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ABSTRACT

rn the present study the nature and frequency of variation of
the mutant genes defining the F13A and F13B loci rvere i-nvestigated in
samples of canadian subpopulations. Both loci hrere found. to be

polymorphic. segregation of Fl3A phenotypes ín arl mating types were

consistent with }lendelian expectations for tr,¡o codominant all-eles at a

single autosomal locus. Segregation of F13B phenotypes in seven of
eight mating types screened were consistent with Mendelian expectations

for three codominant a1leles at a singre autosomal Iocus.

classical linkage analysis and excrusion mapping were used to
defÍne lhe genetic map posítlons of F13A and F138. Linkage stud1es of
Fl3A with chromosome 6p marker loci confirmed linkage between Fl3A and

HLA and suggested linkage between F13A and GLO. The addition of the
present data to those previously reported verify a gene order of
6pter:F134:HLA:GLO:cen. close linkage berween 42 of. Lhe 62 loci tested

and F13B was excluded on the basis of male and/or female 1od scores;

for eleven of these loci (c4A, crulT, FR, Gor2, Apoc2, LI,/, Np, soDl, trilD,

wR, AND YT) the data obtained represent the first report of formal

exclusion of linl<age r'ith F13B. when the present linkage data were

considered Ín relation to the physical locations of the ¡arker 1oci,
F13B could be excluded from approxirnately 252 of the human genome.

Results of exclusj-on mapping excluded F13B from an additional I .52 of
the genome.
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1.OOO ]NTRODUCTTON

Hunan coagulation factor XIII (F13) is one of a set of plasma

proteins required for the formation of a stable fibrin clot. The

clofting process features elaborate sequential cascades of proenzyme to

enzyme conversions as rvell as other complex biological reactions

(Fíg.1). Two pathways are known to initiate the steps involved in

coagulation. The intrínsic pathway refers to the sequence of reactíons

as they occur in vitro when the exposure of plasrna to a negatively

charged surface such as glass leads to the activatíon of factor XII

(F12). The extrinsic pathway refers to the sequence of reactions as

they occur in vivo when the interaction of factor VII(F7) wíth a

phospholipid tissue factor and calciurn ions leads to the formation of a

complex which activates factor X(F10) (revÍewed by Graham et a1.,1983).

The sequence of reactions that occur after the activation of F10 is

identical Ín both pathways. Factor 13 participates in the final

reactíon of blood coagulalion by caLalyzing the formation of

Y -g1utamy1-2-1ys1 crosslinks between fibrin molecules which stabÍlize

the clot structure.

The blood coagulation process, although extensively

investigated, is not fu11y understood. In addition a genetic

contribution to normal blood coagulation has long been appreciated but

detailed genetic díssection of this system ís incomplete. According to

Ratnoff (LglB), the earliest record of a familía1 disorder of

hemostasis appears in the Tract Yebamoth of the Babylonian Talmud,
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\^/here it is reported that, during the second century 4.0., a boy was

exempted from circumcísion because his brothers had experienced

excessive bleeding follorving this procedure. The understanding of the

genetics of blood coagulation, until recently, has relied heavily on

the study of such apparent inherj-ted deficiencies of specific factors

which resulted in the manifestation of a hemostatic disord.er. Horuever,

the rarity of these deficiencies together rvith the lack of appropriate

technology to detect normal variation of rhe blood coagulation proteins

have limited the amount of progress made in the understandíng of the

genetic basis of blood coagulation components.

Nevertheless a number of

in blood coagulation have been

family, and molecular studies

coding for factor XI (F11),

factor 138 (F138) among others

map.

genes responsible for prot.eins involved

mapped to the human genome by exclusì-on,

(Table 1). Sti1l rhe structural genes

factor II (F2), factor V (F5), and

have yet to be assigned to the genetic

Recently new technological innovations have allor^¡ed the study of

normal variation of several blood coagulation factors such as

fibrínogen (F1), factor rr (F2), and the components of factor 13

(F134 and Fr3B) (Olaisen et al., r9B2; Board er a1., rgï2; Board, 1979;

Board,l9B0). rn the present study, genetically determined qualitarive

variation of both components of F13 was investigated to assess the

nature and extent of normal al1elic variation of the F13 loci in

Canadians and to use this variation in an attempt to map these two loci

in man.



TABLE 1. TABULATION OF' GENE LOCI CODING
FACTORS \,JHICH HAVE BEEN MAPPED TO
REGIONS.

FOR KNO\Â/N CLOT]'ING
SPEC]FIC CHROMOSOMAL

REGIONAL
LOCUS ASS]GNMENT TYPE OF STUDY REFERENCES

l'trtr

F9

4q2B-q3I

lpter-p2 1

13q34

XqZB

I2pter-pL2 situ hybridization
situ hybridization

Xq26-q27.3 M:somatic ce1l hybrids
M:somatj-c ce11 hybrids
M:in situ hybridization
M:in situ hybridization
M:in s:tu hybridization
M:somatic ce11 hybrids
l'1:in situ hybridization

13q34 E:deletion mapping
E:deletion mapping

6p23 B:deletion mappíng
E:deletion napping

F:línkage studies
E:deletion mapping

6p23-qter

F:linkage studies

S:somatic cel1 hybrids

E:deletion mapping
E:deletion mapping

F:linkage studies

0laisen I9B2

Carson et a1. ,1985

et a1. ,

F3

t/ et al.
et al

et alFBC

Pfeiffer
deGrouchy

Tsevrenis

Ginsburg et al.
Verweij et al.,

Pearson
Niebuhr

Chance et al.,1983
Camerino et al. ,1984
Boyd et aI.,I9B4
Purrello et al.,1985
Mattei et al. ,1985
Mattei et al. , 1985
Buckl-e et a1. , 1985

Pfeiffer et al. ,1982
deGrouchy et a1. ,1984

,1982
. ,L984

. ,r979

,1985
1985

FBW1]F M: in
M:ñ

F10

F12

FI3A Olaisen et
Niebuhr et

. ,1981

. ,1985

. ,1985

. , 1985

a1
a1

a1
a1

et
et

F: family
S: somatic

studies; E:exclusion mapping; M:rnol_ecufar studies;
ce11 hybrid studies.



1.100 Structure and Function of l-13

Factor 13 is found in plasma, oil platelet membranes, and in

placental tissue (Barbui 
* "t. , r974; Seel1g and Fo1k, 19BO; I(reckel

et ar. , r9B2). rn plasma, the F13 proenzyme is a glycoprotein

consi-sting of two polypeptide species, F13A and F13B , organized into a

tetramer with a molecular formula of A2B2 (Loeivy et a1., 196I; Schwartz

et al., I97I; Israels et a1., L973; Schwartz eL a!., 1973). In thls

structure the t\^ro different polypeptide types are belíeved to be

associated non-covalently (Schwartz et al., L91'I; SchwarLz et aI., et

âf., 1973). In contrast, platelet and placental F13 exists solely as an

A2 dimer (See1Íg and Folk, 1980).

F13A and Fl3B are genetically distinct glycoproteins rvhich

differ in amino acid composítion, molecular size and the degree of

glycosylation (schwartz et a1. , 797r; schwartz et aL., 1973; Board,

1919; Board, 1980). F13A has a molecular weight of 75,ooo daltons and

negligible amounts of associated carbohydrate while Fl38 has a

molecular weight of 88,000 daltons and most of the carbohydrate

associated with the F13 proenzyme (Schivartz et al. , L|TI; Schwartz eL

â1., 1973). In both cases the gene loci responsible for the structural

proteins are autosomal but not linked (Board, rg79; Board, lgBO).

conversion of the plasma Fl3 proenzyme to the enzymatically

active form is regulated by thrombin ancl calcium ions (Lorand et al.,
1974). Thrombin cleaves a 4OOO dalton peptide from each of the F13A

subunÍts present in the tetramer (Schrvartz et a1., Ig73). Calcium ions



6

interact with the nodified F13A subunits to unmask a specific cysteine

residue r'¡hich distorts the F13A tertiary structure and in t-urn leads to

the dissociation of the F13B subunits (Lorand er a1. , 1974). The

remaining nodified F13A dimer represents the active form of F13

responsible for the transglutamj-nase activity r'¡hich crosslinks and

stabilizes the fibrln clot. Fl3B does not seem to have a direct role

in the blood coagulation pathway; it may, however, play a secondary

role in the protection of F13A subunits from premature degradation

andfor regulate further activation of F13 by negative feedback

(Schwartz et al., L973; See11g and Folk, 1980).

L.2OO Genetically Determined Variation

Three different substitutions can be made for any nucleotide in

a given DNA sequence so that for a group of three consecutive

nucleotídes 63 different changes can be made at the DNA level each

generating a new mutant tríplet. Thus it follows that a very large

number of structurally different a11eles can be generated by separate

mutational events wlthin a síng1e gene. The total potential for

genetic variation at the DNA 1eve1 is, however, never realized at the

protein level because alterations in DNA resulting Ín synonomous

mutations and varíation i-n DNA corresponding to those areas which are

not translated into protein, such as intervening sequences, will not

generate a st-ructurally altered protein.



Changes in the genetic code which are

structural protein may affect the quallty or

protein r'¡hich in turn may result in the formation

abnormal variant \,/ith pathological and/or clÍnica1

7

reflected in the

the quantity of the

of a normal or an

consequences.

