 0.006 0.013 , . .  

N 352 

W h e n  two or  m o r e  degrees  of  f r e e d o m  o c c u r r e d  wi th in  a p o l y m o r p h i c  b lood g r o u p i n g  sys- 

t e m ,  t he  Ya t e s  cor rec t ion  fac to r  was  no t  u s e d  [17]. 

Several  i n t e r e s t i ng  p h e n o m e n a  no ted  in t h e  d a t a  in T a b l e s  2 to 6 s h o u l d  be  po in t ed  out .  

T h e  gene  f r e q u e n c y  of  e ry th rocy te  ac id  p h o s p h a t a s e  ( E A P )  E A P  c in the  Nor th  Ca ro l ina  

b l ack  p o p u l a t i o n  was  e x t r e m e l y  low ( E A P  c : 0 .011) .  T h i s  p h e n o m e n o n  h a s  been  no t ed  

prev ious ly  by  o the r  worke r s  [4-8], who  h a v e  a s s i g n e d  a g e n e  f r e q u e n c y  to E A P  c r a n g i n g  

f r o m  0 .000 to 0 .0109  in t he  b l a c k  p o p u l a t i o n s  they  s tud ied .  T h e  Nor th  Ca ro l i na  whi te  p o p u -  

la t ion ,  by con t r a s t ,  gave  a n  e leva ted  E A P  C g e n e  f r e q u e n c y  va lue  ( E A P  c = 0.067) over  val- 

ues  in whi te  p o p u l a t i o n s  s t u d i e d  by p rev ious  worke r s  [4-8], which  r a n g e d  f r o m  0.024 to 

0 .061.  T h e  m o s t  s u r p r i s i n g  obse rva t i on  n o t e d  in t he  E A P  re su l t s  was  how o f t en  t he  allele 

E A P  R a p p e a r e d  in t he  N o r t h  C a ro l i na  b l ack  p o p u l a t i o n  ( E A P  R = 0.023) .  Stolorow et al [6] 

a s s i g n e d  t he  E A P  R allele a gene  f r e q u e n c y  of  0 .0129  in the i r  survey  of  b l acks  f r o m  Detro i t ,  

MI .  
I n  th i s  p o p u l a t i o n  survey ,  h a p t o g l o b i n  0 (Hp  0) was  no t  i n c l u d e d  s ince  h a p t o g l o b i n  levels 

c a n  be  a f fec ted  by  d isease ,  especia l ly  a cu t e  h e m o l y s i s  [i8]. Since we h a d  no  idea  of  t he  hea l t h  
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TABLE 4--Haptoglobin (Hp), esterase D (EsDL and glyoxalase (GLO)." North Carolina population 
frequency data. 

Observed Observed Expected Gene 
Group Type Number Incidence Incidence Frequency X 2 

Hp 
Whites 1 64 0.162 0.171 Hp I = 0.414 0.467 

2-1 199 0.504 0.485 Hp 2 0.586 
2-1M 0 0.000 0.000 . . .  
2 132 0.334 0.344 . . .  

N 395 

Blacks 1 91 0.287 0.287 Hp 1 = 0.536 0.003 
2-1 142 0.448 ) 0.498 l ip  2 = 0.464 
2-1M 16 0.050 
2 68 0.215 0.215 . . .  

N 317 
EsD 

Whites 1 312 0.804 0.806 EsD 1 = 0.898 0.058 
2-1 73 0.188 0.184 EsD 2 = 0.102 
2 3 0.008 0.010 . . .  

N 388 

Blacks 1 300 0.874 0.867 EsD I = 0.931 2.361 
2-1 39 0.114 0.128 EsD 2 = 0.069 
2 4 0.012 0.005 . . .  

N 343 
GLO 

Whites 1 53 0.171 0.185 GLO j = 0.430 0.609 
2-1 160 0.518 0.490 GLO 2 = 0.570 
2 96 0.311 0.325 . .. 

