Additional file 1 for

“A statistical measure for the skewness of X chromosome

Inactivation based on family trios”

Si-Qi Xu', Yu Zhang*, Peng Wang®, Wei Liu®, Xian-Bo Wu?" and Ji-Yuan

Zhou*

State Key Laboratory of Organ Failure Research, Ministry of Education, and
Guangdong Provincial Key Laboratory of Tropical Disease Research, Department of
Biostatistics, School of Public Health, Southern Medical University, Guangzhou,
China “Guangdong Provincial Key Laboratory of Tropical Disease Research,
Department of Epidemiology, School of Public Health, Southern Medical University,

Guangzhou, China



Appendix A: Derivation of P(FMC|D) in Table 1

Here we take FMC = 122 as an example to show the deviation of P(FMC|D) and

others are similar.

P(FMC = 122|D)

_P(F=1,M=2)P(C=2|F =1,M =2)P(D|C = 2)
Yrmrcreq P(F'M") P(C'|F'M") P(D|C")

_ PmI2f2
dmJofo + 0.5q4mg1fo + 0.5¢mg1f1 + qm2f1 + PmGofi + 0.50m3g1/1+0.5pm 9112 + PmI2 12

_ PmY242
dm9o + 0.5qmg1 + 0.5¢:ng141 + GmG2A1 + PmGods + 0.5p, 9141 +0.5p, 9142 + Pmgals

PmJ242
R )

where R = dmJo t O-Sngl(l + Al) + ngz/11 + ngo/11 + 0-5pmgl(ll + 12) +

PmZ2A2.



Appendix B: Choice of initial value of 8 (8,) and MLE of @ (6,)

using family trios with missing parental genotypes

Choice of initial value of 6
The initial values of p,,, go and g, are estimated as follows:

L0 HE=1)
Pm’ = %(F € (0,1})

0 _ #WM=0)
Yoo THm e (0,12

and

0  #M=1)
L #M €{0,1,2})

where # denotes the counting measure. Notice that ﬁ,(fl’) is the proportion of fathers

~(0) ~(0)
1

with genotype A among all the fathers, while g, and g, are the proportions of

mothers with genotypes aa and Aa among all the mothers, respectively. Then,

~(0 (0 ~(0 ~(0 ~(0
G’ =1-py and g5° =1-g¢” - 3.

To obtain the initial values of A, and A,, we construct a likelihood function based
on the conditional probabilities P(C|FM, D). Here, we only use family trios with
both parents. Note that

P(FMC,D) P(FM)P(C|FM)P(D|C)

P(CIFM,D) = P(FM, D) B 266{0,1,2}P(FM)P(CllFM)P(Dl(:,)

B P(C|FM)P(D|C)
" Yceto1,2 P(C'I[FM)P(D|CY

where P(C|FM) for trio type FMC isgivenin Table 1. P(D|C) and P(D|C") take
possible values of f,, f; and f,, which causes that P(C|FM, D) is a function of A,

and A,. Then, the log-likelihood function InLg(4;,4,) conditional on paternal
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genotypes and the event that the daughter is affected is

InLs(A,,4,) = z ngac In P(CIFM, D)

FMCeQ

1 A, A,
= Noro In (1 n ,11> o111 (1 n /11) g In (/11 n ,12>

Az
sz In (/11 n /12)

= (Ng11 + N111) InA; + nyq5In Ay — (Ngqp + Npp) In(1 + 44)
—(n111 + y12) In(44 + 2),

where the second equality holds by dividing the numerator and denominator of
P(C|FM,D) by f,. By setting the derivatives of the above log-likelihood function,
dlnLg(A4,4,)/ 01, and 0dInLs(A4,1,)/ 0A,, to zero, we get the MLEs of A, and A,,
and regard them as the initial values of A; and 4,. So, ig") = Ng11/No10 and
ig(’) = (Np11M112)/ (Mo10M111) - Note that the MLEs of A; and A, based on
InLs(14,4,) only use four types of case-parents trios (i.e., 010, 011, 111 and 112).
However, to obtain the MLEs of A, and A, further using the case-parents trios of
other four types (i.e., 000, 021, 101 and 122) and family trios with missing paternal
genotypes, we need to construct a likelihood function based on the probabilities
P(FMC|D) in Table 1.

When there are no complete family trios available (N, = 0), we estimate the initial
values of A; and A, by replacing unknown ngqy, ng11, M111 and nqq, values in
A9 = ng11/no10 and A2 = (ng11m112)/ (Mo1om111) by their respective conditional
expectations (see Additional file 1: Tables S1-S3). For example, ny,; is replaced by

E(Zlm,011|n1m,11) + E(Zlf,011|n1f,01) + E(Zo,011|n0,1)



B 1 A 0535, 91"
= Mim11Y9m 1£,01° " —_(0) (0 0,1 ,(0) ~(0 ~(0 ~(0) ~(0)’
054" + g5 P o +0.59,” + 535"

50 40 50 50 =1 -G — gDare the initial

where ﬁ,(,f), q,(,?)=1—pm v Jo v G; and g

values of p,., 9m, 9o, 91 and g, mentioned above, respectively.

Choice of initial value of 6,

Under the null hypothesis Hy: y = y,, the initial values of p,,, g, and g, are
estimated in a way similar to that under the alternative hypothesis. On the other hand,
since 44 =y,(4, —1)/2+ 1 under H,, P(C|FM,D) is only a function of A,.
Here, we only use family trios with both parents. Then, the log-likelihood function
conditional on paternal genotypes and the event that the daughter is affected turns to

be

lano(Az) = Z nFMclnP(ClFM,D)
FMCEeQ

Yo(A2 — 1)

2 + 1] + Ni12 In A’Z

= (no11 +n311) In l

Yo(A2 — 1) n 2]

—(no10 + Mp11) In [ >

A, —1
—(n111 + ny12) In IM

+2+1)

The derivative of InLg,(4,) with respectto A, is

dInLgo(4,) _ M2 Yo|_Mous TN Moro +Monn
04, Az 2 YO(AZZ_ 1)+1 Vo(/lzz— 1)+2

B (ny11 +ny12) (}% + 1)
Vo(lz -1)
2

+A,+1

61nL50 (/12)

The MLE of A, can be obtained by solving ”
2

=0, i.e., the equation
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AX,® + BA,% 4+ CA, + D = 0, where
_ 3 2
A= —np10Vo" + 2¥0°),
3
B = (2ng10 — M12)¥oe~ + 2(g11 — No1o + Ny11 + N112)¥0>
+4(ng11 — No10 — N111)Y0s

C = (2ny1, — n010))’03 +2(2n910 — No11 — N111 — 5SM12)¥0”
+4(ng11 — Moo + 3M111 + 3M112)Y0 — 16M414,

D = —ny1,(¥o" + 802 — 20y, + 16).

Note that when there are more than one solutions to the above equation, we choose
the one which maximizes InLgy(A,) as the MLE of A,. Once the MLE of A, is
obtained, we use it as the initial value of A, under the null hypothesis. When there
are no complete family trios available (N, = 0), we obtain the initial value of 1, ina
way similar to that under the alternative hypothesis by replacing the numbers of four
types of case-parents trios (i.e., ng19, No11, N111 and nyq,) in the equation

AX,® + BA,* + CA, + D = 0 by their respective conditional expectations.