L.2IO Abnormal- pn"""tvpl. Vrrl"rrc

Mutant phenotypes which appear clinically as protein deficiency

disorders characterized by reduced clotting efficiency have been

described for many of the major blood coagulation factors presently

known. The most common of these disorders is Hemophilia A, a dÍsorder

characterized by a lack of physiologically active antihemophílic factor

(factor VIIT, procoagulant). In contrast, congenital F13 deficiency

appears to be a very rare disorder (Ratnoff, I97B; Graham et al-. ,1983) .

The inheritance of F13 deficiency has been shown to be autosomal

recessive (Lorand et a1., 1970; McDonagh et â1., I97I; Barbui et al.,

I97B; FrÍed et â1., 1981; Berlíner et al. , I9B4), although a single

family has been reported in ruhich X-lÍnked inheritance of F13

deficiency cannot be excluded (Hampton et ãI., 1966). People rvho are

heterozygous for F13 deficiency alleles have up to 60% of normal F13A

activity levels and do not exhibit any bleeding tendencÍes (Lorand et

aL., L97O; McDonagh et al. , I97I).
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People homozygous for Fl3 deficíency a11eles (or compound

heterozygotes) lack Fl3A subunits and have decreased anounts of F13B

subunits (Israels et â1., 7973; Barbui et aL.,I97B). Homozygotes

experience haemorrhagic episodes after trauma and exhibit slor^¡ and poor

wound healing (Duckert et al., 1960; Hampton et a1., 1966). In these

individuals blood coagulation initially appears to function normally

after injury. Severe bleeding, however, usually occurs 24-36 hours

later and lasts for weeks (Duckert et â1. , 1960) . Clots which form in

these individuals are unlike those from unaffected people in that they

are very loose and are soluble in both 5 M urea and 17" monochloroacetíc

acid (Ducl<ert et ãI., L960; Ratnoff and SteÍnberg, 1968). Several

other clinical symptoms such as bleeding from the umbilical stump

approxj-rnately a week after birth and the occurence of intracranial

haemorrhage have become associated with F13 deficiency. In addÍtion, a

hÍgh degree of fetal \,/astage among F13 deficient women has been

reported (Duckert et â1. , 1960; FrÍed et â1. , 1981; Graham et a1. ,

1983) .

I.220 Normal Phenotvpic Variants

I.22I Detection of qualitatlve variation after electrophoresis

Electrophoresis combined rvith

single enzymes and other proteins is a

genetically determined qualitative

detection systems specific for

powerful tool for dernonstrating

varíation, but it is not
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sufficiently sensitive to differentiate all possible differences that

may occur in variant proteins. Theoretically only one third of the

possible changes in the net charge of a polypeptide would be reflected

by a change in electrophoretic mobility (Harris, 1980). Furthermore,

electrophoretic methods do not dÍscriminate beti^¡een protein variants

produced by different amino acid substitutÍons which result in the sarne

net charge nor do they identify variants arising from a síngle amino

acid substitution in rvhich the original amino acid is substituted by

one that is sirníliar1y charged.

I.222 F13A Electrophoretic Variants

After electrophoresis of plasma samples from a group of. r19

unrelated Australian blood donors, Board (I979) identified three common

phenotypes, designated F1341, Fl342-1, F1342 rvhich he attributed to the

segregation of tr,¡o autosomal codominant a1 leles, Fl3AliI and Fl3Alr2,

with estimated frequencies of 0.79 and 0.21 respectívely. Kreckel et

a1. (1982) electrophoretically examined platelets fron 239 unrelated

blood donors from Hessen, Germany for F13A phenotypes and estimated

that the F13Aìr1 and F13A'rt2 alleles occurred with frequencÍes of O.797

and 0.203 respectívely 1n the population exannined. From the analysis

of 250 unrelated Japanese blood donors, I(era and Nishimukai (L982)

estimated that the F13A*1 and Fl3Att2 al1e1es occurred i'rith frequencies

of 0.90 and 0.10 respectively i-n their sample population.
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Several rare Fl3A a11eles have been reported in the literature.

These include a nu1l al1ele, F13A-)s0; an a1le1e which gives rise to a

subunit l¡ith an increased level of transglutaminase activity, F13AtÊ3;

and an allele rvhÍch gives rise to a variant v¡lth increased anodal

mobility, F13A*4 (Board et al., 1980; Castle er al., 1981; Board and

Coggan, 1981) . In all cases only phenotypes which represent a

heterozygote combination of the rare allele lvith one of the t\,/o cornmon

alleles have been observed.

I.223 Fl38 Electrophoretic Variants

Six comnon F13B phenotypes, designared Fl381 , FI3B2, Fl383,

F1382-1, Fl3B3-1, and F1383-2, r{ere detected after electrophoresis of

plasma sarnples from 245 unrelated Australian blood donors and

attributed to the segregation of three autosomal codominant al1e1es,

F13Bx1, Fl3B*2, and F13B-)r3 rvith estimared frequencies of 0.7469, o.0836

and 0.1693 respectively (Board, 1980; Board, 1984). Similarily, I(reckel

and Kuhnl (1982) examined plasna from 178 unrelated blood donors from

Hessen, Germany for F13B phenotypes and have estimated that the

al1eles, F13B+E1, F13Brr2 and Fl3B;r3 occurred with frequencies of 0.708,

0.109, and 0.183 respectively Ín the population studied. Two rare

phenotypic variants with altered electrophoretic mobility have been

observed and attributed to the heterozygous combination of one of tr,/o

rare alleles (designated as F13B*4 and F13B+r5) with one of the common

alleles (Board, I9B4).
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Electrophoretic and isoelectrj-c focusing ( IEF) studies of

plasma samples from members of Japanese populations have failed to

detect phenotypes involving the F1382 subunit (i(era et a1., 1981;

Nishigaki and Omato, L9B2; Nakamura and Abe, I9B2). In the case of the

data obtained by IEF analysis, the ínabiliry to idenrify phenorypes

involving F13B2 could be technícal as IEF does not resolve F1381 and

F1382 components (Board,I9B4). However, the failure to detect the Fl382

subunit electrophoretj-cally using methods which are able to

differentiate F1381 from F1382 suggests that the F13Bx2 allele was

either absent or existed at

population studied.

very 1ow frequency in the Japanese

L.230 Genetic Polymorphisms

The frequencíes with which the common F13A and F13B alleles

occur in the populations already studied indicate that the loci at

which these alle1es occur are polymorphic. A genetlc polymorphism,

according to Ford's definition, exi-sts when individuals of a population

can be categorized ínto two or more dístinct phenotypes which are

determined by two or more alleles, each occurring at a frequency hígher

than can be explained by recurrent mutation, at a given gene locus

(Cavalli-Sforza and Bodmer, I97I). As ít is generally accepted that

mutation rates in man do not exceed 1O-4 mutations per locus per

generation, it follows that allele frequencies of 0.01 or greater are

not expected to be achieved by recurrent mutation. For practical
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purposes it has been customary to classify loci as polymorphic vhen'17"

or more of the population r^rere heterozygous at the locus concerned.

More recently the definition of a genetic polymorphism has been revised

to descríbe those loci at rvhich the rnost comnon al1ele has a frequency

no greater than 0.99 without any constraínt on the composítion of the

other IZ alLel-es (Harris, 1980) .

1.300 Gene Mapping

Characterization of genetícally determined traÍts should Ínclude

estimation of the frequency of the mutant alleles that define the locus

(locí) to which the trait is attributed as well as determination of the

map position(s) of the locus (loci). Mappíng of human genes has been

accomplished through the use of several different approaches such as

classical linkage analysis, gene dosage and exclusion mapping in

persons rvith known aneuploid chromosome constitutlon, the analysis of

somatic ce11 hybrids, and in situ hybridization. These approaches have

already been used successfully in the mapping of several blood

coagulation factor genes (Table I ). 0f particular interest to the

present study are the applicatÍons of classical linkage analysis and

exclusion mapping.
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I.310 LÍnkage Studies

1.311 Theoretical Considerations

Linkage is the occurrence of tr,/o gene loci sufficì-ently close

together on the same chromosome so that their alleles do not assort

independently. The distance between these tivo loci can be measured in-

directly by the amount of recombination that occurs between then. It is

generally assumed that the more distant two loci are the more probable

that recombination will occur betr,¡een them so that the alleles at locí

rvhich are far apart on the same chromosome or on different chromosomes

tend to assort independently, i.e. show 50% recombÍnation.

The rationale in applyíng classical linkage analysis to gene

mapping Ís as follows: Íf a gene, A, is localized to a specific area,

I{, of chromosome K and it is shown that gene B is closely 1Ínked to

gene !, then logic dictates that gene B must also be situated near area

l{ of chromosome K.

I.3I2 Linkage Analysis

The method of linkage analysis adopted in the current study is

the 1od score method of Morton (1955). lt{athematically this method is a

sequential test which compares the likelihood of obtaining the observed

data under the assumption of various values of the recombination

fraction (g) between tr,¡o loci with those rvhich rn¡ould be obtained at a

recombination value of 0.50 (i.e. independent assortrnent).
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Linkage data are obtained from family studies and focus on the

segregation of al1e1es at specific loci or physical markers on

chromosomes ( such as heterochromatíc regions and breakpoints of

structurally rearranged chromosomes ) in relation to other loci (or

chromosomal markers). Nonallelic genes which consistently segregate

together are probably linked. Matings in which clear segregation of the

al1e1es at two loci is evident provide informative linkage data whereas

matings in which clear segregation cannot be observed are not

informative. In order to obtain lÍnkage data at least one parent in a

given nuclear family must be heterozygous at the two loci of interest.

Phenotypes of grandparents, grandchildren and partially examÍned

chíldren are not used directly in the calculation of the lod scores.