N 309 

Blacks 1 31 0.095 0.088 GLO j = 0.297 0.254 
2-1 132 0.404 0.418 GLO 2 = 0,703 
2 164 0.501 0.494 . . .  

N 327 

of our donors  (indeed, some were of extremely poor or even te rminal  health) ,  we typed Hp 0 
individuals as giving inconclusive results  and  they did not  enter  into the  calculat ion of the  
popula t ion frequency da ta  shown in Table  4. Since the  genetic control  of the  phenotype Hp 
2-1M is unclear  and  may be explained by the  existence of a separate  allele H p  TM or by a pair  
of control ler-regulator  genes act ing on H p  1 and  H p  2 [19], the  Hp 2-1M phenotype  was in- 
corporated with the  phenotype Hp 2-1 dur ing  the  calculat ion of the  gene frequencies  of H p  1 
and H p  2. 

Rare blood types have been entered as " o t h e r "  in Tables  3, 5, and  6. The  phosphogluco-  
mutase  ( P G M  1) "o t he r "  var iants  detected in the  North Carol ina  white popula t ion  were a 
P G M  1 a6-1 found  in an  NCSBI employee (see Dykes et al [20] for a descript ion of this  vari- 
ant)  and  a P G M  1 3-1 found in a case sample  [11]. The  P G M  1 " o t h e r "  var ian t  noted  in the  
North  Carol ina  b lack  popula t ion  was P G M  1 6-1. In addit ion,  three  North  Carol ina  b lack  
individuals were typed as being the " A t k i n s o n "  phenotype ( P G M  2 2-1). These samples  were 
not  entered as P G M  1 " o t h e r "  variants ,  since the  var iant  allele occurs at  a different  P G M  
locus. Since three  of the  777 North Carol ina  blacks tested have been typed as P G M  2 2-1, the  
gene frequency of P G M ~  in the  Nor th  Carol ina  b lack  popula t ion is 0.002 and  the  observed 
incidence of P G M  2 2-1 is 0.004. The  pept idase A (PepA) " o t h e r "  var ian t  noted  in the  North  
Carol ina  black popula t ion  (Table  6) was a PepA 8-2. The  six phosphoglucona te  dehydro- 
genase (6PGD) "o t he r "  var ian t  shown in the  North Carol ina  white popula t ion  (Table  5) was 
a 6PGD AL (Lowell) variant .  This  new phenotype has  been described in greater  detail  in a 
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TABLE 5--Adenylate kinase (AK), adenosine deaminase (ADA), and 6-phosphogluconate 
dehydrogenase (6PGD)." North Carolina population frequency data. 

Observed Observed Expected Gene 
Group Type Number Incidence Incidence Frequency X 2 

AK 
Whites 

Blacks 

ADA 
Whites 

Blacks 

6PGD 
Whites 

Blacks 

1 
2-1 
2 

l 
2-1 
2 

1 
2-1 
2 

1 
2-1 
2 

N 

N 

N 

N 

A 
AC 
C 
other 

N 

A 
AC 
C 
other 

N 

414 0.937 0.934 A K  I = 0.9665 2.170 
26 0.059 0.065 A K  2 = 0.0335 

2 0.004 0.001 . . .  
442 

391 0.978 0.978 A K  1 -- 0.989 0.012 
9 0.022 0.022 A K  2 -- 0.011 
0 0.000 0.000 . . .  

400 

389 0.892 0.895 ADA1 = 0.946 0.583 
47 0.108 0.102 ADA 2 = 0.054 

0 0.000 0.003 . . .  

436 

395 0.990 0,990 ADA ~ = 0,995 n.a. 
4 0.010 0.010 ADA 2 = 0.005 
0 0.000 0.000 . . .  

399 

305 0.962 0.959 6PGD A = 0.9795 1.883 
10 0.032 0.037 6PGD c -- 0.0190 
1 0.003 0.001 . . .  
1 0.003 0.003 . . .  

