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NERAVNOTEZA VEZIVANJA ALELA U MNSs KRVNOGRUPNOM SISTEMU U
POPULACIJI JUZNE BACKE

LINKAGE DISEQUILIBRIUM IN MNSs BLOOD GROUP SYSTEM IN POPULATION OF SOUTH BACKA
Svetlana VOJVODIC

Saietak - NeravnoteZa vezivanja alela je odlika MNSs krvnogrupnog sistema koja predstavija pojavu geséeg udruZivanja alela
vezanih lokusa u genotipovima, od ofekivanog pojavljivanja spram alelnih frekvencija svakog pojedinacnog alela. Mera nerav-
noteZe vezivanja alela predstavlja razliku izmedu stvarnih i odekivanih frekvencija genotipova i iskazana je kroz koeficijent nerav-
noteze vezivanja alela. Cilj rada je da se odredi postojanje fenomena neravnoteZe vezivanja alela u MNSs sistemu u populaciji
JuZzne Backe na osnovu izracunatih alelnih frekvencija. Ispitivanje krvnogrupne pripadnosti u MNSs sistemu je obuhvatilo obradu
1.000 zdravih nesrodnih osoba, nakon ¢ega su primenom populaciono-geneticke analize izraunavane alelne (genske) frekvencije,
stvarne 1 ogekivane frekvencije genotipova, njihove razlike i statisti¢ka znagajnost dobijenih razlika. Rezultati ispitivanja su po-
kazali da najvidu alelnu frekvenciju ima s alel (0,672), najmanju S alel (0,33), da su najvise o&ekivane frekvencije genotipova
izratunate za Ms/Ns (0,2235) 1 Ms/Ns (Ms/NS) (0,2182) genotipove, dok su najvise stvamne frekvencije kod genotipova: Ms/Ns
(0,193), MS/Ns (Ms/NS) (0,184) i Ns/Ns (0,153). Statisti¢ki znacajna razlika oekivanih i stvarnih frekvencija genotipova je
nadena za genotipove MS/MS 1 Ns/Ns, $to govori o ¢eSc¢em udruZivanju alela M1 S i N i s, odnosno o postojanju fenomena nerav-
noteZe vezivanja alela u populaciji JuZne Backe.

Kljuéne reci: NeravnoteZa vezivanja, MNSs krvno grupni sistem; Aleli; Genotip

Summary - Linkage disequilibrium is a chartacteristic of MNSs blood group system which performs more frequent association of
linked alleles than it is expected in comparison with their alelic frequencies. Measure of linkage disequilibrium is the difference
between expected and actual genotypic frequencies which is stated in coefficient of linkage disequilibrium. The purpose of this
study was to fortify existence of linkage disequilibrium phenomenon inside MNSs blood group system in population of South
Backa in comparison with calculated allelic frequencies. Blood group typing in MNSs system included 1.000 healthy nonrelated
persons where allelic frequencies, expected and actual genotype frequencies had been calculated, as well as the differences be-
tween them. Results of investigation showed thats allele has the highest allelic frequence (0,672), S allele has the lowest frequence
(0,33), the highest expected frequencies arve calculaterd for Ms/Ns (Ms/NS) (0,218) and Ms/Ns (0,2235) genotypes, while the ac-
tual frequencies are highest for MS/NS (Ms/NS) (0,184), Ms/Ns (0,193) and Ns/Ns (0,153) genotypes. Statistically significant dif-
ference between expected and actual genotypic frequencies occurs for Ms/MS and Ns/Ns genotypes, which means that S and M
and N and s alleles are movre frequently associated and prove the existance of linkage disequilibrium phenomenon in population of
South Backa.

Key words: Linkage Disequilibrium; MNSs Blood Group System; Alleles; Genotype

Uvod

MNSs krvnogrupni sistem je polimorfni sistem
koga €ine pet antigena velike ucestalosti M, N, S, s 1
U, i mnostvo asociranih krvnogrupnih antigena koji
odrazavaju njthove genetske varijante. Jedna od oso-
bina MNSs krvnogrupnog sistema jeste postojanje
vezanog nasledivanja alela ili linkaZe.

Vezano nasledivanje ili linkaza predstavija izu-
zetak od Mendelovog zakona o nezavisnoj segregaciji
naslednih karakteristika tokom mejotske deobe [1,2,
3,4]. LinkaZa je pojava kad se dva razliCita gena
smesStena na istom hromozomskom paru ne razdva-
Jaju nezavisno tokom mejotske deobe, pa se prenose
nerazdvojeni na gamete [5].

Introduction

MNSs blood group system is a polymorphous
system composed of five antigens of high frequency:
M, N, S, s and U, and large number of associated
blood group antigens which reflect their genetic vari-
ants. One of the remarcable characteristics of MNSs
blood group system is the existence of linked inheri-
tance of their alleles or linkage.

