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ABSTRACT: The grouping of blood/saliva samples from a male so as to predict his semen groups 
is only justified if there is a strict correlation between the groupings in these body fluids. This corre- 
lation has been examined in the ABO, phosphoglucomutase (PGM 1) and glyoxalase I (GLO) 
grouping systems in blood and semen samples collected from more than 250 individuals. Though 
no results proved inconsistent with this correlation, a number of semen gave inconclusive grouping 
results. Reasons for this are discussed as well as the relevance of the results to semen stain analysis. 
Semen amylase activities are also reported. 
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When comparing the grouping results obtained from a crime-related seminal deposit with 
the groupings of suspects, reference semen samples from each suspect are normally unobtain- 
able. Therefore reference blood and saliva samples from each suspect are grouped and the 
results used to predict their semen groups. This procedure rests on the assumption that as a prin- 
ciple of genetics, an individual will have the identical genetic polymorphisms in all his tissues. 
However, the qualitative and quantitative phenotypic expression of these polymorphisms may 
vary from tissue to tissue. Therefore it is necessary to be assured of the correlations between the 
phenotypings achieved from different tissues such as blood and semen. 

Extensive testing of this correlation is limited by the availability of suitable semen samples 
accompanied by a corresponding blood or saliva sample or both. Over 250 corresponding blood 
and semen sample pairs (that is, 1 blood and 1 semen sample from each donor) have been ex- 
amined and their correlation in ABO grouping, phosphoglucomutase (PGM 1) types and sub- 
types, and glyoxalase I (GLO I) types has been investigated. Amylase activities of most of the 
semen samples have also been measured. 

Experimental  Procedures 

Grouping of blood samples in the ABO and Lewis systems was performed by classical sero- 
logical techniques. Some of the blood samples were in a condition unsuitable for reliable Lewis 
grouping. A hemolysate of each blood sample (inclusive of those unsuitable for Lewis group- 
ing) was prepared and stored at --80~ All the semen samples were obtained as centrifuged 
cell-free plasma. These were also stored at --80~ 
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Semen samples were grouped in the ABO system by a manual absorption inhibition method 
[1] in microtitre trays. Four dilutions of semen, 10-1 to 10-4,  respectively, were tested. 

Typing of blood and semen in the PGM 1 system was performed by starch gel electrophoresis 

I21. 
Subtyping of PGM l isoenzymes was performed by isoelectric focusing (IEF) [3] on ultra thin 

(0.35-mm) acrylamide gels using pH 5.0 to 7.0 ampholytes (LKB) (supplied by Linbrook Inter- 
national Pry Limited, Adelaide, South Australia). 

Typing of blood and semen in the GLO I system was performed by mixed agarose/starch 
electrophoresis [4]. 

Assays of semen samples for c~-amylase activity were by spectrophotometric measurement of 
released dye from a chromogenic substrate (Amylochrome--Roche Diagnostica; supplied by 
Roche Products Pry Limited, Adelaide, South Australia). 

Results 

There were no qualitative contradictions when the groupings achieved from each of the 
semen samples were compared with the groupings achieved from their corresponding blood 
samples. However, the ability to conclusively group/type a semen sample varied and a number 
of inconclusive results were obtained in each of the ABO, PGM 1 , and GLO I systems. This was 
probably due to quantitative variation in the genetically determined characters being examined 
or in vitro storage effects resulting from thawing and refreezing of samples or both. An un- 
known proportion of the semen samples were from infertile individuals and this could also ac- 
count for variation between samples. 

ABO Grouping 

A blood sample providing an ABO group and a Lewis group of either L e ( a - - b + )  or 
L e ( a + b - - )  was necessary before the prediction of ABH antigenic substances in the corre- 
sponding semen sample could be attempted (165 samples) (Table 1). Since blood samples typ- 
ing as Le (a - -b - - )  or not being suitable for Lewis typing (114 samples) could not be used to 
determine secretor status, they are not included in Table 1. 

The criterion for satisfactory correlation was based on the following. Agglutination of indi- 
cator cells at each dilution of semen was scored on a 0 (total inhibition) to 4 +  (no inhibition) 
scale. This gave an aggregate score range of 16 points for samples with no inhibition in any of 
the four dilutions and 0 points for samples totally inhibited at all dilutions. An antigen was con- 
sidered as being present if it achieved an inhibition score of 7 or less with the 10-1 dilution scor- 
ing either 0 or 1. An antigen was considered as being absent if it achieved an inhibition score of 
11 or more with the 10-1 dilution scoring a minimum of 2. Inconclusive results were recorded 
for all aggregate scores of 8, 9, or 10 and for aggregate scores of 11 or more if the 10-1 dilution 
scored less than 2. 

