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Table S1. RT-PCR primers used for confirming differentially expressed genes in RNA-Seq

Gene Forward primer 5'3' Reverse primer 5'3' Amplicon size
CHAF1B TCTTCCGTAGACTGAGTTTCACT  TCACCAGATTCCACACATCCA 73 bp

cLIc2 AGAACAAACCCTGGCTCCTC GCCCACATCAAAAGACTCCT 71 bp

FN1 TTGTACTTGCCTGGGAGAAG CTTGTGTCCTGATCGTTGCA 75 bp

MCAM AAGTCACCGTCCCTGTTTTC CTTCCTTCAGCATTCCCACG 75 bp

MSLN CCCATTGGACCTGCTGCTAT GAGAAGAAACGGGTGCAGG 72 bp

SPARC CTGGACCAGCACCCCATT CATGGGGATGAGGGGAGC 75 bp
Reference genes

CLK2 ATGTGGGATTCACCCTCTTC GGACCCAAGATCCTTTCCAT 73bp

GUSB ACGGTGTCAACAAGCATGAG ACCAAGCCAGCGAAGCAG 95bp




Table S2. Differentially expressed genes (log2 fold change >0.5 or <-0.5) between the MCPH1 mutant
and control cell lines in the RNA-Seq, analyzed with DESeq2

Overexpressed in MCPH1 mutant cells Underexpressed in MCPH1 mutant cells
Gene ID Log2FC  Adj. p-value (q) Gene ID Log2FC Adj. p-value (q)
1 ce2 3.2873 3.36E-142 1 COCcH -3.1402 3.73E-146
2 SLC27A6 2.8925 1.62E-101 2 NLGN4X -2.9055 5.17E-83
3  GLDC 2.4649 1.31E-148 3 KIF7 -1.9543 3.00E-37
4  MSLN 2.1765 3.35E-177 4  ABCA3 -1.9049 3.48E-40
5  FRMD3 2.0816 7.98E-54 5 AIFIL -1.5855 4.15E-48
6 MCAM 2.0702 3.01E-67 6  HISTIH2BE -1.4251 1.64E-46
7 EYA2 2.0659 1.80E-42 7  DENND2D -1.3879 3.65E-23
8 DCN 1.9832 4.44E-99 8  CHSY3 -1.3457 1.79E-35
9  MFAPS 1.9279 2.62E-44 9  MCPH1 -1.2910 2.38E-52
10 LCP1 1.8971 8.07E-38 10 HIST1H2BB -1.2627 2.11E-74
11  SPRR2D 1.7681 1.93E-39 11 TSPAN18 -1.1667 3.14E-14
12 IGFBP3 1.6686 1.31E-48 12 GNAZ -1.1469 1.07E-12
13 ERICHS 1.6547 5.47E-27 13 SPARC -1.1428 6.87E-39
14  DOCK10 1.6489 3.62E-33 14  NIPAL4 -1.1260 3.59E-12
15  AZGP1 1.6444 4.93E-32 15  CDH4 -1.1145 1.49E-17
16 VL 1.6219 1.07E-39 16  AKR1C2 -1.0661 2.31E-70
17 SPRR1B 1.5572 2.80E-52 17 SEMA3B -1.0356 4.67E-12
18  ZNF732 1.5547 2.18E-23 18  APIM2 -1.0319 9.01E-43
19 ovoL1 1.5015 3.16E-23 19 ANXA6 -1.0148 8.30E-27
20 ABCC2 1.4893 9.47E-88 20 AP1S2 -1.0003 2.13E-22
21 CFB 1.4753 5.77E-54 21 KRT83 -0.9556 5.16E-10
22 STEAP4 1.4607 4.79E-22 22 KRT13 -0.9431 2.56E-10
23 PI3 1.4565 2.88E-48 23 RAB31 -0.9051 1.14E-11
24 GJAS 1.4564 1.13E-29 24 DLX1 -0.8921 6.64E-08
25 TNC 1.4180 5.43E-65 25 PLA2G16 -0.8885 4.94E-09
26 SAA2 1.4124 2.79E-33 26  CRIP2 -0.8846 1.04E-19
27 CFH 1.4122 1.69E-84 27 SAMDS -0.8687 5.39E-18
28 HLA-B 1.3926 2.90E-79 28 RPP25 -0.8578 1.10E-08
29 ELF3 1.3372 7.43E-30 29 UCHL1 -0.8206 9.03E-07
30 DPYSL3 1.3001 4.49E-63 30 TREX1 -0.8136 3.30E-09
31 LPAR3 1.2708 7.42E-16 31 LAPTMS5 -0.8092 4.78E-08
32 Clorf233 1.2621 1.64E-35 32 GPAT3 -0.7938 7.02E-07
33 Cl50rf48 1.2615 7.22E-17 33 HISTIH3F -0.7920 3.54E-40
34 L1B 1.2239 7.12E-75 34 VD -0.7774 3.01E-16
35 UBE2L6 1.2172 4.86E-27 35 ADD2 -0.7718 2.02E-12
36 (IS 1.2111 4.09E-14 36 IGFBP2 -0.7508 6.18E-08
37 IQGAP2 1.1818 5.97E-18 37 ZNF85 -0.7506 6.03E-06
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0.5494
0.5489
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0.5471
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0.5323
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0.5231
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0.5162
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0.5130
0.5128

