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More than thirty plasma proteins were described to be genetically polymorphic; only a
limited number has been applied to forensic haemogenetics on the basis of genetic
variability, known mode of inheritance and technological feasibility. The present review
will therefore consider, with the exception of immunoglobulins, those plasma proteins
which are well established or appear to be most informative. Special emphasis will be
placed on new developments in the field of complement genetics.

Nine plasma proteins are commonly used in forensic haemogenetics and have gained
attention for their subtypes or were introduced in recent years (Tabel 1). For some of them
subtyping by isoelectric focusing or immobiline techniques has resulted in a considerable
increase of information as indirectly expressed in the increment of their single exclusion
chance for non-fathers (SENF) in paternity expertises, as calculated according to
SPIELMANN & KUHNL (53). This has especially been observed for haptoglobin (HP)
(40,56), the vitamin D-binding protein (DBP, formerly GC) (28), transferrin (TF) (12) and
alpha-1-antitrypsin (proteinase inhibitor, PI) (2). The regulatory proteins of the
coagulation system plasminogen (PLG) (30,51), factor XIIIA (F13A) (53) and its carrier
protein factor XIIIB (F13B) (33,53) were more recently applied to forensic haemogenetics.
Prospective candidates for future applications are orosomucoid (ORM) (58,63), and alpha-
2-HS glycoprotein (A2HS) (55) polymorphisms. Silent alleles were discovered for most of
these proteins, recently also for PLG (52), and .may lead to erroneous assumption of
inverse homozygosity. Besides, partial or total nucleotide sequences were described for the
majority of these proteins, but restriction fragment length polymorphisms (RFLP) seen
only for HP (42), PI (11), and DBP (13), the BamH I-RFLP being obviously the most
useful in the latter.

Chromosomal assignment either from somatic cell hybrids or recombinant DNA has shown
the structural genes of TF and A2HS to be located on chromosome 3q, the DBP gene on
chromosome 4q (13), the F13A gene distal to HLA-A on chromosome 6 (5,60), and the
ORM, PI, and HP genes to be located on chromosomes 9, 14, and 16 respectively (15; for
review cf. also 14 ). Despite repeated attempts the F13B locus is still unknown and
localization of the PLG gene must remain doubtful. Two ORM loci were recently
identified, ORMI1 encoding for the known alleles, ORM2 being monomorphic (63).

Complement components and regulatory proteins of the complement system are outstanding
for their extensive genetic heterogeneity, structural polymorphisms having been discovered
for nearly all components except Cl and C9, and for most of the regulatory proteins,
including the C3b receptor (CR1) (see Table 2). The many complement polymorphisms
though exhibit a higher degree of variability only in five proteins with a potential for
practical application; these are C3, BF, C4, C6, and C81. All other components possess
limited polymorphic features. Factor D and CS5, possibly also factor I (C3b inactivator),
were found polymorphic only in certain ethnic groups (reviewed in 34,45).
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Table 1: Plasma protein polymorphisms in forensic haemogenetics
electrophoresis isoelectric focusing/
immobilines silent recomb. RFLP chromosomal
no. alleles’) SENF  no. alleles’) SENF alleles DNA assignment
(%) (%)
HP 2 (>10) 12.9 4 (2+10?) 306 + + + 16
GC(DBP) 2 (>10) 15.5 3 (>36) 29.8 + + + 4q
TF 1 (>21) 1 3 (>25) 19.5 + + 3q
PI 3 (>24) 3.9 5 (>27) 27.0 + + + 14
ORM 2 18 3 21 ? + 9
PLG 2 (2) 16.1 2 (>11) 19.8 + + ?
F13A 2 (3) 13.7 - - + + 6p
F13B 3 (>8) 22.7 3 (>8) 22.7 ? -
A2HS - - 2 (5) 17.8 ? 3q

*) No. of rare alleles in parenthesis; SENF : single exclusion chance for non-fathers;
RFLP : restriction fragment length polymorphism

Most complement components have also been assigned for the chromosomal location of
their structural genes by linkage studies, segregation analysis in families or recombinant
DNA methods. Two linkage groups, C4 binding protein (C4BP), factor H (B1H-
globulin or H), and C3b receptor (CR1) on chromosome 1 (29,46), as well as C4, BF, and
C2 on chromosome 6 (9) have advanced the knowledge on functional similarities and
common ancestral genes of the regulatory protein group (C4BP/H/CR1) and the C3
activators (C4/BF/C2).

The formal genetics of the majority of components exhibits one or two common alleles
with a limited number of rare variants, such as in C4BP, H, CR1, C81 or C82. In contrast
the spectrum of variants has reached a considerable degree in C3, C4, BF, and C6.
Polymorphisms of C8, and of C4 (as to be shown later), are complex with two or more
structural loci encoding for each of these proteins (34,45).

