
1. In tro duc tion   *   

Stud ies us ing STR mark ers are cur rently the most
pop u lar method ap plied to de ter min ing blood-re la -
tions and the or i gin of or ganic/bi o log i cal traces. Mul -
ti plex sys tems make it pos si ble to de ter mine gen der on
the ba sis of amelogenin (AMG) lo cus anal y sis, as well
as geno typ ing of 7 to 15 STR loci, de pend ing on the
sys tem used. A char ac ter is tic fea ture of these sys tems

is their great sen si tiv ity, the amount of in for ma tion
pro vided,  re li abil ity, re peat abil ity and the fact that
anal y sis is re duced to only one study pro cess [2].
These ad van tages have also led to the uti li za tion of
STR loci in na tional DNA bases [e.g. 6]. In con nec tion 
with the above, the ex am i na tion and de ter mi na tion of
STR lo cus al lele fre quen cies in the pop u la tion is of
great sig nif i cance, as is dem on stra tion that these data,
cal cu lated on the ba sis of sam ple pop u la tion stud ies,
can be a tool serv ing to de ter mine prob a bil ity val ues
de scrib ing the chance of a DNA pro file oc cur ring ran -
domly [1, 3]. Ow ing to the pos si bil ity of over es ti mat -
ing this value, in the 1st Re port of the Na tional Re -
search Coun cil in 1992, use of the so-called in terim
ceil ing prin ci ple, or ceil ing prin ci ple was rec om men -
ded. In the first case (in terim ceil ing prin ci ple) use is
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rec om mended of an al lele fre quency of at least 0.1,
and in the ceil ing prin ci ple, 0.05. In the 2nd NRC Re -
port pub lished in 1996, the use of any such thresh olds
was no lon ger rec om mended [4, 5]. 

In con nec tion with the above, the au thors have at -
tempted to as sess the real in flu ence of rare al leles on
the ev i den tial value of ex pert re ports in re la tion to
a big pop u la tion sam ple orig i nat ing from all over Po -
land. The aim of the study was to in ves ti gate, for a very 
large data base of ge netic pro files, how of ten low-fre -
quency al leles (i.e. lower than 0.1, 0.05, and 0.01) ap -
pear in mul ti plex pro files, and how these al leles af fect
the fi nal fre quency of the ge netic pro file. Fur ther more, 
the in flu ence of in creas ing rare-al lele fre quency val -
ues to the thresh olds given (0.1, 0.05, and 0.01) on the
fi nal fre quency of the whole pro file was ex am ined.

2. Ma te ri als and meth ods

In this study we used a da ta base of 2233 ge netic
pro files ob tained us ing the SGM Plus sys tem. Bi o log i -
cal ma te rial in the form of oral smears was taken from
non-re lated, anon y mous, Cau ca sian vol un teers. In or -
der to ob tain a sam ple rep re sen ta tive of the Pol ish pop -
u la tion, do nors were sought from the en tire na tional
ter ri tory.

All pro files gath ered in the da ta base were sub -
jected to tests in or der to find out how of ten al leles of
a fre quency less than 0.10, 0.05 and 0.01 ap pear in
these pro files, and the re sults were as sem bled in a ta ble 
(Ta ble I). In the next step, the fre quen cies of the in di -
vid ual DNA pro files were cal cu lated. First they were
cal cu lated with out any cor rec tions, us ing the for mula
f = p ´ p for homo zy gotes, f = 2 ´ pi ´ pj for het ero zy -
gotes, and then with such a cor rec tion that, in the case
of the ap pear ance of a rare al lele, its fre quency was in -
creased to a re quired thresh old (i.e. up to 0.10, 0.05 or
0.01). Fi nally, the quo tient of one fre quency (with cor -
rec tion) di vided by the other (with out cor rec tion) was
cal cu lated; in other words, we checked by how many
times the in tro duc tion of the cor rec tion in creases the
pro file’s fre quency, or by how many times the ev i -
dence-value of the re sult is de creased by the in tro duc -
tion of such a cor rec tion. 