317 

281 0.909 0.919 6PGD A = 0.9545 0.650 
27 0.088 0.084 6PGD c = 0.0440 

0 0.000 0.002 . . .  
1 0,003 0.003 . . .  

309. 

recent publication by Nelson [15]. The 6PGD "other"  variant noted in the North Carolina 
black population was believed to be a 6PGD AR (Richmond) variant. 

Table 8 compares the observed frequencies for the Lewis system in the North Carolina 
population with values reported by Molthan [21] from the Delaware Valley and with values 
reported by Miller et al [22] from New York. Although the values observed in this study are 
very similar to those shown by Molthan [21], both show elevated levels of Lewis a - - b -  indi- 
viduals over the study of Miller et al [22]. These high levels of Lewis a - - b - -  individuals may 
reflect the  fact that  the Lewis antigens are unstable on storage and undergo seasonal and 
individual variations [23], or that  Lewis typing in this study and that  of Molthan [21] was 
carried out by using antisera produced in goats, while Miller et al [22] used antisera derived 
from human sources. 

In any case, the primary reason that  Lewis typing data were collected was to obtain fre- 
quencies of secretors and nonsecretors in the North Carolina population. Lewis a + b - -  indi- 
viduals are nonsecretors, Lewis a - - b  + individuals are secretors, and Lewis a - - b - -  individ- 

uals can be either secretors or nonsecretors,  Since the Lewis and secretors genes (Le ,  le, Se ,  

and se)  each segregate independently,  the secretor-to-nonsecretor ratio in individuals of the 
phenotype Lewis a - - b - -  should reflect the secretor to nonsecretor ratio found in the rest of 
the population [23]. Using the information derived from the North Carolina Lewis data, 
76.8% of the North Carolina white population were secretors and 23.2% were nonsecretors, 
whereas 71.4% of the North Carolina black population were secretors and 28.6% were non- 
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TABLE 6 - - C a r b o n i c  anhydrase  (CA),  pep t idase  A (PepAL and  hemoglobt'u (HbL'North Carolina l~Olm- 
latlon f r e q u e n c y  data. 

Observed Observed Expected Gene 
Group Type Number Incidence Incidence Frequency X 2 

CA 
Whites 

Blacks 

PepA 
Whites 

Blacks 

Hb 
Whites 

Blacks 

1 334 0.997 0.997 CAI = 0.9985 n.a. 
2-1 1 0.003 0.003 CA 2 : 0.0018 
2 0 0.000 0.000 . , .  

N 335 

1 313 0.792 0.789 CA ~ = 0.8885 0.070 
2-1 76 0.193 0.198 CA 2 = 0.111S 
2 6 0.0IS 0.013 . . .  

N 398 

1 314 0.997 0.997 PepA  t -- 0.9985 n.a. 
2-1 1 0.003 0,003 PepA  2 = 0.0015 
2 0 0.000 O. 000 . . .  

N 315 

1 318 0.859 0.851 P e p A  l = 0.9225 3.047 
2-1 47 0.127 0.140 P e p A  2 = 0.0760 
2 4 0.011 0.006 . . .  
other 1 0.003 0.003 . . .  

N 370 

A 365 1.000 1.000 H b  a = 1 n.a.  

N 365 

A 333 0.915 0.914 H b  A : 0.9560 1.339 
AS 24 0,066 0.066 
S 0 0,000 0.001 H b  s --" 0.0345 
AC 6 0.016 0.018 Hb c = 0.0095 
SC 1 0.003 0.001 . . .  
C 0 0.000 0.000 . . .  

N 364 

secretors.  These  values are in good ag reemen t  with  results  repor ted  by Zmijewski  and  
Fletcher  [23].  

Summary 

A computer  p rog ram has  been designed t ha t  quickly and  accurately calculates the  com- 
b ined  phenotypic  f requency for a given set of blood types and  t ha t  also files and  stores the  
blood typing da ta  entered with the  express purpose of conduct ing a popula t ion  f requency 
survey. 