TABLE I--ABO grouping. 

Blood 
Blood Blood Blood Blood Groups 

Group A Group B Group O Group AB A/B/O/AB 
Le(a--b+) Le(a--b+) Le(a--b+) Le(a--b+) Le (a+b- )  Total 

No. of correlated 
blood/semen pairs 

No. of pairs giving 
conclusive blood but 
inclusive semen results 

36 8 72 2 38 156 

2 1 3 . . .  3 9 
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TABLE 2--Results of ABO grouping of nine semen giving 
inconclus&e results. 

Aggregate of Inhibition Scores a 

Blood Group Anti-A Anti-B Anti-H b 

O, Le(a--b+) 12 12 9 
O, Le(a--b +) 14 16 9 
O, Le(a--b+) 16 16 8 
A, Le(a--b+) 11 15 6 
A, Le(a--h+) 9 16 3 
O, Le(a+b--) 8 14 11 
O, Le(a+b--) 12 9 16 
O, Le(a+b--) 10 8 14 
B, Le(a--b+) 8 0 2 

"Mean of three analyses. 
bSaline extract of Ulex europaeus. 

Using these criteria, 156 sample pairs showed satisfactory correlation (Table 1). Of these, 
118 (or 75.6%) were classified as secretors and 38 (or 24.4%) as nonsecretors. However, semens 
from nine sample pairs gave inconclusive results (Table 2). Three of these were found not to 
contain their predicted H antigen in sufficient quantity to achieve an inhibition score of 7 or less 
(corresponding bloods typed as group O, Le[a-- b + ]). Two semen gave inhibition scores of less 
than 7 for H antigen but more than 7 for A antigen (corresponding bloods typed as group A ,  
Le[a-  b 3- ]). The four remaining semen giving inconclusive results had inhibition scores of less 
than 11 but more than 7 for an antigen(s) not anticipated to be present. One sample had some 
A inhibition, one sample some B inhibition, and one sample some A and B inhibition (corre- 
sponding bloods all typed as Group O, Le[a3-b-- ]). One sample had B, H, and some A inhibi- 
tion (the corresponding blood typed as Group B, Le[a--b+]) .  

Of the 114 bloods for which secretor status could not be determined by Lewis grouping, it 
was possible to infer an ABO group for 87 of them (or 76.3 %) from the groupings of their corre- 
sponding semen sample. No apparent contradictions to the ABO blood group were found. The 
remaining 27 semens (or 23.7%) giving inconclusive grouping results presumably arose from 
persons who were nonsecretors or seeretors who provided samples containing quantities of 
ABH antigenic substances insufficient to be classified by the scoring system used. 

P G M  l Typing 

Correlation between the blood hemolysate PGM1 type and the PGM 1 type of the correspond- 
ing semen sample was demonstrated in 279 of the 283 tested pairs (Table 3). The observed 
banding intensities indicated that the level of seminal PGM 1 enzyme activity varied from sam- 
ple to sample. However, no specific enzyme assays were performed to confirm this. This varia- 
tion in activity probably accounted for three of the four samples giving inconclusive results as 
no seminal PGM 1 activity was observed at all (Table 3). The fourth sample gave a blood PGM 1 1. 
Its corresponding semen PGM 1 type was of only moderate overall activity but whose isoenzyme 
banding pattern (two bands observed) could not unequivocally be identified as being either 
PGM 1 1 or PGM 1 2-- 1. It was therefore regarded as inconclusive. Treatment of this semen 
with reducing reagents did not alter the banding pattern. The same pair of samples gave a satis- 
factory correlation of PGM 1 1 + 1-- by IEF. 

One correlated pair of samples from an 2 Oriental male was nominally typed as a PGM 1 6--2 
(Fig. 1). 

2Results confirmed by Dr. R. L. Kirk, Department of Human Biology, John Curtin School of Medicine, 
Canberra, Australia. 
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TABLE 3 - - P G M  l typing. 

PGM 1 1 PGM 1 2 -  l PGM 1 2 Total 

No. of correlated 
blood/semen pairs" 155 104 19 278 

No. of pairs giving conclusive 
blood but inconclusive 2 2 . . .  4 
semen results 

aRare phenotype PGM 1 6--2 not included in table. 