The cal cu la tions were car ried out us ing an au -
thor-de vel oped com puter pro gram writ ten in Delphi,
and the sta tis ti cal anal y sis, us ing STATGRAPHICS®

Plus 5.0 Pro fes sional Edi tion.

3. Re sults

In the first stage of the anal y sis, we tested how
many al leles in the en tire mul ti plex pro file of 10 loci,
i.e. 20 al leles, had fre quen cies be low a given thresh -
old. It was as cer tained that at a thresh old of 0.10,
4.46574 al leles on av er age had a fre quency be low that
thresh old (SD = 1.81066, min i mum = 0, max i mum = 11).
For a thresh old of 0.05, an av er age of 1.17278 al leles
had a fre quency be low it (SD = 1.17278, min i mum = 0, 
max i mum = 6), and for a thresh old of 0.01, only
0.241379 al leles on av er age had a lower fre quency
than this thresh old (SD = 0.485865, min i mum = 0,
max i mum = 3). De tailed cal cu la tion re sults are pre -
sented in Ta ble I.

TA BLE I. ANALYSIS OF THE NUMBER OF ALLELES

IN A PROFILE HAVING A FREQUENCY LESS

THAN 0.10, 0.05 AND 0.01 RESPECTIVELY

Num ber of
al leles

Num ber of pro files which have al leles
with fre quency

f < 0.10 f < 0.05 f < 0.01

0 16 488 1749

1 84 734 433

2 214 601 47

3 358 291 4

4 478 87 –

5 468 26 –

6 326 6 –

7 181 – –

8 72 – –

9 26 – –

10 9 – –

11 1 – –

Next, fre quen cies of all pro files in the da ta base
were cal cu lated with out any cor rec tions, as well as
with a cor rec tion in creas ing the fre quency of rare al -
leles to the given thresh old, i.e. to 0.10, 0.05 and 0.01
re spec tively. The re sults of the cal cu la tions are pre -
sented be low on scatterplots. In Figure 1, fre quen cies
of pro files are cal cu lated with out cor rec tions in re la -
tion to fre quen cies with cor rec tion to 0.10, in Fig ure 2
to 0.05, and in Fig ure 3 to 0.01. 

Anal y sis of the re sults re vealed that pro file fre -
quen cies lie be tween 2.2 ´ 10–20 and 1.9 ´ 10–11. Spe -
cific val ues are shown in Ta ble II.
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TA BLE II. MINIMAL AND MAXIMAL VALUES

OF GENETIC PROFILE FREQUENCIES

Fre quency
cor rec tion

Min fre quency Max fre quency

No cor rec tion 2.2 ´ 10–20 1.9 ´ 10–11

0.10 2.2 ´ 10–16 1.9 ´ 10–11

0.05 1.0 ´ 10–17 1.9 ´ 10–11

0.01 1.5 ´ 10–19 1.9 ´ 10-11

Ad di tion ally, we cal cu lated by how many times the 
in tro duc tion of spe cific cor rec tions to al lele fre quen -
cies in creases the fi nal value of the pro file fre quency;
that is, we tested how in tro duc tion of par tic u lar cor rec -
tions low ers the ev i dence value of an ex pert opin ion. The 
re sults of these cal cu la tions are pre sented in Ta ble III.

4. Dis cus sion

The per formed stud ies showed that al leles of low
fre quency ap pear in the mul ti plex pro file rather rarely:
even at a very high thresh old of 0.10, in only some what
over 4 cases out of 20, on av er age. In other words, in
nearly 16 cases out of 20, al lele fre quen cies are greater
than 0.10 (this very high thresh old was taken from the
in terim ceil ing prin ci ple). But, if we take the thresh old
f = 0.05, then such al leles ap pear on av er age only in
slightly more than 1 al lele in 20 (this thresh old was from 
the ceil ing prin ci ple). How ever, with a thresh old of
f = 0.01, an al lele of low fre quency ap pears only in an
av er age of 0.25 al leles out of a pos si ble 20.

