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Paternity Probability in the Cases of Incest
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Abstract. To calculate the paternity probability in the cases of incest where the alleged
father was either the father or the brother of the plaintiff’s mother, some algebraic expres-
sions applicable to a simple codominant diallelic genetic marker system were derived by
modifying the formulas of Essen-Moller and Komatsu (the both formulas gave the same
result).

The paternity probability in the incest case is generally lower than that in usual case,
because in the former case an allele present in the mother is sometimes found in both the
alleged father and the child (plaintiff), even if the alleged father is not true father. The
paternity probability in the incest case, however, becomes higher than that in usual case
when an allele is common to both the alleged father and the child but not to the mother. The
mean value of paternity probability becomes lower, as the relationship becomes closer
between the alleged father and the mother.

Key words: Paternity probability, Incest, Essen-Moller Value, Relatives, Allele fre-
quency
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B2 iEEEOBETRR TR VBN & T L 3 ERHE
KB LWIITBGETF 2RO TWABERREL, 2T
ZOEIBBECRIBOKETEEESE M 3N
5. L L, B BNz MEEHESH 2551,
B FORXTFEMRS %2 T EUMIBGT %
HETI2HERENER LD bEL R I e BHRAN
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B OHBEE, H50IEIBLOBEHEERYERTLO
L5, Bz, [Fliz8 F o—Ragk HIEEEE, (T,
M, ClaR, &, FORHMF, M, C ThIEOEKSE
HEREPRT., £/, HrPMEHKROBEL LU TLHL
TH3H, UTOFETHE2HEEL L, BOREOH
BEHEBREE LR kT, BOMBERICETS
Brottez0BeHXT 5T, BHELERRR
GTOHBBEES LD TWE I L ERT RO, t%
233, HlziE [F*] ZBomEgsE Th s BoERK
B3, MFOBEOEETHS, TLTF w550
ERAr M w3 8nrotin s T, BEOCO
HEEE L BERLIEER LD TWATHTH 0T
CHr &L, ZOHAEDOXFTHEHEEIR [F, M, C
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BE, M, CtwniBe2E>-HFEGRCH 2EH(S
HE1E32)DHCRWIEINZ2EEX &, —KE
HER (@EZ 1L T2) CRWHERLEEY L%
HBET2ZILEDTRS L 3DMERERL, BB
W=1/1+Y/X)
X=[F, M, Cl/[M, C]
Y=[F]
Y/X=[F] [M, CI/[F, M, C]
Ths, BrBEXOMIGERIH 285, Essen
Moller DT Y/X it s 2% Y/X* L&kt
KDLk,
Y/X*=[F*] [M, C#]
JIF*, M, CH#] creeerrremmrmrminnnn 1)
(F*], [M, C#], [F*, M, C#H @M TFD &>zl
stEL. HL, Zhs [F*], M, C#, [F4, M
CHlddbs, 12TH 0 THIHERTE, KFEhi
BFBEFRSEIL vk cHS L, Y/X*0FEER
EEWRIC KB DOTRP TR —TRLE, MEEFROR
WS D[M, Cl, [F, M, C], Y/X OFiZFHECY
EHEANTBY?, £ 2HWFYRT LAOBEREY
THBICHEL 2N TE 58, UTOROHERCLE
EENBDT, FFCHBEL /-,
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Table 1. Probabilities of father-child (mother-
child) combinations [F,C] (= [M,C])
AA AB BB
AA p? p’q 0
AB p’q pq ap’
BB 0 pq® q®

Table 2. Probabilities of father-mother-child com-
binations[F*,M,C #]in the cases where the mother’
s father is the alleged father
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Table 3. Probabilities of mother-child combina-
tions in the cases where the mother’s father is the
alleged father [M,C#]

Child#
Mother
AA AB BB
AA 0.5p%(p+1) 0.5p%q 0

AB 0.5pa(p+0.5) pq 0.5pq(g+0.5)