FIG. l--Correlation of P GM 1 types in "paired" blood and semen samples. Upper row are semens, lower 
row are hemolysates. The paired samples A, B, G, and J typed as PGM I 2--  l; samples C, D, F, and I typed 
as PGM 11; and samples H typed as PGM 12. The pair of  samples E were nominally typed as PGM 16-- 2. 

P G M  1 S u b t y p i n g  (IEF) 

Correlation between the blood hemolysate P G M  1 subtype and the PG M 1 subtype of the cor- 
responding paired semen sample was demonst ra ted  in 267 of the 280 tested pairs (Table 4). 
Thir teen sample pairs gave inconclusive results (Table 4). Two of these (hemolysates P G M  1 
2- -  1 [2-- 1 --  ] and  PGM 1 1 [ 1 + 1 -- ]) showed no seminal P G M  1 activity on either starch or IEF 
gels. The remaining eleven samples (five hemolysates P G M  I 14-1 - - ,  two P G M  I 1 4-, three 
P G M  1 2 4-1 4-, and one P G M  I 2- -  1 4-) all gave a correlated b lood/semen pair result by starch 
electrophoresis bu t  failed to show any seminal P G M  l activity by IEF. All eleven samples had  
semen P G M  1 activity levels assessed on starch electrophoresis to be weak or very weak. 

One correlated pair of samples from an Oriental  3 male was nominally typed as PG M 1 6 , 2 -  
(Fig. 2). 

3Results confirmed by Dr. R. L. Kirk, Department of Human Biology, John Curtin School of Medicine, 
Canberra, Australia. 
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TABLE 4 - - P G M  1 subtyping. 

1+ 1 + i - -  1-- 2+ 2+2--  2-- 2 + 1 +  2--1+ 2 + 1 - - 2 - - 1 - - T o t a l  

No. of correlated 
blood/semen 102 43 4 11 7 1 63 17 17 1 266 
pairs a 

No. of pairs giving 
conclusive blood 2 6 . . . . . . . . . . . .  3 1 . . .  1 13 
but inclusive 
semen results 

aRare phenotype PGM 1 6,2-- not included in table. 

FIG. 2--Correlation of  P GM 1 subtypes in blood and semen. The blood sample nominally typing as 
PGM 16, 2--  (B) may be compared with its paired semen sample (C). The same figure also shows the subtyp- 
ing of another rare variant hemolysate (both A and D). This has been nominally called PGM l 1 + Adelaide. 
A mixture of hemolysates P GM 1 6,2-- and P G M  1 1 + Adelaide shows their cathodal PGM 1 bands to be 
clearly separable (E). 

G L O  I T y p i n g  

Correlation between the blood hemolysate GLO I type and the GLO I type of the correspond- 
ing semen sample was demonstrated in 255 of the 271 tested pairs (Table 5). The observed 
banding intensities indicated that the level of GLO I enzyme activity varied from sample to 
sample. However, no specific enzyme assays were performed to confirm this. Sixteen sample 
pairs gave inconclusive results (Table 5). Eleven of these (four hemolysates GLO 1, five GLO 
2--1,  and two GLO 2) showed no seminal GLO I activity and one (hemolysate GLO 2--1)  
showed only weak activity. The remaining four sample pairs (one hemolysate GLO 1, one GLO 
2--  1, and two GLO 2) gave very smeared patterns of seminal GLO activity of similar mobility 
to their corresponding hemolysates. However, no unequivocal GLO I typing could be made. 
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TABLE 5--GLO I typing. 

GLO 1 GLO 2-- 1 GLO 2 Total 

No. of correlated 
blood/semen pairs 51 123 81 255 

No~ of pairs giving conclusive 
blood but inconclusive 5 7 4 16 
semen results 

Semen Amylase Determinations 

The semen amylase activities of 214 semen samples were measured. Their frequency distri- 
bution is depicted in Fig. 3. Activities appeared to fall into two groups. It was calculated that 
the mean amylase activity of the major group (203 samples) was 77 I U / L  (range 10 to 498 IU/L,  
standard deviation 80 IU/L) .  The remaining eleven samples had a high to extremely high amy- 
lase activity (range 699 to 4440 IU/L) .  