The t radi t ional  approach  of performing popula t ion  frequency surveys is to ob ta in  several 
hund red  blood samples  at  one time, analyze them,  and  then  compile the  data .  The  quant i ty  
of work and  concent ra t ion  of effort inheren t  in this  approach  usually prevents generally un- 
derstaffed and  backlogged forensic science laborator ies  f rom being able to conduct  popula-  
t ion surveys of thei r  jurisdict ion.  Use of a computer  p rogram tha t  can store and  compile da ta  
over pro t rac ted  periods of t ime will enable  many  laboratories to conduct  popu la t ion  fre- 
quency surveys using da ta  obta ined f rom rout ine  analysis of casework. A p rogram like the  
one described in this  study will enable  laboratories  to store and  file popula t ion  f requency 
data  while enter ing the i r  blood typing results to obta in  combined  phenotypic  f requency in- 
format ion  for inclusion in their  laboratory reports .  

Having Nor th  Carol ina  popula t ion frequency da ta  for the blood group systems we cur- 
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TABLE 7- -Compar i son  o f  gene  f requenc ies  f r o m  the North Carolina populat ion with several other  
Uni ted States communi t ies ."  

Whites Blacks 

Reference ABO 

A B O  A A B O  B A B O  ~ 
NCSBI 0.258 0.060 0.682 
[7] 0.224 0.083 0.692 
[8] 0.262 0.074 0.664 

N A B O  A A B O  ~ A B O  ~ N 
773 0.159 0.138 0.703 642 

6004 0.168 0.142 0.690 1025 
914 0.166 0.127 0.707 713 

EAP 

E A P  a E A P  B E A P  c 
NCSBI 0.313 0.620 0.067 
[4] 0.3294 0.6465 0.0243 
[5] 0.337 0.632 0.031 
[61 0.3350 0.6054 0.0596 
17] 0.332 0.630 0.038 
[8] 0.327 0.612 0.061 

N E A P  4 E A P  a E A P  c E A P  R N 
418 0.197 0.769 0.011 0.023 366 
577 0.2316 0.7684 0.0 . . .  177 

1239 0.222 0.767 0.009 _._ 718 
503 0 . 2 3 4 1  0 .7421  0.0109 0.0129 504 

4850 0.217 0.776 0.008 . . .  875 
1044 0.223 0.771 0.006 . . .  827 

PGM 

P G M  l P G M  2 N 
NCSBI 0.774 0.226 833 
[41 0.7435 0.2565 577 
[5] 0.751 0.248 1253 
[6] 0.7505 0.2495 503 
[7] 0.768 0.232 5972 
[8] 0.771 0.229 1067 

P G M  1 P G M  2 N 
0.805 0.195 777 
0.8305 0.1695 177 
0.821 0.181 714 
0.7897 0.2103 504 
0.812 0.188 1024 
0.816 0.184 795 

Hp 

t i p  I l i p  2 N 
NCSBI 0.414 0.586 395 
[4] 0.3983 0.6017 585 
[5] 0.380 0.620 1263 
[6] 0.3489 0.6491 503 
[~  0.392 0.608 274 
~ l  0.422 0.578 860 

EsD 

n p  I Hp 2 zcp TM 

0.536 0.464 . . .  
0.5341 0.4660 . . .  
0.535 0.454 
0.5558 0.3391 0.0;81 
0.567 0.433 . . .  
0.550 0.450 . . .  