Linked inheritance of alleles or linkage, represents
an exception of Mendelian segregation of hereditary
traits during meiotic division [1,2,3,4]. Linkage rep-
resents the occurrence when two different genes lo-
cated on the same chromosome pair do not segregate
independently during meiotic division and transmit
unseparately to gametes [5].
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Skraéenice
HLA - humani limfocitni antigeni
MNSs - M,N,S i s krvnogrupni antigeni

crossingover - ukrStanje genetskog materijala
Rh - antigeni Rhesus krvnogrupnog sistema

Kada su lokusi blisko vezani, rekombinacija je
kod njih smanjena, tj. ukoliko su geni bliZi jedan dru-
gom na hromozomu, utoliko je manja verovatnoca da
¢e doci do ukrstanja genetskog materijala [5]. Blisko
locirani aleli istog hromozoma teze da se prenose za-
jedno iz generacije u generaciju 1 nasleduju se u
bloku, obrazuju¢i haplotip {1,6].

Na osnovu postojanja vezanog nasledivanja alela
kod pollmorfmh multialelnih krvnogrupnih sistema,
zapazZena je pojava neravnoteze vezivanja alela ili
pojava neslucajnih asocijacija alela nazvana i gamet-
ski disekvilibrijum. Pojam neravnoteZe vezivanja ale-
la ili gametskog disekvilibrijuma predstavlja pojavu
udruzivanja alela vezanih lokusa vise ili manje frek-
ventno od ocekivanog pojavljivanja, spram alelnih
frekvencija svakog pojedinacnog alela. Kod alela koji
se tokom mejotske deobe razdvajaju nezavisno i pod-
lezu zakonu nezavisne segregacije, stvarne frekven-
cije genotipova koje Cine ti alel, bice jednake pro-
duktu alelnih frekvenci tih individualnih alela. Kada
Je u pitanju vezano nasledivanje, koje odstupa od
Mendelovog zakona o nezavisnoj segregaciji alela
tokom mejoze, stvarne frekvancije nekih genotipova
koje Cine aleli vezanih lokusa nisu jednake oceki-
vanim frekvencijama. Drugim recima, kod pojedinih
alela vezanih lokusa dolazi zbog neravnoteze vezi-
vanja alela do njihovog Ceséeg udruZivanja nego Sto
se ocekuje spram alelnih frekvencija svakog od alela.

Fenomen neravnoteze vezivanja alela, linkage
disequilibrium 1li gametski disequilibrium, prvo je
zapazen u odnosu na alele Rh krvnogrupnog siste-
ma. Fisher R. [6] uo€io je 1943. godine, analiziraju-
¢1 podatke o raspodeli fenotipova Rh krvnogrupnog
sistema u jednoj populaciji, da se neki od alela u
kombinacijama sa drugima ne Javljaju u ocekivanim
frekvencijama nego ucestalije, pri ¢emu s¢ narusava
ekvilibrijum ili ravnoteZa u udruZivanju alela. Na os-
novu ovih zapazanja, Fisher je dao 1 svoje tumacenje
o nasledivanju polimorfnih sistema, kakav je Rh
krvnogrupni sistem, po kome je nasledivanje determi-
nisano serijom blisko vezanih alela, medu kojima je
crossingover veoma redak. Razlic¢ite kombinacije an-
tigena D, C, ¢, E ili e nasleduju se zajedno [7].

Na primer, pojava neravnoteze vezivanja alela za-
pazena je i u HLA (Human Lymphocyte Antigens)
sistemu koji je poznat kao najpohmorfmjl sistem u
coveka. U HLA sistemu uoCeni su brojni primeri
neravnoteze vezivanja alela kod belaca [6,7,8,9,10],
kao na primer, A1B8, A3B7, A2BS, B8Dw3,
B7Dw2, dok je kod Rh sistema uoceno frekventnije
pojavljivanje cDe/cde 1 cde/cde kombinacija u pore-
denju sa Cde/cde [10].

Vojvodic S. NeravnoteZa vezivanja alela

Abbreviations
HLA - Human Lymphocyte Antigens
MNSs -MN,S and s blood group antigens

crossing over - recombination of hereditary material
Rh - antigens of Rhesus blood group system

In cases when genetic loci arc closely linked, re-
combination rate is much lower, respectively, if the
genes are located closer to cach other on the same
chromosome, there is a lower probability for crossing
over [5].

Closely linked alleles located on the same chro-
mosome tend to transmit together from generation to
generation and are inherited in block, creating a ha-
plotype [1,6].

On the basis of linked inheritance of alleles, m po-
lymorphous multiallelic blood group systems, appe-
arance of linkage disequilibrium of alleles occurs or
unexpected associations of alleles named gametic
disequilibrium.

The phenomenon of linkage disequilibrium or ga-
metic disequilibrium represents association of linked
loci more or less frequently than it is expected in re-
gard to allelic frequencies of each single gene.

In alleles which segregatc independently during
meiotic division, and being liable of independent scg-
regation law, observed frequencies of genotypes
which are composed of these alleles, will be equal to
the product of individual alleles frequencics.