D i s c u s s i o n  

All testing was performed on liquid samples and not stains prepared from the liquid sam- 
ples. This was because the purpose of testing each sample was to examine the correlation be- 
tween the (original) biological fluids. The results are therefore in no way to be taken as implying 
the same correlation necessarily exists between a semen-containing stain or swab in a casework 
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FIG. 3--The frequency distribution of c~-amylase activities in 214 semen samples. 
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example and blood from the correct suspect. For this correlation to be satisfied, an additional 
assumption is required. This is that the semen in the stain does not alter or lose its original 
grouping character during its drying process, its admixture with other biological fluids, or its 
aging as a stain. It was not the purpose of these tests to examine this assumption, though it has 
been reported semen may apparently undergo changes in stains of mixed biological fluids [5, 6]. 

Since the discovery of ABH antigenic substances in semen [7], neither the extensive investi- 
gations concerning the origin of their presence on the sperm cell surface [8-10] nor the reported 
polymorphism [11] of ABH antigenic substances in seminal plasma has had as significant a 
practical influence on their forensic science analysis as that information concerning their 
quantity and proportion in seminal plasma. This has been obtained by both manual [12] and 
automated methods [13,14]. Using the stated criteria for interpretation, the results of the pres- 
ent study demonstrate that a minority of screens may prove difficult to group reliably. Nine 
such semens were so categorized in this study (Table 2). Two of these, had they been encoun- 
tered in casework, may, by an inhibition method of analysis alone, have been mistyped as com- 
ing from a Group O secretor (H antigen) when in fact their source was a Group A secretor (both 
A and H antigens) (Table 2). Three semens appeared to contain only small amounts of H anti- 
gen and failed to conclusively demonstrate their source was in fact a Group O secretor (Table 2). 
These sorts of difficulties have been previously described [13,14] and their relevance to case- 
work samples considered [15,16]. Interpretation of ABO groupings arising from mixtures of 
both seminal secretions and vaginal material is additionally complicated by similar quantita- 
tive variation of ABH antigenic substances in vaginal material [17]. 

The blood typings of Le(a + b - - )  and Le(a--b + )  have been used to describe nonsecretors 
and secretors [13,14]. It is now understood, however, that both the quantity and ratios of ABH 
antigenic substances present in individuals in any population is distributed in a broad con- 
t inuum [14]. Some individuals whose blood types as L e ( a + b - - )  have sufficient H substance to 
be detected by an automated inhibition technique [13]. Replicate analyses of three semen sam- 
ples in this survey, anticipated to contain no ABH antigenic substances as their corresponding 
bloods typed as Group O, L e ( a + b - - ) ,  showed some slight and inconclusive inhibition by ap- 
parent A and B antigenic substances but  not H antigen (Table 2). There were no duplicate 
semen samples available from these individuals and the reasons for these findings are un- 
known. Generally the use of the terms secretor and nonsecretor remain appropriate. However, 
recent research shows the secretor system to be extremely complex. For example, the glycosyl- 
transferase enzymes conferring A, B, H, and Le specificity are not only structurally distinct 
[t8], but they may also be of differing efficiency in competition for their substrate sites on both 
the precursor oligosaccharide chain or on H substance itself [19.20]. 

None of the semens in this study were typed for Lewis substances and although possible 
[21,22], it does not appear to be performed routinely in many forensic science laboratories. 4 
The greater specificity of monoclonal Lewis antibodies [23], were these to become widely avail- 
able, will hopefully assist the reliable reporting of ABH antigenic substances in both saliva and 
semen. 

The correlation between blood PGM 1 type and semen PGM 1 type is well established 
[6,24-30]. Two apparent anomalies in the correlation between blood and semen PGMj were 
reported [6], but  these were not from direct comparison of original body fluids but  rather semen 
recovered from the vagina of the consenting partner. In another survey [29] a further 2 anom- 
alies were reported from an examination of 50 blood/semen pairs. One of these appeared to be 
the result of preferential loss of activity of the product of the PGMI 1 allele in comparison to that 
from the PGM12 allele. The other was restored to a recognizable and correlated PGM 1 2--  1 
type after treatment with a reducing reagent. A survey of 107 screens [30] (for which no corre- 
sponding bloods were available) from vasectomized males produced 5 uninterpretable results, 

4personal communication, Mr. A. M. Ross, Forensic Biology Laboratory, Adelaide, Australia, Nov. 
1983. 
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all of which were transformed to recognizable PGM 1 phenotypes on treatment with a reducing 
reagent. 