Thus, rare al leles pre sented a prob lem in ear lier times, 
when few loci were stud ied. To day by con trast, in mul ti -
plex stud ies, they ap pear in the to tal pro file so rarely that
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Fig. 3. Com par i son of ge netic pro file fre quen cies for SGM
Plus. Hor i zon tal axis: pro file-fre quency val ues cal cu lated
with out cor rec tion; ver ti cal axis: pro file fre quen cies cal cu -
lated with re place ment of fre quen cies of al leles rarer than
0.01 by 0.01.
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Fig. 2. Com par i son of ge netic pro file fre quen cies for SGM
Plus. Hor i zon tal axis: pro file-fre quency val ues cal cu lated
with out cor rec tion; ver ti cal axis: pro file fre quen cies cal cu -
lated with re place ment of fre quen cies of al leles rarer than
0.05 by 0.05.
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Fig. 1. Com par i son of ge netic pro file fre quen cies for SGM
Plus. Hor i zon tal axis: pro file-fre quency val ues cal cu lated with -
out cor rec tion; ver ti cal axis: pro file fre quen cies cal cu lated with 
re place ment of fre quen cies of al leles rarer than 0.10 by 0.10.

TA BLE III. ANALYSIS OF QUOTIENTS OF PROFILE FREQUENCY CALCULATED BY APPLICATION OF SPECIFIC

CORRECTIONS TO ALLELE FREQUENCY DIVIDED BY PROFILE FREQUENCY CALCULATED WITHOUT

ANY CORRECTION

Fre quency 
thresh old

Min.
quo tient

Max.
quo tient

Av er age 
quo tient

Num ber of sam ples where quo tient

1–10 10–100 100–
1000

1000–
10,000

10,000– 
100,000

> 100,000

0.10 1 481 211 766.61 1056 776 275 101 23 2

0.05 1 10 702 36.18 1813 312 98 8 2 –

0.01 1 258 2.18 2175 56 2 – – –



their in flu ence on the fi nal re sult is slight (since the vast
ma jor ity of al leles are those of great fre quency).

Pro file fre quen cies cal cu lated with out any cor rec -
tions oc cur in the range from ca. 10–20 to ca. 10–11, and
with cor rec tion for f < 0.10, from ca. 10–16 to ca. 10–11.
This means that the in tro duc tion of such a cor rec tion
lim its the low est pro file fre quen cies, in cer tain cases
even by ca. 4 dec i mal places. Cor rec tion, of course,
only lim its the low est pro file fre quen cies (thus the
graph shows a “cloud” dis pers ing to the left), while
higher pro file fre quen cies are not lim ited. The high est
pro file fre quen cies are ca. 10–11, that is, these ge no -
types ap pear in the study pop u la tion with a fre quency
not higher than ca. 10–11. Thus, this pro file oc curs most 
of ten once in 1011 per sons, or once in one-hun dred bil -
lion per sons. This means that the ev i den tial value of
ex am i na tions based on SGM Plus is enor mous and
fully suf fi cient for crim i nal in ves ti ga tions.

The is sue of “lim it ing” al lele fre quency by rais ing
the ac tual fre quency, be fore cal cu lat ing the pro file fre -
quency, to some es tab lished value (as pro posed in the
early stages of DNA re search), no lon ger has any great
prac ti cal sig nif i cance. Pro files of very low fre quen cies 
oc cur rel a tively rarely, as seen in the scatterplot of Fig -
ure 1: on the left there are fewer points than on the
right, i.e. the graph “densifies” from left to right.

Sim i larly, an anal y sis of the scatterplots shown in
Fig ure 2 and 3 leads to the same con clu sions. These
two graphs are very sim i lar to Fig ure 1, only “denser”,
which means that, the smaller the cor rec tion, the more
rarely it must be ap plied, and the smaller is its ef fect on 
the fi nal re sult. This is best seen on the last scatterplot,
Fig ure 3 (where f < 0.01). Most of the points lie on the
line di vid ing it in half, and only a few are dis tant from it.