They are, however, useful in further definíng the genotypes of the

parents in the nuclear family being exami-ned. Analysis of grandparents

are necessary to establish the phase of the doubly heterozygous

parent(s). Famj-lies in which the phase is known are much more

informative than those in which phase ís unknown (Maynard-Smith et a1.,

196r) .

For large kindreds the linlcage program used in the present study

subdivides individuals of that pedigree into nuclear families. For

each locus pair the total lod score for the kindred is the sum of the

lod scores of each Índividual nuclear family in the pedigree.

Furthermore the total 1od scores for a locus pair consísts of adding

the indivÍdual 1od score values obtained for each kindred tested. One
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of three possible interpretations i.e. i) linkage exists between the

trvo loci considered, 2) linkage does not exist, or 3) more data are

required in order to reach a final conclusion, can be made at all times

from the data at hand. rn practice, if the total 1od score value at

any specific 0 value exceeds the value of +3 then it is generally

accepted that the two loci are linked. If the total lod score is less

than -2 aL any value of 0 (e.t. ur), then one generally excludes

linkage between the two loci at g values equal to and less than 0,

(Morton, 1955) .

1.313 Linkage Studies of F13A and F13B

At the beginnlng of the present study the location of the F13A

and F13B loci in the human genome were not known. Shortly thereafter,

Keats et al. (1984) presented a maximum lod score of +r.67 at 0=O

between F13A and JK, a blood group locus believed to be on chromosome 2

(Ott, 1974; Keats et a1., 1977 ). Simultaneously Olaisen et a1. (1984)

reported a maximum paternal lod score of +6.9 at a 0 value of 0.08 and

a maximum maternal 1od score of +0.14 at a 0 value of. 0.44 between

F13A and the HLA gene complex, which maps to 6p2r.3 (Robson and Lamm,

7984). 0n the basis of these data F13A was provislonally assigned to

6p2r-qter (Robson and Lamm, r9B4); the assignment has since been

refined to 6p2I-6p24.
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No lod scores have since appeared in the literature to support

or refute the possible linkage of JK r^¡ith F134. A nurnber of studies,

however, have provÍded additional data in support of HLA:Fl34 linkage

(Board et al. , L9B4; Eiberg et al. , r9B4; olaisen et al. ,1985) and have

examined the relationshíps of Fl3A r,¿íth other marker loci on chromosome

6 such as GLO, a locus located on 6p and closely linked proximally to

HLA (ldeitkamp and Guttorrnsen , I97 6; Bender and GrzeschiÌ< , I97 6), and

PGM3, a locus sítuated on 6q but which is loosely linked to HLA (Lamm

et ãr., r9lr). rn all cases F13A:GL0 1od scores did not reach

significant l-evels for the acceptance of linkage; however, the gvalue

corresponding to the maximum paternal F13A:GLO 1od score was larger

than that corresponding to the maximum paternal F13:HLA lod score ín

each study, thus suggestÍng a gene order of pter:F134:HLA:GLO:cen

(Board et a1. , I9B4; Eiberg et al. , I9B4; Olaisen et al. , 1985) . In

addition Olaisen et a1.(1985) have reported data which indicate thar

F13A is not linked to PGM3 thus supporting the proposed gene order.

Linkage studies of F13B r,¿ith other marker loci have not led to

its localization within the human genome. The lod scores of F13B wÍth a

large number of commonly studied genetic markers have horvever reached

formally significant 1evels which exclude linkage of these marker

loci to F13B (Eiberg et al., I9B4). Recently a hint of close linkage

(tota1 lod score of +I.7I at 0=0.05) between the cystic fibrosj-s gene

and F13B was reported (Eiberg et a1., 1985), but this porential linkage

relationship has since been iveakened with additj-onal testing (P.J.

McAlpíne personal comnunication, 1985).
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I.32O Exclusion Mappíng

Exclusion rnapping involves the analysis of individuals r.¡ith

known autosomal deficiencies. If for example, an individual with a

specific autosomal deficiency can be denonstrated to have two al1e1es

aL aûy autosornal 1ocus, then the locus in question can be excluded fron

the deleted segment. Conversely, if an indívidual with a specifc

autosomal deficiency has only one copy of an autosomal gene, then

assignment of that locus to the deleted segment is suggested.

1.400 Specific Aims

rn the present study genetically determined qualitative

variation of the components of Fl3 was examined with the following

specif ic airns:

I. to assess the nature and extent of F13A and F13B alreric

varÍation in CanadÍan population groups

2. to determine if F13A is within measurable recombination

dj-stance from one or nore marker loci, with particular emphasis on HLA

and JK

3. to determine íf

or nore other marker loci

FI38 is Ín measurable recombination from one

4. to

Fl38 locus from

attempt to identify the chromosomal assígnment of the

the analysis of F13B phenotypes in individuals with

chromosome constitutions.known aneuploid
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2.OOO MATERIALS AND METHODS

2. 100 Pl-asma Sanples

Plasma samples analyzed were obtained from an existíng store of

blood samples gathered as part of a continuing research project

designed to map human genes by family studies. These families were

ascertained through a variety of variant phenotypes: blood group

antigens, electrophoretically detected variants of enzymes and other

proteins, structural chromosomal rearrangements and clinically defined

traits. None of the familíes were known to carry structural

rearrangements involving chromosomes 6 or 2.

Plasma samples were isolated from anticoagulated venous blood by

centrifugatlon at 1640 X g for 5 mlnutes and stored at either -70oC or

-20"C until examined. Samples analyzed for F13A were used neat while

those analysed for Fl38 \{ere incubated with neuraminidase

(Sigma type v , dissolved in 0.01 M NarHPOo ( which ivas inirially

adjusted to pH 4.8 with 40% ciLrjc acid ) in order to obtain a final

concentration of 10 U/ml) Ín a 1:1 ratio overnight at 37oC pri_or to

analysi-s.
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2.200 Sample Selection

Families analyzed for F13A were initially selected without

regard to previously tested loci showlng segregation but in the later

part of the study were selected if HLA phenotyping had been performed.

Families anaLyzed for F13B were selected on the basis of segregation at

gene loci at which allelic variation is generally uncommon or

technically difficult to detect. In addition a set of indivÍduals r^¡as

selected for F13B analysis because they possessed knorvn aneuploid

constitutions. A1lele frequenciers were estírnated from the phenotypes

of randomly selected unrelated individuals together with those of the

unrelated individuals of the families studied for each marker.

2.3OO General electrophoretíc conditions

ElectrophoresÍs was carried out on thin layer agarose gels on

12 cm x I2.5 cm glass plates. Sample slots were formed by placing a

plastic comb 0.2-0.5 mm above and 2 cm from the potential cathodal end

of the glass plate before spreading 30 m1 of L% agarose (w/v) in ge1

buffer over the glass plate. The gel was allowed to solidify at room

tenperature after which the plastic comb was removed.

Four p1 of a hemoglobin marker (a red blood cel1 lysate made

from freeze thawing packed red blood cells washed with normal saline)

were applied to the two outer most s3¡¡p1e slots on each ge1. Vol-umes
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of the remainingof up to

slots.

Electrophoresis hras carried out rvíth the gel sandr¡iched

horizontally between cooling plates through which water aL 7"C

circulated. The gel was connected to the brídge buffer by ruicks

consistÍng of eight layers of Whatman chromatography paper 1 (WCP1).

2.3IO Fl3A Electrophoretic conditions

The buffer system utilized r{as essentially that described by

Graham (personal comrnunícation, 1983). The stock buffer was TEB pH 8.6

(0.90 M Tris, 0.02 M NaTEDTA, and 0.50 M Boric acíd). The gel and

bridge buffers were 1 in 10 and I in 4 dilutions, respectively, of the

stock buffer. Electrophoresis was carried out at 18 Yfcn at 7"C until

the hemoglobin marlcer had migrated 5 cm toward the anode.

2.32O Fl38 E]ectrophoretic conditions

The buffer system utilized was a modification of that described

by Board (1980). The bridge buffer consisted of 37.7 mM lirhium

hydroxide and 248.3 mM boric acid, pH 8.1. The ge1 buffer was prepared

by combining 90 volumes of a solution consistíng of 7.62 nl{ citric acid
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and 52 ¡nll Tris, pH 8.3, with 10 volumes of bridge buffer.

Electrophoresis ivas carried out aL 7"C aL 9 Y/cn until the hemoglobin

marker had run out of the t¿el1 . The sample slots r^/ere then f illed with

liquid agarose which \ras allowed to solidify and electrophoresls

allowed to cont1nue until the hemoglobin markers had migrated B cm

torvards the anode.

2.4OO Detectíon Svsterns

2.4I0 F13A Detection System

F13A activity was demonstrated

systern in which zones of transglutaminase

first overlaying each ge1 with two layers

reaction mixture modified after Board

reaction mixture contained:

1. 1 m1, 1 M Tris/HCl pH 8.0

2. 2 ml, 0.05 M CaCl

using a functional detection

activity were identified by

of IdCPI freshly soaked in a

(1979) and Graham(1983). This

3. 3 m1, casein (Sigma) 10 mg/ml : dísolved in 0.2 M Tris/HC1 pH B.O

4. 1 m1, monodansyl cadaverine (Sigma): 10 mg dísolved in 300 u1

0.1 M HCl and then made up to volume with 0.f M Tris/HCl

pH 8.0

200 U, topical thrombín, bovine (Parke-Davis)

20 yI, ß-mercaptoethanol

q

6.
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Gels with the reaction mÍxture overlay \qere incubated Ín a humid

environment at 37"C for 1,4-L6 hr. During incubation , areas on the gel

in which normal Fr3A protein had been localized cataryze the

crosslinking of monodansyl cadaverine, a fluorescent amine, to casein.