6.93E-13
1.85E-07
6.13E-08
1.09E-08
6.00E-04
9.39E-08
2.02E-06
1.18E-13
1.90E-03
6.34E-08
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5.40E-05
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2.18E-06
5.75E-24
9.36E-09
1.60E-08
8.72E-08
6.80E-13
3.72E-03
1.26E-03
4.75E-11
2.93E-07
1.95E-06
2.34E-03
1.51E-03
2.37E-03
4.33E-03
6.82E-08
8.38E-21
3.74E-03
2.59E-03
1.42E-18
1.53E-06
4.78E-03
1.36E-04
2.65E-06
5.62E-04
4.51E-03
4.39E-32
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SEC14L1
GRN
GDPD3
CSF1
PML
PIK3R3
ERBB3
MVP
CYB5R1
LZTS2
TMEMG63B
SLC44A5
MYL9
MROH6

0.5120
0.5077
0.5074
0.5074
0.5070
0.5063
0.5059
0.5049
0.5044
0.5042
0.5034
0.5024
0.5014
0.5009
0.5007

3.39E-03
9.95E-09
5.79E-15
5.23E-03
1.50E-04
1.46E-06
2.92E-07
1.42E-05
8.21E-18
3.93E-14
5.54E-06
1.86E-11
2.82E-07
9.38E-05
2.12E-06

Log2FC: log2 fold change, adj: adjusted.




Table S3. The expanded list of molecules enriched in cancer and invasion-related pathways in IPA

Metastasis Advanced malignant tumor Invasion of mammary tumor cells
Molecule Prediction® Log2FC | Molecule Prediction Log2FC | Molecule Prediction Log2FC
MCAM Increased 2.07 MSLN Affected 2.176 MCAM Increased 2.07
TNC Increased 1.418 MCAM Increased  2.07 FN1 Increased 1.152
DPYSL3 Decreased 1.3 MFAPS5 Affected 1.928 S100A8 Increased 0.968
IL1B Increased 1.224 TNC Increased  1.418 S100A7 Increased 0.889
AKT3 Increased 1.159 CFH Affected 1.412 F2R Increased 0.769
FN1 Increased 1.152 DPYSL3 Decreased 1.3 NOTCH1  Increased 0.579
CiR Affected 1.133 IL1B Increased  1.224 CSF1 Increased 0.507
CCDC80 Decreased 1.091 AKT3 Increased  1.159

