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TABLE S1 MCPH associated genes and the localization of their respective proteins 

Gene Protein Cellular 
localization 

References 
 

MCPH1, 
CDK5RAP2, 
CENPJ, STIL, 
CEP135, 
CEP152, 
CDK6 SASS6 
and CENPE 

MCPH1, 
CDK5RAP2, CENP-
J, STIL, CEP135, 
CEP152, CDK6, 
HsSAS-6 and 
CENP-E  

Centrosome (Bond et al., 2005; 
Guernsey et al., 2010; 
Hussain et al., 2012; 
Hussain et al., 2013; 
Jackson et al., 2002; 
Jeffers, Coull, Stack, & 
Morrison, 2008; M. A. Khan 
et al., 2017; Kumar, 
Girimaji, Duvvari, & Blanton, 
2009) 

WDR62, 
ASPM, 
CENPE and 
MAP11 

WDR62, ASPM, 
CENP-E and 
MAP11 

Spindle pole (Nicholas et al., 2010; Perez 
et al., 2019; Shen et al., 
2005) 

KNL1, CENPE 
and NUP37 

KNL1, CENP-E and 
NUP37 

Kinetochore  (Braun et al., 2018; Genin et 
al., 2012; Mirzaa et al., 
2014) 

ZNF335, 
PHC1, 
NCAPD2, 
NCAPD3, and 
NCAPH 
 

ZNF335, PHC1, 
Condensin complex 
subunit 1 (hCAP-
D2), Condensin-2 
complex subunit D3 
(hCAP-D3), 
Condensin complex 
subunit 2 (hCAP-H) 

Components 
of Chromatin-
remodeling 
complex/Nucle
us  

(Awad et al., 2013; Martin et 
al., 2016; Yang et al., 2012) 

MFSD2A, 
ANKLE2, and 
COPB2 

 

NLS1, Ankyrin 
repeat and LEM 
domain-containing 
protein 2, Coatomer 
subunit beta (Beta'-
COP) 

Plasma 
membrane 

(DiStasio et al., 2017; 
Guemez-Gamboa et al., 
2015; Yamamoto et al., 
2014) 

WDFY3, 
NCAPD2, and 
NCAPH 

 

 

WD repeat and 
FYVE domain-
containing protein 3 
(Alfy), Condensin 
complex subunit 1 
(hCAP-D2), 
Condensin complex 
subunit 2 (hCAP-H) 

Cytosol (Kadir et al., 2016; Martin et 
al., 2016) 

CIT, KIF14 
and MAP11 

CIT, KIF14 and 
MAP11 

Cleavage 
furrow and 
midbody of 
dividing cells  

(Basit et al., 2016; Moawia 
et al., 2017; Perez et al., 
2019) 2019) 

NUP37 NUP37 Nuclear 
envelope 

(Braun et al., 2018) 
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TABLE S2 List of genes included in gene panel for next generation sequencing  

MCPH1 TBC1D20 

WDR62 RAD50 

CDK5RAP2 CASK 

CASC5 SLC25A19 

ASPM SLC9A6 

CENPJ MECP2 

STIL TUBGCP6 

CEP135 ARFGEF2 

CEP152 TRAPPC9 

ZNF335 TSEN2 

PHC1 TSEN34 

CDK6 TSEN54 

SASS6 MED17 

NDE1 CDKL5 

CKAP2L ATRX 

ORC1 FOXG1 

ORC4 TCF4 

ORC6 DYRK1A 

CDT1 KIF11 

CDC6 SLC2A1 

ATR UBE3A 

RBBP8 ZEB2 

ATRIP WDR81 

RNU4ATAC CEP290 

CENPE OFD1 

DNA2 CCP110 

PCNT CEP97 

CEP63 CEP76 

NIN CNTROB 

PLK4 POC5 

XRCC4 SPICE1 

IGF1 KIAA1279 

LIG4 HMGB3 

CRIPT PQBP1  

IER3IP1 

UBE3B 

TRMT10A FAR1 

STAMBP NSDHL 

NBN ZBTB18  

NHEJ1 CEP120 

PNKP CEP192 

RAB18 NLRP2 

RAB3GAP1 QARS 

RAB3GAP2 WDR73 

http://dnatesting.uchicago.edu/taxonomy/term/5
http://dnatesting.uchicago.edu/taxonomy/term/300
http://dnatesting.uchicago.edu/taxonomy/term/518


3 
 

 

TABLE S3 Clinical manifestations of the studied MCPH cohort 

Family -
Individual 

Gene Mutation information No. of 
affected 
individuals 

Age at 
examination 
(years) 

OFC 
(cm) 

OFC 
(SD) 

Observed clinical manifestation 

Fam.1 
-IV-5 
-IV-6 

ASPM NM_018136.4;c.8508_85
09delGA;p.(Lys2837Metfs
*34) 

 
2 

 
16 
14 

 
43 
45.5 

 
-8 
-6 

 
-Mild level of mental retardation, normal motor 
skills, normal speech and health 
-Mild level of intellectual disability, speech 
impairment, normal motor skills 

 

Fam. 2 
-III-1 
 
-III-6 
-IV-1 
 
-IV-3 
 
-IV-8 
 

ASPM NM_018136.4;c.9789T>A
;p.(Tyr3263*) 