Child #
Mother Freq. fatﬁélreggeeq. A “B BB
AA p? AA p p? 0 0
AB q 0.5p?q 0.5p%q O
BB 0 0 0 0
AB 2pq AA 0.5p 0.5p%g 0.5p’q 0
AB 0.5 0.25pq 0.5pq  0.25pq
BB 0.5q 0 0.5pq?  0.5pg®
BB q? AA 0 0 0 0
AB p 0 0.5pg®>  0.5pq?
BB q 0 0 q*

BB 0 0.5pq® 0.5q*(q+1)
Table 4. Y/X* values in the cases where the
mother’s father is the alleged father
ild#
Mother ?;tfegre"d Child
AA AB BB
AA AA 0.5p+0.5 — -
AB p+1 q —
BB — — —
AB AA 0.5p+0.25 1 —
AB p+0.5 1 q+0.5
BB — 1 0.59+0.25
BB AA — - —
AB — p q+1
BB — — 0.5q+0.5

1) BOXBERTHLHE
BYOBESOBTHEHEE (K1) kb, Bo#n»
SROR DB ERONLBOHBSEE [F*] %
HEL .

D-O B AA THEES

BOR L2 BEZBOEREIL, BXOERFY)
KBLTIHEETFR AA  AB . BB oHIFSEEIZ, £
IO IIFIEREIND LS, P pq: 0TH 3, &
DRIV 1 THBILEFRET 3 EERDOHBEE L
piqi0kih, HROZ EAHs ZDEMTIXBB
DEITFEL L\, B2 MEEROE#EL L TwED
TROMBEHEE E—RHEEE (M] th 3, [M] &
[F*] &b [F*, M, C#] »&t8sh3 (£2, $1,
2, 317).

D-@ ##AB Th o5&
BLOERF 8wz #EETE AA ' AB: BB
OHBHEIL, R1DE2{TerRand LI, 0.5
p:0.5:0.5q £ %% (O 1 THD I LE2HE
L72)., ThosDEEBOHBE~ED»S [F*, M, C#]
BEHEANDL(E2, F4, 5, 617). UTHEKRL
TR BB Th2BELEIEHE N, R2HPERT 2.
RZE2RZBWTRAA, FAAOE1HOEL,
2, 3IFTOHBEBONEZ 2Lk, RIDE

— © Paternity or maternity is excluded.

Table 5. Probabilities of brother-sister combina-
tions [C,C]

AA AB BB
AA 0.25p%(p+1)?2 0.5p*(p+1)gq 0.25p%q?
AB  0.25p*(p+1)ga  pg+p%*q? 0.5pq*(q+1)

BB 0.25p%q? 0.5pq?(q+1) 0.25q%(q+1)?

117, B1FOBEOBFREEHER (M, CH] »85
na, UTREBICLTEIBTERTS, (DRLD, Y/
X*OE»B o, F4P5EKT 5.

2) BOREBELTHIHE

BEOHEORBHEEHEE (R5) L, Bofly»
SEORBODHBEEE [F*] 258 L.

2)-O B AA THBEE,

Boks b, BXOEHF*) KBV TREET
% AA : AB BB OHIBBEE I, K5 DE 1 fTRS
hdkiz, 0.25((p+1)2:0.5(p+1)q:0.25q2L %
3 (E0OMN1 THBEILREELE). ThbDE
CROHBESEE LY [F*, M, Ct] 383 h2 (&
6, H1, 2, 3fT.

2)-@ B8 ABTHBHEE
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Table 6. Probabilities of father-mother-child combinations [F* M,C#] in the
cases where the mother’s brother is the alleged father

Child #
Mother Freq. Alleged father*Freq.
AA AB BB
AA p? AA 0.25(p+1)* 0.25p*(p+1)? 0 0
AB 0.5(p+1)q 0.25p%(p+1)q 0.25p%(p+1)q 0
BB 0.25¢* 0 0.25p%q? 0
AB 2pq AA 0.25p(p+1) 0.25p*(p+1)q 0.25p*(p+1)q 0O
AB 0.5(pq+1) 0.25pq(pq+1) 0.5pa(pg+1)  0.25pq(pg+1)
BB 0.25(q+1) 0 0.25pq*(q+1)  0.25pq*(g+1)
BB q? AA 0.25p? 0 0.25p%*q® 0
AB 0.5p(g+1) 0 0.25pg*(q+1)  0.25pg*(q+1)
BB 0.25(q+1)? 0 0 0.25q%(q+1)?