In case of linked inheritance which does not fol-
low Mendel's law of independent segregation of al-
leles, observed frequencics of some genotypes which
are composed of linked loci, are not equal to ex-
pected frequencies. In other words, in some alleles of
linked loci it becomes evident that alleles are more
commonly associated than it is expected in regard to
cach allelic frequency.

The phenomenon of linkage disequilibrium or
gametic disequilibrium was first noticed in relation to
the alleles of the Rh blood group system. In 1943 Fi-
sher R. [6] noticed, during examination of Rh blood
group phenotypes distribution in population, that
some of alleles presented in several combinations, do
not occur in expected frequencies, but morc fre-
quently, therefore, the equilibrium or balance in as-
sociations of alleles is violated.

According to these findings, Fisher postulated his
own explanation of polimorphous systems inheritan-
ce, where Rh blood group system belongs, and their
inheritance is determined by series of closely linked
loci, with very rare crossing-over among them. The-
refore, various combinations of antigens D, C, E, ¢
and ¢ are inherited together [7].

Linkage disequilibrium phenomenon is seen also
in HLA (Human Lymhocyte Antigens) system which
is the most polimorphous system in humans. In HLA
system numerous examples of disequilibrium linkage
phenomenon are noticed in whites [6,7,8.9,10], for
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MNSs krvnogrupni sistem je dobar primer gde se
uocava postojanje fenomena gametskog disekvilibri-
juma. U ovom sistemu je uoceno ¢eSce udruzivanje
alela M 1S 1N i s nego sto je ofekivano u odnosu na
alelne frekvencije [11].

Kada se dva vezana gena u genotipu ponasaju
tako da njihovo zajednicko pojavljivanje ne utice na
gensku frekvenciju ni jednog ni drugog alela, tada se
oni nalaze u ekvilibrijumu ili ravnotezi vezivanja.
Aleli kod kojih postoji neravnoteZa vezivanja mogu
tokom mnogth generacija dosti¢i taj ekvilibrijum, i
udruzivati se u skladu sa njihovim individualnim
frekvencijama u populaciji [1], §to se deSava u popu-
lacijama slobodne oplodnje. Smanjenje tog disekvili-
brijuma bice zavisno od frekvencije rekombmacqe 1
kada se ekvilibrijum jednom postigne, tada ¢e gameti
nastali serijom vezanog nasledivanja i nezavisnog
razvrstavanja biti u istoj frekvenciji.

Neravnoteza vezivanja alela smatra se jednim od
bitnih mehanizama koji odrZzavaju geneticku varija-
bilnost populacija. U formiranju odredenog nivoa ge-
neticke varijabilnosti populacija ucestvuje vise meha-
nizama, od kojth neki predstavljaju i glavne snage
evolucionih procesa. Tu spadaju mutacije, protok
gena izmedu lokalnih populacija, geneticki drift (ge-
neticka slucajnost), migracije, prirodna selekcija itd.
[6,12,13].

Termine vezanih (linkage) alela, treba razlikovati
od pojave udruzenosti-asocijacije pojedinih krvno-
grupnih alela sa odredenim bolestima. Primeri pove-
zanosti krvnogrupnih antigena i nekih bolesti, poz-
nati su, ali su brojniji i ¢vrséi u HLA sistemu nego u
bilo kom krvnogrupnom sistemu.

Materijal i metode

Odredivana je krvnogrupna pripadnost u MNSs
sistemu kod 1.000 zdravih nesrodnih osoba sa svih
podrucja regiona Juzne Backe, sa najve¢im brojem
ispitanika iz najrazvijenijih centara. Medu ispitanici-
ma je 701 muskarac 1 299 Zena, svih starosnih kate-
gorija od 20 do 79 godina, sa najveéim brojem ispita-
nika srednjeg Zivotnog doba u intervalu 40-44 go-
dine.

Determinisanje fenotipske ekspresije krvnogrup-
nih antigena MNSs sistema na ispitivanim eritroci-
tima, uz pomo¢ antiseruma poznatih specifiCnosti,
podrazumeva sprovodenje seroloske reakcije agluti-
nacije koja se sprovodi uz postovanje osnovnih
uslova za njeno odvijanje, a to su: uslovi za delova-
nje zakona o dejstvu aktivnih masa, tj. srazmera, ko-
ja mora biti 2:1 u korist seruma; sredina, koja za
antigene MNSs sistema predstavlja 3-5% suspenziju
eritrocita u fizioloskom rastvoru; temperatura, koja
Je razli¢ita u zavisnosti od tipa antitela i moZe biti
+4°C 1 +22°C, ako su u pitanju kompletna antitela
IgM klase (za M 1 N antigene), 1 +37°C, za inkom-
pletna antitela IgG klase (za S 1 s antigene); vreme
inkubacije, koje zavisi od upotrebljenog antiseruma,

example AIB8, A3B7, A2B5, B8Dw3, B7Dw2,
while in Rh blood group system there is a more fre-
quent occurrence of cDe/cde and cde/cde combina-
tions in comparison to Cde/cde [10].