 
5 

 
55 
 
NA 
36 
 
33 
 
30 

 
43 
 
NA 
43 
 
43 
 
43 

 
-8.2 
 
NA 
-8.2 
 
-8.2 
 
-8.2 

 
-Mild mental retardation, can speak few words, 
normal motor skills, no seizures, self-care skills 
-NA 
-Mild intellectual disability, can speak few words, 
normal motor skills and self-care skills 
-Mild level mental retardation, normal motor skills, 
no fits, impaired speech 
-Mild mental retardation, can speak reluctantly, 
friendly behavior, no physical abnormality 

Fam. 3 
-V-1 
 
 
-V-2 
 
 
-V-3 

CDK5RAP2 NM_018249.5; 
c.448C>T;p.(Arg150*) 

 
3 

 
10 
 
 
8 
 
 
5 

 
39 
 
 
37 
 
 
35.5 

 
-10 
 
 
-12 
 
 
-12 

 
-Developmental delay, mild level of intellectual 
disability, self-care skills, physically week, normal 
motor skills, speech impairment, short stature (-5 
SD) 
-Moderate intellectual disability, retarded growth, 
can speak few words, no history of seizures, 
reduced height (-5SD) 
-Mild mental retardation, development delayed 
and impaired speech, hyperactive, short stature (-
6 SD) 

http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
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Fam. 4 
-V-4 
 
-V-6 
 
-VI-1 
 
-VI-3 
 
-VI-4 

WDR62 NM_001083961.1; 
c.2195C>T;p.(Thr732Ile) 

 
5 

 
08 
 
18 
 
08 
 
11 
 
02 

 
38 
 
38 
 
39 
 
38 
 
40.5 

 
-11 
 
-12.5 
 
-9.5 
 
-10 
 
-7 

 
-Mild level of intellectual disability, speech 
impairment, delayed milestones 
-Mild intellectual disability, short stature (-6 SD), 
normal motor skills 
-Mild mental retardation, imprecise articulation, 
normal motor skills, seizures 
-Mild intellectual disability, delayed milestones, 
normal motor skills 
-Moderate level of intellectual disability , impaired 
speech, strabismus 

Fam. 5 
-IV-1 
 
-IV-2 
 
-IV-3 
 
-V-1 

ASPM  NM_018136.4; 
c.8508_8509delGA;p.(Lys
2837Metfs*34) 

  
4 

  
NA 
 
27 
 
18 
 
9 months 
 

  
NA 
 
43 
 
47 
 
33.5 

 
NA 
 
-8.5 
 
-6 
 
-8 

 
-Severe intellectual disability, aggressive 
behavior, indifferent to personal care 
-Mild intellectual disability, aggressive behavior, 
able to perform personal care 
-Mild intellectual disability, aggressive behavior, 
self-care skills 
-Severe intellectual disability, aggressive 
behavior, indifferent to personal care 

Fam.6 
-IV-1 
-V-2 
-V-3 
 
-V-9 
-VI-1 
 
-VI-5 
 
 
-VI-6 
 

ASPM NM_018136.4; c. 
8190_8193delAGAA;p.(Ar
g2732Lysfs*4) 

 
7 

 
NA 
30 
17 
 
NA 
8 
 
4 
 
 
9 months 

 
NA 
NA 
38 
 
NA 
39 
 
38 
 
 
35 

 
NA 
NA 
-11.5 
 
NA 
-10.5 
 
-11 
 
 
-9 

 
-NA 
-NA 
-Moderate level of intellectual disability, 
dumbfounded, aggressive and self-harming 
behavior  
-NA 
-Mild intellectual disability, dumbfounded, self-
care skills and normal motor skills 
-Moderate intellectual disability, dumbfounded, no 
self-care skills, aggressive behavior, self-injurious 
behavior 
-Normal health and early milestone, can sit and 
crawl, physically active 

Fam. 7 
-IV-1 
 
-IV-2 
 

ASPM NM_018136.4; 
c.1260_1266delTCAAGT
C;p.(Gln421Hisfs*32) 

 
3 

 
NA 
 
34 
 

 
NA 
 
39.5 
 

 
NA 
 
-11.5 
 

 
-Mild intellectual disability, self-care skills, 
imprecise articulation 
-Severe intellectual disability, hyperactive, can 
speak a few words, no self-care skills, aggressive 

http://www.ncbi.nlm.nih.gov/nuccore/NM_001083961.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
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-IV-6 

 
30 

 
38 

 
-12.5 

behavior, self-injurious 
-Mild intellectual disability, self-care skills, 
imprecise articulation 

Fam. 8 
-IV-1 
 
 
-IV-3 
-IV-7 

WDR62 NM_001083961.1; 
c.3936dupC;p.(Val1313Ar
gfs*18) 

 
3 

 
30 
 
 
26 
22 

 
43 
 
 
43 
45 

 
-10.7 
 
 
-8 
-6.8 

 
-Moderate intellectual disability, no self-care skills, 
fits, aggressive behavior starts beating and 
scolding in anger 
-Mild mental retardation, self-care skills 
-mild mental disability, history of fits with bleeding 
from the mouth 