The semen samples in the present survey, none of which were from vasectomized males, were 
generally run in the absence of reducing reagents. However, a random selection of approx- 
imately 80 semen were run in duplicate, with and without reducing agents. None appeared to 
be influenced by this treatment,  including the one sample that could not be unequivocally 
identified (its corresponding blood typed as PGM 1 1). Thus the usefulness of such treatment of 
semen before PGM 1 typing appears to be unconfirmed. This is apparently also true for PGM 1 
analysis of seminal stains in casework where reducing reagents are not routinely used. 5 The 
small number  of semen samples showing no detectable PGM 1 activity after starch gel electro. 
phoresis (about 1%) is of similar order to those reported in previous surveys [6,29,30] and is 
also consistent with the reported variation of PGM l activity measured in seminal plasma 
[31, 32] and sperm [32]. The possibility that the variation in activity seen in this survey is in part 
attributable to the fertility of the donor cannot be excluded. 

The PGM 1 subtyping by IEF of both seminal plasma [33] and sperm lysates [34] has been re- 
ported, the phenotypic frequency distribution from semen samples being in close agreement 
with that from blood [33]. Correlation between 95 paired blood/semen samples has also been 
reported [35] with no anomalies being established. No anomalies were found in this present 
survey but 13 samples gave inconclusive results as they failed to demonstrate any activity on IEF. 

The enzyme activities of PGM 1 subtypes in blood have been reported [36] and the PGM 1 
1 + 1 -- phenotype is claimed as the least active. 6 The total bloods in this survey subtyping as 
PGM l 1 +  1-- (49 samples) comprised approximately 17% of all the bloods subtyped in this 
study (280 samples) (Table 4). However, a large number of their paired semen (6 of the 49 
samples or 12 %) gave inconclusive results (Table 4) as they displayed no activity on the I EF gel. 
This rate of failure was proportionately greater than for the other PGM 1 subtypings (apart 
from PGM 1 2--  1-- where one of only two sample pairs gave conclusive results). This suggests 
that the activities of seminal PGM 1 isoenzymes may be distributed in a manner similar to blood 
but at an overall lower level of activity [32]. If this phenotypic activity distribution exists, it may 
best be evident in the 10 common IEF subtypes of PGM 1 as it appeared not to be present in a 
survey of 150 samples in which total semen PGM 1 activity was assayed and classified according 
to the three common PGM l phenotypes [31]. 

In general, the PGM 1 results from IEF of semen samples differ from those of blood in that 
the products of the PGM 2 and PGM 3 locus are absent and the intensity of the banding attribut- 
able to the secondary isoenzymes from the PGM 1 locus are less than blood. The concern that a 
semen known to come from a male who is genetically heterozygous for PGM 1 but whose semi- 
nal PGM 1 displays activity at only one IEF band position but not the other because of dispro- 
portionate levels of enzyme activity did not materialize in the samples examined. However, it is 
still regarded as a potential hazard, and probably more so in stain analysis. 

An uncommon variant, nominally typed as PGM 1 6,2-- ,  was found in both the blood and 
semen of an Oriental male (Fig. 2). Since the hemolysate PGM 1 subtyping of PGM17 and 
PGM13 each into two subtypes has been reported [37,38], it is speculated that the PGM16 may 
eventually be similarly subtyped, although 17 PGM16 samples failed to show this [38]. 

The correlation between the common GLO I phenotypes and semen GLO I phenotypes has 
been reported [39,40]. To date no apparent anomalies have been reported and this survey lo- 
cated none. However, the multiple secondary anodic banding evident in all phenotypes in both 
blood and semen samples meant that results had to be carefully interpreted from the primary 
GLO I banding. This multiple secondary banding lead in some cases to poorly defined smeared 
results. The general lability of the enzyme, particularly in semen, was probably the reason for 
the large number of semen samples for which inconclusive results were obtained (l 6 samples 

Spersonal communication, Dr. T. J. Rothwell, Home Office, London, England, Oct. 1983. 
6 1 Gene activity order: PGM 1 - < PGMI 1+ = PGM12- < PGM] 24. Phenotype activity order: 

PGM 11+1-- < 1+ = 2-- = 2--1-- = 2+2--  = 2--1+ = 2+1--  < 2+ = 2 + 1 +  (1-- not tested). 
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out of 271). No obvious explanation could be advanced as to why the correlation failure rate was 
apparently greater for GLO 1 than either GLO 2--  1 or GLO 2 (Table 5). The GLO I enzyme is 
apparently particularly labile when mixed with vaginal secretions [41] and for this reason GLO 1 
typing is likely to remain confined to seminal stains uncontaminated with other body fluids. 