Inherited complement deficiencies have been described for all complement proteins, many
with disease manifestation, some without. Silent or inactive genes are most common in
C1INH, leading to hereditary angioedema, where RFLP may now aid diagnosis. Silent
genes are also common in C2 and C4, with systemic lupus erythematosus (SLE) or SLE-
like diseases in homozygously deficient individuals (26) and many other associated diseases
in heterozygous carriers (34,41,43). Furthermore, in individuals with complete C3, C5, C6
or C7 deficiency multiple episodes of infectious complications were seen (cf. also 48).

The structural gene for C3, the first complement polymorphism to be discovered, now
widely used in population and forensic genetics, and also first to be located by
recombinant DNA, is found on chromosome 19 (18,61). For five components chromosomal
locations are still unknown, including factor I, newly described to be genetically
determined in a Japanese population (37). C6 and C7 form a separate linkage group (LG4),
which remains unassigned in spite of several linkage studies and cloned nucleotides (36).
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Table 2 : Complement polymorphisms
Alleles : recomb. RFLP no. of
common rare silent DNA fragments

CHROMOSOME 1 :

C4BP 1 1 + +

H 2 1 + +

CR1 (C3BR) 2 1 + +

C81 (@ /p -chain) 2 3 +

C82 (B-chain) 1 2 + +

C1Q - - (+) +

CHROMOSOME 6 :

C4-chain: C4A 4 >9 + + BamH I 2
C4B 3 >18 + + Bgl I 2
C4B-chain 2 + Kpn I 4
Taq I 4
Xba I/BamH]1 3
Nlq IV
1 A/B genes
Eco0 109
C2 1 3 + + BamH I multiple
Taq I 2
BF 2 >16 +
F-subtypes 2 + Taq I 2
S-subtypes (?) 2 2
CHROMOSOME 11:
C1INH - - + + HgiA I 7
CHROMOSOME 12 :
CIR - - + +
C1s - - +) +
CHROMOSOME 19 :
Bgl II 2
C3 2 >26 + + Sst I 3
Taq I 2
UNASSIGNED :
cs®) 1 1 + +
ceé 2 >12 + +
Cc7 1 2 + +
*
p’) 1 1 + +
I 2 - + +

*) C5: only polymorphic in Negroids; D: factor D only polymorphic
in Melanesians; C3BR : C3b receptor; LG4 : linkage group 4
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The amount of information on the major histocompatibility complex (MHC) class III
proteins C2, BF, C4A, and C4B has reached a remarkable level. In the context of this
review the available data may only be highlighted and the reader referred to more
extensive reviews and original publications (4,7,8,9,34,44,45). Among the three class III
proteins C2 is least polymorphic with the common allele C and the rarer B and A alleles.
BF polymorphism, consisting of the two common alleles F and S and a large collection of
rare variants with different electrophoretic migration characteristics, has also been
supplemented with the detection of subtypes (17,21,57). C4 polymorphism, in short,
consists of the two proteins C4A and C4B, which differ in general in their electrophoretic
mobility, relative haemolytic activity in regard to their receptor binding properties (27),
their antigenicity, and the size of their alpha chains in the reduced molecule. C4A*3 and
B*1 are the most common alleles, A*6, A*4, A*2, B*3, and B*2 less common; a multitude
of rare variants , exceeding nine for C4A and 18 for C4B, has been described  (31,35).

Close linkage of class III components, presumptively having arisen by gene duplication is
considered to reflect their structural similarities and/or functional interactions. The
orientation of their genes between the MHC class I and II regions was long at variance
(9). ABBAL and coworkers (1) through analysis of three unrelated French families with
the very rare BF variant S*/]/ have postulated the C4 genes to be oriented toward HLA-
DR. Identical C4 haplotypes segregated with BF and HLA-A,B,C,DR,DQW in two
families, but with a different C4 and DR haplotype in a third family. Assuming one
common ancestral point mutation for the generation of BF*S11 the recombination between
BF and C4A must have been a later event. It would imply the following order of genes:
HLA-B - C2 - BF - C4A - 21-OHA - €4B - 21-OHB - HLA-DR. This order has
recently been confirmed through recombinant DNA methods (20).

Within the class III gene region also the structural genes for 21-hydroxylase (21-OHA and
21-OHB) have been located. The deficiency of 21-OHB is the cause of the salt-wasting
form of  adrenal hyperplasia (10). Furthermore, tumor necrosis factor (TNF), a
lymphokine, has now been located within 260 kb to HLA-B (RAGOUSSIS, J.,
BLOMER, K., WEISS, E., ZIEGLER, A., personal communication).