After incubation the \^/CPl paper overlays were removed and the

gels were fixed and washed according to a procedure modified after

Graham (i983). All washes were performed at room temperature in plastic

containers with gentle agitation. The gels were first rinsed in

dístilled water and then washed in 200 m1 of a L0% Trichloroacetic acid

solution for 2O mi-n to precipÍtate the casein of the reaction mixture

onto the gel. After fixation, a number of steps were undertaken to

elute free monodansyl cadaverine from the ge1. Initially gels rvere

rinsed ín distilled rvater and then subjected to a 20 min wash followed

by a 30 min wash in 10 % aceLic acid subsequently the gels were

rinsed in distilled water, and washed in 0.1 M Tris buffer pH 7.5 for

20 min. Areas of F13A transglutaminase activity appeared indirectly as

areas of casein-bound monodansyl cadaverine iuhich fluoresced under

shortwave UV 1ight.

2.42O F13B Detection System

Fl38 was detected by

as descrÍbed by Board (1984)

gel were passively blotted

which had been soaked (for

an enzyme-linked immunoblotting procedure

. After electrophoresis, proteíns in the

(transferred) to a nitrocellulose fÍlter

at least 4 hr) in washing buffer (0.05 M
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Tris, 0.15 M NaC1, pH 7 .5) . Blotting was achleved by placing in

succession, the nitrocellulose, a piece of trr/CPl soaked in washing

buffer, â 1 crn thick layer of absorbent paper, a glass plate and a ti{o

kg weight on top of the ge1. Blotting was allowed to continue for one

hr.

After blotting, the nitrocellulose filters were soaked overnlght

in 3% bovine serum albumin díssolved in washing buffer inorder to block

areas on the nitrocellulose blot where protein had not been

transferred. The filters rvere then soaked in 20 ml of washing buffer

containing 2 Ul/ml rabbÍt anti-human factor XIIIB subunit (Calbiochem)

for 30 minutes, washed in 200 ml of washing buffer for two hr, soaked

for 30 min ín 20 m1 of washing buffer containing 2 ú/nI of goat

anti-rabbit IgG conjugated to alkaline phosphatase (Sigma) and washed

in 200 ml of washing buffer for two hr. All procedures were performed

at room temperature in plastic containers with gentle agitation.

At the end of the washes the F13B protein bound to the

nitrocellulose filter was indirectly associated with the enzyme

alkaline phosphatase. Thus, areas of F13B protein rvere detected by

developing the blot for alkaline phosphatase activity by incubating the

fÍ1ter in 50 ml staining buffer(O.0ô M Boric acid, 0.04 M NaOH, pH 9.a)

contaíning 60 mg MgSO 4 , 25 gm ß-napthyl-phosphate and 25 mg Fast Blue

BB salt.
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2.5O0 Linlcage Analysís

F13A and F13B segregation data l^/ere tested for linkage ivith

other marker loci using the Mark rrr program of ctrtÍ: ( rg75) which

utílizes the 1od score method of Morton (1955). Lod scores i{ere

calcul-ated at 0 = 0.05, 0.10,0.20, 0.30, and 0.40, separated into

paternal, rnaternal and intercross categories according to the sex of.

the informative parent(s) and summed separately. Maximun lod ".or"" ¡l¡
and corresponding ô'" r"tu estímated from graphical presentations of

the 1od scores. To assist in these esti-mations lod scores \{ere

calculated at additional values of 0 . The 95% confidence intervals for

$ rvere defined by the 0 ts corresponding to the lod scores at

Gll (Conneally er a1., 1985).

2.600 Nornenclature

The genetic notation used

the International Systems for

I979; Shoivs and McAlpine, I9B2;

1985); genetic notation used in

ín these publications are listed

follor,¡s the designatj-ons outlined by

Human Gene Nomenclature (Shows et al.,

Shows et a1. , I9B4; McAlpine et al. ,

the present study which are not found

in the appendix.
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3.OOO RESULTS

3.100 Description of Phenotypes

3.110 F13A

The F13A electrophoretic patterns of 1BB7 individual plasna

samples aft.er agarose gel electrophoresis appeared to be the same as

those described by Board (1979) where the phenotype designated as F1342

is represented by a single proteÍn band which migrates slightly

anoda11y, the phenotype designated as Fl3Al is represented by a single

band which migrates more anoda11y, and the phenotype designated as

F1342-1 is represented by three distinct bands, two of whÍch are the

same as the F1341 and F1342 proteÍn bands and a third which migrates

between the bands of F13AI and F1342 phenorypes (Fig. 2).

3.720 F13B

The F13B protein band patterns of 1032 individual plasrna samples

after agarose ge1 electrophoresis and immunoblotting were similar to

the six phenotypes observed by Kreckel and Kuhnl (1982) rvhere three

common phenotypes (designated as F1381, F1382, Fl383) each presented

with a single intense major protein band and a nunber of minor protein

bands which l^¡ere fainter and more anodal and three common phenotypes

(designated as F1382-I, F1383-2, F1383-l) each sholed tlo intense major
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FIG.2

BANDS

THREE CO}MONPHOTOGRAPH SHOI^IING THE
PHENOTYPES OF Fl3A.

LANE 1: F1342
LANE 2: F1342-1
LANE 3: F1341
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protein bands and a nunber of minor bands (Ffg.3).0f the three

phenotypes which exhibited a slngle najor protein band, Fl383 presents

rvith a single protein band r^¡hich is slightly anodal to the origin,

F1382 presents with a major protein band which migrates more anoda11y,

and the F1381 phenotype presents with a single major protein band which

is the most anodal of the three. The protein bands detected in

phenotypes with two major bands, were in all cases present in two of

the three phenotypes which present with a sÍngle major band. The minor

bands are apparently due to posttranslatlonal modifications as many of

these can be appreciably removed wÍth prolonged neuramj-nidase treatment

(Kreckel and Kuhnl , L9B2).

3.200 Population and Famílv Studíes

3.21O F13A

3.27L Population Studies

The distribution of F13A phenotypes in 338 unrelated Canadians

classified into one of four major groups on the basis of ethnic origin

is presented in Table 2.

The distribution of Fl3A phenotypes in the lBB unrelared

Canadians of l^/estern European descent is presented ín Table 3. No

statistically signifJ-cant deviation was detected between male and



FIG. 3 PHOTOGRAPH SHOI¡IING
OF F138.

BANDS

THE SIX COMMON PHENOTYPES

LANE
LANE
LANE
LANE
LANE
LANE

F1 383
F1 382
F1 383
Fl 382-1
F1 3B3-1
Fl 383-2
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TABLE 2. THE DISTRIBUTION OF

CANAD I ANS.
FI3A PHENOTYPES IN 338 UNRELATED

PHENOTYPTS
POPULAT I ON GROUPS

2-1 TOTAL

338

WESTERN EUROPEAN
OTHER EUROPEANS
N EWF OUND LAND
ASIATIC

TOTAL

ll9
t4
72

7

6z
5

\3
0

7
I

I
0

t88
20

123
7

212 I t0 r6
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TABLE 3. THE DISTRIBUTION OF FI3A PHENOTYPES IN I88
UNRELATED CANAD IANS OF I,JESTERN EUROPEAN DESCENT.

I'lALES FEI4ALES TOTALS
PHENOTYPE

OBS EXP OBS EXP OBS EXP

I

2-1
2

56 5\.\6 6t 6S.Sl I t9 120.32
23 25"55 39 34.84 6z 60. ì64 3.oo 3 \"65 7 7"52

TOTALS 105

NOTE: EXPECTED NUI4BERS TJERE CALCULATED 0N THE BAStS 0F THE
F0LLOtJtNG ALLELE FRTQUENCtES:

IIALE: [-].lAj!.l=o.8lto.o3; F_Lj-A-g=o. t9to.o3

FEI4ALE : F_l-34:kl=0.79-r0.03; F I 3A¡'r2=Q.21t0.03

T0TAL: Fl3A:it=0.80+0.02; Fl3A*2=0 .20+0,O2

r888¡
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female distributions of the phenotypes F13Al and Fl3A2-L G2 =O.II2,
1

p)0.500) nor between the distribution of the three phenotypes in the

total sample and the distribution expected under Hardy-h/einberg

equilibrium (assuming two codominant a11e1es at a single autosomaf

locus and using estimated allele frequencies of F13A*1=0.80+0.02

and F13A;t2 = o.2o + o.o2; x2. = 0.185, p>o .250). The disrriburion ofZ

Fl3A phenotypes in the sample population, therefore, is consistent ivith

an autosomal pattern of inheritance.

The dístribution of F13A phenotypes anong the 123 unrelated

Newfoundlanders ís presented in Table 4. No statistically significant

deviatÍons were detected between the male and female distributions of

the phenotypes F1341 and F1342-t ( X21 = O.l4g, p>0.250) nor berween

the distribution of the phenotypes observed in the total sample and the

distribution expected under Hardy-trrleinberg equilibríum (assuming tiro

codominant alleles at a single autosomal locus and using estimated

allele frequencies of l'134;.1 = O.16 + 0.03 and Fl3A-:t2 = 0.24 + 0.03;
2

X 2 =0.210; p>0.750). Thus the F13A disrriburion in rhis sample

population was also found to be consistent with a pattern of autosomal

inheri tance .

3.2I2 Family Studies

The distribution of F13A phenotypes in 200 families is presented

Table 5. Segregation ratios among the children of all mating types

not deviate significantly from those which would be expected for a

fn

did



TABLE 4. THE DtSTRtBUTtON 0F Ft3A pHENoTypES tN 123
UNRE LEATED NTI"IFOUNDLANDERS .