Anal y sis of the spe cific fre quency quo tients shows
that the quo tient, of course, reaches its great est value
where the cor rec tion for f < 0.10 was ap plied. Then,
the max i mum quo tient is as high as 481, 211. When
the cor rec tions are smaller, the quo tients also di min ish
to a max i mum of 10, 702 and 258, re spec tively. But
such great val ues are spo radic, since av er age val ues
are, re spec tively, 766.61, 36.18 and 2.18. This means
that cal cu lat ing the pro file fre quency with the cor rec -
tion f  < 0.10 causes on av er age a 766.61 times in crease 
in pro file fre quency, while cor rec tions f < 0.05 and
f < 0.01 cause smaller changes: the av er age pro file fre -
quency in crease is then only 36.18 and 2.18 times re -
spec tively.

Sum ma ris ing, years ago rare al leles could pose
a prob lem, since only few loci were stud ied. Then, the
ap pear ance of such an al lele as one among only a few
oth ers could sig nif i cantly af fect the fi nal re sult, mark -
edly low er ing the fi nal value of the pro file fre quency.

To day, in mul ti plex stud ies many loci are ex am ined
and rare al leles ap pear in the to tal pro file so in fre -
quently that their in flu ence on the fi nal re sult is slight,
since the de ci sive ma jor ity of all al leles are those of
high fre quency. 

5. Con clu sions

Al leles with low fre quen cies ap pear in the mul ti -
plex STR pro file rarely, which causes their ef fect on
the fi nal pro file fre quency re sult to be small. Pro file
fre quen cies cal cu lated for the SGM Plus sys tem, with
cor rec tion for rare al lele fre quen cies as well as with out 
cor rec tion, are never greater than ca. 1.9 ́  10–11, which 
in di cates the enor mous ev i dence value pro vided by
this sys tem in crim i nal in ves ti ga tions.
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1. Wstêp   *      

Ba dan ia z u¿ yci em ma rke rów typu STR s¹ ak tua lnie
naj pop ula rnie jsz¹ me tod¹ sto sow an¹ do ustal enia pokre -
wie ñstwa i w ba dan iach œl adów bio log iczny ch. Sys temy
mul tip lekso we umo ¿li wiaj¹ ide nty fikac jê p³ci na pod -
staw ie anal izy lo kus amel oge niny (AMG) i ge not ypo -
wan ie, w za le¿ noœ ci od ze stawu, od 7 do 15 loci typu
STR. Cha rakt ery sty czn¹ cech¹ tych sys temów jest ich
wy soka czu³oœæ, du¿a in for matywnoœæ, wi ary godnoœæ
i po wta rzalnoœæ wy nik ów oraz ogran icz enie cza su anal i -
zy do jed nego pro cesu ba dawczego [2]. Po wy¿sze za lety
spo wod owa³y wy kor zyst anie loci STR ró wni e¿ w kra -
jow ych ba zach DNA [np. 6]. W zwi¹zku z po wy¿szym
istotne zna czen ie ma zba dan ie i ustal enie czêst oœci
wystê pow ania al leli loci STR w po pul acji oraz wy kaz a -
nie, ¿e dane te, wy lic zone na pod staw ie prze bad anej
próby po pul acy jnej, mog¹ st ano wiæ na rzê dzie s³u¿¹ce do
ok reœ len ia wa rto œci pr awd opo dobi eñstwa opis uj¹cego
lo sow¹ sz ansê wyst¹pie nia pro filu DNA [1, 3]. Z uwagi
na mo¿l iwoœæ prze szac owa nia tej wart oœci, w pierw szym
ra porc ie oprac owa nym przez Na tion al Re sea rch Co unc il
w 1992 r. za lec ano sto sow anie tzw. in ter im ce iling prin -
cip le lub ce iling prin cip le. W pierw szym przy padku za -
lec ano sto sow anie czê sto œci al leli o wa rto œci co naj mniej
0,1, a w dru gim 0,05. W dru gim ra porc ie NRC opub liko -
wan ym w 1996 r. nie za leca siê ju¿ sto sow ania ta kich pr o -
gów [4, 5]. W zwi¹zku z po wy¿szym au tor zy po djê li
pr óbê oszac owa nia fak tyczn ego wp³ywu rzad kich al leli
na wa rto œæ do wod ow¹ eks pert yzy w od nies ieniu do du ¿ej 
pr óbki po pul acy jnej po chodz¹cej z te renu ca³ej Pol ski.