Fam. 9 
-IV-3 
-V-2 
-V-3 
-V-4 
-V-5 
-V-7 
 
 
-V-10 
 

WDR62 NM_001083961.1; 
c.4241dupT;p.(Ser1415Gl
ufs*40) 

 
7 

 
NA 
NA 
NA 
NA 
NA 
29 
 
 
8 

 
NA 
NA 
NA 
NA 
NA 
43 
 
 
38 

 
NA 
NA 
NA 
NA 
NA 
-8 
 
 
-10 

 
-NA 
-NA 
-NA 
-NA 
-NA 
-Mild intellectual disability, aggressive behavior, 
history of seizure, one leg lost in an accident, no 
self-care skills, impaired speech 
-Moderate level of intellectual disability, 
dumbfounded, aggressive behavior, self-
punishing as well as beating others, no self-care 
skills 

Fam.10 
-V-1 
-V-3 
-VI-1 
 
-VI-5 
 
-VI-6 
 

WDR62 NM_001083961.1; 
c.3361delG;p.(Ala1121Gl
nfs*6) 

 
5 

 
NA 
NA 
16 
 
7 
 
2 

 
NA 
NA 
45 
 
43 
 
37 

 
NA 
NA 
-6.8 
 
-7 
 
-9.8 

 
-NA 
-NA 
-Moderate level of intellectual disability, impaired 
speech, no self-care skills, aggressive behavior 
-Mild intellectual disability, dumbfounded, no self-
care skills, normal motor skills 
-Mild intellectual disability, dumbfounded, no self-
care skills, normal early milestones 

Fam. 11 
-IV-1 
-VI-3 
-VI-4 

CENPJ NM_018451.4; 
c.18delC;p.(Ser7Profs*2) 

 
3 

 
NA 
NA 
18 

 
NA 
NA 
44.5 

 
NA 
NA 
-7.5 

 
-NA 
-NA 
-Mild intellectual disability, dumbfounded, self-
care skills, normal motor skills 

http://www.ncbi.nlm.nih.gov/nuccore/NM_001083961.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_001083961.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_001083961.1
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Fam. 12 
-IV-3 
 
-IV-7 

ASPM NM_018136.4; 
c.5149delA;p.(Ile1717*) 

 
2 

 
25 
 
13 

 
45 
 
39 

 
-8 
 
-10 

 
-Mild intellectual disability, impaired speech, self-
care skills, normal motor skills 
-Mild level of intellectual disability, physically 
active, can speak only a few words, aggressive 
behavior 

Fam.13 
-IV-1 
 
-IV-2 

ASPM NM_018136.4; 
c.1260_1266delTCAAGT
C;p.(Gln421Hisfs*32) 

 
2 

 
4 
 
6 

 
36 
 
38 

 
-9 
-11 

 
-Mild level of intellectual disability, speech 
impairment  
-Moderate intellectual disability, no self-care skills,  
aggressive behavior 

Fam.14 
-IV-1 
 
 
-IV-2 
 
 
-IV-3 

ASPM NM_018136.4; 
c.1602_1605delTCAA;p.(
Asn534Lysfs*14) 

 
3 

 
2 
 
 
2 
 
 
NA 

 
40 
 
 
41 
 
 
NA 

 
-9 
 
 
-11 
 
 
NA 

 
-Moderate level of intellectual disability,  
dumbfounded, bilateral hearing impairment, small 
anterior fontanel was also observed 
-Moderate intellectual disability, dumbfounded, 
bilateral hearing impairment, Small anterior 
fontanel was also noticed 
-NA 

Fam.15 
-IV-1 
 
-IV-2 
 
-IV-3 

ASPM NM_018136.4; 
c.9190C>T;p.(Arg3064*) 

 
3 

 
12 
 
17 
 
NA 

 
42 
 
44 
 
NA 

 
-7 
 
-9 
 
NA 

 
-Mild intellectual disability, no hearing or vision 
impairment, normal self-care skills 
-Mild level of intellectual disability without any 
other gross abnormality 
-NA 

Fam. 16 
-IV-1 
-IV-2 
 
-IV-3 

ASPM NM_018136.4; 
c.9961C>T;p.(Gln3321*) 

 
3 

 
3 
9 
 
NA 

 
37 
41 
 
NA 

 
-7 
-10 
 
NA 

 
-Moderate intellectual disability, speech 
impairment.  
-Moderate level of intellectual disability, 
dumbfounded without any other physical or facial 
anomaly 
-NA 

Fam.17 
-V-1 
-V-2 
 
-V-3 

ASPM NM_018136.4; 
c.9557C>G;p.(Ser3186*) 

 
3 

 
24 
15 
 
NA 

 
38 
41 
 
NA 

 
-10 
-9.5 
 
NA 

 
-Severe intellectual disability, no self-care skills, 
stutter 
-Severe intellectual disability, aggressive, no self-
care skills  
-NA 

http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
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Fam. 18 
-IV-1 
-IV-2 
-IV-3 

ASPM NM_018136.4; 
c.4212G>A;p.(Trp1404*) 

 
2 

 
30 
45 
NA 

 
40 
41 
NA 

 
-10 
-9 
NA 

 
-Mild level of intellectual disability, dumbfounded 
-Moderate intellectual impairment and delayed 
speech 
-NA 