T4ALES FE¡lALES TOTALS
PHENOTYPE

OBS EXP OBS EXP OBS EXP

I

2-1
2

31 29.6\ 4t 4r.06 72 71.05t5 17.71 28 27 "38 43 44.87
\ 2.65 \ t+.56 I 7.08

ïoTAL 50 t23

NOTE: EXPECTED NUt"lBERS WERE CALCULATED 0N THE BAS I S 0F THE
FOLLOW¡NG ALLELE FREQUENCIES:

HALE: Fl3Arcì=0.77+0.04; [1,3¡!';2=0.23+0.04

FE¡lALE: F l3Arcl=0.7510.04; I]SA*2=0.25t0.01+

T0TAL: Fì3Atcl=0.76+0.03; Fl3A:t2=Q.24+0.03

73
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TABLE 5. THE DISTRIBUTION OF FI3A PHENOTYPES IN 2OO FAI'lILIES

PARENTAL PHENOTYPE

I'IAT PAT

TOTAL NO.
OF

FAI4I L I ES

OFFSPR I NG PHENOTYPES

I 2-1 2 TOTAL

I

I
2-l

I

2

2-1

2-l
2

2

I

2-1
I

2

ì

2-l

2

2-l

2

6g

43
\7

5
6

2l

6

3

2O9 0

59 66
72 69

0 t3
o22

15 51

0 ì0
o8

0 209

o 125
o l4t

0 t3
022

22 88

616
\12

TOTAL 200 355 239 32 626

t'1AT: I4ATERNAL ; PAT : PATERNAL .



Mendelian System with tlvo autosomal alleles at a

(F13Ald xF13A2-1o : X2 =

, 
t-tg:À I =0.392, p)0.500;

X 0.063, p)0.75O; F1342-1 d x F1342-1 9 : X

J+

single autosomal locus

F1342-1 cf x F1341 g :

2

2 =0 .34I , p)0. 500) .

3.220 F13B

3.22I Population Studies

The distributi-on of F138 phenotypes in 199 unrelated Canadians

classified into one of four major groups on the basis of ethnic origin,

is presented in Table 6.

The distribution of F13B phenotypes among the 123 unrel-ated

Canadians of ldestern European descent is presented in Table 7. There

\.vere no statisically significant deviatÍons betr,¿een the male and fernale

distributions of the phenotypes F]381, Fl3B3-1, and Fl382-l
2

(X 2 =3.09, p)0.010) nor between observed distribution of the six

phenotypes in the total sample and the distribution expected under
2

Hardy-ln/einberg equilibrium (X 2 =4.994, p>0.050); for rhe larrer

calculation estimated alle1e frequencies for the sample population

studied r^¡ere F13B*1 = o.74 + 0.03, F13Bx2 = 0.11 + 0.02, and F13B*3 =

0. i5 + 0.02. The dlstribution of F13B phenotyopes in the sample

population is consistent rsith an autosomal pattern of inherítance.
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TABLE 6. THE DISTRIBUTION
CANAD I ANS .

0F Fì38 pHEN0TypES tN tgg UNRELATED

PHENOTYPES
POPULAT I ON

GROUPS 3-2 3-ì 2-l TOTAL

I,JESTERN EUROPEAN
OTHER EUROPEANS
N EWF OUN D LAND
ASIATIC

3ì
2
6
\

85
6

20
0

9
0
I

3

2

0
0
l+

ì

0
0
0

21
I

3
0

l49
9

30
ìì

t9925\3r3ìtìTOTAL
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TABLE 7. THE DISTRIBUTION OF F

CANAD IANS OF I,IESTERN
r3B PHENoTYPES tN
EUROPTAN DISCENT.

I 49 UNRELATED

PHENOTYPE

I'lALES FET.lALES TOTALS

0Bs EXP 0Bs EXP 0Bs EXP

I
2

3
3-2
3-r
2-l

38
0
I

5
r3
5

35.81
0.40
1 "59
1 .59

r5.08
7 .53

8¡
I

2

9
3r
2l

\7
I

ì

4
l8
r6

I+6.36
| "\7
1 .71
3"17

17 .78
16.51

81.59
I .80
3.35
\.92

33 .08
2\ "26

TOTAL t49

NOTE: THE EXPEcTED NUI4BERS t/ERE cALCULATED 0N THE BASts oF

THE F0LL0WING ALLELE FREQUENCTES; ,ïALE: Ft3B:rl=0.76 t
0.04; E-L3B*2=0 .08+0 .02 ; 1-38*J=0. t 6+0 .03; FEI'lALE:

Fl3Þtl=0 .7\!0.03; |IåEL2=O. Illo.ol; F I3Btc3=6. ì4rc.03;

T0TAL: F ì3Btcl=0.74+0.03; Fl3Brc2=0. I t+0 .02;fìJBrrJ=9. ¡5

t0.02.

8l62
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3.222 Family Studies

Distribution of Fl38 phenotypes in 725 families is presented in

Table B. Segregation ratios among the children of all mating types for

r^¡hich further statistical analysis could be perforned (except one)

indicated no significant deviatj-on from the ratios expected under a

Mendelian system with three codominant alleles at a single autosomal

locus (F13B1 d x F13B2-1 I :X2. =O.0BO, p)0.750; F1381 dx F1383-1 q :1 1 +-
_-2 )X-1 =0.191, p)0.500; F1383-1 d x F1381 ? rX'1 =0.133, p>0.500; F1381 d

x F1383-2 g :x2r=2.882, p)0.050; FI3B3-2 d x Ft3B1 ?,tt, =0.167,

p)O.5OO; F1382-1 é x F1383-1 o zxz r=2.048, p)O.t0O; Ft3B3-2 d x

F1383-1 Q ,N2^ =3.119, p>O.1OO). In contrast, the segregation ratior2
observed in the F13B2-1 d x F1381 ç matlng, deviated significantly from

the expected ratio ( X2 t =5.670, p<0 .O25).

3.300 Gene mapping

3.310 F13A Linkage Studies

Paternal, maternal and intercross lod scores for F13A versus 53

marker loci are presented in Table 9. Close linkage between F13A and

chromosome 2 marker locÍ analyzed (ACP1, IGKC, JK) are unlikely Ín both

males and females, as the lod scores \,/ere -2 or less at 0 values of

0.05 .
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TÀBLE 8. TFIE DISTRIBUTION OF F138 PHENOTYPES IN 124 FÀMILiES.
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In contrast, positive paternal lod scores were obtained between

F13A and three closely fÍnked chromosome 6p loci, HLA, GLO, and BF;

maxirnum positive lod scores ("), the corresponding recombination

fractions (0 ) and the 95 % confidence Íntervals ( 957" CI) were estimated

from graphical presentations of these lod scores (Fig. 4). The paternal

F13A:HLA lod scores reached formal 1evels for the acceptance of linkage

(z = +4.2o, e =0.08, 952 cr: 0.03-0.21), rvhile marernal lod scores for

this l-ocus pair, although slightly positive <" = 0.60, ô = O.2O),

failed to reach a formal level of significance. Neither the paternal

F13A:GL0 (z = +1.82, 0 =0.20, 95"/. CI: 0.10-0.36) nor rhe parernal

Fl3A:BF () = +0.42, ô =0.12) lod scores reached formal levels for rhe

acceptance of linkage. No informative families were i-dentÍfied to

provide maternal F13A:BF 1od scores while the maternal lod scores

obtained for F13A:GLO were not suggestÍve of linkage.

close linkage of F13A to PLG, a marker locus recently assigned

to chromosorne 6q25-qter (Swissherm et al., l9B5; Murray et a1., 1985),

was found to be unlikely, tod scores having reached formal 1eve1s of

exclusion at a 0of 0.20 in males and 0.05 in females.

Lod scores between F13A and marl<er loci known to be on

chromosomes other than 2 and 6 were, in general, not suggestive of

linkage . However , slightly positive lod scores () < +0.555) r,/ere

obtained at 0=0.05 for F13A rvith AMY2, 9IV, and PEPA in paternal 1od

scores and with SE in maternal 1od scores, and in addition a peak
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paternal 1od score of +0.348 was detected betrveen F13A and UMPK at

0=0.20. Horsever, as all of these loci have been assigned to chromosomes

other than 2 or 6 and the cytogenetic marker (9IQ) was on chromosome 9,

these lod scores probably represent random statistical fluctuations.

Slightly positlve 1od scores \^rere also detected between F13A and

throunmappedloci, RGSandYT ("= +0.535, 0=0.05, andz =0.701 ,0

= 0.10, respectively). As the nurnber of families contributing to the

lod scores l{as three or less and the number of informative offspring

was 12 or less further testing will be required to determine 1f these

potential linkage relationships are significant.

3.32O Linkage Studies on the FI38 Locus

Lod scores obtained for F13B with 62 marker loci are presented

in Table 10. Marker loci for which F13B linkage information had not

been previously reported in other studies include AFA, AT3, C4A, CMT,

DI, DIA1, FR, F2, GAA, G0T2, AP0C2, APOE, L\^1, MPI, NFLD, NP, S0D1, LID,

wR, and YT. rn addition, two unique chromosomal rearrangements 4e2/l!!

(t(4;7)(q2I:p15)) and 9IQ (inv ins(9) (q22.1q34.3q34.1)) have been

analyzed for linkage to Ff3B.
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Paternal and maternal lod scores for F13B rvith the b2 marker

loci analyzed have not reached forrnal levels of significance for

accepting linkage. There are horvever several positive peak lod scores,

any one of which could indicate a potential linkage,but more testing

will be required to determine if any of these i,¡ill reach formal levels

of significance.