Ce lem pra cy by³a anal iza czês toœ ci po jaw iania siê al -
leli uznaw any ch za rzad kie (o czês toœciach ni¿s zych ni¿
0,1, 0,05 i 0,01) w pro fil ach ge net yczny ch wchodz¹cych
w sk³ad du¿ej bazy da nych oraz ocena wp³ywu, jaki tego
typu al lele maj¹ na cz êst oœæ ca³ego pro filu ge net yczne go. 
Ba dano ró wni e¿ wp³yw, jaki ma pod nies ienie war toœci
czê stoœ ci rzad kich al leli do za dan ych wa rto œci  progo -
wych (0,1, 0,05 i 0,01) na ostateczn¹ czêstoœæ ca³ego
profilu.

2. Ma ter ia³ i me tody

W pra cy wy kor zyst ano bazê da nych licz¹c¹ 2233 pro -
file ge net yczne, kt óre oznac zono przy wy kor zyst aniu ze -
stawu SGM Plus. Ma ter ia³ bio log iczny w po staci wy -
mazów z jamy ust nej zo sta³ po brany na za sad zie do bro -
wolnoœci od nie spok rewni onych anon imo wych dawc ów
rasy kau kas kiej. W celu uzys kania re prez enta tyw nej dla
pol skiej po pul acji pr óbki, kom plet owa nie daw ców od -
bywa³o siê z uw zgl êdnieniem ca³ego ob szaru Pol ski,
a miej sce urod zenia przy jêto za kry ter ium prz yna le¿noœci 
te ryt ori alnej.

Dla wszyst kich pro fili z bazy spraw dzono, jak czêsto
po jaw iaj¹ siê w niej al lele o cz êst oœci mniej szej ni¿ 0,10,
0,05 i 0,01, a wy niki przed staw iono ta bel ary cznie (ta -
bela I). Na stê pnie ob lic zono cz êst oœci po szc zegó lnych
pro fili DNA. Naj pierw ob lic zono je bez ¿a dny ch  popra -
wek, sto suj¹c wzo ry dla ho moz ygot f = p ´ p, dla he ter o -
go zyg ot f = 2 ´ pi ´ pj, a na stê pnie z tak¹ po prawk¹, ¿e
w przy padku po jaw ienia siê rzad kiego al lela jego  czê -
stoœæ zw iêk szano do za dan ego pro gu (tj. ko lejno 0,10, 0,5 
i 0,1). Na ko niec ob lic zono ilor az jed nej czê stoœci (z po -
prawk¹) przez drug¹ (bez po prawki), czy li, in nymi s³o -
wy, spraw dzano, ile razy zwiêk szy czêst oœæ pro filu wpro - 
wa dzen ie po prawki albo ile razy zmniej szy siê wartoœæ
do wod owa wy niku przez wpro wad zenie ta kiej po prawki.

Ob lic zenia prze prow adz ono, sto suj¹c w³asn orêcznie
na pis ane pro gramy kom put ero we w jêz yku Del phi, zaœ
do anal izy sta tys tycznej pa kiet sta tys tyczny STAT GRA -
PHICS® Plus 5.0 Pro fession al Edit ion.

3. Wy niki

W pierw szym etap ie anal izy spraw dzono, ile al leli
w ca³ym mul tip lekso wym pro filu sk³adaj¹cym siê z 10 loci,
czy li 20 al leli, ma cz êst oœci mniej sze od za dan ego pro gu.
Stwier dzono, ¿e przy pro gu wy nosz¹cym 0,10 (œr ednio
4,46574) al lela ma cz êst oœæ mniejsz¹ od tego pro gu
(SD = 1,81066, mi nim um = 0, ma xim um = 11). Przy pro -
gu wy nosz¹cym 0,05 œr ednio 1,17278 al lela ma cz êst oœæ
mniejsz¹ od nie go (SD = 1,17278, mi nim um = 0,  maxi -
mum = 6), a dla pro gu wy nosz¹cego 0,01 ju¿ tyl ko  œred -
nio 0,241379 al lela ma cz êst oœæ mniejsz¹ od tego pro gu
(SD = 0,485865, mi nim um = 0, ma xim um = 3). Sz cze -
gó³owe wy niki Na stê pnie ob lic zono cz êst oœci wszyst kich 
pro fili z bazy da nych bez ja kichk olwi ek po praw ek oraz
z po prawk¹ zw iêkszaj¹c¹ cz êstoœæ rzad kich al leli do za -
dan ego pro gu, tj. od pow iednio do 0,10, 0,05 i 0,01. Wy -
niki ob lic zeñ przed staw iono poni¿ ej na wy kres ach