MNSs blood group system is a good example
where gametic disequilibrium is noticed. In this sys-
tem more frequent association between M and S and
N and s alleles occur, than it is expected in regard to
their allelic frequencies [11].

When two linked loci in a genotype are associated
so that this does not influence the gametic frequen-
cies of cither of alleles, then they are in equilibrium,
or in balance of linking. Genes with disequilibrium
linkage phenomenon can, during many generations,
reach equilibrium, and associate in accordance with
their individual frequencies in population [1], which
happens in random matching populations.

Reduction of disequilibrium linkage between clo-
sely linked loci, depends on the recombination rate,
and once when equilibrium is reached, gametes trans-
mitted by assembly of linked inheritance and inde-
pendent segregation will be in equal frequency.

Disequilibrium linkage phenomenon is considered
to be as one of essential mechanisms which preserves
genetical variability in populations. Several mecha-
nisms are involved in creating certain values of ge-
netic variabilities in populations, and some of them
represent the leading energy in evolution processes.
In this group are mutations, gene flow among local
populations, genetic drift, migrations, natural selec-
tion etc. [6,12,13].

The terms linkage or linked loci, must be differed
from the occurrence of associations between some
blood group antigens with certain diseases. Numer-
ous examples of associations between blood group
alleles and several diseases are known, but these as-
sociations are stronger and more frequent with HLA
antigens than any of the blood group system an-
tigens.

Material and methods

MNSs blood group was determined in 1000 healt-
hy unrelated persons from all parts of South Backa
region, most of them being from the most developed
centers. There were 701 men and 299 women, from
20-79 years of age, most aged 40-44 years.

Determination of the phenotype expression of
MNSs blood group antigens on the erythrocyte sur-
face, using antisera with known specificities, means
conduction of serological reaction of agglutination
which requires special conditions which are as fol-
lows: conditions for performing the fundamental law
of mass action, that is proportion, which must be 2:1
with benefit to serum; - environment, for MNSs anti-
gens 3-5% erythrocyte suspension in physiological
saline; - temperature, which is different for various
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¢iji optimum dejstva propisuje proizvodaé antiseru-
ma.

Rezultati imunohematoloskog ispitivanja posluzili
su za primenu populaciono-gencti¢ke analize kojom
su izracunavani slede¢i parametri:

Alelne (genske) frekvencije

Alelne (genske) frekvencije dobijaju se racuna-
njem po formuli:

2x (broj MM homozigota)+(bro) MN he-
alelna frekvencija= terozigota)
2x ukupan broj individua [12,14].

Stvarne frekvencije genotipova

Nadene ili stvarne frekvencije genotipova dobije-
ne su na osnovu podataka o broju osoba koje pri-
padaju odredenom genotipu u odnosu na ukupan broj
osoba [14,15].

Ocekivane frekvencije genotipova

Racunate su ocekivane frekvencije genotipova,
koje su, u populaciji slobodne oplodnje, u skladu sa
Hardy-Weinbergovim zakonom ravnoteze ili ekvili-
brijuma, po kome se frekvencije genotipova raunaju
po formuli;

p2+2pq+q2=1.

Kada se posmatraju dva ili viSe lokusa zajedno,
ocekivana frekvencija za dva lokusa dobija se mno-
zenjem ofekivane frekvencije za svaki pojedinacni
lokus prema tabeli 1.

Koeficijent gametskog disckvilibrijuma (A) radu-
nat je po sledecoj formuh:

Tabela 1. Océekivana frekvencija genotipova u slucaju dva
lokusa
Table 1. Expected genotype frequency in case of two loci

Genotipovi 1 12 (SS) 2rs(Ss) s2(ss)
frekvencija
Genotypes and
Jfrequency
p2(MM) p2r2(MMSS) 2p2rs(MMSs) p2s2(MMss)
2pq(MN) 2pqr2(MNSS) 4pqrs(MNSs) 2pqs2(MNss)
q2(NN) q212(NNSS)  2q2rs(NNSs)  g2s2(NNss)
(12]

A=F -plql,

gde je:

F = uocena frekvencija za datu gensku frekven-
ciju,

plgl = ocekivana frekvencija za tu gensku kom-
binaciju (65,66,67,68,69.70,71).

StatistiCka znacajnost razlike ucestalosti stvarnih
i ofekivanih vrednosti genotipova je rafunata yx*
testom, putem vrednosti izrazenih apsolutnim bro-
jevima, po sledecoj formuli:

(stvarne-o&ekivane)’

=X

olekivane

Stepen slobode je uvek 1 [16].
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types of antibodies, and may be +4°C and +22°C if
there are IgM class antibodies (for M and N anti-
gens), and +37°C for IgG antibodies (for S and s an-
tigens); - incubation time which depends on used
antisera with conditions for optimal conduction deter-
mined by the producer.