Fam.19 
-IV-3 
-IV-4 
 
 
-IV-5 
-V-1 

ASPM NM_018136.4; 
c.5149delA;p.(Ile1717*fs) 

 
4 

 
2 
16 
 
 
NA 
NA 

 
41 
45.5 
 
 
NA 
NA 

 
-6 
-7 
 
 
NA 
NA 

 
-Moderate intellectual disability, self-care skills 
-Moderate level of intellectual disability, normal 
self-care skills, cognitive impairment without any 
other physical abnormality 
-NA 
-NA 

Fam. 20 
-V-1 

ASPM NM_018136.4; 
c.727C>T;p.(Arg243*) 

 
1 

 
11 

 
38 

 
-12 

 
-Mild intellectual disability, indifferent to personal 
care, excessive salivation, aggressive behavior, 
speech impairment  

Fam. 21 
-IV-1 
 
-IV-2 

WDR62 

NM_001083961.1; 
c.1194G>A;p.(Trp398*) 

 
2 

 
15 
 
24 

 
48 
 
44:5 

 
-5 
 
-5:5 

 
-Severe intellectual disability, aggressive 
behavior, able to self-care without the ability of 
self-feeding. 
-Seizures, moderate intellectual disability, speech 
impairment  

Fam. 22 
-IV-1 

ASPM 
NM_018136.4; 
c.9601C>T;p.(Gln3201*) 

 
1 

 
4 

 
35 

 
-9 

 
-Moderate intellectual disability, developmental 
delay, indifferent to personal care 

Fam. 23 
-IV-1 

CEP135 
NM_025009.4; 
c.3157G>T;p.(Glu1053*) 

 
1 

 
27 

 
48 

 
-7 

 
-Mild intellectual disability, personal-care skills, 
autistic-like behavior, strabismus with normal 
vision, precise speech 

Fam.24 
-IV-1 
 
-IV-2 
 
-IV-3 

STIL 

NM_001048166.1; 
c.3694C>T;p.(Arg1232*) 

 
3 

 
15 
 
11 
 
13 

 
45 
 
44 
 
44 

 
-6 
 
-4.66 
 
-6.66 

 
-Mild intellectual disability, able to perform 
personal care 
-Mild intellectual disability, able to perform self-
care functions 
-Epileptic shocks started at the age of 10 years, 
aggressive behavior, speech impairment 

http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_001083961.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_001048166.1
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Fam.25 
-IV-1 

ASPM 
NM_018136.4; 
c.1615_1616delGA;p.(Glu
539Argfs*15) 

 
1 

 
38 

 
NA 

 
NA 

 
-Severe intellectual disability, indifferent to 
personal care 

Fam.26 
-IV-1 
-IV-2 

ASPM 

NM_018136.4; c. 
8718_8721delTTTA;p.(Le
u2907Argfs*30) 

 
2 

 
35 
 
 
31 

 
45 
 
 
42 

 
-6 
 
 
-8 

 
-Severe intellectual disability, blurry vision, white 
spots on both hands, cup-shaped ears, imprecise 
articulation 
-Severe intellectual disability, deafness, inability to 
walk, poliomyelitis in childhood  

Fam.27 
-V-1 
-VI-1 

ASPM 
NM_018136.4; 
c.3193C>T;p.(Gln1065*) 

 
2 

 
NA 
NA 

 
NA 
NA 

 
NA 
NA 

 
-Severe intellectual disability, poor self-care skills 
-Severe intellectual disability and speech 
impairment, no personal-care skills  

Fam.28 
IV-1 
 
-IV-2 
 
-IV-4 
 

ASPM 

NM_018136.4; 
c.9286C>T;p.(Arg3096*) 

 
3 

 
47 
 
45 
 
42 
 

 
40 
 
38 
 
NA 

 
-9.9 
 
-9.7 
 
NA 

 
-Classical primary microcephaly, profound 
intellectual disability, aggressive behavior 
-Microcephaly, poor self-care skills, severe 
intellectual disability 
-Small head size, indifferent to personal care, 
aggressive behavior, severe intellectual disability  

Fam.29 
-V-1 
 
-V-2 

STIL 

NM_001048166.1; 
c.3759dupT;p.(Pro1254S
erfs*2) 

 
2 

 
12 
 
5 

 
42 
 
42 

 
-8 
 
-8 

 
-Mild intellectual disability, able to speak a few 
words, friendly behavior 
-Mild intellectual disability, normal self-care skills, 
precise articulation without the ability to make a 
complete sentence 

Fam.30 
-IV-1 
-IV-2 
-IV-4 
 
-IV-5 

ASPM 

NM_018136.4; 
c.5959C>T; p.(Gln1987*) 

 
3 

 
22 
22 
27 
 
30 

 
NA 
NA 
45 
 
45 

 
NA 
NA 
-5 
 
-5.6 

 
-NA 
-NA 
 -Profound intellectual disability, aggressive 
behavior, excessive salivation 
-Poor self-care skills, profound intellectual 
disability  

Fam. 31 
-III-1 
-III-2 
-III-3 
-IV-4 

ASPM 
NM_018136.4; 
c.7782_7783delGA; 
p.(Lys2595Serfs*6) 

 
4 

 
NA 
NA 
27 
17 

 
NA 
NA 
NA 
44 

 
NA 
NA 
NA 
-6.5 

 
-NA 
-NA 
-NA  
-Mild intellectual disability, precise speech, ability 

http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_001048166.1
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
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 to perform self-care functions 

Fam. 32 
-II-3 
 
 

ASPM NM_018136.4; 
c.6854_6855delTC 
p.(Leu2285Glnfs*32) 
 
NM_018136.4; 
c.9976_9977dupGT 
p.(Ser3327Tyrfs*14) 
 
 
NM_018136.4;c.3741G>A
; p.(Lys1247=) 
 

 
1 

 
2.5 

 
37 

 
-9 

 
-Normal early milestones, started walking at the 
age of 9 months 
 

Abbreviations: NA, not available; OFC; Occipitofrontal Circumference; SD, standard deviation. 