ECM algorithm under the alternative hypothesis

Let Nemc = Neme + Zimremce + Ziprme + Zopme- 1IN the E-step at iteration (k+1),
from Equation (5) and Table 1, the Q function is given by
Q(8]6") = Agk) In(1—p,,) + Agk)lnpm + Agk)lngo + Agk)lng1
+ A% In(1 - go — g1) + A%, + A%, — NInR — Ea0 (N1
+ Np11 + Nygq + Nygp)In2, (A1)
where

K
A§ ) = E 500 (Nooo + No1o + No11 + Noz1),



Agk) = Egw (N1o1 + Ni11 + Nipp + Nigo),

Agk) = E’g(k) (Nooo + Nyo1),

Agk) = Egt (No1o + No11 + Ni11 + Nigp),

Agk) = E’g(k) (Noz21 + Nyiz2),

Agk) = E’g(k)( No11 + Noz1 + Nio1 + Ni11),

Agk) = Ea(k) (N112 + N122)-
In the CM-steps, the first order partial derivative of the Q function (Al) with

respect to p,, is

20(0l0®) a0 P we®

0Pm 1=pn  Pm p,BY +BY

where

B = g (A - 1) + 055 (17 — 1) + g5 (17 - 1),
B = 59 + 0590 (1 + 19) 4 g9OI%,

By solving the equation 8Q(8|6%)/dp,, = 0,

k) (k)
(k+1) Ag B,
Y =

W 500 @
A%9BM 1 NB!

and gt =1 - pUth,

The first order partial derivative of the Q function (Al) with respectto g, is

00(016%) _ AfY A N¢P
990 Yo Cl(k) - 90 gOCz(k) + C;k)'

where

k ~(k

¢ =1-g/",

k ~(k+1 ~(k ~(k+1)( 5(k ~(k
¢ = a0 (1-20) + (A - 29),

k ~(k k ~(k+1) 53(k ~(k+1) 3(k
(9 = 054096 + VI + LD
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Go" "™ can be obtained by solving 9Q(6|6%)/dg, = 0, i.e.,
k k k) [ A(k+1)]? K k)~ (K
A8 + A% — e [g80] + 1@l + a0
k k k)q ~(k+1 k k k
+N = A8 ecfg0 = aP¢Ocd? = o.
Note that when there are more than one solutions to the above equation, we choose
~ (k)

the one which is closer to g, .

The first order partial derivative of the Q function (Al) with respectto g, is

00(010%) _ AY  a®  wDP
01 9 p®—g, ¢, + D

where

k ~(k+1
DM = 1 _ glkern),

D = 053%0(1 - 1) + 055D (0 — 199),

) _
D3

g(k+1)D(k) + EI\T(rIlc+1)2§k) + p(k+1)l(k)

G can be derived by solving Q(8|6®)/ag, = 0, i.e.,

(A9 + 4%~ WD [gEIT + 1P + 4Py D
+(N = A{Dp{1gi+D — 48D = 0.
Note that when there are more than one solutions to the above equation, we choose
A(kH1) _ s(k+1)

the one which is closerto g, And gd*" =1 — gi*? — ¢

The first order partial derivative of the Q function (A1) with respectto A, is

90(06%) 4D NEY
o4 A /11E1(k) + Ez(k)’

where
k A(k+1) A(k+1 ~(k+1 ~A(k+1) ~A(k+1
E() = pletD glt) | g 5aletD) 4 qGtD) glern)

K) _ 5(k) A(k+1 A(k+1) | A(k+1 A(k+1) [ A(k+1 A(k+1
Ez()z)lg )p,(n+ )(0.5g§ * )+gg * ))+q,(n+ )(gé * )+0.5g§ * )).
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By solving the equation 8Q(8|8%)/a1, = 0,

(k) (k)
Z(k-l-l) — Ae EZ
1 (CINFIGIN
(N — Ag )E1

The first order partial derivative of the Q function (Al) with respectto A, is

00(016%) _ ¥ NEP
6/12 AZ ){ZF;L(R) +F2(k)’

where

k ~(k+1 ~lk+1 A(k+1
A = 5 P(05g(" D + gi*P),

k 2(k+1) [ A(k+1) A(k+1 ~lk+1 A(k+1) a(k+1
O = 2 (Va0 +05g( + g5 Vgl )

n éI\T(rllc+1)(g\(()k+1) + O.5g\§k+1)).
By solving the equation 8Q(6|8®))/a2, = 0,

(k) (k)
2(k+1) — A7 Fz
2 ()N (k)"
(N — AY)E,

ECM algorithm under the null hypothesis

Under the null hypothesis Hy: y =y, 44 = @+ 1. In the E-step at iteration

(k+1), the Q function is given by

Q0(90|§(§k)) = Gl(k) In(1—p,) + Gz(k)lnpm + G?Ek)lngo +6PIng,

A, —1
+ Gék) In(1-go—g1) + Gs(k) In l% + 1] + G7(k)ln/12
— NInR — Eéék) (N010 + N011 + N111 + N112)1n2, (AZ)

where
éék) is the MLE of 6, under H, at the iteration k,

k
Gl( '= Eﬁék)(Nooo + Noto + No1s + Noz1),



Gz(k) = E'g(()k) (N1o1 + Nig1 + Nigp + Nypp),
Gék) = E‘g(()k) (Nooo + N1o1),

Gik) = E'g(()k) (No1o + Noyg + Ni11 + Nygp),
Gs(k) = E‘g(()k) (No21 + Ni22),

Ge(k) = E'g(()k)( No11 + Noz1 + Nygg + Nyqq),
G7(k) = E'g(()k) (N112 + Nipa).

Under the null hypothesis, we only need to estimate p,,, go. g1 and A,. The
formulas of the MLEs of p,,, go and g, atiteration (k+1) are similar to those under
the alternative hypothesis, and thus we do not display them here for brevity. The MLE
of A, at iteration (k+1) is given as follows. The first order partial derivative of the Q

function (A2) with respect to A, under H, is

~(k
0Qo(808¢°) G ¥0G NI

%P A Yodz + 2 — o /12]10() + Iz(k)'

where

Il(k) _ zﬁr(rllc+1)(0.5g§k+1) + g§k+1))
+y0(ﬁr(rllc+1)g(()k+1) + 0.5§§k+1) + q7(711<+1)g§k+1))’
Iz(k) _ (2 _ Yo)(ﬁ$+1)ggk+1) + 0.5§§k+1) + C~IT(:+1)g§k+1))
+25~Ir(r]:+1)(g(()k+1) + 0.5§§k+1)).
A0+ can be obtained by solving 6Q0(90|§(§k))/6/12 =0,ie.,
¥o(680 + 689 = NIV + [ro(68° + 6 ) + 2
— 70 (G = NIV + 2 - v0) 6171 = 0.

Note that when there are more than one solutions to the above equation, we choose

the one which is closer to /Tgk).
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Appendix C: Inapplicability of ECM algorithm when using only
single daughters
When all the families are single daughters, P(C|D) = Yrego,1} 2 meo,1,23 P(FMC|D),
and from Table 1, the observed log-likelihood function is
InL(6) = ngo[In(1 — py) +In(ge + 0.5g,)]
+n91{In[pmgo + 0.59; + (1 — ) (1 — go — g1)] +1n}
+no[Inpy, +In(1 — go — 0.59;,) +InA,] — NInR.  (A3)
To obtain the MLE of 6, we take the first order partial derivative of Equation (A3)

with respect to each element of 6 as follows,

dInL(6) __ Moo n n0,1(290 +g9.—1) N W)
0Pm 1=Dm Pmgo+059:+(1—-pn)(1—go—9g1) Dm
N
R [90(41 —1) +0.59,(A, — 1)+ (1 —go—91) (A, —1)] =0,
dInL(0) _ No,0 no,1(2pym — 1)

= +
90 9o+ 0591 Pmgo+0.5g; + (1 —pp)(1 —go — g1)

N
e (1 p) (= A) + o — 2] =0,
1-9o—059: R

alnL(Q) _ 0.5710’0 + no'l(pm - 05)
091 go+0.591 PmGo+0.5g; + (1 —pp)(A —go—g1)

0.5n, 0.5N
- 1— g, — 0.5g, - R [(1-p)(A =21 +Pm(A1 —2,)] =0,

onL(6) mneq N

and

dInL(6) ng,
i, A

N
7 (1—-go—0.5g1)pm = 0.
It is found that
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dInL(60) _ dIlnL(60)
990 091