A nurnber of these potential linkage relationships at this point

are unlikely because they can be nullified or weakened appreciably

rvhen the lod scores of the present study are added to those of Elberg

et al. (1984) as in the case of the paternal lod scores between F13B

and FY, IGKC, TF,

AMY2, ACP1, GC, ORM,

GC, PLG, HP, C0, and the rnaternal 1od scores for

PGP, HP, AIISG, and GPT.

The somewhat positive lod scores obtained for F13B with AT3,

4Q2, 7P1, gIQ, DIAI, AFA, F2, APOE and NFLD could be consistent wíth

close to moderate linkage between F13B and any of these loci. As the

detecti-on of a1lelic variatíon at these ttloci" is generally rare the

number of i-nformative families contributing to these 1od scores r\ras

limited; in all cases the number of sibships i^ras trvo or less ivhile the

total number of offspring varied from trvo to 14.

In contrast, formal 1evels for exclusion of linkage in

andfor female lod scores between F13B and, 32 marker loci rvith

male

knorr¡n

AHSG,chromosornal assignments (38, FUCA1, PGM1, FY, 00, ACpl, JK, TF,
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GC, MN, Fl3A, HLA, C4A, GLOl, PLG, ABO, ESD, NP, PI, IGHG, PGP, GOT2,

HP, C3, Lid, AP0C2, LU, SE, ADA, S0D1 and Pl) and 10 toci for which

definite chromosomal assignments have not been reported (C0, C6, FR,

CMT, GPT, KEL, SPB, WD, ln/R, YT) have been reached at 0 values of 0.20

or less (Fie. 5).

In addi-tion the total lod scores for F13B with four marker loci

(MPI, GAA, DI, and F2), tested for the first time in the present study,

were negative at all values of 0 . Total lod scores between F13B and

NFLD, another locus tested for the time for linkage to F138, were

negative at 0values less than 0.10. Although these 1od scores did not

reach formal levels for the exclusion of linkage, very close linkage

between F13B and these five loci Ís unlikely as at least one

recombinant has been detected in each case.

F1 38: F13A 1od scores \A/ere negative at all Q values less than

0.30 thereby

polypeptides

F13A and F13B

an orr-gan

providing additional evidence that the F13 A and B

are coded by genetically distinct 1oci. Although the

loci are not closely linked they may stil1 be homologous
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3.330 Fl38 Exclusj-on mapping

plasma samples from individuals with specific chromosomal

were phenotyped for F13B (Table 11). Four of the samples

heterozygous phenotypes and excluded Fl38 from 1p36,

Ten

deletions

exhibited

4pter-p16,

The exact

F138 \rere

4q25-q27, 4q35-qter, 17pter-p13, and

breakpoints for an 1Bq- individual who

not available and thus exact reglons of

17q25-qter (Fig.6).

was heterozygous for

the genome could not

be excluded from the analysis of this samples.

4.OOO DISCUSSION

4.100 Qualitatíve variation

fn the present study, electrophoresis was used to detect normal

qualitative variation of F13A and Fl38. Analysis of 1BB7 índividual

plasrna samples by electrophoresis demonstrated the three l<nown common

phenotypes of F13A while a survey of 1032 individual plasrna samples

demonstrated the six known common phenotypes of F13B in individuals of

the Canadian population.
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TABLE 1I. F13B PHENOTYPES
INDIVIDUALS.

OF TEN ANEUPLOID

TYPE OI' CHROMOSOMES
DISRUPTION ]NVOLVED.

REGIONS
DELETED

F138.
PHENOTYPE

T
D

D
D

1

2

3
4

5
6

D

R

1,15
1

4
4

7

15

lpter-p36
Ip32
4q25-q27
4pter-p16
4q35-qter
/q2l-q22
1 5pter-p 1 L

15q26-qter
1 Tpter-p 13
1 7 q25-qter
IBpter-p 1 1

lBqter-q23
LBq2I-q22

3-1
1

3-1
2-I

1

1

2-r

1

I
-)- |

L7

D

D

9
10

1B

1B
1B

T:individuals; T:translocation; D:deleuion; R:ring
chromosome.
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The appearance of an additional proteín band in the F13A

heterozygous phenotype, which is not in either of the presumed F13A

homozygous phenotypes, suggests that the molecular structure of the

F13A protein detected could be a dimer. In such a system, homozygous

phenotypes lvould be represented as functional homodimers formed from a

polypeptide pool consisting of a single nonomerÍc species while the

heterozygous phenotype would consist of three structurally distinct

dimers (two dÍfferent homodimers and one heterodimer) formed from a

pool of Lruo distinct monomeric species.

Conversely, the lack of additíonal bands Ín the Fl3B

heterozygous phenotypes which are not present in the homozygous Fl38

phenotypes, suggests that the rnolecular structure of the F138 subunits

detected may be monomeric. Homozygotes shoi^¿ a single major intense

band because only one monomeric species is present while heterozygous

phenotypes shoiu two major intense bands because two distinct monorneric

species are present.

The generation of protein variants lvith altered electrophoretic

mobility could arise through the substitution, at some point, in a

given amino acid sequence of a neutral amino acid by a basic or acidic

amino acid

amÍno acid

or

or

vice versa or the substitution of a basíc for an acidic

vice versa (Harris and Hopkinson, L976). Thus the F13A2

polypeptide could have arísen from the F1341 polypeptide through the

substitution of a neutral amino acid by a basic amino acid or

an acidic amino acid by a neutraf amino acid. Conversely the
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F1341 polypeptide could have arisen fron F1342 through a basic to

neutral or a neutral to acidic amino acid substitutlon. A sinilar

argument could be used to explain the origin of the three monomeric

species of F13B polypeptides. For example, it is possible that the

F1383 polypeptide could have arisen from the F1381 polypeptide through

the replacement of an acidic with a basic amino acid while F1382 could

have been generated through an acidic to neutral anino acid

substitution in the F1381 protein. In total there are eight other

possible ways in which single amíno acid substitutions could give rise

to the three conmon varíant F13B polypeptides. Such specific

alterations could occur at the DNA 1evel through point mutations.

Hor,¡ever, in order to determine whether the electrophoretic variants are

indeed the resul-ts of single amino acid substitutions the polypeptides

of each F13A variant and F13B varíant will have to be sequenced and

cornpared.

The minor bands inherent to the F13B phenotypes are 1Íkely due

to varying extents of posttranslational modifications. Mechanisms by

whÍch such non-genetic variation can be introduced into a protein

include the deamidation of glutamine or asparagi-ne resÍdues,

acetylation, oxidation of sulfhydryls, additíon of phosphate groups,

addíton of carbohydrate groups, molecular aggregatlon, and the cleavage

of a given polypeptide by proteolytic enzymes (Harris and Hopkinson,

1'9/6). In the case of F13B much of the heterogeneity in the banding

patterns of neat plasma can be attributed to the extent of
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oligosaccharide associatlon with a given Fl38 subunit type as treatment

rvith neuramínidase, an enzyme which removes the acidic monosaccharide

sialic acid, removes many of the minor variant bands seen in the F13B

phenotypes.

4.20O Population and Family Studies

4.2r0 F13A

The allelic frequencies estimated from the distribution of F13A

phenotypes 1n lBB unrelated Canadians of ldestern Buropean descent

(F13Ax1 = 0.80 + 0.02, F13Aìr2 = o.2o + 0.02) as well as from rhe

distribution in 123 unrelated Newfoundlanders (Fl3Attl = o.76 + 0.03;

F13Ar'2 = 0.24 + 0.03) are in agreement wÍth alleIic frequencies

estimated in a sample of the Australian population (F134'rt1 = 0.79 and

F13Ax2 = o.2r) and a sample of the German population (F134;.1 =0.797,

F13AJT2 = 0.203) (Board, 1979; Kreckel et a1. , L9B2). Distriburion of

the F13A phenotypes in the two sample populations of this study r,rere

indicative of an autosomal basis of inheritance, as no statistically

signiflcant deviations \{ere detected between the phenotypic

distributions in males and females. Furthermore the phenotypic
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distributions for the total samples of both populations were found to

be in Hardy-i{einberg equilibrium on the assumption that the phenotypes

are attributed to two codornj-nant alle1es at a single autosomal locus.

The distribution of F13A phenotypes in 626 offfspring from 2OO nuclear

families did not deviate signÍficantly from those expected for a

Mendelian system of two codominant alleles at a single autosomal 1ocus.