 
  

http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
http://www.ncbi.nlm.nih.gov/nuccore/NM_018136.4
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TABLE S4 List of disease causing DNA variants reported in ASPM after the report of Létard and colleagues (Letard et al., 2018). 

cDNA mutation Protein mutation Origin  
Disorder/ 
Zygosity 

Reference 

c.727C>T p.(Arg243*) Pakistani/second cousin PM/H This Study (Family 20) 

c.1386delC p.(Tyr462*) 
Caucasian /non-
consanguineous 

PM/H (Marakhonov et al., 2018) 

c.1402_1406del† p.(Asn468Serfs*2) 
Korean/non-
consanguineous 

PM/CH (Moriwaki et al., 2019) 

c.1602_1605delTCAA p.(Asn534Lysfs*14) Pakistani/first cousin PM/H This Study (Family 14) 

c.1615_1616delGA p.(Glu539Argfs*15) Pakistani/first cousin PM/H This Study (Family 25) 

c.1952_1955delAAAC p.(Asn653Lysfs*14) Saudi PM/H (Shaheen et al., 2019) 

c.2738dupT p.(Cys914fs) Iranian/consanguineous PM/H 
(Bazgir, Agha Gholizadeh, 
Sarvar, & Pakzad, 2019) 

c.3193C>T p.(Gln1065*) 
Pakistani/consanguineou
s 

PM/H This Study (Family 27) 

c.3384_3385dupT p.(Lys1129*) Indian/first cousin PM/H 
(Bhargav, Sreedevi, 
Swapna, Vivek, & Kovvali, 
2017) 

c.3796G>T p.(Glu1266*) 
Kosovan/non-
consanguineous 

PM/H (Boonsawat et al., 2019) 

c.5219_5225delGAGGAT
A 

p.(Arg1740Thrfs*7) Turkish/consanguineous PM/H (McSherry et al., 2018) 

c.7543C>T p.(Arg2515*) Pakistani/consanguineous PM/H 
(A. Khan, Wang, Han, 
Ahmad, & Zhang, 2018) 

c.7684A>G p.(Ser2562Gly)   (R. Li et al., 2017) 

c.7782_7783delGA‡ 
c.9742_9745delAAAC 

p.(Lys2595Serfs*6) 
p.(Lys3248Serfs*13) 

Japanese/non-
consanguineous 

PM/H/CH 
(Ahmed et al., 2019; 
Okamoto, Kohmoto, Naruto, 
Masuda, & Imoto, 2018) 

c.8718_8721delTTTA p.(Leu2907Argfs*30) Pakistani/first cousin PM/H This Study (Family 26) 



11 
 

c.9601C>T p.(Gln3201*) Pakistani/first cousin PM/H This Study (Family 22) 

c.9961C>T p.(Gln3321*) Pakistani/first cousin PM/H This Study (Family 16) 

c.6854_6855delTC 
c.9976_9977dupGT 
c.3741G>A 

p.(Leu2285Glnfs*32) 
p.(Ser3327Tyrfs*14) 
p.(Lys1247=) 

Pakistani/non-
consanguineous 

PM/CH This Study (Family 32) 

c.10013delA p.(Asp3338Valfs*2) Pakistani/first cousin PM/H (M. A. Khan et al., 2017) 

Note: PM stands for primary microcephaly, H for homozygous and CH for compound heterozygous. Mutation report of this study is 

mentioned in bold. †This mutation was reported in the form of compound heterozygous form along with a known mutation, 

c.9697C > T, p.(Arg3233*)). ‡Recently this mutation was found in a Pakistani family with homozygous state. 

 

 

 
TABLE S5 List of disease causing DNA variants reported in WDR62 

cDNA mutation Protein mutation Origin  Disorder/zygosity Reference 

c.28G>T 
c.189G>T 

p.(Ala10Ser) 
p.(Glu63Asp) 

Chinese/consanguineous 
 

PM/CH 
(Banerjee et al., 
2016) 

c.193G>A p.(Val65Met) 
Pakistani/consanguineous 
Saudi/first cousin 

PM/H 
(Nicholas et al., 2010; 
Yu et al., 2010) 

c.332G>C p.(Arg111Thr) Pakistani/first cousin PM/H 
(Sajid Hussain et al., 
2013) 

c.363delT p.(Asp112Metfs*5) Mexican/first cousin PM/H (Yu et al., 2010) 

c.390G>A  p.(Glu130Glu) Sudanese/consanguineous PM/H (Bastaki et al., 2016) 

c.535_536insA p. (Met179fs*21) 
India/consanguineous 
 

PM/H (Bhat et al., 2011) 
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c.900C>A p.(Cys300*) 

c.668T>C  p.(Phe223Ser) 
Romani/consanguineous 
Romani/non-
consanguineous 

PM with abnormal 
cortical 
architecture/H 

(Zombor et al., 2019) 

c.671G>C  p.(Trp224Ser) Turkish/first cousin PM/H (Bilguvar et al., 2010) 

c.731C>T 
c.2413G>T 

p. (Ser244Leu) 
p.(Glu805*) 