So, there is no unique solution to the above equation set.
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Appendix D: Contribution of single daughters to estimate of @ in

ECM algorithm

For simplicity, we only consider a sample consisting of case-parents trios with both
parents and single daughters. Then, Agk) at iteration (k+1) in the ECM algorithm (see
Additional file 1: Appendix B) can be written as follows:
Agk) = Euo(Nooo + No1o + No11 + Noz1)
= Nooo + No10 + No11 + No21 + Egwo (Zo,ooo|n0,0) + Egwo (Zo,o1o|n0,0)

+ Egwo (20,011|n0,1) + Egwo (Zo,oz1|no,1)

~(k ~(k ~(k
57(0.5g% + g{y

~(K) Ak ~(k ~(k) A(k)’
P50+ 055 + 1050

= Ngoo + No10 + No11 T No21 T N0 + No1

where Ega0(2Zo rmcinoc)’s are given in Additional file 1: Table S3. A% 1o A%

can be derived in a way similar to A%, Then,

A(k) - ~ (k) ~(k)

Kk Pm (§o  +0.58; ")

Ag ) = Nio1 + M111 + Nyaz + Nz Mo ~(k) AZI() > ~(k) 1A(k) ~(k) + o2,
Pm 9y +059, +q5, "9,
A(K) AU ~(k) 7 (K)

AY =0 + gy + 10 0 +n B’ o s

3 = Nooo 101 0,0 (k& (K 0,1 1) (K ) k) ~(k)

950 +053:.9 7 a0 + 058 + 455"
~ (k)
X 0.59
AE; ) = No10 + No11 + Ny11 T Ny12 + Ngp ~(K) ! )
g, *+ 0.591
s 0.5 0.5
Mo 0 Ak ) A0~ T2y Ak
pr(n)g(() )+O.5g£ )+q7(n)g§ ) 0.5g§ )+g§ )
A(K) A(K) ~ (k)

%) Adm 9> 2
ASY =gy +nypp 0 +No2 o

5 021 122 0,17 (k) ~(k (K ~(k) ~(k 0,2 ~(k ~(k)’

pr(n)g(() )+0.59§ )+q7(n)g§ ) 0.5g§ )+g§ )

k
Aé ) = Np11 + No21 T Nyo1 + N111 T N1
and A.(7k) =MNq12 + Nq22 + no’z.

On the other hand, since the MLE of p,, at iteration (k+1) involves the values of
13



A% and 4% (see Additional file 1: Appendix B), i.e.,

() )
ﬁ(k+1) — AZ B2
" AYBYM + N

the numbers of case-parents trios with both parents of eight types (ny90, Mo10: Mo11,
Mo21, Mio1, M111, M112 and mypp) and single daughters of three types (ng,, 70,1

and ng,)in A% and 4% can contribute to pU*Y. Likewise, the numbers of case-

parents trios and single daughters in Agk) to Agk) can contribute to gg’”l), gf‘“),

A and 2% respectively.
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Appendix E: Effect of different initial values of 8 (6,) on ECM
algorithm

Note that the ECM algorithm can converge to a local maximum of the log-
likelihood function instead of a global maximum. To investigate this, we randomly
choose 1000 initial values of 6 (8,) from the parameter space and regard the MLE of
6 (8,) with the maximum log-likelihood among 1000 InL(8)’s (InL(8,)’s) as the
global MLE of 6 (8,). The corresponding ECM algorithm is denoted by ECMjiqgo.
For easy comparison with ECMygq, the proposed ECM algorithm based on the initial
value estimated by the method described in Additional file 1: Appendix B is denoted
by ECM;. As such, if the absolute difference of 8 or InL(8) (8, or InL(8,))
between ECM; and ECMjqq is small, then ECM; may converge towards the global
maximum. We conduct a simulation study under the simulation settings with p =0,
A, = 15 and (pp, py) = (0.30, 0.30). We calculate the averages of the absolute
differences of 8’s (InL(#)’s) between ECM; and ECMiqo based on 100 replicates,

and those of 8,’s (InL(8,)’s), which are given in Tables S10 and S11, respectively.

Here, Ap,., Ag,, Ad,, A_711, A_Iz, m and W(éo) denote the averages of
the absolute differences of p,,, Go, G1, A1, A2, InL(@) and InL(B,) between two
methods over 100 replicates, respectively. The simulation results show that the values
of & and InL(8) (A, and InL(8,)) based on one initial value estimated by the
method described in Additional file 1: Appendix B are very close to those based on
1000 initial values under all the simulated situations when N, (the number of
complete family trios) is not too small, such as MP1 and MP2, which may indicate
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that the ECM algorithm based on the estimated initial value converges towards the
global maximum. As for MP3-MP6, except that 8, with (y,, ¥) = (1,2) under
MP5 and MP6, 8, with (y,, ¥) = (1,1) and (1,2) under MP3, and 8, with
ve, ¥v) = (1,1), (1,1.5) and (1,2) under MP4 may converge to a local maximum,
all the other 8 and 6, results converge to the global maximum. Further, for these
seven cases, we try and randomly select ten groups of initial values of 6, from the
parameter space and regard 6, with the maximum log-likelihood among ten
InL(8,)’s as the final MLE of 6,. The corresponding ECM is denoted by ECMy,. We
find that 8,’s based on ten and 1000 initial values are very close to each other under

all the seven simulated situations (see Table S11).
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Table S1 Seven types of possible mother-daughter pairs, and the corresponding conditional probabilities and conditional expectations

MC FIMC ZymFMC Nymmc P(F|MC, D) E (Zimpmc|Mammc)
00 0 Z1m,000 N1m,00 = Z1m,000 1 N1m,00

01 1 Z1m,101 Nim,01 = Z1m,101 1 Nim,01

10 0 Z1m,010 Nim,10 = Z1m,010 1 Nim,10

O T LD s

12 1 Z1m,112 Nim12 = Z1m,112 1 Nim,12

21 0 Z1m,021 Nim,21 = Z1m,021 1 Nim,21

22 1 Z1m,122 Mim22 = Z1m,122 1 Nim,22

17



Table S2 Four types of possible father-daughter pairs, and the corresponding conditional probabilities and conditional expectations

FC M|FC Z1f,FMC nf,Fc P(M|FC,D) E(z1f,rmc|Magrc)
00 {0 Z1f,000 Mif00 = Z1£000 + Zif 010 9o/(go +0.5g1) Nif0090/ (9o + 0.591)
1 Z1£,010 ' ' ' 0.591/(g0 +0.591) 0.5n£,0091/(go + 0.591)
01 {1 Z1f,011 Nifo1 = Zifon + Zus ozt 0.591/(0.591 + g2) 0.511£,0191/(0.591 + 92)
2 211,021 ' ' ' 92/(0.591 + g2) N1£0192/(0.591 + 92)
1 {0 Z1f,101 Nifa1 = Zipao1 + Zifaia 9o/(go + 0.5g1) Nyr1190/(9o + 0.591)
1 Z1f,111 ’ ' ' 0.591/(90 + 0.591) 0.5n151191/(go + 0.591)
12 {1 Z1f112 Nifaz = Zipaiz + Zigaz 0.591/(0.591 + 92) 0.5n151291/(0.591 + 92)
2 Z1£,122 ' ' ’ 92/(0.591 + g2) Nir1292/(0.591 + 92)
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Table S3 Three types of possible single daughters, and the corresponding conditional probabilities and conditional expectations