The range of semen amylase activity levels found in this survey is similar to those previously 
reported [42, 43]. The semen in this survey did not include any samples from vasectomized indi- 
viduals but they did include some semen from subfertile individuals. The most interesting fea- 
ture arising from this survey is the small number of samples (approximately 5%) with abnor- 
mally high amylase levels. This was also consistent with previous results [43]. No corresponding 
saliva samples were available for testing and therefore no comparison with salivary amylase lev- 
els could be made. However, one explanation for the abnormally high amylase levels in some 
semen could be contamination (possibly with saliva) during collection. The implication of 
these results is that the finding of high amylase levels in a seminal strain may not in every case 
indicate its contamination with saliva. 

Acknowledgments 

The authors wish to thank Mr. G. Disher and Mrs. L. Riedel for their technical assistance, 
Prof. Warren R. Jones of the Gynecology Department,  Flinders Medical Center, for the provi- 
sion of paired blood/semen samples, and Ms. J. Owens for preparation of the manuscript. 

References 

[1] Culliford, B. J., "ABO in Saliva, Semen and Other Body Fluids," in The Examination and Typing of 
Bloodstains in the Crime Laboratory, National Institute of Law Enforcement and Criminal Justice, 
Nile C.J., Dec. 1971, pp. 98-105. 

[2] Culliford, B. J., "The Determination of Phosphoglucomutase (PGM l) Types in Bloodstains,"Jour- 
hal of the Forensic Science Society, Vol. 7, No. 3, July 1967, pp. 131-133. 

[3] Bark, J. E., Harris, M. J., and Firth, M., "Typing of the Common Phosphoglucomutase Variants 
Using Isoelectric Foeusing--A New Interpretation of the Phosphoglucomutase System," Journal of 
the Forensic Science Society, Vol. 16, No. 2, April 1976, pp. 115-120. 

[4] Scott, A. C. and Fowler, J. C. S., "Electrophoretie Typing of Glyoxalase ] (GLO I) lsoenzyme Using 
a Mixed Stareh/Agarose Gel," Forensic Science International, Vol. 20, No. 3, Nov./Dec. 1982, 
pp. 287-294. 

[5] Sensabaugh, G. F., Blake, E. T., and Northey, D. H., "Genetic Markers in Semen IlI: Alteration of 
Phosphoglueomutase Isoenzyme Patterns in Semen Contaminated with Saliva," Jout~al of Forensic 
Sciences, Vol. 25, No. 3, July 1980, pp. 470-478. 

[6] Rees, B. and Rothwell, T. J., "The Identification of Phosphoglucomutase Isoenzymes in Semen 
Stains and its Use in Forensic Casework Investigations," Medicine. Science and the Law, Vol. 15, 
No. 4, Oct. 1975, pp. 284-293. 

[7] Yamakami, K., "The Individuality of Semen, with Reference to its Property of Inhibiting Specifi- 
cally lsohemoagglutination,"Journal of Immunology, Vol. 12, No. 3, Sept. 1926, pp. 185-189. 

[8] Kerek, G., "Distribution of Blood Group Antigens A and B on Human Spermatozoa," lnterna- 
tionalYournalofFertility, Vol. 19, No. 4, 1974, pp. 181-191. 

[9] Boettcher, B., "Correlations Between Human ABO Blood Group Antigens in Seminal Plasma and 
on Seminal Spermatozoa," Journal of Reproduction and Fertility, Vol. 16, No. 1, June 1968, pp. 
49-54. 

[10] Scaceiati, J. M. and Mancini, R. E., "Soluable and Insoluable Antigens of Human Spermatozoa," 
Fertility and Sterility, Vol. 26, No. 1, Jan. 1975, pp. 6-12. 

[11] Panari, G., Rossi, G., and Fiori, A., "Polymorphism of A, B, and H Substances in Seminal Fluid," 
Forensic Science, Vol. 7, No. 1, Jam/Feb. 1976, pp. 55-60. 

[12] Sato, M. and Ottensooser, F., "Blood Group Substances in Body Fluids. Comparison of the Concen- 
trations in Semen and in Saliva," Journal of Forensic Medicine, Vol. 14, No. 1, 1967, pp. 30-38. 

[13] Davie, M. J., Dorrill, M. J., and Whitehead, P. J., "A Quantitative Survey of ABH Blood Group 
Substances in Semen," Report 318, Home Office Central Research Establishment, Aldermaston, 
England, Aug. 1979. 