Japanese/non-
consanguineous 

PM/CH 
(Miyamoto et al., 
2017) 

c.797C>T 
c.1102G>A 

p.(Ala266Val) 
p.(Asp368Asn) 

Saudi/consanguineous 
 

PM/CH (Naseer et al., 2019) 

c.1027C>T p.(Gln343*) Moroccan/consanguineous PM/H (Jaouad et al., 2018) 

c.883-4_890del 
c.1684C>G 

 
p.His562Asp 

South Korean/ non-
consanguineous 

PM/CH (Yi et al., 2019) 

c.883-1273_ 
1237-850del 

Microdeletion of exon 
8 and 9 

Pakistani/consanguineous 
 

PM/H 
(Wang, Khan, Han, & 
Zhang, 2017) 

c.1043+1G>A p.Ser348Argfs*63 Turkish/first cousin PM/H (Yu et al., 2010) 

c.1143delA  p.(His381Profs*48) 
Pakistani/consanguineous 
 

PM/H (Memon et al., 2013) 

c.1194G>A  p.(Trp398*) 
Pakistani/first cousin 
 

PM/H 
(Sajid Hussain et al., 
2013) 

c.1198G>A p.(Glu400Lys) Hispanic/consanguineous PM/H 
(Bacino, Arriola, 
Wiszniewska, & 
Bonnen, 2012) 

c.1313G>A  p.(Arg438His) Pakistani/consanguineous PM/H 
(Kousar et al., 2011; 
Nicholas et al., 2010) 

c.1313G>A  
c.2864_2867delACA
G 

p.(Arg438His) 
p.(Asp955Alafs*112) 

German /non- 
consanguineous 

PM/CH (Farag et al., 2013) 

c.1408C>T  p.(Gln470*) Turkish/first cousin PM/H (Bilguvar et al., 2010) 

c.1531G>A  p.(Asp511Asn) Pakistani/consanguineous PM/H (Kousar et al., 2011; 
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Nicholas et al., 2010) 

c.1576G >T 
c.1576G >A 

p.(Glu526*) 
p.(Glu526Lys) 

Turkish/first cousin PM/H (Bilguvar et al., 2010) 

c.1605dupT† 
Duplication of 17q25-
qter, 
TBCD;c.3361T>G¶ 

p.(Glu536*) 
 
 
p.Phe1121Val 

Turkish/consanguineous PM/H (Poulton et al., 2014) 

c.1821dupT  p.(Arg608Serfs*26) 
French Canadian/first 
cousin 

PM/H 
(McDonell et al., 
2014) 

c.1942C>T  p.(Gln648*) Pakistani/first cousin PM/H (Kousar et al., 2011) 

c.1973_1974del p.Val658Glufs*14 Swedish/ consanguineous PM/H 
(Kvarnung et al., 
2018) 

c.2115C>G  p.(Gly705Gly) Iranian/consanguineous 
PM, cerebral 
atrophy/H 

(Najmabadi et al., 
2011) 

c.2195C>T p.(Thr732Ile) 
Pakistani/ 
consanguineous 

PM/H 
This study (Family 
4) 

c.2083delA 
c.2472_2473delAG 

p.(Ser696Alafs*4) 
p.(Gln918Glyfs*18) 

Unknown/non-
consanguineous 

Polymicrogyria  /CH (Murdock et al., 2011) 

c.2520+5G>T p.(Asp823Alafs*5) Pakistani/consanguineous PM/H (Wang et al., 2017) 

c.2527dupG  p.(Asp843Glyfs*3) Pakistani/first cousin PM/H 
(Rupp, Rauf, Naveed, 
Windpassinger, & 
Mir, 2014) 

c.2588G>A  p.(Arg863His) Tunisian/consanguineous PM/H (Poulton et al., 2014) 

c.2667_2668GA>TT  
p.(Met889Ile) 
p.(Lys890*) 

Pakistani/consanguineous PM/H (Wang et al., 2017) 

c.2863delGACA  p.(Asp955Alafs*112) Turkish/second cousin PM/H 
(Poulton et al., 2014; 
Sgourdou et al., 
2017) 

c.2867+4_ 
2867+7delGGTG 

p.(Ser956Cysfs*38) Turkish/first cousin PM/H (Yu et al., 2010) 
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c.3012_3034dup  p.(Pro1012fs) Unknown 