The results of immunohematological investigation
were used as basis for performing a population-
genetic analysis which was used to establish the fol-
lowing parameters:

Allelic (gene) frequencies

Allelic frequencies were calculated using the fo-
llowing formula:

2x (number of MM homozygotes) +
(number of MN heterozygotes)
2x total number of individulas [12,14].

allelic frequency =

Determined genotype frequencies

Determined genotype frequencies were calculated
on the basis of the number of persons who belong to
a certain genotype in comparison to the total number
of investigated persons [14,15].

Expected genotype frequencies

Expected genotype frequencies were calculated in
accordance with Hardy-Weinberg's law or equilibri-
um, mostly in random mating populations, using
formula:

p2+2pg+q2=1.

When two or more loci have been observed to-
gether, expected frequencics for two loci are obtained
by multiplying the expected trequencies for each sin-
gle gene, according to table |:

Gametic disequilibrium cocfticient (A)

Gametic disequilibrium cocfticient was calculated
by following formula:

A=F-plql,
F = determined frequency for given gene fre-
quency,

plql = expected frequency tor that gene combina-
tion (65,66,67,68,69.70,71).

Statistical significance of differences between de-
termined and expected genotype frequencies was cal-
culated using chi-square test, with absolute number
of values, using the following formula:

(determined-expected)’

X=X

expected

The degree of freedom 1s always 1 [16].

Results

Results of investigation pointed to the following
values of allelic (gene) frequencies, presented in table
2.
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Rezultati ispitivanja

Rezultati ispitivanja pokazali su sledece vrednosti
alelnih (genskih) frekvencija, prikazanih tabeli 2.

Tabela 2. Alelne (genske) frekvencije
Table 2. Allelic (gene) frequencies

Alelne frekvencije/Allelic frequencies

Alel/Allele Frekvencija/Frequency
M 0,55
N 0,45
S 0,328
s 0,672
U tabeli 3 prikazane su izracunate vrednosti ode-

kivanih frekvencija genotipova.

Tabela 3. O¢ekivane frekvencije genotipova
Table 3. Expected genotype frequencies
Ocekivane frekvencije genotipova
Expected frequencies
Genotip/Genotype Frekvencija/Frequency

MS /MS 0,0325441
MS/Ms 0,1333516
Ms / Ms 0,1366041
MS/NS 0,053254
MS / Ns (Ms/NS) 0,2182118
Ms / Ns 0,223534
NS /NS 0,0217857
NS /Ns 0,0892684
Ns/Ns 0,0914457

Prema izracunatim vrednostima ocekivanih frek-
vencija genotipova za dva lokusa sa éetiri alela, naj-
viSu vrednost uofavamo kod genotipa Ms/Ns
(0,223534) 1 MS/Ns (Ms/NS) (0,2182118). Najnize
vrednosti oéekivanih frekvencija genotipova izracu-
nate su za genotip MS/MS (0,0325441) 1 NS/NS
(0,0217857).

Tabela 4 prikazuje vrednosti stvarnih frekvencija
genotipova.

Najvise stvarne frekvencije genotipova uocavaju
se kod genotipova Ms/Ns (0,194) MS/Ns (Ms/NS)
(0,184) i Ns/Ns (0,153). Najnize vrednosti stvarnih
frekvencija genotipova nadene su za genotip NS/NS
(0,02) 1 MS/NS (0,06).

U tabeli 5 prikazane su razlike izmedu oéekivanih
1 stvarnih frekvencija genotipova, odnosno koeficijent
neravnoteZe vezivanja alela nazvan i koceficijent ga-
metskog disekvilibrijuma.

Na grafikonu 1 prikazan je koeficijent neravno-
teze vezivanja alela 1l gametskog disekvilibrijuma.

Vrednost koeficijenta gametskog disekvilibrijuma
Je kod nekih genotipova sa negativnim predznakom, a
kod nekih je pozitivna. Pozitivna vrednost koeﬁcnjen-
ta gametskog disckvilibrijuma ukazuje na cCeSce
udruZivanje alela koji su u sastavu genotipova ¢ija je
vrednost (A) pozitivna Sto se ne ofekuje spram nji-
hovih alelnih frekvencya. U grupi zdravih ispitanika
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Table 3 shows the calculated values of expected
genotype frequencies.

According to the calculated values of expected
genotype frequencies of two loci and four alleles, the
highest values occurred for genotypes Ms/Ns
(0,223534) and MS/Ns (Ms/NS) (0,2182118). The
lowest values of expected genotype frequencies were
calculated for genotypes MS/MS (0,0325441) and
NS/NS (0,0217857).

Table 4 presents the values of determined geno-
type frequencies.

The most common determined genotype frequen-
cies occurred for genotypes Ms/Ns (0,194), MS/Ns
(Ms/NS) (0,184) and Ns/Ns (0,153). The lowest val-
ues of determined genotype frequencies were found
for genotypes NS/NS (0,02) and MS/NS (0,06).