[14] Whitehead, P. H., Shaw, I., Dorrill, M. J., Cage, P. E., and Evett, I. W., "'Aberrant Secretors': A 
New Quantitative Study," Referate: 9. Internationale Tagung de Gesellschaft fiir forensische Blut- 
gruppenkunde e. V., Druek: Schmitt and Meyer, Wurzburg, 1981, pp. 399-406. 



112 JOURNAL OF FORENSIC SCIENCES 

[15] Shaw, I. C., Whitehead, P. H., Lang, B. G., and Martin, P. D., "The Significance of the Levels of 
ABH Blood Group Substances in the ABO Grouping of Saliva and Semen Stains," Report 435, 
Home Office Central Research Establishment, Aldermaston, England, March 1982. 

[16] Pereira, M. and Martin, P. D., "Problems Involved in the Grouping of Saliva, Semen and Other 
Body Fluids," Journal of the Forensic Science Society, Vol. 16, No. 2, April 1976, pp. 151-154. 

[I 7] Martin, P. D., "A affd B Blood Group Antigens in Vaginal Swab Extracts," Report 11, Metropoli- 
tan Police Forensic Science Laboratory, London, England, Oct. 1981. 

[18] Topping, M. D. and Watkins, W. M., "Isoelectric Points of the Human Blood A 1, A 2, and B Gene 
Associated Glycosyltransferases in Ovarian Cyst Fluids and Serum," Biochemical and Biophysics 
Research Communications, Vol. 64, No. 1, May 1975, pp. 89-96. 

[19] LePendu, J., Lemieux, R. U., Dalix, A. M., Lambert, F., and Oriol, R., "Competition Between 
ABO and Le Gene Specified Enzymes, I. A. Lewis Related Difference in the Amount of A Antigen in 
Saliva in A I and A 2 Secretors," Vox Sanguinis, Vol. 45, No. S, Nov. 1983, pp. 349-358. 

[20] LePendu, J., Oriol, R., Lambert, F., Dalix, A. M., and Lemieux, R. U., "Competition Between 
ABO and Le Gene Specified Enzymes, II. Quantitative Analysis of A and B Antigens in Saliva of 
ABH Nonsecretors," Vox Sanguinis, Vol. 45, No. 6, Dec. 1983, pp. 421-425. 

[21] Pereira, M. and Martin, P. D., "Determination of Lewis Secretions in Body Fluids and Dried Stains 
of Body Fluids," Journal of the Forensic Science Society, Vol. 17, Nos. 2 and 3, April and July 1977, 
pp. 135-138. 

[22] Davie, M. J., "Lewis Grouping in Microtitre Plates," Journal of the Forensic Science Society, Vol. 
20, No. 4, Oct. 1980, pp. 267-270. 

[23] Steplewski, Z., Herlyn, M., Blaszczyk, M., and Koprowski, H., "A Simple Procedure for Deter- 
mining Lewis Phenotypes in Human Saliva," Journal of Immunological Methods, Vol. 62, No. 1, 
Aug. 1983, pp. 73-78. 

[24] Culliford, B. J., "Polymorphic Enzyme Typing in Semen Stains," Fifth International Meeting of 
Forensic Sciences, International Journal of Legal Medicine, Vol. 4, Part 4, June 1969, pp. 17-18. 

[25] Rees, B., Rothwell, T. J., Bonnar, J., "Correlation of Phosphoglucomutase Isoenzymes in Blood 
and Semen," The Lancet, Vol. 1, No. 7861, April 1974, p. 783. 

[26] Brinkman, B. and Koops, E., "Phosphoglueomutase (PGMI) and 6-Phospbogluconatc Dehydrog- 
cnase (PGD) Isoenzymes in Human Sperm Cells," Humangenetik, Vol. 14, No. 1, Dec. 1971, pp. 
78-80. 

[27] Radam, G. and Strauch, H., "Determination of PGM 1 Phenotypes in Seminal Stains," Zeitschrift 
fiirRechtsmedizin, Vol. 69, No. 3, 1971, pp. 145-148. 

[28] Reuniger, W. and Sina, D., "Isoenzymmuster der Phosphoglucomutase der menschlichen Spermien 
(sp. -- PGMj),"Humangenetik, Vol. 10, No. 1, Aug. 1970, pp. 85-87. 