BoRH (s, #XOEHE F*) 8w Ti#ET
I AA D AB . BB OHiBHERIE, K5 OFE 2fTIIRS
ndkdiz, 0.25p (p+1) 1 0.5 (pg+1) :0.25q (g+
D) &% (2AOMB1THEIEE2HE L), 2
hodf e BOHBEE LD [F*, M, C# »FER
n5(£6, F4, 5, 617). UTFHEEK L TE BB
THLHHEGLHEIN, ROWERT S, 2hidl)
DOFBELFEICLT [M, C# »EtESh, £THE
sha, B (DRI Y/X*OEE s, 7815
W35,
2. IMBDHE Z FIZfE 0 S ETER
AMADE 2 7513, KBORH» S H R 2RO Tt
DHET2HEPx OB RERE L TWw3, AIHR
OEEMEL, BFORRKE LIE;, CHOTHH
WY 2HELEPx &, —BEMOEL DR F 270158
ERELLE, CHOTHHETIHESRHOHE
HEODEAZ DU MEPLEIERLIDTELONS
Py t 252 i2&D, Ko L3OHEERY
W=1/(1+Py/Px)

T52%, 2,
Px=[F, M, CI/{[F] [M]}
Py=Z>[F] [F, M, CI/{[F] [M])

=3 [F, M, Cl/[M)

=[M, CJ/[M]
BB oM In&EERH 284, Px OFE M
BERBEOLWEEERUTH L, PyDiHBEizs»
T, BEOHBHEE([F]Tidx, & LimEBEsd
2 BMEMOBETEE (F] 2Bukithidz sk
WEBEZOTBD, ZOHERRQ)D & 5 idEHR
fbahd, UTok3icks,

Table 7.

Probabilities

of mother-child

50 (3)

com-

binaions in the cases where the mother’s brother
is the alleged father [M,C#]

Child#
Mother
AA AB BB
AA 0.5p*(p+1) 0.5p*q 0
AB 0.5pa(p+0.5) pg 0.5pq(g+0.5)
BB 0 0.5pq? 0.5q%(g+1)
Table 8. Y/X* values in the cases where the

mother’s brother is the alleged father

ild#
Mother giﬁ%‘;‘} Child
AA AB BB
AA AA 0.5p+0.5 — —
AB p+1 q —
BB — 0.5q -
AB AA 0.5p+0.25 1 —
AB p+0.5 1 q+0.5
BB — 0.5q+0.25
BB AA — 0.5p —
AB — p q+1
BB — 0.5q+0.5

— ! Paternity or maternity is excluded.

Py*= 3 [F*] [F, M, C]