Tabela 4. Stvarne frekvencije genotipova
Table 4. Determined genotype frequencies
Stvarne frekvencije genotipova
Determined genotype frequencies

Genotip/Genotype Frekvencija/Frequency
MS /MS 0,064
MS / Ms 0,13
Ms / Ms 0,139
MS /NS 0,057
MS / Ns (Ms /NS) 0,184
Ms / Ns 0,193
NS /NS 0,02
NS /Ns 0,06
Ns/Ns 0,153

Table 5 shows the differences between expected
and observed genotype frequencies, respectively, the
coefficient of linkage disequilibrium, named gametic
disequilibrium coefficient.

Tabela 5. Koeficijent neravnoteZe vezivanja alela ili gamet-
skog disekvilibrijuma
Table 5. Linkage disequilibrium coefficient
Koeficijent gametskog disekvilibrijuma: A
Linkage disequilibrium coefficient. A

Genotip/Genotype A

MS /MS 0,0314559
MS / Ms -0,0033516
Ms / Ms 0,0023959
MS /NS 0,003746

MS / Ns (Ms / NS) -0,0342118
Ms / Ns -0,030534
NS/NS -0,0017857
NS /Ns -0,0292684
Ns /Ns 0,0615543

Graph 1 presents the coefficient of linkage dise-
quilibrium, or gametic disequilibrium coefficient.

The disequilibrium linkage coefficient for some
genotypes was negative, while for some it was posi-
tive. The positive value of disequilibrium linkage co-
efficient points to more frequent association of alleles
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Grafikon 1. Koeficijent neravnoteZe vezivanja alela ili gamet-
skog disekvilibrijuma
Graph 1. Linkage disequilibrium coefficient

pozitivna vrednost koeficijenta gametskog disekvili-
brijuma uocava se kod genotipova MS/MS, Ms/Ms,
MS/NS i Ns/Ns, dok je za ostale genotipove ta vred-
nost negativna.

Testirana je nulta hipoteza da nema statisti¢ki
znacajne razlike izmedu stvarnih 1 ocekivanih vred-
nosti genotipova ili koeficijenta gametskog disekvi-
librijuma.

Od genotipova sa pozitivnim koeficijentom ga-
metskog disekvilibrijuma, nadena je statistiCki zna-
¢ajna razlika izmedu stvarnih i ocekivanih frekven-
cija, kod genotipova MS/MS i1 Ns/Ns, sto ukazuje na
¢esce udruzivanje alela M1SiNis.

Diskusija

NeravnoteZa vezivanja alela uoCena je najpre u
Rh krvnogrupnom sistemu a kasnije i u HLA sis-
temu, gde je zapaZeno Cesée udruZivanje pojedinih
alela u genotipovima kao na primer: A1B8. A2BS,
A3B7... I MNSs krvnogrupni sistem je dobar primer
postojanja ovog fenomena. NeravnoteZa vezivanja
alela predstavlja jedan od bitnih mehanizama odrza-
vanja genetske varijabilnosti u populacijama.

Faktore koji menjaju genetic¢ku ravnoteZu popu-
lacije 1 doprinose genetskoj varijabilnosti. mozemo
podeliti u one koji dovode do sistematskih promcna i
one koji dovode do sluCajnih, nesistematskih pro-
mena u frekvenciji genskih alela u populacijama. U
sistematske faktore spada selekcija, a u slucajne fak-
tore mutacije, migracije i geneticki drift ili geneticka
slucajnost.

Izu€avanje uzroka nastanka 1 odrzavanja fenome-
na neravnoteze vezivanja alela u populacijama uka-
zalo je na postojanje nekoliko mogucih mehanizama
koji pojedinacno ili u sadejstvu dovode do njegovog
nastanka. Do sada opisani u literaturi su: jake genske
interreakeije, epistaze ili maskiranje dejstva gena od
strane drugog, rekombinacije koje nastaju zbog in-

verzije ili translokacije, a kao mogu¢i mehanizam na-
vodi se i smanjena izmena genskog materijala to-

Vojvodic 8. NeravnoteZa vezivanja alela

Tabela 6. Statisticka /necaimost koeficijenta gametskog
disekvilibrijuma A

Table 6. Statistical significan-c of linkage disequilibrium co-
efficient A

Statisticka znafajnost kocficijenta disekvilibrijuma
Statistical significance of A
Genotip/Genorype ¥
MS /MS 30.,404086
Ms / Ms 0,0420217
MS /NS 0,2635016
Ns/ Ns 135,85266
p<0.3 V=3,841

with the genotypes with positive coefficient (A) than
it is expected in regard to their allelic fequencies. In
our group of investigated persons, positive values of
disequilibrium linkage coefficient occurred for geno-
types MS/MS . Ms/Ms, MS/NS and Ns/Ns, while for
other ganotypes these values were negative.

The null hypothesis that there are no signifficant
differences between cxpected and determined geno-
type frequencies, or for values of disequilibrium link-
age cocfficient was tested. Among genotypes with
positive valucs of discquilibrium linkage coefficicnt,
there are statistically significant differences between
determined and expected genotype frequencies for
genotypes MS/MS and Ns/Ns, which points to more
frequent association of M and S and N and s alleles.