[29] Sutton, J. G. and Whitehead, P. H., "Anomalies in the Typing of Phosphoglucomutase Isoenzymes 
in Semen," Report 129, Home Office Central Research Establishment, Aldermaston, England, 
June 1974. 

[30] Sutton, J. G. and Whitehead, P. H., "Anomalies in the Typing of PGM Isoenzymes in Semen from 
Vasectomized Men--The Effect of Mercaptoethanol," Report 140, Home Office Central Research 
Establishment, Aldermaston, England, Oct. 1974. 

[31] Sutton, I. G., Whitehead, P. H., and King, L. A., "Range of Activity of the lsoenzymes of Phospho- 
glucomutase in Human Seminal Plasma," Report 226, Home Office Research Establishment, 
Aldermaston, England, May 1977. 

[32] Blake, E. T. and Sensabaugh, G. F., "Genetic Markers in Human Semen lI: Quantitation of Poly- 
morphic Proteins," Journal of Forensie Sciences, Vol. 23, No. 4, Oct. 1978, pp. 717-729. 

[33] Sutton, J. G., "Further Alleles of Phosphoglucomutase in Human Semen Detected by Isoelectric 
Focusing," Journal of Forensic Sciences, Vol. 24, No. 1, Jan. 1979, pp. 189-192. 

[34] Ktihnl, P., Schmidtmann, U., and Spielmann, W., "Evidence for Two Additional Common Alleles 
at the PGM I Locus (Phosphoglucomutase-EC:2.7.5.1): A Comparison by Three Different Tech- 
niques," Human Genetics, Vol. 35, No. 2, Feb. 1977, pp. 219-223. 

[35] Sutton, J. G., "Isoetectric Focusing: A Single Technique for Examining PGM Isoenzymes in Blood, 
Semen, Saliva and Hair," Report 359, Home Office Research Establishment, Aldermaston, En- 
gland, Sept. 1980, pp. 93-100. 

[36] Scacchi, R., Corbo, R. M., Palmarino, R., Sacco, G., Arnone, M., and Lucarelli, P., "Human 
Phosphoglucomutase Locus 1: Red Cell Enzymatic Activities Associated with Common Isoelectric 
Focusing Phenotypes," Human Hereditary, Vol. 33, No. 4, July/Aug. 1983, pp. 218-222. 

[37] Dykes, D. D., Copouls, B. A., and Polesky, H. F., "Routine Phenotyping of Phosphoglucomutase 
(PGM l) by Thin-Layer Focussing: Isoelectric Points of 14 Different Variants," Electrophoresis, 
Vol. 3, No. 3, June 1982, pp. 165-168. 

[38] Kamboh, M. I. and Kirk, R. L., "Investigation of PGM I 3, PGM I 6 and PGM I 7 Variants by Iso- 
electric Focussing. Evidence for New Subtypes of the PGMI 3 and PGM~ 7 Alleles," Human Genetics, 
Vol. 64, No. 1, July 1983, pp. 58-60. 



FOWLER AND SCOFF �9 BLOOD AND SEMEN 113 

[39] Parkin, B. H., "The Usefulness of Glyoxalase I as a New Semen Grouping System," Referate: 7. In- 
ternationale Tagung der Gesellschaft f i ir  forensische Glutgrupperkunde e. V. , Druck: Schmitt and 
Meyer, Wtirzburg, 1977, pp. 389-396. 

[40] St6hlmacher, H. and Haferland, W., "Glyoxalase I (GLO) in Menschlichen Ktirpergeweben," Zeit- 
schrfitfiir Reehtmedizin, Vol. 85, No. 3, 1980, pp. 165-168. 

[41] Davies, A., "The Appearance and Grouping of Mixtures of Semen and Vaginal Material," Medi- 
cine, Science and the Law, Vol. 22, No. 1, Jan. 1982, pp. 21-30. 

[42] Moon, K. H. and Bunge, R. G., "Observations on the Biochemistry of Human Semen. III 
Amylase," Fertility and Sterility, Vol. 19, No. 6, Nov./Dec. 1968, pp. 977-981. 

[43] Kipps, A. E. and Whitehead, P. H., "The Significance of Amylase in Forensic Investigations of 
Body Fluids," Forensic Science, Vol. 6, No. 3, Nov./Dec. 1975, pp. 137-144. 

Address requests for reprints or additional information to 
J. C. S. Fowler 
Forensic Science Center 
21 Divett Place 
Adelaide SA 5000 Australia 