C FM|C Zo,FMC No,c P(FM|C,D) E(Zo,rmcIno,c)
0 {00 Z0,000 Moo = Zo.000 + Z0 010 9o0/(go +0.591) no,090/(go + 0.591)
01 Zp,010 ’ ’ ’ 0.591/(g0 + 0.591) 0.510,091/(go + 0.591)
01 Z0,011 0.54mg1/(PmGo + 0.591 + 4 g2) 0.510,14mg1/ (PmZo + 0.591 + Amg2)
1 02 Zo,021 No1 = Zo,011 T Zo,021 dm92/(PmYo + 0.591 + G4mg2) n0,19m92/ (PmJo + 0.591 + qmg2)
10 Zo,101 *+Zo,101 t Zo,111 Pm9o/(PmGo + 0.591 + G g2) no,1Pm9o/ PmJo + 0.591 + qmg2)
11 Zo111 0.5Pmg1/(Pmfo + 0.591 + qmg2)  0.510,1Pmg1/(Pmgo + 0.591 + Gmg2)
2 {11 Zp112 Noa = Zox1z + Zo12 0.591/(0.5g1 + g2) 0.5n0,291/(0.591 + 92)

12 Zp,122 92/(0.5g; + g3) 9g2Mo,2/(0.591 + g2)

19



Table S4 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0.05, 1, =15, and (pn, py) being (0.30,
0.30), (0.25, 0.30) and (0.30, 0.25)*

(Pm, Ps) = (0.30, 0.30) (®m, Ps) = (0.25,0.30) (Pm, Ps) = (0.30, 0.25)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP (%)
+MR) +MR) +MR)
1 0 94.50 1 0.103 94.57 1 0.106 94.67 1 0.111
0.5 9453 0.53 0.037 94.62 0.51 0.033 95.12 0.55 0.038
1 94.70 0.30 0.021 94.64 0.33 0.024 95.01 0.34 0.026
15 9490 0.24 0.058 94.70 0.23 0.060 95.01 0.26 0.066
2 94.89 0 0.067 95.06 0 0.064 95.36 0 0.074
2 0 95.12 1 0.175 95.15 1 0.175 94.78 1 0.176
05 9534 0.56 0.067 95.30 0.53 0.055 95.17 0.65 0.066
1 94.81 0.16 0.036 94.69 0.20 0.041 95.00 0.18 0.039
15 9483 0.12 0.113 94.84 0.12 0.112 94.59 0.09 0.121
2 95.06 0 0.145 95.15 0 0.132 94.66 0 0.154
3 0 94.88 1 0.395 95.08 1 0.368 94.86 1 0.382
0.5 95.66 0.76 0.145 95.86 0.67 0.125 95.64 0.78 0.146
1 95.35 0.02 0.068 95.52 0 0.072 95.53 0.03 0.070
15 9472 0 0.237 95.04 0 0.234 95.05 0 0.219
2 94.49 0 0.426 94.99 0 0.405 94.87 0 0.404
4 0 94.27 1 0.520 94.70 1 0.482 94.57 1 0.496
0.5 95.00 0.91 0.190 95.42 0.83 0.162 95.24 0.90 0.176
1 94.90 0.05 0.068 95.01 0.03 0.070 94.15 0.04 0.071
15 94091 0 0.218 94.89 0 0.228 94.94 0 0.191
2 94.50 0 0.444 94.69 0 0.453 94.63 0 0.396
5 0 94.94 1 0.230 94.88 1 0.219 95.04 1 0.229
0.5 9542 0.64 0.086 95.52 0.55 0.069 95.81 0.71 0.084
1 95.45 0.11 0.051 95.11 0.11 0.055 95.79 0.09 0.046
15 9482 0.05 0.157 95.08 0.04 0.160 94.85 0.04 0.156
2 95.18 0 0.237 94.97 0 0.204 94.84 0 0.246
6 0 95.20 1 0.314 95.12 1 0.285 94.78 1 0.312
05 9521 0.72 0.118 95.26 0.66 0.104 95.88 0.77 0.112
1 95.17 0.06 0.061 95.31 0.03 0.065 95.28 0.02 0.059
15 9482 0.01 0.205 95.06 0.02 0.193 94.73 0.01 0.192
2 94.90 0 0.313 94.49 0 0.293 94.76 0 0.314

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S5 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0.05, 4, =2, and (p,,, py) being (0.30, 0.30),
(0.25, 0.30) and (0.30, 0.25)

(Pm, P5) = (0.30, 0.30) (®m, Ps) = (0.25,0.30) (Pm, Ps) = (0.30, 0.25)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP (%)
+MR) +MR) +MR)
1 0 94.60 0.92 0.027 94.44 0.91 0.033 94.31 0.94 0.033
0.5 94.70 0.38 0.007 94.98 0.40 0.007 94.95 0.41 0.009
1 94.82 0.42 0.004 94.86 0.40 0.006 95.00 0.41 0.007
15 95.05 0.42 0.006 95.00 0.44 0.006 95.01 0.43 0.009
2 95.01 0.02 0.025 95.06 0 0.024 95.26 0 0.023
2 0 95.13 0.99 0.036 95.09 1 0.044 94.63 1 0.044
0.5 95.27 0.40 0.031 95.16 0.35 0.024 95.11 0.38 0.030
1 94.78 0.35 0.016 95.08 0.37 0.020 95.22 0.29 0.024
15 9476 0.42 0.032 95.17 0.41 0.026 95.02 0.39 0.039
2 95.00 0 0.027 94.78 0 0.028 95.16 0 0.028
3 0 94.95 1 0.188 95.11 1 0.209 95.16 1 0.197
05 9541 0.32 0.176 96.00 0.31 0.143 95.12 0.38 0.177
1 95.52 0.01 0.109 95.56 0.02 0.112 95.47 0.01 0.097
15 95.02 0.01 0.314 95.24 0.02 0.287 94.62 0.01 0.326
2 94.96 0 0.213 94.73 0 0.169 95.25 0 0.248
4 0 94.52 1 0.414 94.50 1 0.431 94.47 1 0.426
0.5 95.04 0.49 0.276 94.64 0.36 0.239 94.86 0.49 0.276
1 95.27 0.01 0.125 95.26 0 0.149 95.40 0.01 0.105
15 9482 0 0.459 94.74 0 0.465 94.60 0 0.404
2 94.37 0 0.459 94.81 0 0.433 94.36 0 0.482
5 0 94.93 1 0.053 95.07 1 0.066 94.92 1 0.061
0.5 95.00 0.37 0.061 95.15 0.34 0.050 95.48 0.39 0.063
1 95.05 0.22 0.044 94.95 0.25 0.049 95.47 0.21 0.042
15 9474 0.21 0.093 94.76 0.29 0.076 94.68 0.21 0.105
2 94.87 0 0.042 94.79 0 0.033 94.76 0 0.056
6 0 95.24 1 0.097 94.97 1 0.117 95.06 1 0.115
0.5 95.86 0.36 0.106 95.38 0.35 0.090 95.39 0.31 0.105
1 95.23 0.09 0.072 95.14 0.10 0.073 95.04 0.07 0.066
15 9473 0.09 0.156 94.95 0.11 0.141 95.23 0.11 0.174
2 95.06 0 0.069 94.63 0 0.064 95.01 0 0.093

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S6 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0, 1, = 1.5, and (pn,, py) being (0.20, 0.20),
(0.15, 0.20) and (0.20, 0.15)*

(Pm: Py) = (0.20,0.20) (Pm: Py) = (0.15,0.20) (Pm. Py) = (0.20, 0.15)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP(%)
+MR) +MR) +MR)

1 0 9495 1 0.103 9497 1 0.094 9482 1 0.104
05 9536  0.50 0.028 9534 045 0.026 9509  0.52 0.032
1 9492 024 0.029 9482  0.26 0.032 9483  0.23 0.034
15 9500  0.20 0.066 9501 021 0.060 9473  0.16 0.075
2 9510 O 0.074 9485 0 0.064 9503 0 0.086

2 0 9488 1 0.150 9494 1 0.129 9488 1 0.136
05 9472 051 0.048 9534 053 0.034 9531  0.59 0.045
1 9493 0.9 0.043 9498  0.16 0.046 9521 0.8 0.042
15 9458  0.10 0.107 9501 0.1 0.101 9514  0.07 0.103
2 9482 0 0.135 9499 0 0.123 9482 0 0.145