/A[F] [M]}

1) BORLELTH 258,
1)-@ R AA, 8 AA, FAA DBA.
Px=[AA, AA, AAJ/{[AA] [AA]}=1 (4
Py*=
fu[AA, AA, AA]/{[AA] [AA]}+
fis[AB, AA, AA]/{[AB] [AA]}+
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f:s[BB, AA, AA]/{[BB] [AA]}
=faa X1+f,5X0.5+ s X0
=y XL fag X 0.5 croveveersrsmn, (5)
22T fan, fany a3 AA DR ELTFEDROE
pEO-BOEMIZE T 5 AA, AB, BBOBEETH
D, BIOFEIITED fun S fas i fez=p:q:0 - (6)
L s, B, B, T AA, AA, AA OBE ), (5),
6) &b
Py/Px*=p+0.5q=0.5p+0.5
7%, Essen-Moller D FETH EDILRLIDEL
7, B1F|O Y/X* & B—DHER LR DT,
D-@ £ AB, 8 AA, T AA OHE
Px=[AA, AB, AA]
/{[AA] [AB]}=0.5
Py*=
fa[AA, AB, AA]/{[AA] [AB]}+
fAs[AB, AB, AA]/{[AB] [AB]}+
fss (BB, AB, AA]/{[BB] {AB]}
=142 X 0.5+, X0.25+fps X0
=fa X0.5+1,5X0.25
22T fans faps TepldBABOR ERDBLHEFED
KBOEMIcBITS AA, AB, BBOEETHY, &
1OE2/TI2E D fan s fas - f55=0.5p 1 0.5:0.5q &
h%, BR, &, T AA, AB, AA OEE
Py/Px*=0.5p+0.25
r% 0, Essen-Moller D 5T EH-R4DEAL
7, 1O Y/X* L F—DERE LD, ZOMO
FFM, COHEREBWTHR—TH S I LW[HEERIC
LTHERR ALz,
2) BORENEXTH 555G
2)-O # AA, B AA, FAA DHAE.
Px=[AA, AA, AA]
/{[AA] [AA]}=1
Py*=
fa[AA, AA, AA]/{[AA] [AA]}+
f.s[AB, AA, AA]/{[AB] [AA]}+
fas [BB, AA, AA]/{[BB] [AA]}
=faa X 14145 X 0.5+ 55 X0
=faaX 1 +145X0.5
22T Eany fans faeldBEAA DB E L TFHED S
Hef-o7-BoERIBIT 5 AA, AB, BB OHET
b, ES5DOFE1ITL D fan I fas : fee=0.25 {(p+
1D2:0.5(p+1)q:0.25Q2k % %, HR, &, F25AA,
AA, AA DBE
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Table 9. Y/X values in the usual cases

Mother {lgEcd =

AA AB BB

AA AA p -
AB 2p 29 —

BB q —

AB AA p 1 —
AB 2p 1 2q

BB 1 q

BB AA p —
AB — 2p 2q

BB q

— : Paternity or maternity is excluded.

Py/Px*=0.25 (p+1)2+0.25 (p+1)q
=0.5p+0.5
&7 0, Essen-Moller DHHETH EDKREDEL
T, F150 Y/X e A—DFR D, ZOMD
F, M, C DHER BT HE—~TH 3 Z LRI
LTRSS LTz,

Db L3z, BEEREOMICmEEREH 25
&, Essen-Moller % 2 A THEOWI:R L/AWADHE 2 F7
THWLEAP KT 2RIz,

BEREMEDO2EFVAT LD Y/X HIZ, BEOD
BE3p 20 0 20, 1IOSED ULbdindd (R9),
BROBBORTH2HEEO Y/X*130.5p+0.25, 0.5
p+0.5 p, p+0.5 p+1, 0.5q+0.25, 0.5g+0.5,
a, q+0.5, q+1, 1011@D (F4), BRBIFONH
THHHED Y/X*30.5p, 0.5p+0.25, 0.5p+0.5,
p, p+0.5 p+1, 0.5q, 0.5q+0.25, 0.5q+0.5, q,
q+0.5, q+1, 1D1Z@ED 723 (E8).

z £

BXBRORTHY, B AAMEEI BBETH
BFEDY/X* R BHEOBEOANTH LD Y/X &
LIBT3 & (3R10), WX EHSHEL T0 53R
EFE2FBXPSZTHATLERE TR, Y/X*0O
BIXY/XE0EWEELRD, ZOREXETEHEE
BEDBEWEERS, —AREHEEL TLRLEXO
SVIBEF 2 F OIS Z TN TV RARE T, Y/
X*OERY/X EDBENEE ) EEEEEIZLD
EWEE S, BN ABREOBASE 7TEEOXETF
DOHETBELET L. BRBSBOKDHEELZD TR
VIBEOBE BT S Ep, qOEICEDT2HT
Y/X*BY/XE0@EWEERD, 2HTEVWEELZ
D, SETENLEWVLHBL p=q=0.50KE2TOMET
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Table 10. Difference between Y/X* and Y/X in
the cases where the mother’s father is the alleged
father (Y/X*—Y/X)