C2 phenotyping on the basis of functional assays, seemingly complicated to workers
outside the complement field, has now been faciliated and made available to many
laboratories using the "Western blot" technique Wthh also detects phenotypes in the C2a
fragment of decayed C2 (19,59).

Whereas phenotyping of BF S-subtypes was not successfully confirmed in most labor-
atories, doubts on the existence of BF F-subtypes are unjustified as shown in Figure 1
where segregation of BF*FA and BF*FB is demonstrated in a three generation family. In
the Ba fragment of converted factor B distinction between BF FB with a single band and
BF FA with one more pronounced anodal major and one cathodal minor band poses no
problems; two bands of about equal strength are found in heterozygous FAFB carriers.
Phenotyping of C4 may require in many instances beyond the standard methods of
immunofixation agarose-gel electrophoresis and haemolysis (3,31) the determination of
Rodgers (Rg) and Chido (Ch) antigens (22,23,24), the identification of rare or aberrant
phenotypes in "Western blots" with C4A or C4B specific monoclonal antibodies (6,25,54)
and the distinction of C4-alpha A or B chains (47), and C48 H or L chains (32) by
SDS-PAGE for the analysis of haplotypes, silent and aberrant alleles. Monoclonal
antibodies recognize two different forms of C4 proteins in the C4A*1/B*3/4 region with
low haemolytic activity and C4B epitopes. One has been designated C4BI (54) or C4BHI
(6), the other C4"A1" on the basis of its alpha-A-chain property in reduced C4 (6).
Allotypic identification of major bands through treatment of C4 with carboxypeptidase B
(50) on one hand and Taql-C4-RFLP (49) on the other hand are newly introduced
methods for the recognition of haplotype constellations in C4 as shown in a family with
five remarkable C4 characteristics: I. lack of C4A but apparent duplication of B3/Bl
on haplotype b) as deduced from individual II,2 with three haemolytically active C4B
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Figure 1: BF*F subtypes : Segregation in Family KLO.
(a) Immunofixation of the factor Ba fragment with goat anti-B serum (ATLANTIC
ANTIBODIES) after inulin treatment of samples, separation by agarose-gel isoelectric focusing, pH
4.5-5 (anode at top). Designation of individuals and BF phenotypes correspond to pedigree.
(b) Pedigree of Family KLO.
(From : G. MAUFF, I. SIEMENS, G. GESERICK, K. BENDER, G. PULVERER : The BF*F
subtypes are detectable in the Ba fragment of factor B; in preparation).
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proteins; 2. the C4A*4,B*6 haplotype in conjunction with HLA-BW55,DRW6 on haplotype
¢) in individuals 1,2, II,1, I1,2, and III,2, B6 migrating in the C4A region; 3. the linkage
group HLA-B35/C4A*3,A*2 B*Q0 on haplotype d) in individuals 1,2, and II,5, the
duplicated "A2" obviously possessing the RFLP properties of a long 22 kb C4B gene; 4. a
second long C4B gene on haplotype g) as revealed in the RFLP, obviously coding for the
so called "A*2" allele in duplication with A*6 in individuals II,4 and IIL,3; 5. a short C4B
gene on the C4A deleted haplotype h) seen in the RFLP of individual II,4 with the 6.4 kb
intron as described by SCHNEIDER and coworkers (49).

From the most probable interpretation of results in this family it may be concluded that
specifically the HLA-B35 associated duplicated A*3,A*2,B*Q0 haplotype contains a B-
like A*2 gene, as first reported by PALSDOTTIR and coworkers (39) but in contradiction
to a comparable haplotype recently described in family ST. by GILES and coworkers (25).

a
<- C4A 3
<- C4B 1

b
<- C4A 3
<- C4B 1

C
<- 7.0 kb
<- 6.4 kb
g2 . <- 6.0 kb
- e ‘ e <- 5.4 kb

Figure 2 : C4 phenotypes and restriction fragment length polymorphism (RFLP) of
Family BO. For the designation ‘of individuals and typing results cf. to pedigree in fig. 3.
(a) Haemolytic overlay, (b) immunofixation with goat anti-C4 (ATLANTIC ANTIBODIES) after
agarose-gel electrophoresis of carboxypeptidase B and neuraminidase treated samples (anode at
top).
(c) 2l‘:sqI—Cl-R.FLP (anode at bottom); BamHI/Kpnl fragment from full length cDNA-probe pAT-A
(a gift from Dr. M. CARROLL, Boston).
(From: G. MAUFF, K. BENDER, M. BRAUN, M. BRENDEN, W. BOKSCH, E. DUTOIT, C.GILES,
S. GOLDMANN, R. NEUMANN: C4-Taql-RFLP in families with duplicated and aberrant
C4 allotypes; in preparation)
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Figure 3 : Pedigree of Family BO (for results of C4 phenotyping and RFLP cf. fig.2).