Discussion

The phenomenon of linkage disequilibrium was
first noticed in Rh blood group system and then in
HLA system, wherc more frequent associations be-
tween some alleles in genotypes were noticed as for
example: A1B8, A2B5.A3B7... MNSs blood group
system is also a good cxample for this phenomenon.
Linkage disequilibrium represents one of essential
mechanisms which preserves genetic variabilities in
populations.

The main factors which contribute to changing of
genetic balance and genetic variabilities, can be clas-
sified as those which lead to systematic ch'mges and
those which lead to unexpected, unsystematic chan-
ges of gene frequencies n populations. Systematic
factors include natural sclection, but unsystematic in-
clude mutations, migrations and genetic drift.

Investigations of causes and maintenance of link-
age disequilibrium phenomenon in populations, po-
inted to several possible mechanisms which sepa-
rately or in association contribute to their develop-
ment. Up to now, the following causes have been
described in literature: strong gene inter-reactions,
epistasis or masking some gene effects under the in-
fluence of another gene, recombinations, which occur
due to inversion or translocation, and as a possible
mechanism there is also decreased change of heredi-
tary material during meiotic divison as well 1s linked
inheritance [12].
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Pojava neravnoteze vezivanja alela moze biti pos-
ledica selektivne nadmo¢i nekog haplotipa nad dru-
gim, nedovoljno dugog vremena da bi se dostigao
ekvilibrijum narusen delovanjem mutacija ili nekim
drugim uzrokom nastanka ovog fenomena, a moguéi
mehanizam je 1 inhibicija rekombinacije pojedinih
DNA sekvencija koja dovodi do gametskog disekvili-
brijuma [1].

Medu faktorima koji dovode do odrzavanja ovog
fenomena kroz generacije, kljuénu ulogu igra izolo-
vanost populacija.

U velikim populacijama u kojima vlada slobodna
oplodnja, gde iz generacije u generaciju dolazi do po-
Jave novih 1 raznovrsnih genotipova, koeficijent ne-
ravnoteze vezivanja alela ¢e se 1z generacije u gener-
aciju smanjivati da bi u nekoj od generacija dostigao
1 0 1li ekvilibrijum. Nasuprot tome, u izolovanim
populacijama gde ne vlada takav odnos genotipova i
ukoliko delovanjem selekcije dolazi do favorizovanja
Jedne kombinacije alela nad drugom, koeficijent ne-
ravnoteze vezivanja alela ¢e se iz generacije u gene-
raciju povecavati a neravnotezZa alela odrzavati.

Razlike ucestalosti stvarnih 1 ocekivanih frekven-
cija genotipova u zigotima, izrazavaju se kroz koefi-
cyent gametskog disekvilibrijuma (a). Na osnovu po-
stojanja tih razlika potvrduje se prisutnost fenomena
disekvilibrijuma linkaze u MNSs krvnogrupnom sis-
temu u populaciji Juzne Backe, a rezultati ovog dela
ispitivanja u skladu su sa navedenim literaturnim po-
dacima koji govore o neslucajnim asocijacijama alela
[17,18]. Pozitivna vrednost koeficijenta gametskog
disekvilibrijuma uocava se za genotipove MS/MS,
Ms/Ms, MS/NS i Ns/Ns. To znadi da svi genotipovi
sa pozitivnom vredno$cu koeficijenta gametskog dis-
ckvilibrijuma ispoljavaju frekventnije pojavljivanje i
zastupljenost nego §to se ofekuje u odnosu na nji-
hove genske frekvencije.

Pomenuti genotipovi u MNSs sistemu, ispoljavaju
znatno ucestalije pojavljivanje u populaciji Juzne
Backe, a te razlike ucestalosti statisticki su signifi-
kantne kada su u pitanju genotipovi MS/MS 1 Ns/
Ns. Genotip MS/MS ima oéekivanu frekvenciju ge-
notipa 0,0325441 (tabela 3) koja je izracunata u od-
nosu na pojedinacne genske frekvencije M 1 S alela.
Stvarno nadena frekvencija genotipa MS/MS je
0,064 (tabela 4). Ista je situacija 1 sa genotipom
Ns/Ns gde su razlike izmedu oéekivane frekvencije
(0,0914457) (tabela 3) i stvarno nadene (0,153) jos
izrazitije, pa je razlika ocekivanih i1 stvarnih frekven-
cija pozitivna. To znaci da se te kombinacije alela
javljaju ceSée nego Sto se ofekuje spram njihovih
alelnih frekvencija. Ovi podaci ukazuju na ucestalije
udrzivanje alela M i S i N i s, §to je u skladu sa hit-
eraturnim podacima, a na osnovu postojanja dise-
kvilibrijuma linkaZe u populaciji Juzne Backe zapaza
s¢ usaglaSenost u odnosu na veéinu evropskih
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Occurrence of linkage disequilibrium phenomenon
may be a result of selective superiority of some haplo-
types, insufficient time for reaching equilibrium
which is violated by mutations or some other causes,
and a possible mechanism is also recombination inhi-
bition of several DNA sequencies which contribute to
gametic disequilibrium [1].