WP£YW RZADKICH ALLELI NA CZÊSTOŒÆ PROFILU DNA PRZY
BADANIU ZESTAWEM SGM PLUS*    
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roz pros zenia. Na ry cin ie 1 po rów nano wa rto œci cz êst oœci
pro fili ob lic zone bez po praw ek w sto sunku do czê stoœ ci
z po prawk¹ dla 0,10, na ry cin ie 2 dla 0,05 a na ry cin ie 3
dla 0,01.

Anal izuj¹c wy niki stwier dzono, ¿e czêsto œci pro fili za -
wie r aj¹ siê w za kres ach po miêd zy 2,2 ´ 10–20 a 1,9 ´ 10–11.
Sz czegó³owe wa rtoœ ci poda no w ta beli II.

Do datk owo ob lic zono jesz cze, ile razy wpro wad zenie 
posz cze góln ych po praw ek do cz êsto œci al lel iczny ch
 zwiêksza ko ñcow¹ wa rto œæ cz êst oœci pro filu, czy li in -
nymi s³owy, spraw dzono, jak wpro wad zenie posz cze -
góln ych po praw ek zmniej sza wartoœæ do wod ow¹ eks -
per tyzy. Wy niki tej cz êœci obliczeñ przedstawiono w ta -
beli III.

4. Dys kus ja

Prze prow adz one ba dan ia wy kaza³y, ¿e al lele o ni skiej 
cz êstoœci po jaw iaj¹ siê w mul tip lekso wym pro filu sto -
sunk owo rzad ko. Na wet przy bar dzo wy sok im pro gu
rów nym 0,10 tyl ko œre dnio w nie co po nad 4 przy padk ach 
na 20, czy li w bli sko 16 przy padk ach na 20, czês toœci al -
lel iczne s¹ wi êks ze ni¿ 0,10 (ten bar dzo wy soki próg
 wziê to z in ter im ce iling prin cip le). Przy za stos owa niu
pro gu f = 0,05 ta kie al lele po jaw iaj¹ siê œr edn io tyl ko
w po nad 1 przy padku na 20 (taki próg wy nika³ z ce iling
prin cip le). W przy padku pro gu f = 0,01 al lele o ni skiej
 czêstoœci po jaw iaj¹ siê ju¿ tyl ko w œre dnio 0,25 al lela na
20 mo ¿li wych. 

Rzad kie al lele mog³y za tem st anowiæ pro blem w cza -
sach, gdy ba dano ma³o loci. Na tom iast obecn ie przy ba -
dan iach mul tip lekso wych po jaw iaj¹ siê one w ca³ym pro - 
filu tak rzad ko, ¿e ich wp³yw na koñc owy wy nik bê dzie
nie wielki (zde cyd owa na wiê ksz oœæ al leli to al lele o du ¿ej
cz êst oœci).

Czê sto œci pro fili ob lic zone bez ¿a dny ch po praw ek za -
wier aj¹ siê w za kres ie od oko³o 10–20 do oko³o 10–11,
a z po prawk¹ dla f < 0.10 od oko³o 10–16 do oko³o 10–11.
Oznac za to, ¿e wpro wad zenie ta kiej po prawki ogran icza
naj mniejs ze czê stoœci pro fili w nie któ rych przy padk ach
na wet o oko³o 4 rz êdy wi elkoœci. Po prawka ogran icza
oczyw iœc ie tyl ko naj mniejs ze czê stoœci pro fili (st¹d wy -
kres two rzy „chm urê” roz pras zaj¹c¹ siê w lewo),  nato -
miast naj wiêk sze czê stoœ ci pro fili nie s¹ ogran icz ane.
Najwy ¿sze czêst oœci pro fili wy nosz¹ oko³o 10–11, czy li
dane ge not ypy po jaw iaj¹ siê w ba dan ej po pul acji z  czê -
stoœci¹ nie wy ¿sz¹ ni¿ oko³o 10–11. Taki pro fil wys têpuje
naj czêœciej raz na 1011 osób, czy li raz na sto mil iardów.
War toœæ do wod owa ba dan ia ze staw em SGM Plus jest
wiêc mia rod ajna i wy starc zaj¹ca do ba dañ  kryminalistycz -
nych. 