4.220 Fl38

0.03, F13B)r2 = 0.11 + 0.02, F13Bx3 = 0.15 + 0.02) are

the alle1e frequencies estimated in a sample of the Australian

population (Fl3B;tl = 0.7469, FI3B-ï,2 = 0.0836, F13BrÊ3 = 0.1693) and a

The allele frequencies estimated from the F13B

unrelated Canadians of InJestern European descent

sample of the Gerrnan population (F13Bx1 = 0.708, F13B+r2

= 0.183) (Board, 1980; Kreckel and Kuhnl, I9B2).

phenotypes in 149

(Ft3B''ct = O.74 +

in agreement with

= 0.109, F13B*3

The distrÍbution of the Fl38 phenotypes in the sample population

of Canadians of \'r/estern European descent was indicative of an autosomal

basis of inheritance, as no statistically significant deviations were

noted between male and female discributions in several phenotypic

classes. Furthermore phenotypic distributions for the total sample

rvere found to be in Hardy-ldeinberg equilíbrium on the assumption that
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the phenotypes are attributed to three codominant alleles at a single

autosomal locus. Excepr for the offspring of the F1382-1 d x Fl3Bl g

matings the distributions of phenotypes of 475 offspring from 124

families , representing seven mating types, anaryzed were in agreement

with those expected for a trait attributed to three codominant alleles

at a single autosonal 1ocus. The cause of the statistically

significant excess of Fl3Bl offspring over Fl382-1 offspring detected

in the offspring of rhe F1382-1 cf x Fl3B1 g matÍngs is not known and

has not been previously noted in the literature. It is possible that

the deviation detected is a reflection of the smafl number of families

of this type available for testing or perhaps a bias ín the

ascertainment of families studied. rt is also possible, however, that

there is some adverse direct or indirect maternal effect against sperm

or zygotes carrying the F13B*2 a11ele when this al]ele is absent from

the maternal genotype

F138 in families

significance, íf any, of

more extensive analysis of the segregation of

be required to determine the biological

this observation,

.A

rvi 11
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4.300 Gene mapping

4.310 Linkage studies

4.3TI Fl3A

Close linkage between F13A and JK, as suggested by Keats et a1.

(1984), who obtained a maximum total 1od score of +I.67 at O=0, is

unlikely based on the results of the present study in which a total

Fl3A:JK 1od score of -2.683 at O=0.20 was obtained. It is difficult to

compare the combined l-od scores of the present study wÍth those of

Keats et al.(1984) because the latter did not present a complete set of

lod scores. It is evident, however, that the positive data generated by

Keats et al. (1984) could be negated by the large negative scores

(ma1e lod scores of -8.733 and female 1od scores of -7.o23 at a 0 value

of 0.05) obtained at 0 values indicative of close linkage in the

present study.

Linkage of F13A and HLA was initially reported by Olaisen et a1

(1984) and several other studies have presented data in support of this

relationship (Eiberg et al., I9B4; Board et a1., L9B4; Olaisen et aI.,

1985). fn the present study, positive paternal lod scores have been

obtained between F13A and HLA as well as BF and çL0 (trvo loci known to

be closely linked to HLA) but only the paternal lod scores obtained for

F13A:HLA have reached 1evels for acceptance of linkage ()= +4.2O, e =

0.08). The present study, thus provides additional data which support

Olaisen et alts initial finding.
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Sumnaries of the paternal and maternal 1od scores of Eiberg e!

aI.(L9Bh), Board et a1.(1984), Olaisen er al.(1985) and rhe presenr

study for F13A:HLA and F13A:GLO are presented in Table 12. The maximum

total paternal 1od score for F13A: HLA, as estimated in Fig. 7 fron the

combined lod scores of Table 12, \rras +20.10, ô 0.15 (gSY"

CI:0.11-0.21) whích ís ive11 above the formal leve1 for acceptance of

linkage. Paternal F13A:GLO lod scores in each independent study, have

been consistent in that peak 1od scores were positive but less than +3

and occurred at values which v/ere greater than the ô value at ivhich the

pat.ernal F13A:HLA lod scores peaked. Because GLO is closely linked

proximally to HLA (\'Jeitlcamp and Guttormsen, I976; Bender and Grzeschik,

1976), the F13A:HLA and F13A:GLO data have always been inrerpreted as

indicating that F13A r^¡as further from GLO than HLA, placing it distal

ro FILA. F13A:GLO Iod scores, in each independent study, however, were

not sufficiently positive to justify a F13A:GLO linkage relationship.

The results of Eiberg et a1.(1984), Board er a1. (1984) and Olaisen er

a1. (1985) tal<en in total give a maxi-mum positive paternal lod score of

4.00, 0 - 0.23 (957. CI: 0.16-0.22). The addition of rhe Fi3A:GLO

paternal lod scores obtalned in the present study raises the maximum

lod score to 5.80, e : O.Zt (g57" C.: O.t5-O .2g), rl-rus solidifying rhe

línkage relationship and verifying the gene order of

pter:Fl3A:HLA:GLO:cen on the short, arm of chromosone 6. The combined

maternal 1od scores for both F13A:HLA and F13A:GLO are negative at all

tested 0 values less than O.30 and, thus, do not indicate close línlcage

in either of these relationships.
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TABLE 12. SUt4f4ARY 0F LoD SCoRES F0R F r 3A AND KNOl,lN |4ARKER L0C I ON THE
sH0RT ARt'1 0F CHR0t'10So¡itE 6.-

NUI'1BER OF

L0c I

LODSCORES AT

0.05 0.t0

RE COHB I NAT I ON

0. 20

FRACT I ONS OF

0.30 o.4o

HLA: F I JA

HLA: F I 3A

GL0: F I 3A

GL0: F I 3A

0.98
I .78
3.16
\.02

4. l4
6.r6
3.66
4.t9

1.55
2.\g
l.ì6
0"7l

ì

2

3
4

P

P

P

P

25

32
9

l8

96
108

36
56

5.t0
7 .50
3.36
3.31

3.72
5.60
2 "\1
1 .97

¡4

¡,1

t4

i'4

84

25

33
5
9

l
2

3
4

1+6

5t+

30
9\

8

15

5
2\

P

P

P

P

¡1

¡,1

H

t4

296

9\
120

20
29

19.27

-t.46
-4.3t
-0.70
0.59

13 .70

-0.04
-0.71
-0.t5

o "\2

9.9\

-12.6\
-27 .O1
- 3.98
- 0.50

r8. t5

- 6.26
-14.35
- 2.17

0.26

5.91

0. t I ì

0.r7 2

0.02 3o.t3 4

72

ìt
t8
I

25

263 -44.13

-\.35
-o.67
-0.t4
-t.93

-22.52

-ì.54
I .49
0.69
o.65

-5 .88

0.36
2.36
l.1t
I .82

-o.5\

0.67
1 "72
0.95
I .34

0. ¡+3

0.34
0.6 t

o.55
0.45

62 224

29
48
20
84

-7 .09

- 2.65
-12.12
- t.5l
-ì8.60

1 .29

- .l.02

- 6.tr9
- 0.54
-il.07

5.65

0 .08
-2 .00
0.ì5

-4.5\

4.68 1 .95

o.27 0.12 I

-o.\2 -0.01 2

0.31 0.22 3
-1.69 -0.1+l 4

52 t8l -34.88 -r9.r2 -6.31 -1.53 -0.08

N0TE: S=S0URCE

P=PATERNAL

r.ErBERG EJ AL.,tg84
3 " B0ARD EI LL. , r 984

2 .0LA I SEN ET AL. , I 985
4.THE PRESENT STUDY

H=i'IATERNAL F=FAI'I1 L I ES C=CH I LDREN
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Slightly posÍtive 1od scores r^/ere obtained between Fl3A and a

number of loci with known chromosomal assignments (AMY2, PEPA, sE,

UMPK) and the cytogenetic marker(9IQ); as these loci have been assigned

to chromosomes other than 2 or 6 the lod scores obtaíned here probably

represent random statistÍcal flucfuations. Further testing could be

carried out in order to ensure that there are indeed no linkage

relationships between Fl3A and these markers. Slightly positive 1od

scores r¿ere also detected between F13A and two unassÍgned loci, RGS and

YT(peak paternal lod scores of +0.535 at 0 =0.05 and +O.7OI at 0 =0.10

respectively). Additional testing of these two unassj-gned loci with

F13A as well as other 6p21 marker loci 1s important in that it will

undoubtedly lead to either the localization or exclusion of these

markers from this region of the human genome.

4.3I2 Linkage F138

Lod scores for F13B and 62 genetic markers did not reach

sufficient levels for the formal acceptance of linkage. Lod scores for

F13B with AT3, 4Q2/7PL, 9_IQ., DIAI, AI'4, F2, APOE, and NFLD, however,

were slightly positive and could suggest potential linkage

relationships; ín all cases the genetÍc markers involved are markers

for which detection of genetic varíation is generally rare.

Mathematically, the possibility of linkage betrveen Fl3B and each of

these marker t'loci" exists, but the probability of obtaining a false



Iinkage is increased because of the srnall positive lod scores.

-^/J

In a1f

cases, further testing is required to deterrnine if the lod scores could

be raised to such a level, +3 or greater, so that mathematically the

probabí1ity of identifying

greater and the probability

1^^^rcòò.

The most promising potential

F13B and AFA rvhich has a total maximum

of 0.07 (Fig. B). AFA represenrs

descrÍbed autosomal dominant syndrome

penetrance (Hughes et al., 1985).

true linkage relationship is 0.95 or

obtaining a false linkage ís 0.05 or

linkage relatíonship is between

lod score of +1.544 at a 0 value

the locus coding for a newly

that appears to show complete

a

of

The human autosomal haploid genome has been estimated to be 33

Morgans although it has been noted that this figure may be 502 larger

ín females than in males (reviewed by Renwick, Lg69). The percentage

contríbution of each autosome to the total- haploÍd autosornal complement

has been summarized by Maynard-Smirh et al. ( 196t) . rf the

recombination fraction ( 0 ) at which exclusion of linkage between F13B

and other loci is taken to be equivalent to the rnap interval in terms

of Morgans , which is approximately true for short j-ntervals (Renrvíck,

1969; Botstein et al. , 1980) , then an approximation can be made of the

extent of the genome which can be excluded as the location of the F13B

locus relative to individual chromosomes and to the total haploid

autosomal complement.
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Lod scores for 41 of the 62 markers

with F138, which reached formal 1evels

7<t)

loci analyzed for linkage

for the excluslon of close

linkage (<-2) in male andfor female data, can be used to estimate the

proportion of the human genome from whích F13B can be excluded. The

number of }4organs which can be excluded from each autosome on the basís

of the negative linkage data is presented in Table 13 where ít can be

seen that a total of 8.60 Florgans can be excluded from specifíc

autosomes as the location of F13B on the basis of the male 1od scores

while as rnuch as 5.35 Morgans can be excluded on the basis of the

female lod scores. In these calculations known linkage groups such as

RH:FUCA1 and F13A:HLA:GLO have been taken into account in approximating

the number of Morgans to be excluded. fn addition for the purposes of

these calculatÍons unmapped loci are assumed not to be linked to any

other locus of known chromosomal location and thus are interpreted for

the time being, as being situated on uníque areas of the gene map.