Segregation of C4 genes according to C4 phenotyping, C2, BF, C48-chain (HH, LL, HL), and HLA
data (not shown). Probe fragments (indicated above genes) recognize the 22 kb C4A gene (7.0 kb),
the 22 kb long (1) C4B gene (6.0 kb fragment), the 16 kb short (s) C4B gene (5.4 kb fragment) and
in individual II/4 the short C4B gene (6.4 kb fragment) in combination with a deleted C4A gene.
(From: G. MAUFF, K. BENDER, M. BRAUN, M. BRENDEN, W. BOKSCH, E. DUTOIT, C.GILES,
S. GOLDMANN, R. NEUMANN: C4-TaqIl-RFLP in families with duplicated and aberrant
C4 allotypes; in preparation)

This B-like A*2 seems also present in the A*6,A*2 B*Q0 haplotype g) in individuals II,4
and III,3.

In general it will therefore appear that C4 haplotypes with assumed deletions of one
gene in fact may contain so called duplicated alleles in many instances which might have
arisen from gene conversion (62). This may at length reduce the present estimate on silent
and duplicated alleles but increase the frequency of aberrant genes. In addition, it must be
mentioned that on the basis of Taq I-RFLP a considerable number of individuals seem to
carry B*1 genes but do not express C4 protein (49).

Turning to the application of protein polymorphisms and RFLPs in forensic
haemogenetics, as mentioned earlier, for three non-complement plasma proteins and five
complement components RFLPs have been reported. They include EcoR I, Hind III, and
Pst I polymorphism for HP, BamH I for DBP, and EcoR I, Sph I, and Taq I for PI (14).
Restriction enzymes used for complement genes are listed in Table 2. The number of
fragments obtained vary from two to a multitude of bands, such as in PI or C4, C4 having
most extensively been investigated. Over all, Tag I RFLPs are most widely applied,
although e.g. BamH I has proven to be useful in C4 and C2 RFLP (16), or Bgl II for the
recognition of the C4A6 gene fragment (38) as well as for C3 RFLP (18). Nig IV and Eco0
109 in C4 distinguish only between C4A and B resp. Rg and Ch of the C4d fragment.
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Table 3 : Application of complement polymorphism

SENF (%) technologyl) in forensic haemogenetics2)

c3 144 * +

BF3) 14.6 (15.5) . +

cé 19.7 * (+)

Cs81 20.8 b (+)

C82 5.1 bk (+)

CiaA 24.3 b -

C4aB 24.0 bk -

c2 49 b -

c7 12.8 b -

Cs 6.1 b -

C4BP 1.7 hid -

D - %% -

I 8.6 hid -

H 174 hiahd -
SENF : single exclusi h for non-fathers

1) : * easy; ** moderately difficult; *** difficult;
2) : + commonly in use; (+) occasionally in use; - currently not in use
3) : in parenthesis including BF*F subtypes

From reported frequencies of polymorphic fragments single exclusion chances are in the
range of those seen in protein polymorphisms. With the rapid explosion of
experimental evidence from molecular genetics the data may not be complete. It appears,
that however useful RFLPs have been for the fine characterization of the genome, in view
of complex genetics and laborious technologies in forensic genetics they seem of limited
value at present. It might therefore be expected that their application will remain for
some time the domaine of a few specialized laboratories.

Reviewing the data on complement protein polymorphisms according to single exclusion
chances, laboratory demand on technology and applicability to forensic haemogenetics
(Table 3), they may be classified into three groups: I. polymorphisms with a high exclusion
chance and frequent or occasional application in the expertise; 2. proteins with complex
genetics, variing exclusion chance and moderate or difficult demands on laboratory
technology; 3. polymorphisms with little gain in information or difficult technology.
Among the two commonly used genetic systems, BF*F subtyping might potentially be
introduced, as well as phenotyping of C6 on "Western blot" or immunofixation plates.
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From the data presented before obviously C4 polymorphism will not be eligible for the
paternity expertise, and little or moderate gain is to be expected from C2, C7, C4BP or
factor I typing, whereas C5 and factor D are not polymorphic in most populations. More
convenient methods in the future could well see factor H and C81 , due to their rather
high single exclusion chances, as possible new candidates for the expertise in forensic
haemogenetics.
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