MAFB Affected 0.958 FN1 Increased  1.152

SERPINA1 Affected 0.949 CiR Affected 1.133

CCND2 Affected 0.938 CCDC80 Decreased 1.091

CLDN4 Affected 0.926 MAFB Affected 0.958

FYN Increased 0.889 SERPINA1 Affected 0.949

ICAM1 Affected 0.866 CCND2 Affected 0.938

CYP1B1 Affected 0.831 CLDN4 Affected 0.926

GDF15 Affected 0.823 FYN Increased  0.889

TGM2 Increased 0.807 ICAM1 Affected 0.866

MUC1 Increased 0.797 CYP1B1 Affected 0.831

CRABP2 Affected 0.794 GDF15 Affected 0.823

F2R Increased 0.769 TGM2 Increased  0.807

TACSTD2  Increased 0.721 MUC1 Increased  0.797

DAPK1 Decreased  0.698 CRABP2 Affected 0.794

PLD1 Increased 0.687 F2R Increased  0.769

CDKN1A Decreased 0.679 TACSTD2  Increased 0.721

SLPI Affected 0.678 DAPK1 Decreased 0.698

IFITM3 Increased 0.604 PLD1 Increased  0.687

NOTCH1 Increased 0.579 CDKN1A Decreased 0.679

SERPINB2 Decreased 0.577 SLPI Affected 0.678

CD24 Increased 0.571 IFITM2 Affected 0.614

ZFP36 Affected 0.555 IFITM3 Increased  0.604

L1CAM Increased 0.55 NOTCH1 Increased  0.579

PSCA Increased 0.547 SERPINB2 Decreased 0.577

SOCS3 Increased 0.536 CD24 Increased  0.571

NTN4 Increased 0.529 ZFP36 Affected 0.555

MEF2D Increased 0.529 L1CAM Increased  0.55

GREB1 Affected 0.518 PSCA Increased  0.547

PIK3CD Decreased 0.516 SOCS3 Increased  0.536

CSF1R Affected 0.516 NTN4 Increased  0.529

LAMA3 Affected 0.513 MEF2D Increased  0.529

CSF1 Increased 0.507 GREB1 Affected 0.518

PIK3R3 Increased 0.506 PIK3CD Decreased 0.516

ERBB3 Increased 0.505 CSF1R Affected 0.516

SYT12 Affected -0.527 | LAMA3 Affected 0.513

PPP2R2C  Affected -0.535 | CSF1 Increased  0.507

EPCAM Decreased -0.542 | PIK3R3 Increased  0.506




IRS1 Affected -0.582 | ERBB3 Increased  0.505
HTRA1 Affected -0.582 | SYT12 Affected -0.527
CA9 Affected -0.585 | PPP2R2C  Affected -0.535
FGFR2 Increased -0.601 | EPCAM Decreased -0.542
SULT1E1  Affected -0.621 | IRS1 Affected -0.582
PTGS1 Affected -0.73 HTRA1 Affected -0.582
IGFBP2 Decreased -0.751 | CA9 Affected -0.585
RAB31 Affected -0.905 | FGFR2 Increased  -0.601
AKR1C2 Affected -1.066 | SULT1E1  Affected -0.621