Among factors which contribute to maintenamce
of this phenomenon through many generations, isola-
tion of populations plays the essential role.

In large populations with random-mating, where
from generation to generation there are new, various
genotypes, linkage disequilibrium coefficient is lower
through generation to generation, with tendency to
reach 0 in some generation or equilibrium. On the
contrary, in isolated populations, where there are not
so many genotypes, and the natural selection leads to
favoring one allelic combination, linkage disequilib-
rium coefficient gets higher from generation to gen-
eration, and the disbalance between alleles 1s main-
tained.

Differences between expected and determined
genotype frequencies in the zygotes, are presented by
gametic disequilibrium coefficient (A). On the basis of
occurrence of these differences, this phenomenon
wthin MNSs blood group system in the population of
South Badka is confirmed, and results of investigation
are in accordance with literature data pointing to un-
expected allelic associations [17,18]. Positive le-vels
of linkage disequilibrium coefficient were noticed for
genotypes MS /MS ,Ms/Ms, MS/NS and Ns/Ns. This
means that genotypes with positive values of gametic
disequilibrium coefficient exhibit more frequent oc-
currence than it is expected in regard to their gene
frequencies.

The above mentioned genotypes in the MNSs
blood group system, exhibit considerably frequent oc-
currence in population of South Backa, whereas di-
fferences between determined and expected frequen-
cies are statistically significant for genotypes MS/MS
and Ns/Ns. The genotype MS/MS has the expected
genotype frequency 0,0325441 (table 3) which 1s cal-
culated in regard to gene frequencies of M and S al-
leles. Determined frequency for MS/MS genotype is
0,064 (table 4). The same goes for genotype Ns/Ns
where differences between expected (0,0914457) (ta-
ble 3) and determined frequency (0,153) are more ex-
pressive, therefore, the difference between them is
positive. These results show that these allelic combi-
nations are more frequent than it is expected in regard
to their allelic frequencies. They also point to more
frequent associations between M and S and N and s
alleles, which is in accordance with literature data.
On the basis of occurrence of linkage disequilibrium
phenomenon in the population of South Backa, there
is a considerable resemblance to the results of major-
ity European populations and white race in other geo-
graphical regions.
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populacija 1 pripadnika bele rase u drugim geograf-
skim podrudjima.

Zakljuéak

Analiza alelnih (genskih) frekvencija u ispitanika
sa podrucja regiona Juzne Backe ukazuje da najvisu
alelnu frekvenciju od 0,672 ima s alel a najnizu
(0,33) ima S alel.

Na osnovu izracunatih ocekivanih frekvencija
genotipova u MNSs krvnogrupnom sistemu, najvise
vrednosti se uoCavaju za genotipove MS/Ns (Ms/NS)
(0,2182) i Ms/Ns (0,2235).

Stvarne frekvencije genotipova pokazuju najvise
vrednosti za genotipove MS/Ns (Ms/NS) (0,184),
Ms/Ns (0,193) i Ns/Ns (0,153).

Pozitivna vrednost koeficijenta neravnoteze vezi-
vanja alela uoCava se za genotipove Ms/Ms, Ms/Ms,
MS/NS 1 Ns/Ns, §to govori o razlikama ucestalosti
stvarnih i ofekivanih genotipova za date genotipove,
koja je statisticki znacajna za MS/Ms i Ns/Ns geno-
tipove. Ta razlika govori o ¢e§¢em udruzivanju M i S
1 N i s alela, odnosno o postojanju fenomena nerav-
noteze vezivanja alela u populaciji Juzne Backe.

Vojvodi¢ S. NeravnoteZa vezivanja alela

Conclusion

Analysis of gene frequencies in examinees from
South Backa region, showed that s allele has the
highest gene frequancy of 0,672 and S allele has the
lowest frequency (0,33).

In accordance to calculated expected genotype
frequencies in MNSs blood group system, the highest
values were found for MS/Ns (Ms/NS) (0,2182) and
Ms/Ns (0,2235) genotypes.

Determined genotype frequencies show the highest
values for MS/Ns (Ms/NS) (0,184), Ms/Ns (0,193)
and Ns/Ns (0,153) genotypes.

Positive levels of linkage disequilibrium coeffici-
ent were found for genotypes MS/MS, Ms/Ms, MS/
NS and Ns/Ns, which confirmed the differences be-
tween determined and expected genotypes, with sta-
ustically signifficant difference for MS/MS and
Ns/Ns genotypes.

These differences point to a more frequent asso-
ciation between M and S and N and s alleles. con-
firming the existence of linkage disequilibrium phe-
nomenon in the populatoin of South Backa.
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