3 0 9500 1 0.278 9498 1 0.219 9479 1 0.243
05 9572 065 0.094 9567 053 0.068 9570  0.77 0.088
1 9558 0.2 0.071 9501  0.02 0.069 9513  0.03 0.066
15 9509 0 0.181 9496  0.01 0.177 9469 0 0.169
2 9518 O 0.334 9489 0 0.292 9474 0 0.302

4 0 9493 1 0.365 9492 1 0.304 9484 1 0.327
05 9521 078 0.130 9537  0.69 0.105 9540  0.80 0.129
1 9478 0.8 0.070 9517  0.03 0.073 9367 0.1 0.083
15 9494 0 0.179 9501 0 0.187 9528 0 0.189
2 9482 0 0.373 9487 0 0.356 9501 0 0.366

5 0 9475 1 0.173 9510 1 0.145 9496 1 0.154
05 9558 061 0.052 9515 052 0.045 9578  0.61 0.052
1 9556 0.3 0.047 9511 0.3 0.049 9517  0.12 0.046
15 9506 0.6 0.128 9479 0.8 0.121 9526  0.05 0.110
2 9496 0 0.190 9501 0 0.152 9510 0 0.185

6 0 9468 1 0.221 9492 1 0.179 9477 1 0.207
05 9576  0.63 0.077 9518  0.59 0.062 9562  0.64 0.074
1 9501 004 0.058 9524  0.06 0.061 9510  0.03 0.060
15 9469 0.2 0.167 9504  0.02 0.159 9479  0.01 0.156
2 9455 0 0.270 9494 0 0.239 9495 0 0.266

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S7 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0, 4, =2, and (p;,, py) being (0.20, 0.20),
(0.15, 0.20) and (0.20, 0.15)*

(Pm: Py) = (0.20,0.20) (Pm: Py) = (0.15,0.20) (Pm: Py) = (0.20,0.15)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP(%)
+MR) +MR) +MR)

1 0 9462 096 0.049 9502  0.95 0.058 9467 0.98 0.062
05 9488  0.38 0.008 9517  0.36 0.007 9500  0.39 0.013
1 9522 040 0.010 9485  0.42 0.010 9497  0.36 0.013
15 9500 045 0.010 9487 047 0.010 9476  0.34 0.015
2 9487 0 0.028 9501 0 0.027 9494 0 0.025

2 0 9482 1 0.068 9513 0.9 0.091 9484 1 0.092
05 9517  0.38 0.024 9509  0.34 0.021 9498  0.37 0.031
1 9468 031 0.028 9529  0.32 0.030 9491  0.28 0.034
15 9470  0.38 0.032 9494  0.35 0.028 9471  0.33 0.055
2 9444 0 0.034 9500 0 0.028 9455 0 0.040

3 0 9487 1 0.229 9471 1 0.239 9504 1 0.256
05 9545  0.30 0.113 9554  0.25 0.080 9549  0.34 0.110
1 9517  0.03 0.085 9558  0.04 0.088 9479  0.03 0.082
15 9508  0.03 0.244 9503  0.05 0.208 9478  0.01 0.254
2 9521 0 0.185 9531 0 0.140 9468 0 0.250

4 0 9473 1 0.437 9481 1 0.421 9477 1 0.459
05 9470 042 0.187 9427 037 0.137 9479 044 0.176
1 9499 001 0.099 9517  0.01 0.110 9350 0.1 0.096
15 9455 0 0.346 9498 0 0.340 9487 0 0.352
2 9458 0 0.410 9504 0 0.374 9490 0 0.472

5 0 9498 1 0.090 9509 1 0.109 9530 1 0.112
05 9529  0.35 0.036 9554  0.39 0.026 9573  0.37 0.038
1 9489 024 0.041 9502  0.31 0.042 9537 0.2 0.041
15 9492 027 0.070 9497  0.29 0.051 9457  0.23 0.093
2 9510 0 0.042 9534 0 0.034 9486 0 0.062

6 0 9477 1 0.158 9495 1 0.172 9481 1 0.194
05 9571 0.4 0.075 9550  0.29 0.054 9586  0.28 0.079
1 9511 010 0.065 9499 0.3 0.067 9497  0.06 0.073
15 9472 0.0 0.142 9471  0.16 0.130 9470  0.08 0.183
2 9449 0 0.075 9467 0 0.069 9492 0 0.122

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S8 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0.05, 1, =15, and (pn, ps) being (0.20,
0.20), (0.15, 0.20) and (0.20, 0.15)*

(pm. pr) =(0.20,0.20) (pm» pr) =(0.15,0.20) (pm» pr) =(0.20,0.15)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP(%)
+MR) +MR) +MR)
1 0 94.85 1 0.106 94.92 1 0.097 9495 1 0.106
0.5 95.26 0.49 0.033 95.30 0.44 0.028 9524 053 0.036
1 95.20 0.26 0.030 94.79 0.28 0.035 9484 022 0.034
15 9494 0.24 0.067 95.00 0.23 0.065 95.00 0.17 0.078
2 94.88 0 0.081 94.94 0 0.070 9472 0 0.096
2 0 94.90 1 0.158 94.87 1 0.137 95.17 1 0.144
0.5 95.16 0.53 0.051 95.27 0.53 0.039 9537  0.60 0.049
1 94.94 0.15 0.044 95.04 0.14 0.048 95.17 0.15 0.046
15 9458 0.09 0.108 95.12 0.12 0.109 9490  0.07 0.109
2 94.83 0 0.151 95.20 0 0.128 9474 0 0.157
3 0 94.87 1 0.284 95.01 1 0.234 9490 1 0.254
0.5 9559 0.71 0.101 95.58 0.57 0.077 95.58 0.75 0.093
1 95.45 0.02 0.074 95.20 0.03 0.072 9542  0.04 0.067
15 94.98 0 0.195 95.10 0 0.184 9452 0 0.170
2 94.80 0 0.347 95.09 0 0.314 94.77 0 0.322
4 0 94.89 1 0.383 94.91 1 0.310 94.87 1 0.331
0.5 9518 0.80 0.134 95.16 0.69 0.106 95.44 0.80 0.128
1 94.93 0.05 0.071 94.86 0.05 0.074 93.58 0.12 0.088
15 9481 0 0.184 94.95 0 0.192 95.21 0 0.194
2 94.80 0 0.374 94.94 0 0.361 94.64 0 0.370
5 0 95.15 1 0.179 95.26 1 0.152 94.66 1 0.162
0.5 9545 0.65 0.055 95.68 0.50 0.045 95.51 0.61 0.056
1 95.42 0.12 0.052 95.19 0.13 0.052 95.55 0.08 0.049
15 94.77 0.08 0.131 95.04 0.09 0.122 95.10 0.04 0.116
2 94.96 0 0.199 94.84 0 0.157 95.06 0 0.201
6 0 95.03 1 0.242 94.97 1 0.194 94.92 1 0.219
0.5 9583 0.56 0.081 95.49 0.58 0.067 95.53 0.65 0.080
1 95.28 0.03 0.063 95.30 0.06 0.062 95.41 0.04 0.064
15 94.76 0 0.167 95.03 0.02 0.168 95.13 0 0.157
2 94.54 0 0.292 95.05 0 0.257 94.75 0 0.277

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S9 Statistical properties of likelihood-based confidence interval of y against
missing pattern (MP) and y with p =0.05, 4, =2, and (p,,, py) being (0.20, 0.20),
(0.15, 0.20) and (0.20, 0.15)*