PM (with or without 
cortical 
malformations)/unkn
own 

National Center for 
Biotechnology 
Information. ClinVar; 
[VCV000437292.1] 

c.3232G>A p.(Ala1078Thr) Pakistani/consanguineous PM/H (Nicholas et al., 2010) 

c.3335+1G>C  
Italian /non-
consanguineous 

PM/H (Nardello et al., 2018) 

c.3361delG  p.(Ala1121Glnfs*6) Pakistani/first cousin PM/H 
(Sajid Hussain et al., 
2013) 

c.3406C>T p.(Arg1136*) Unknown 
ID and global 
developmental 
delay/H 

(McSherry et al., 
2018) 

c.3503G>A  p.(Trp1168*) Pakistani/second cousin  PM/H 
(Sajid Hussain et al., 
2013) 

c.3839_ 
3855delGCCAAGAG
CCTGCCCTG 

p.(Gly1280Alafs*21) Turkish/first cousin PM/H 
(Bilguvar et al., 2010; 
Yu et al., 2010) 

c.3878C>A  p.(Ala1293Asp) Saudi/consanguineous PM/H (Naseer et al., 2017) 

c.3936dupC‡ p. (Val1314Argfs*18) 
Pakistani/consanguineous 
Turkish/first cousin 
Unknown 

PM/H 
(Kousar et al., 2011; 
Nicholas et al., 2010; 
Yu et al., 2010) 

c.4205_ 
4208delTGCC 

p.(Val1402Glyfs*12) Turkish/first cousin PM/H (Bilguvar et al., 2010) 

c.4241dupT  p.(Leu1414Leufs*41) Pakistani/unknown PM/H (Nicholas et al., 2010) 

Note: PM stands for primary microcephaly, H for homozygous and CH for compound heterozygous. †This mutation is the corrected 
form of c.1605_1606insT which is modified according to the HGVS (Human Genome Variation Society) guidelines. ‡Renamed 

(c.3935_ 3936insT) according to the HGVS recommendations. ¶Indicates modifiers where duplication of chromosomal segment 
17q25-qter on one allele and a missense mutation, c.3361T>G;p.(Phe1121Val), of TBCD on the other, non-duplicated allele was 
found.  
  

https://www.ncbi.nlm.nih.gov/clinvar/variation/437292/
https://www.ncbi.nlm.nih.gov/clinvar/variation/437292/
https://www.ncbi.nlm.nih.gov/clinvar/variation/437292/
https://www.ncbi.nlm.nih.gov/clinvar/variation/437292/
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TABLE S6 List of disease causing DNA variants identified in CDK5RAP2 

cDNA mutation Protein mutation Origin  Disorder/Zygosity Reference 

c.246T>A 
 
c.4005-15A>G 

p.(Tyr82*) Pakistani/first cousin PM/H 
(Bond et al., 2005; 
Hassan et al., 2007) 

 
Northern Pakistan/first 
cousins 

PM/H (Bond et al., 2005) 

c.448C>T p.(Arg150*) 
Pakistani 
/consanguineous 

PM/H This study (Family 3) 

c.700G>T p.(Glu234*) Somali/second cousin PM/H (Pagnamenta et al., 2012) 

c.4441C>T p.(Arg1481*) Italian/third cousins PM/H (Issa et al., 2013) 

c.4546G>T 
c.4672C>T 

p.(Glu1516*)  
p.(Arg1558*) 

 PM/ CH 
(Boonsawat et al., 2019; 
Pagnamenta et al., 2012) 

c.524_528del  
c.4005-1G>A 

 
Caucasian/non- 
consanguinity 

PM/ CH 
(Issa et al., 2013; Tan et 
al., 2014) 

c.4441C>T 
c.5227C>T 

p.(Arg1481*) 
p.(Gln1743*) 

Guatemalan and 
Honduran/non- 
consanguinity 

PM/ CH (M. H. Li et al., 2015) 

c. 4005-9A>G 
 

p.(Arg1335Serfs*3) 
Turkish /second 
cousin SS/H 

(Yigit et al., 2015) 
c.383+1G>C,  p.(Lys129*) Pakistani /unknown 

c.4187T>C,  
Digenic with mutation of 
CEP152;c.3014_3015delAAin
sT  

p.(Met1396Thr) 
 
p.(Lys1005Ilefs*16) 

German /non-
consanguineous  

SS/CH 

c.4604+1G>C  
c.3097delG 

 
p.(Val1033fs*41) 

British 
Caucasian/unknown 

PM/ CH (Pagnamenta et al., 2016) 

c.1279C>T p.(Arg427*) Pakistani/first cousin PM/H (Ahmad et al., 2017) 

c.4114C >T  p.(Arg1372*) Pakistani/first cousins PM/H (Sukumaran et al., 2017) 

c.280G>A  
c.3695A>G  

p.(Gly94Arg)  
p.(Asn1232Ser) 

French Canadian 
/non-consanguineous 

ACC/CH (Jouan et al., 2016) 
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c.5127_5128dupGT p.(Ser1710Cysfs*22) 
Pakistani/consanguine
ous 

 (Abdullah et al., 2017) 

c.4055A>G  p.(Glu1352Gly)  
Saudi/consanguineou
s  

PM/H (Alfares et al., 2018) 

c.4672C>T  p.(Arg1558*) 
Saudi/consanguineou
s  

PM/H (Alfares et al., 2018) 

c.558_559delGA 
c.4441C>T 

p.(Glu186Aspfs*32) 
p.(Arg1481*) 