Child #
Alleged
Mother father

AA AB BB

AA AA 0.5(1-p)>0 — —
AB 1-p>0 —q<0 —
BB —

AB AA 0.5(0.5—p)?
AB (0.5—p)*®
BB —

BB AA —
AB — —p<0
BB — —

(0.5—q)°*
0.5(0.5—q)®
1—q>0
0.5(1—q)>0

‘OOO'

— : Paternity or maternity is excluded.

When p=0.5(q=0.5), (the value)®<0

and (the value)®20,and when p<0.5(q>0.5),
(the value)®>0 and (the value)*<0,

Table 11. Difference between Y/X* and Y/X in the
cases where the mother’s brother is the alleged
father (Y/X*—Y/X)

ild#
Mother ?ﬁiﬁ%ﬁ? Child
AA AB BB
AA AA 0.5(1-p) >0 — —
AB 1-p>0 -q<0 —
BB — -0.5g<0 —
AB AA 0.5(0.5-p)* 0 -
AB (0.5-p)® 0 (0.5-q)"
BB — ’ 0 0.5(0.5-q)°
BB AA — -0.5p<0 —
AB — -p<0 1—q>0
BB — — 0.5(1-g) >0

— : Paternity or maternity is excluded.

When p20.5(q=0.5), (the value)*=0

and (the value)®=0, and when p<0.5(g>0.5),
(the value)®>0 and (the value)®<0.

ENN) TEBbhd (F10).

P Ewemsnfg@mit, BXrBOREOBEIy
EBRICERILT % (K1), HIH, B LBBitET 28
BFEFUERL6Z MO TOIRETREBEXOEE
BRI DENMEE 2D, FREHBEL TV RWE
ROBGRTETHXPSLZHHENCTWERHTREE
BRILIDEEE S &S EENTRS .

RiZ, BE1 DDV AT LALEOEDOR, &, FO
HEREZBUIAY/X*BLUVY/XOED L E
(€ >TERT)ERHELUTHK L, =2 CEIBR

50 (3)

DROFED Y/X*% Y/X*(F), BRI FOHE D%
EOY/X*2Y/X* B) kRT It 3, Flzld
Y/X* (F) >4 Y/Xr0ff) L&k2 (HEER)
OGS HEOEOME LB Z kY, bEvoh
%,
<Y/X* (F)>= (0.5p+0.5)p*+ (p+1) X
0.5p’q+--+ (0.59q+0.5)q*=1-0.625pq+
0.5p3q?
<Y/X* (B)>=1—-0.625pq+0.25p%*q®
<Y/X>=1-pg+p*q
ZIT, pq=0.25%FRT 5 &,
<Y/X* (F)2>><Y/X* (B)>><LY/X>
L7y, MEBRSEMOE, 21 D20Y AT ALK
J2EORDOEMADRIEEEMROFIHEIMEL &5
ZEWRE R,

BT L T 58, MEE» S OROHEEIZ &
DTUREEECHEEREHET 2155 b Essen-Moller &
LAMRE L BEI—OEBR R G 2 50301, ITEESR
KOBELMERXE—DOKRE*E52 5 2 L BHHAL
1z,

RLASE S BEXPBOMICHY T 2 EEF 2K
HELRY9, BASBORKXTHI2EEL, HEHED?2
HFBROBETHOTH Y/ X BESTHEOEMS
R 22, B HERDH B AT ARENIHR
BF»ORBLATATE, BUBHORXPHETH
DTHRBAIIEH L 2D, HEBROFEANLELL
Lo LD MR MEBROR DRk W77, 7220
BB 5 — A I E S DNA BIoFEERE
DVTORNZSRITI FETDH 3.

X #|
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