(pm. pr) =(0.20,0.20) (pm» pr) =(0.15,0.20) (pm» pr) =(0.20,0.15)
ML/(ML ML/(ML ML/(ML
MP y  CP(%) DP CP (%) DP CP(%)
+MR) +MR) +MR)
1 0 94.38 0.98 0.052 94.60 0.97 0.065 9481  0.99 0.065
0.5 94.96 0.38 0.010 95.10 0.41 0.010 95.06  0.39 0.014
1 95.13 0.46 0.012 95.32 0.48 0.015 9511  0.38 0.015
15 95.07 0.44 0.011 94.92 0.46 0.010 9472 035 0.018
2 94.67 0 0.027 94.96 0 0.025 9489 0 0.025
2 0 94.68 1 0.078 94.71 1 0.096 9531 1 0.102
0.5 94.95 0.38 0.030 95.07 0.37 0.021 9528  0.39 0.034
1 94.80 0.31 0.032 95.07 0.33 0.033 9519 024 0.036
15 9464 0.36 0.041 95.08 0.32 0.034 9483  0.27 0.061
2 94.83 0 0.035 94.71 0 0.031 9467 0 0.043
3 0 94.88 1 0.251 94.93 1 0.256 9491 1 0.283
0.5 95.07 0.27 0.123 95.40 0.23 0.082 9575 0.34 0.118
1 94.91 0.02 0.091 95.29 0.03 0.097 9460 0.04 0.089
15 95,01 0.01 0.271 95.34 0.03 0.230 9475  0.01 0.276
2 95.13 0 0.214 95.16 0 0.165 94.53 0 0.290
4 0 94.74 1 0.466 94.91 1 0.446 94.72 1 0.479
05 9449 0.41 0.198 94,51 0.35 0.145 94.55 0.46 0.184
1 94.92 0.03 0.098 95.25 0.03 0.109 93.19 0.14 0.101
15 9479 0 0.354 94.93 0 0.356 95.08 0 0.362
2 94.23 0 0.438 94.81 0 0.396 94.88 0 0.497
5 0 95.06 1 0.099 95.16 1 0.113 94.89 1 0.124
05 9517 0.37 0.040 95.42 0.38 0.029 95.60 0.40 0.047
1 94.84 0.24 0.045 94.96 0.27 0.047 95.16 0.20 0.045
15 94.82 0.24 0.082 94.95 0.27 0.058 94.74 0.20 0.103
2 94.83 0 0.049 95.25 0 0.034 95.01 0 0.071
6 0 94.98 1 0.181 95.01 1 0.192 95.03 1 0.216
0.5 9567 0.27 0.087 95.62 0.27 0.062 95.73 0.31 0.090
1 94.92 0.06 0.071 94.99 0.08 0.075 95.11 0.06 0.074
15 94.40 0.09 0.173 94.89 0.13 0.151 94.69 0.06 0.204
2 94.44 0 0.096 94.47 0 0.085 94.76 0 0.148

®The simulations are conducted under 10,000 replicates and 5% significance level
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Table S10  Averages of absolute differences of each element of 8 and InL(8)
between ECM; and ECMyoo With p =0, 4, = 1.5 and (p,,, pr) = (0.30, 0.30)
under MP1-MP6

g;ig;gg M. 33 A3 AL, M, Al
MP1 0 6.73E-08 6.63E-08 4.39E-08 2.82E-07 8.02E-07 7.25E-13
0.5 6.94E-08 7.20E-08 4.84E-08 3.37E-07 8.63E-07 1.01E-12
1 6.79E-08 7.08E-08 4.75E-08 3.59E-07 8.12E-07 6.96E-13
1.5 6.94E-08 7.64E-08 5.26E-08 4.23E-07 8.98E-07 6.98E-13
2 6.54E-08 7.13E-08 4.90E-08 4.21E-07 8.01E-07 7.19E-13
MP2 0 1.08E-07 1.05E-07 6.74E-08 4.42E-07 1.29E-06 7.34E-13
0.5 1.31E-07 1.31E-07 8.55E-08 6.00E-07 1.57E-06 7.25E-13
1 1.13E-07 1.18E-07 7.89E-08 6.04E-07 1.43E-06 7.53E-13
1.5 1.04E-07 1.10E-07 7.35E-08 6.04E-07 1.27E-06 6.98E-13
2 1.22E-07 1.34E-07 9.23E-08 8.14E-07 1.64E-06 7.28E-13
MP3 0 3.37E-07 3.21E-07 1.98E-07 1.33E-06 4.08E-06 1.17E-12
0.5 3.69E-07 3.60E-07 2.27E-07 1.67E-06 4.71E-06 8.69E-13
1 4.05E-07 4.06E-07 2.63E-07 2.04E-06 5.27E-06 9.03E-13
1.5 3.98E-07 4.08E-07 2.61E-07 2.26E-06 5.11E-06 8.53E-13
2 4.20E-07 4.26E-07 2.71E-07 2.50E-06 5.22E-06 7.98E-13
MP4 0 6.68E-07 6.63E-07 4.29E-07 2.89E-06 1.01E-05 1.63E-12
0.5 7.32E-07 6.92E-07 4.31E-07 3.14E-06 8.50E-06 2.04E-12
1 1.93E-06 2.76E-06 2.30E-06 4.41E-05 2.98E-04 2.66E-08
15 198E-06 2.77E-06 2.29E-06 4.37E-05 2.69E-04 2.31E-08
2 1.87E-06 2.52E-06 2.05E-06 3.73E-05 1.85E-04 1.49E-08
MP5 0 1.38E-07 1.10E-07 7.23E-08 5.52E-07 1.64E-06 7.25E-13
0.5 1.49E-07 1.20E-07 7.81E-08 6.59E-07 1.74E-06 7.09E-13
1 1.80E-07 1.43E-07 9.03E-08 8.16E-07 1.93E-06 6.62E-13
15 2.10E-07 1.73E-07 1.14E-07 1.09E-06 2.35E-06 7.66E-13
2 1.66E-07 1.41E-07 9.22E-08 9.59E-07 1.92E-06 7.55E-13
MP6 0 2.76E-07 3.39E-07 2.24E-07 1.27E-06 4.00E-06 7.45E-13
0.5 2.50E-07 3.12E-07 2.05E-07 1.26E-06 3.41E-06 7.98E-13
1 2.14E-07 2.69E-07 1.81E-07 1.25E-06 3.24E-06 8.57E-13
1.5 256E-07 3.20E-07 2.09E-07 1.59E-06 3.58E-06 8.07E-13
2 3.07E-07 3.87E-07 2.57E-07 2.02E-06 4.10E-06 8.44E-13
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Table S11 Averages of absolute differences of each element of 8, and InL(8,)
between ECM1/ECMyo and ECMyo0 With p =0, 1, = 1.5 and (p,,, ps) = (0.30,
0.30) under MP1-MP6