 PM /CH  
(Boonsawat et al., 2019; 
Issa et al., 2013) 

c.3928G>T  
c.4546G>T 
 

p.(Glu1310*)  
p.(Glu1516*) 

Unknown 
 PM+short 
stature/CH  

(Boonsawat et al., 2019; 
Lancaster et al., 2013) 

c.140delT,  
c.384_2106del 

p.(Val47Glyfs*14) 
p.(Lys129Phefs*22) 

Saudi/non-
consanguineous 

 PM/CH  (Shaheen et al., 2019) 

c.4005-15A>G, 
Digenic with CNTRL 
c.586C>T 

 
p.(Arg196*) 

 
Saudi/second cousin 

 
PD/ CH 

 
(Shaheen et al., 2019) 

Note: PM stands for primary microcephaly, PD for primordial dwarfism, ACC for agenesis of the corpus callosum, SS for Seckel 

syndrome, H for homozygous and CH for compound heterozygous. Mutation in bold is the finding of this study. 

 
 
TABLE S7 List of disease causing variants identified in CENPJ 

cDNA mutation Protein mutation Origin  Disorder/Zygosity Reference 

c.18delC p.(Ser7Profs*2) 
Pakistani/ 
consanguineous 

PM/H 
(Bond et al., 2005; Sajid Hussain 
et al., 2013), This study (Family 
11) 

c.3704A>T p.(GLu1235Val) Brazilian/first cousin PM/H (Bond et al., 2005) 

c.3242_3246delTCAG p.(Ser1081Argfs*8) Pakistani/first cousin PM/H (Gul et al., 2006) 

c.2462C>T p.(Thr821Met) Iranian/unknown PM/H (Darvish et al., 2010) 

c.3302-1G>C 
 
 

 
 

SS/H 
(Al-Dosari, Shaheen, Colak, & 
Alkuraya, 2010) 
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†[(3302_3366del), 
(3217_3366del), 
 (3217_3477del)] 

p.(1102_1122delfs*6), 
p.(1073_1122de), 
p.(1073_1159del) 

 
Saudi/first cousin 

c.3302-1G>C,  
c.43_44del, 
c.133C>T,  
c.125_126delAA,  

 
p.(Asn15Leufs*42), 
p.(Arg45*), 
p.(Lys42Argfs*15) 
 

Saudi/non 
consanguineous  
Saudi/first Cousin 
Saudi/first Cousin 

 
PM/H 

(Shaheen et al., 2019) 

Note: PM stands for primary microcephaly, SS for Seckel syndrome, H for homozygous and CH for compound heterozygous. †Three 

different transcripts produced due to the splice variant, c.3302-1G>C. Mutation in bold is the finding of this study. 

 
 
TABLE S8 List of disease causing DNA variants identified in STIL 

cDNA mutation Protein mutation Origin  Disorder/Zygosity Reference 

c.453+5G>A p.(Asp89Glyfs*8) Pakistani/first cousin PM/H (Kakar et al., 2015) 

c.3715C>T p.(Gln1240*) 

Indian/consanguineous PM+ developmental delay/H (Kumar et al., 2009) c.3655delG P.(Leu1219*) 

c. 2829+1G>A p.(Gly944Valfs*15) 

c.2392T>G 
 

p.(Leu798Trp*) 
Iranian/ 
consanguineous 

PM/H (Papari et al., 2013) 

c.2354_2355dupGA 
c.3835C>T 

p.(Lys786Glufs*5) 
(paternal) 
p.(Arg1280Cys) 
(maternal) 

Unknown/Non-
consanguineous 

PM/CH (Bennett et al., 2014) 

c.3694C>T p.(Arg1232*) 
Pakistani/ 
consanguineous 

PM/H This study (Family 24) 

c.3759dupT p.(Pro1254Serfs*2) 
Pakistani/ 
consanguineous 

PM/H This study (Family 29) 
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c.2150G>A p.(Gly717Glu) Turkish/ first cousin Holoprosencephaly+ PM/H (Mouden et al., 2015) 

c.1231C>G  
c.3370A>G 

p.(His411Asp) 
p.(Met1124Val) 

Caucasian /non-
consanguineous 

Severe fetal microcephaly/CH 

(Cristofoli, De 
Keersmaecker, De 
Catte, Vermeesch, & 
Van Esch, 2017) 

c.3552_3553del p.(Cys1184*) Saudi/consanguineous PM/H (Shaheen et al., 2019) 

Note: PM stands for primary microcephaly, H for homozygous and CH for compound heterozygous. In bold are findings reported in 

this study. 

 
 

 

TABLE S9 List of disease causing DNA variants identified in CEP135 

cDNA mutation Protein mutation Origin  Disorder Reference 

c.970delC p.(Gln324Serfs*) Pakistani/first cousin PM/H (Hussain et al., 2012) 

c.1473+1G>A p.(Glu417Glyfs*2) Pakistani/first cousin PM/H (Farooq et al., 2016) 

c.2722C>T p.(Arg908*) Saudi/first cousin PD/H (Shaheen et al., 2019) 

c.3157G>T p.(Glu1053*) Pakistani/consanguineous PM/H This study (Family 23) 

Note: PM stands for primary microcephaly, PD for primordial dwarfism, H for homozygous and CH for compound heterozygous. 

Mutation report of this study is mentioned in bold. 
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