N 
317 
176 
721 
504 
124 
460 

E s D  I E s D  2 N 
NCSBI 0.898 O. 102 388 
[4] 0.9064 0.0936 577 
[6] 0.8847 0.1153 503 
[7] 0.892 0.108 5377 
[8] 0.884 0.116 1025 

GLO 

EsD l EsD  2 N 
0.931 0.069 343 
0.9350 0.0649 177 
0.9167 0.0833 504 
0.916 0.084 973 
0.904 0.096 770 

G L O  1 G L O  2 N 
NCSBI 0.430 0.570 309 
[6] 0.4573 0.5427 503 
[8] 0.436 0.564 313 

AK 

GLO 1 G L O  2 N 
0.297 0.703 327 
0.3591 0.6409 504 
0.327 0.673 310 

A K  l A K  2 N 
NCSBI 0.9665 0.0335 442 
[4] 0.9621 0.0379 580 
[6] 0.9712 0.0288 503 
[7] 0.963 0.037 5969 
[8] 0.962 0.038 1021 

A K  l A K  2 N 
0.989 0.011 400 
0.9828 0.0173 174 
0.9970 0.0030 504 
0.992 0.008 965 
0.991 0.0O9 735 
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TABLE 7 - - C o , t i n u e d .  

Whites Blacks 

Reference ADA 

A D A  t A D A  ~ N A D A  1 A D A  2 N 
NCSBI 0.946 0.054 436 0.995 0.005 399 
[6] 0.9423 0.0577 503 0.9921 0.0079 504 
[7] 0.949 0.051 5883 0.989 0.011 927 
[8] 0.952 0.048 1004 0.982 0.018 726 

6PGD 

6 P G D  a 6PGD c N 6 P G D  A 6 P G D  c N 
NCSBI 0.9795 0.0190 317 0.9545 0.0440 309 
[61 0.9781 0.0219 503 0.9554 0.0427 504 
[4  0.981 0.019 4472 0.964 0.036 787 
[8] 0.983 0.017 950 0.955 0,045 826 

CA 

CA l CA 2 N CA 1 CA z N 
NCSBI 0.9985 0.0015 335 0.8885 0.1115 395 
[6] 1.00 0.0 503 0.9137 0.0863 504 

PepA 

P e p A  l P e p A  2 P e p A  8 N P e p A  l P e p A  2 PepA 8 N 
NCSBI 0.9985 0.0015 . . . . . .  315 0.9225 0.0760 370 
[6] 0.8820 0.0 0.1180 503 0.8688 0.0675 0.0637 504 
[8] 1.00 0.0 . .  �9 300 0.948 0.052 . .  �9 488 

Hb 

H b  A H b  s N l i b  "4 H b  s H b  c N 
NCSBI 1.00 . . .  365 0.9560 0.0345 0.0095 364 
[61 1.00 503 0.9474 0.0367 0.0149 504 
[7] 0.999 0.()0'1 6004 0.956 0.044 . . .  1025 
[8] 1.00 . . .  1040 0.953 0.035 0.012 789 

a Gene frequencies in the PGM subtyping system were not available from these references for compar-  
ative purposes. 

TABLE 8- -Lewi s  pheno type  f requenc ies  f r o m  three di f ferent  populat ions.  

Lewis Type 

Observed Frequencies 
from North Carolina 

Observed Frequencies 
from 

Delaware Valley [21[ 
Observed Frequencies 
from New York [22] 

W h i t e , %  B l ack ,% W h i t e , %  B lack ,% W h i t e , %  B l a c k , %  

Lewis a - - b +  67.7 50.9 70.2 51.9 71.5 57.7 
Lewis a + b - -  20.4 20.4 20.1 19.6 22.8 23.1 
Lewis a - - b - -  11.9 28.7 9.7 28.5 5.7 19.2 
Individuals tested 548 432 935 833 460 411 
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rently use will allow NCSBI serologists for the first time to present population frequency data 
in court specific for our jurisdiction and that we have collected ourselves. We hope that this 
will eliminate many of the appeals and objections to this type of testimony in court. 

So that other laboratories that have microcomputers may benefit f rom our experience, the 
author will make a copy of this program and a printout available to forensic science laborato- 
ries that  make a request on official letterhead and send a blank 5V4-in. floppy disk. It is 
suggested that this program be used as a model for interested laboratories to set up their own 
programs suited to their special needs. 
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