Missing Methods vo v . 1, & AL Anl@y
pattern m 0 ! 2 0
MP1 ECM; vs. ECMyqq0 0 O 2.45E-08 8.74E-08 6.81E-08 4.32E-07 1.39E-12
ECM; vs. ECMyqg0 0.5 2.24E-08 7.37E-08 5.65E-08 3.11E-07 1.39E-12
ECM; vs. ECMyqq0 1 1.74E-08 5.22E-08 3.92E-08 1.92E-07 1.63E-12
ECM; vs. ECMyqq0 15 1.68E-08 4.80E-08 3.56E-08 1.56E-07 1.79E-12
ECM; vs. ECMyqq0 2 1.37E-08 3.50E-08 2.51E-08 1.00E-07 1.68E-12
ECM; vs. ECMygq0 1 0 5.52E-08 6.82E-08 4.71E-08 5.27E-07 9.46E-13
ECM; vs. ECMygq0 0.5 4.42E-08 5.13E-08 3.50E-08 4.57E-07 8.53E-13
ECM; vs. ECMygq0 1 5.93E-08 6.74E-08 4.66E-08 6.73E-07 7.94E-13
ECM; vs. ECMygq0 15 5.33E-08 6.19E-08 4.35E-08 6.95E-07 6.59E-13
ECM; vs. ECMygq0 2 5.49E-08 6.36E-08 4.52E-08 7.91E-07 6.34E-13
ECM; vs. ECMyqq0 2 0 6.30E-08 7.54E-08 4.96E-08 2.80E-07 1.83E-12
ECM; vs. ECMygq0 0.5 5.90E-08 7.94E-08 5.50E-08 3.24E-07 1.90E-12
ECM; vs. ECMygq0 1 4. 70E-08 6.85E-08 4.85E-08 3.00E-07 1.59E-12
ECM; vs. ECMygq0 15 5.34E-08 8.33E-08 6.13E-08 4.02E-07 1.65E-12
ECM; vs. ECMygq0 2 4.94E-08 8.09E-08 6.04E-08 4.29E-07 1.47E-12
MP2 ECM; vs. ECMyqq0 0 O 2.39E-08 1.40E-07 1.15E-07 5.77E-07 1.75E-12
ECM; vs. ECMygqo 0.5 2.16E-08 1.12E-07 8.99E-08 3.91E-07 2.31E-12
ECM; vs. ECM1gqo 1 2.11E-08 1.01E-07 8.02E-08 3.00E-07 3.18E-12
ECM; vs. ECM1gqo 1.5 2.05E-08 8.34E-08 6.42E-08 2.16E-07 3.33E-12
ECM; vs. ECMygqo 2 2.30E-08 8.29E-08 6.18E-08 1.87E-07 4.30E-12
ECM; vs. ECMygqo 1 0 9.13E-08 1.13E-07 7.68E-08 8.14E-07 1.14E-12
ECM; vs. ECMygqo 0.5 1.05E-07 1.18E-07 7.82E-08 1.01E-06 1.04E-12
ECM; vs. ECMygqo 1 8.89E-08 1.01E-07 6.87E-08 1.02E-06 7.12E-13
ECM; vs. ECM1gqo 1.5 1.03E-07 1.12E-07 7.77E-08 1.30E-06 7.21E-13
ECM; vs. ECMygqo 2 9.83E-08 1.12E-07 7.88E-08 1.50E-06 5.75E-13
ECM; vs. ECMygqo 2 0 8.14E-08 9.54E-08 6.01E-08 3.35E-07 2.78E-12
ECM; vs. ECMygqg 0.5 1.02E-07 1.34E-07 8.99E-08 5.14E-07 2.92E-12
ECM; vs. ECM1gqo 1 8.20E-08 1.25E-07 9.01E-08 5.24E-07 2.24E-12
ECM; vs. ECM1gqo 15 7.36E-08 1.19E-07 8.77E-08 5.51E-07 2.19E-12
ECM; vs. ECM1gqo 2 6.81E-08 1.20E-07 9.13E-08 6.18E-07 1.97E-12
MP3 ECM; vs. ECM1gqo 0 O 1.11E-08 3.98E-07 3.75E-07 1.24E-06 5.94E-12
ECM; vs. ECM1gqo 0.5 1.72E-08 4.15E-07 3.92E-07 1.01E-06 9.43E-12
ECM; vs. ECM1gqo 1 2.00E-08 3.41E-07 3.22E-07 6.96E-07 1.23E-11
ECM; vs. ECM1gqo 15 1.49E-08 2.11E-07 2.00E-07 3.56E-07 1.70E-11
ECM; vs. ECM1gqo 2 247E-08 2.77E-07 2.70E-07 3.84E-07 2.56E-11
ECM; vs. ECM1gqo 1 0 1.98E-07 2.60E-07 1.82E-07 1.80E-06 2.61E-12
ECM; vs. ECM1gqo 0.5 2.26E-07 2.55E-07 1.69E-07 2.05E-06 1.68E-12
ECM; vs. ECM1gqg 1 1.60E-03 1.22E-03 6.50E-04 1.22E-02 9.21E-04
ECMyg vs. ECMqq 1 2.47E-07 2.68E-07 1.76E-07 2.68E-06 3.79E-13
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ECMy000
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ECMio00
ECMio00
ECMio00

ECMlOOO
ECMlOOO
ECMlOOO
ECMlOOO
ECMlOOO
ECMIOOO
ECMIOOO

N

[EEN

2.84E-07
1.20E-02
2.44E-07
2.56E-07
2.01E-07
1.80E-07
1.57E-07
1.45E-07
2.43E-07
1.86E-07
1.69E-07
1.54E-07
1.24E-07
2.70E-07
3.57E-07
3.66E-03
4.20E-07
1.25E-02
3.88E-07
3.34E-02
1.47E-07
2.32E-07
1.76E-07
1.71E-07
1.48E-07
1.54E-07
2.72E-08
2.83E-08
3.07E-08
3.33E-08
2.25E-08
8.78E-08
1.20E-07
1.31E-07
1.12E-07
2.90E-03
1.54E-07
1.26E-07
1.29E-07
1.02E-07
9.80E-08
8.19E-08
4.14E-08
5.11E-08

3.01E-07
9.25E-03
2.75E-07
2.95E-07
3.13E-07
3.23E-07
3.30E-07
3.15E-07
1.24E-06
1.08E-06
1.05E-06
1.03E-06
8.94E-07
4.52E-07
4.67E-07
2.83E-03
5.44E-07
9.42E-03
5.31E-07
2.63E-02
3.20E-07
1.17E-06
9.57E-07
9.99E-07
9.17E-07
9.52E-07
1.08E-07
9.55E-08
8.85E-08
8.29E-08
4.70E-08
8.23E-08
1.06E-07
1.11E-07
1.02E-07
1.89E-03
1.25E-07
1.05E-07
1.23E-07
1.08E-07
1.17E-07
1.09E-07
2.83E-07
3.18E-07

2.02E-07
3.93E-03
1.95E-07
1.78E-07
2.21E-07
2.48E-07
2.68E-07
2.62E-07
1.25E-06
1.12E-06
1.07E-06
1.06E-06
9.18E-07
3.43E-07
3.29E-07
1.68E-03
3.81E-07
4.41E-03
3.87E-07
1.18E-02
2.83E-07
1.11E-06
8.85E-07
9.38E-07
8.62E-07
8.97E-07
8.73E-08
7.54E-08
6.82E-08
6.24E-08
3.39E-08
5.44E-08
7.01E-08
7.13E-08
6.97E-08
9.26E-04
7.83E-08
6.40E-08
8.14E-08
7.43E-08
8.42E-08
8.06E-08
2.75E-07
3.14E-07

3.50E-06
1.08E-01
3.43E-06
9.27E-07
9.85E-07
1.11E-06
1.29E-06
1.37E-06
2.01E-06
1.44E-06
1.21E-06
1.02E-06
7.73E-07
2.64E-06
3.48E-06
2.94E-02
4.64E-06
1.09E-01
4.85E-06
3.32E-01
3.07E-06
1.55E-06
1.58E-06
2.03E-06
2.17E-06
2.70E-06
4.95E-07
3.74E-07
3.02E-07
2.49E-07
1.33E-07
7.43E-07
1.09E-06
1.27E-06
1.37E-06
2.88E-02
1.71E-06
4.60E-07
5.64E-07
5.41E-07
6.25E-07
6.57E-07
1.07E-06
9.19E-07

1.11E-12
3.13E-02
7.26E-13
2.24E-11
1.63E-11
1.15E-11
6.57E-12
5.04E-12
5.10E-11
7.66E-11
6.63E-11
8.65E-11
7.99E-11
5.11E-12
3.33E-12
2.53E-03
3.83E-12
9.96E-03
1.07E-11
5.94E-02
1.51E-11
2.31E-10
1.33E-10
7.79E-11
4.04E-11
2.99E-11
1.79E-12
2.16E-12
2.23E-12
3.29E-12
3.02E-12
9.50E-13
8.78E-13
8.32E-13
6.75E-13
4.51E-02
3.23E-13
2.7T4E-12
1.89E-12
1.79E-12
1.67E-12
1.46E-12
4.38E-12
6.24E-12
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(Pm, pr) =(0.25,0.30) and A, =1.5; € (pm, pf) =(0.30,0.25) and A, =1.5;d (pp, pf) =
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Fig. S2 Medians of point estimates of y against MP with p =0.05 for different p,,, pf
and 4, values. The results are based on 10,000 replicates. a (p,, pf) = (0.30, 0.30) and
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Fig. S3 Estimated powers of LRT against y under MP1-MP4 with p = 0.05 and