Under these assumptions an additíonal I. B0 Morgans can be excluded from

the male map and 1. l0 l4organs from the female map as the location of

F138. Thus, the total map length that can be excluded as the location

of F13B based on the lod scores obtained in thís study are 8.60 Morgans

in males and 6.45 Morgans in females. Taken as a whole the rnale 1od

scores presented in thi-s study exclude F13B fron an estimated 277" of

the human autosome complenent while the fernale lod scores exclude

approximately 207" of the hurnan autosome complement.

The proportion of each autosome excluded as well as the area

covered by the unmapped 1oci, expressed as a percentage of the total

haploid genone, is presented in Fig. 9. rn the data from males the
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TABLr 13. TABULAT I ON OF THE NUI4BER OF

I'IORGANS EXCLUDED FROI.I SPEC I F IC
CHROHOSOI.IES ON THE BAS IS OF

L I NKAGE STUD I ES BETWEEN F I 38
AND OTHER I4ARKER LOC I .

NUHBER

cHR0t'10s0t4E

OF I.IORGANS EXCLUDED ON

THE BASIS OF

I
2

3
4
6

9
r3
r4
t6
r9
20
2l
22

I'1A L E

LOD SCORES
FE¡4ALE

LOD SCORES

l. ì0
o.60
0.20
0.60
0.85
0.ì0
0.40
0.40
0.t0
0 .50
0.20
0.t0
0 .20

r .40
0.80
0.30
o.60
0. 70
0.40
0.40
0.60
0.70
o.6o

3:33
0. t0

S UBTOTA L

U

TOTA L

6.80
r .80

5.35
t. t0

6.\s8.60

UNASS I GNED T4ARKER LOC I .
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greatest proportion of the genone excluded as the site of F13B is the

area assuned to contain the loci of unknown chromosomal assignments

ruith the next largest percentage exclusion beíng for chromosorne 1. fn

the data for females, the proportion of the genome excluded by

non-linkage r,¡Íth chromosome 1 locí and unassígned loci are

approximately equa1. The number of Morgans (net length) on each

chromosome is not the same and thus to be able to make

inter-chromosomal comparisons the percentage of each autosorne excluded

is presented in Fig. l0 where it can be seen that more than half of

each of chromosomes 14,16,and 19 can be excluded based on the data from

males while in the female data chromosome 19 is the only autosome for

which at least 507. of its length can be excluded.

4.3I2 Fl38 Exclusion mapping

The analysis of samples from individuals with knor,¡n aneuploì-dy

provide information leading to the exclusion of 4pter-pl6, 4q25-q27,

4pter-p35, 17pter-p13 and 17q25-qter as potential areas for the

location of F138. These five regions which were not known to be

excluded on the basis of linkage analysis represent a maximum of. I.57.

of the human haploid autosome genome. In addition the exclusion of

band 1p36 is consistent with the prevÍous findÍng of non-linkage of

F13B with PGD, a locus known to be located in 1p36.
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5.OOO SUMMARY

5.100 Fl3A

Population and family studies

1. Two specific Canadian populations were studied for the

dístribution of F13A phenotypes. Three distinct phenotypes which could

be attributed to all possible combinatj-ons of two common a11eles,Fl3A¿t1

and F13A-)r2, at the F13A locus were observed. Frequencies of F13A;t1 and

Fl3Av'2 j-n a sample population of 338 unrelated Canadians of \nlestern

European descent were estimated to be 0.80 + 0.02 and 0.20 + 0.02

respectívely. Frequencíes of F13A+E1 and F13AJí2 in a sample population

of I23 unrelated Newfoundlanders were estimated to be O.76 + 0.03 and

0.24 + 0.03 respectively. rn both populations surveyed the phenotypic

distributions did not significantly devíate from the distributions

expected under Hardy-Wienberg Equilibrium.

) Segregation analysis of F13A in

fanilies indicated that the mode of inheritance

the pattern expected for a system featuring two

single autosomal locus.

626 offspring of 2OO

of F13A in man followed

codominant aIleles at a
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Linkage studies

to JK

having

1. Results of linkage studies indicate that

as previously proposed by Keats et al.(L984),

reached a value of -2.683 @g =0.20.

F13A is not linked

F13A:JK 1od scores

2. Results of the present st-udy support a linkage

relationship between F13A and HLA, as initially proposed by Olaisen et

a1. (1984). The maxímum F13A:HLA paternal lod score obtained in the

present study was +4.2O, â =O.OB. I{hen the results of the presenr

study are combined with the previously published data (EÍberg et

al.(1984), Board et al.(1984),and Olaisen et af.(1985) ) the peak

F13A:HLA 1od score for male data is 20.I atô=O.fS

3. The F13A:GL0 paternal lod scores presented in this study

solidify the loose linkage relationship between F13A and GLO. The

rnaxi-mum F13A:GLO lod score obtained in the present study was +1.82,é

=o.2o. These results alter the former peak lod scores generated by

Eiberg et al.(1984), Board et a1.(1984), and Olaisen et al,(1985) from

z= r4.O, 0 =O.23 to 2= +5.8, [ =O.Zt. Given that HLA and GLO are

closely linked, the data verify the suggested gene order of

6pter : F13A: HLA: GLO: cen.
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5.200 Fi3B

Population and family studles

1. Six distinct phenotypes rvhich could be attributed to all

possible combinations of three common alleles at the F13B locus were

observed in a survey of Canadian individuals. The frequencies of

FI3B'-.1 , F13Brç2 , Fl3Bv'3, in a sample population of 199 unrelated

Canadians of In/estern European descent i^¡ere 0.74 + o.ol, O.11 + o.O1 and

0.15 + 0.01 respectively. Phenotypic distributions in this population

were not found to deviate statistically from the distribution expected

under Hardy-l^/einberg Equilibrium.

2. Segregation analysis of F13B phenotypes of 424

offspring from 111 famíl-ies, representing seven rnating types, suggested

that the mode of j-nheritance of F13B in man followed the pattern

expected for a system featuring three codominant alleles at a single

autosomal 1ocus. A significant deficiency of F13B2-1 offspring relative

to F13Bl offsprÍng was however found for the F1382-1 d x Fl3Bl g mating

type.

Mappíng studies of the F13B locus

1. Línkage studies

sufficient leve1s for the

however, several positive

of F13B with 62 marker locÍ did not reach

for¡naI acceptance of linkage. There were,

1od scores suggestive of potential linkage
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relatíonships with the most promising of these being the Fl3B:AF4 rod

score r,¡hi-ch peaked at +1.544 ivith a corresponding fr value of 0.07.

2. Lod scores for 42 of Lhe 62 narker locl analyzed, for

linkage with Fl38 reached formally sígnificant leve1s for the exclusíon

of cl-ose linkage (lod scores ( -2) in mafe and/or fenale 1od scores.

Lod scores betrveen F13B and eleven of these loci (C44, cMT, FR, Gorz,

AP0C2, LI{, NP, S0D1, IIJD, I,n/R, and YT) represent the first time in which

formal levels for the exclusion of linkage to F13B have been obtained.

rn additíon, the total lod scores for F13B and five marker loci (MPr,

GAA, Dr, F2, and NFLD),which were tested for linkage to F13B for the

fírst time in thj-s present study, hrere not suggestive of close linkage.

Although formal levels for the exclusÍon of linkage were not reached in

these cases, at least one recombinant \^ras detected between F13B and

each of these marker 1oci.

Analysis of the F13B linkage data obtained in the present

study allowed the exclusion of approximaLel.y 277" of the autosomal human

haploid conplement on the basis of paternal lod scores and 2O7" on the

basis of maternal lod scores as potential sÍtes for the F13B 1ocus.

4. Analysis of plasma samples from individuals with knoivn

chromosomal deficiencies did not lead to the localizatíon of the F13B

locus, but did exclude five chromosomal regions 4pter-p16,

4q25-q27, 4q35-qter, l7pter-p13,and L7q25-qLer, which Lrere not known



to be excl-uded on the basis

locus. These results allowed

haploid autosome cornplernent

of linkage studies as the site

the exclusÍon of an additional

as the site of F138.

B4

of rhe !-138

I.57" of the
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7.OOO APPENDIX

Table of genetic notations used in the present study which are not

listed by the fnternational Systems for Human Gene Nomenclature (Shows

et al. , L979; Shows and McAlpine, 1982; Shorvs et al. , L9B4; McAlpine et

ãL. , 1985)

LOCUS SYMBOL MARKER NAME

AFA

D]

F2

FR

NFLD

RGS

SPB

Acromegaloid faclal appearance

Diego blood group

Coagulation factor II

Froese blood group

Newfoundland blood group

Reiger Syndrome

Sinking pre g -lipoprotein (possibly

identicle to lípoprotein Lp)

I{aldner blood group

WrÍght blood group

Yt blood group

WD

hrR

YT