Kwe stia „ogran icz ania” czêst oœci al leli przez pod -
wy¿szanie fak tyczn ych czê stoœci al leli przed ob lic zeni a -
mi cz êst oœci pro filu do jak iejœ za³o¿o nej war toœ ci

(pro pon owa na w pocz¹tkow ej fa zie ba dañ DNA) nie ma
ju¿ wi êkszego prak tyczn ego zna czen ia. Pro file o bar dzo
ma³ych czê stoœciach zda rzaj¹ siê sto sunk owo rzad ko (co
widaæ na rycinie 1 – po le wej stro nie jest mniej punktów
ni¿ po pra wej, wy kres siê „za gêszcza” przy prze suw aniu
siê od le wej do pra wej). Rów nie¿  ana li za rycin 2 i 3 pro -
wad zi do ta kich sa mych wn iosków. Oba te wy kresy maj¹
bar dzo po dobny cha rakt er jak wy kres przed staw iony na
ry cin ie 1, tyle tyl ko, ¿e s¹ „bar dziej zwar te”, co oznac za,
¿e im mniej sza po prawka, tym rza dziej trze ba j¹ stos owaæ 
i tym sa mym mniej szy jest jej wp³yw na koñco wy wy nik.
Naj lep iej to wid aæ na  rycinie 3 (dla f  < 0,01).  Wiêk szoœæ
pu nkt ów na nim le¿y na li nii dziel¹cej go na po³o wê,
a tyl ko nie liczne od dal aj¹ siê od tej li nii. 

Anal iza ilor azów posz cze gólnych czês toœ ci wska -
zuje, ¿e ilor az ten najw iêksze wart oœci osi¹ga oczy wiœcie
tam, gdzie sto sow ano pop raw kê dla f < 0,10. Wów czas
mak sym alny ilor az wy nosi na wet 481 211. Gdy po praw -
ki s¹ mniej sze, to ilor azy te¿ ma lej¹ do – od pow iednio –
mak sym alnie 10 702 i 258. Jed nak tak du¿e war toœci s¹
spo rad yczne, bo wiem wa rtoœci œr ednie wy nosz¹  odpo -
wiednio 766,61, 36,18 i 2,18. Oznac za to, ¿e  prowa -
dzenie obl icz eñ czê sto œci pro filu z po prawk¹ f < 0,10
spo wod uje œre dnio 766,61-krot ny wzrost czêstoœci pro -
filu. Wpro wad zenie zaœ po praw ek f  < 0,05 i f  < 0,01 spo -
wod uje jesz cze mniej sze zmia ny, bo wiem œr ednio od -
po wiedn io tyl ko 36,18-krot ne i 2,18-krot ne.

5. Pod sum owa nie

Rzad kie al lele mog³y st ano wiæ pro blem przed laty,
gdy ba dano ma³o loci. Wó wcz as po jaw ienie siê ta kiego
al lela jako jed nego spo œród kil ku in nych mog³o znacz¹co
wp³ywaæ na wy nik ko ñcowy, wy raŸnie ob ni¿aj¹c ko ñ -
cow¹ wa rtoœæ cz êstoœci pro filu. Na tom iast obecn ie, przy
ba dan iach mul tip lekso wych, ba dan ych jest wie le loci,
a rzad kie al lele po jaw iaj¹ siê w ca³ym pro filu tak rzad ko,
¿e ich wp³yw na koñc owy wy nik bê dzie nie wielki (zde -
cyd owa na wiê ksz oœæ al leli jest al lel ami o du ¿ej  czês -
toœci).        
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