A, =1.5. The results are based on 10,000 replicates and 5% significance level. a (p,,,

pr) = (0.30, 0.30) and y, =0; b (p, pr) = (0.30, 0.30) and yo =1; C (pm, Py) =

(0.30, 0.30) and yo = 2; d (pm, pr) = (0.25, 0.30) and y, = 0; € (pm, pf) = (0. 25,

0.30) and yo =1; f (pm, pf) = (0.25, 0.30) and yo =2; g (pm, py) = (0.30, 0.25)

and yo =0; h (pm, pf) = (0.30, 0.25) and yo =1; i (pm, pf) = (0.30, 0.25) and

Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S4 Estimated powers of LRT against y under MP5 and MP6 with p = 0.05 and
A, = 1.5. The results are based on 10,000 replicates and 5% significance level. a (p,,,
pr) = (0.30, 0.30) and y, =0; b (p, pr) = (0.30, 0.30) and yo =1; C (pm, Py) =
(0.30, 0.30) and yo = 2; d (pm, pr) = (0.25, 0.30) and y, = 0; € (pm, pf) = (0. 25,
0.30) and yo =1; f (pm, pf) = (0.25, 0.30) and yo =2; g (pm, py) = (0.30, 0.25)
and yo =0; h (pm, pf) = (0.30, 0.25) and yo =1; i (pm, pf) = (0.30, 0.25) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S5 Estimated powers of LRT against y under MP1-MP4 with p =0.05 and

A, = 2. The results are based on 10,000 replicates and 5% significance level. a (p,,,

pr) = (0.30, 0.30) and y, =0; b (p, pr) = (0.30, 0.30) and yo =1; C (pm, Py) =

(0.30, 0.30) and yo = 2; d (pm, pr) = (0.25, 0.30) and y, = 0; € (pm, pf) = (0. 25,

0.30) and yo =1; f (pm, pf) = (0.25, 0.30) and yo =2; g (pm, py) = (0.30, 0.25)

and yo =0; h (pm, pf) = (0.30, 0.25) and yo =1; i (pm, pf) = (0.30, 0.25) and

Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S6 Estimated powers of LRT against y under MP5 and MP6 with p = 0.05 and
A, = 2. The results are based on 10,000 replicates and 5% significance level. a (p,,,
pr) = (0.30, 0.30) and y, =0; b (p, pr) = (0.30, 0.30) and yo =1; C (pm, Py) =
(0.30, 0.30) and yo = 2; d (pm, pr) = (0.25, 0.30) and y, = 0; € (pm, pf) = (0. 25,
0.30) and yo =1; f (pm, pf) = (0.25, 0.30) and yo =2; g (pm, py) = (0.30, 0.25)
and yo =0; h (pm, pf) = (0.30, 0.25) and yo =1; i (pm, pf) = (0.30, 0.25) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S7 Estimated powers of LRT against y under MP1-MP4 with p =0 and
A, = 1.5. The results are based on 10,000 replicates and 5% significance level. a (p,,
pr) = (0.20, 0.20) and y, =0; b (pn, ps) = (0.20, 0.20) and yo =1; C (pm, Py) =
(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (pm, pr) = (0.15,
0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and y, =2; g (pm, py) = (0.20, 0.15)
and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant
allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S8 Estimated powers of LRT against y under MP5 and MP6 with p =0 and

A, = 1.5. The results are based on 10,000 replicates and 5% significance level. a (p,,,

pr) = (0.20, 0.20) and y, =0; b (pn, pr) = (0.20, 0.20) and yo =1; C (pm, Py) =

(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (pm, pr) = (0.15,

0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and yo =2; g (pm, py) = (0.20, 0.15)

and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and

Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S9 Estimated powers of LRT against y under MP1-MP4 with p =0 and
A, = 2. The results are based on 10,000 replicates and 5% significance level. a (p,,,
pr) = (0.20, 0.20) and y, =0; b (pn, pr) = (0.20, 0.20) and yo =1; C (pm, Py) =
(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (p, pr) = (0.15,
0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and yo =2; g (pm, py) = (0.20, 0.15)
and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant
allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S10 Estimated powers of LRT against y under MP5 and MP6 with p =0 and
A, = 2. The results are based on 10,000 replicates and 5% significance level. a (p,,,
pr) = (0.20, 0.20) and y, =0; b (pn, pr) = (0.20, 0.20) and yo =1; C (pm, Py) =
(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (pm, pr) = (0.15,
0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and yo =2; g (pm, py) = (0.20, 0.15)
and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S11 Estimated powers of LRT against y under MP1-MP4 with p =0.05 and

A, = 1.5. The results are based on 10,000 replicates and 5% significance level. a (p,,

pr) = (0.20, 0.20) and y, =0; b (pn, pr) = (0.20, 0.20) and yo =1; C (pm, Py) =

(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (p, pr) = (0.15,

0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and yo =2; g (pm, py) = (0.20, 0.15)

and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and

Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant

allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S12 Estimated powers of LRT against y under MP5 and MP6 with p =0.05
and A, = 1.5. The results are based on 10,000 replicates and 5% significance level.
a (pm,» pr) =(0.20, 0.20) and y, =0; b (pm, pr) =(0.20, 0.20) and y, = 1; C (pm,
pr) = (0.20, 0.20) and y, =2; d (pm, ps) = (0.15, 0.20) and y, =0; € (pm, py) =
(0.15, 0.20) and yo = 1; f (pm, pf) = (0.15, 0.20) and y, = 2; g (pm, pr) = (0.20,
0.15) and yo =0; h (pm, pr) = (0.20, 0.15) and v, =1; i (P, pf) = (0.20, 0.15)
and y, =2. Note that y, =0, 1 and 2 represent XCI skewing completely against
mutant allele, random XCI and XCI skewing completely toward mutant allele,

respectively.
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Fig. S13 Estimated powers of LRT against y under MP1-MP4 with p =0.05 and
A, = 2. The results are based on 10,000 replicates and 5% significance level. a (p,,,
pr) = (0.20, 0.20) and y, =0; b (pn, pr) = (0.20, 0.20) and yo =1; C (pm, Py) =
(0.20, 0.20) and yo =2; d (pm, pr) = (0.15, 0.20) and y, =0; e (p, pr) = (0.15,
0.20) and yo =1; f (pm, pf) = (0.15, 0.20) and yo =2; g (pm, py) = (0.20, 0.15)
and yo =0; h (pm, pf) = (0.20, 0.15) and yo =1; i (pm, pf) = (0.20, 0.15) and
Yo = 2. Note that y, =0, 1 and 2 represent XCI skewing completely against mutant
allele, random XCI and XCI skewing completely toward mutant allele, respectively.
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Fig. S14 Estimated powers of LRT against y under MP5 and MP6 with p = 0.05
and A, = 2. The results are based on 10,000 replicates and 5% significance level.
a (pm,» pr) =(0.20, 0.20) and y, =0; b (pm, pr) =(0.20, 0.20) and y, = 1; C (pm,
pr) = (0.20, 0.20) and y, =2; d (pm, ps) = (0.15, 0.20) and y, =0; € (pm, py) =
(0.15, 0.20) and yo = 1; f (pm, pf) = (0.15, 0.20) and y, = 2; g (pm, pr) = (0.20,
0.15) and yo =0; h (pm, pr) = (0.20, 0.15) and v, =1; i (P, pf) = (0.20, 0.15)
and y, =2. Note that y, =0, 1 and 2 represent XCI skewing completely against
mutant allele, random XCI and XCI skewing completely toward mutant allele,

respectively.
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