PTGS1 Affected -0.73

IGFBP2 Decreased -0.751

RAB31 Affected -0.905

AKR1C2 Affected -1.066
Homing of cells Invasion of cells Chemotaxis
Molecule Prediction Log2FC | Molecule Prediction Log2FC | Molecule Prediction Log2FC
LCP1 Increased  1.897 MCAM Increased  2.07 LCP1 Increased  1.897
IGFBP3 Increased  1.669 EYA2 Increased  2.066 LPAR3 Increased  1.271
LPAR3 Increased  1.271 DCN Decreased 1.983 IL1B Increased  1.224
IL1B Increased  1.224 LCP1 Increased  1.897 FN1 Increased  1.152
FN1 Increased  1.152 AZGP1 Decreased 1.644 CCL28 Increased  1.025
CCL28 Increased  1.025 TNC Increased  1.418 SAA1 Affected 0.992
SAA1 Affected 0.992 CFH Increased  1.412 S100A8 Increased  0.968
S100A8 Increased  0.968 ELF3 Increased  1.337 SERPINA1 Increased 0.949
SERPINA1 Increased 0.949 DPYSL3 Decreased 1.3 FYN Increased  0.889
FYN Increased  0.889 IL1B Increased  1.224 S100A7 Increased  0.889
S100A7 Increased  0.889 UBE2L6 Increased  1.217 ICAM1 Increased  0.866
ICAM1 Increased  0.866 AKT3 Increased  1.159 MUC1 Increased  0.797
MUC1 Increased  0.797 FN1 Increased  1.152 F2R Increased  0.769
F2R Increased  0.769 CEACAMG6  Increased 1.109 MARCO Affected 0.712
MARCO Affected 0.712 CLCA2 Decreased 0.992 PLD1 Increased  0.687
PLD1 Increased  0.687 SAA1 Increased  0.992 LEF1 Affected 0.68
LEF1 Affected 0.68 S100A8 Increased  0.968 CDKN1A Affected 0.679
CDKN1A Affected 0.679 SERPINA1 Increased 0.949 SLPI Increased 0.678
SLPI Increased  0.678 CLDN4 Affected 0.926 LIF Increased  0.667
LIF Increased  0.667 FAP Increased  0.908 S1PR3 Increased  0.664
S1PR3 Increased  0.664 FYN Increased  0.889 INPP5D Increased  0.647
INPP5D Increased  0.647 S100A7 Increased  0.889 S100A9 Increased  0.62
S100A9 Increased  0.62 ATP6VOA4 Increased 0.863 NINJ1 Affected 0.616
NINJ1 Affected 0.616 CYP1B1 Increased  0.831 GSN Increased  0.573
GSN Increased  0.573 GDF15 Increased  0.823 L1CAM Affected 0.55
L1CAM Increased  0.55 WISP2 Decreased 0.822 CXADR Affected 0.549
CXADR Affected 0.549 MUC1 Increased  0.797 TYMP Affected 0.542
TYMP Affected 0.542 F2R Increased  0.769 SOCS3 Decreased 0.536
SOCS3 Decreased 0.536 BTG2 Decreased 0.762 PIK3CD Increased  0.516
PIK3CD Increased  0.516 CLDN7 Increased  0.715 CSF1R Increased 0.516
CSF1R Increased  0.516 PLD1 Affected 0.687 GRN Decreased 0.507
GRN Decreased 0.507 LEF1 Increased  0.68 CSF1 Increased  0.507




CSF1
ERBB3
EPHB2
SEMA3B
GNAZ

Increased
Increased
Increased
Decreased
Decreased

0.507
0.505
-0.59
-1.04
-1.15

CDKN1A
S1PR3
MCF2
SLFN5
CLDN1
IL32
DYRK1B
IFIT2
S100A9
DUSP1
IFITM3
TNFSF10
NOTCH1
GSN
CD24
ZFP36
L1CAM
RALGDS
ITGB6
MEF2D
ADAM21
CYP2J2
PIK3CD
LAMA3
GRN
CSF1
PML
ERBB3
EREG
EPCAM
HTRA1
CA9
EPHB2
FGFR2
IGFBP2
PLA2G16
CDH4
SPARC

Increased
Increased
Increased
Decreased
Affected
Increased
Decreased
Decreased
Affected
Increased
Affected
Increased
Increased
Increased
Increased
Decreased
Increased
Affected
Affected
Increased
Increased
Increased
Increased
Affected
Increased
Increased
Increased
Increased
Decreased
Decreased
Increased
Decreased
Decreased
Increased
Decreased
Decreased
Increased
Decreased

0.679
0.664
0.654
0.65

0.644
0.644
0.644
0.637
0.62

0.604
0.604
0.589
0.579
0.573
0.571
0.555
0.55

0.549
0.535
0.529
0.523
0.516
0.516
0.513
0.507
0.507
0.506
0.505
-0.51
-0.54
-0.58
-0.59
-0.59
-0.6

-0.75
-0.89
-1.12
-1.14

ERBB3
EPHB2
SEMA3B
GNAZ

Increased
Increased
Decreased
Decreased

0.505

-0.586
-1.036
-1.147

@Prediction based on measurement direction. IPA: Ingenuity Pathway Analysis, Log2FC: log2 fold change.



Table S4. TP53 mutation frequency in MCPH1-altered and non-altered breast tumors

Dataset Samples TP53 mutation frequency p-value? OR  95%Cl
Breast invasive carcinoma (TCGA) n=963 297/963 (31%)

MCPH1-altered n=54 31/54 (57%)

Non-altered n=909 266/909 (29%) 0.000029 3.3 1.865-5.692
Breast cancer (METABRIC) n=2051 741/2051 (36%)

MCPH1-altered n=26 19/26 (73%)

Non-altered n=2025 722/2025 (36%) 0.000127 4.9 2.049-11.708

a x2-test, MCPH1-altered vs. non-altered. Cl: confidence interval, OR: odds ratio



