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SUPPLEMENTAL TABLES

Supplemental Table 1. Primers used for gPCR.*

gPCR Prod.
Gene Primer Sequence Length (bp)
DEFAl 5'-CAAAGCATCCAGGCTCAAGG-3' 127
5-CAAGCTCAGCAGCAGAATGC-3
FN1 5-GGACGCATCACTTGCACTTC-3 117
5-GATGCACTGGAGCAGGTTTC-3'
HBA1 5-GGTCAACTTCAAGCTCCTAAGC-3 177
5-CAAGGGGCAAGAAGCATGG-3
MSLN 5-ACCTAACATTTCCAGCCTCTCC-3 212
5-GGAATAGCAGCAGGTCCAATG-3'
RPL3L 5-ATTCGGGTCATTGTCCACAC-3 169
5-CCTCACTCTGGCTGAACACG-3'
USP9Y 5-CTCAGCATCTCTTCCAACAGAAC-3 193
5-TCATCCAGGTTTGCCAGCTC-3'
HPRT1 5-TGGCGTCGTGATTAGTGATG-3' 131
Housekeeping 5-CAAGACGTTCAGTCCTGTCC-3'
GPI 5-TCATCATTGCCTCCAAGACC-3' 194

Housekeeping 5-CACCCAATCCCAGAACTCG-3

* Abbreviations: bp=base pair, Prod.=product, gPCR=quantitative polymerase chain reaction



Supplemental Table 2. Patient and 1A Characteristics per Each Risk Stratification.*

Per Size Stratification

Per PHASES Stratification

Patient Characteristics

Low-Risk High-Risk Low-Risk High-Risk
Age (avg. years + s.d.) 57.4+116 57.2+126 55.2+12.6 60.8 + 10.3
Female (n/Niotar) 29/37 (78.4%)  21/31 (67.7%) 32/42 (81.0%)  18/26 (69.2%)
Smoking (n/Neotar) 10/37 (27.0%)  9/31 (29.0%) 13/42 (31.0%)  6/26 (23.1%)
Hypertension (n/niotal) 15/37 (40.5%)  15/31 (48.4%) | 13/42 (31.0%)  17/26 (65.4%)
Family history of IA (n/Nial) 6/37 (16.2%)  3/31(9.7%) 8/42 (19.1%)  1/26 (3.9%)
Aneurysm Characteristics
Patients with multiple 1As
(N/Notar) 7/37 (18.9%)  8/31 (25.8%) 8/42 (19.1%)  7/26 (26.9%)
IA size (avg. mm = s.d.) 2.63+0.9 7.04+3.3 3.52+1.73 6.15+4.05
IA location (n/Niotar)
ACom 5/49 (10.2%)  4/40 (10.0%) 4/52 (7.7%) 5/37 (13.5%)
BA 4/49 (8.2%) 3/40 (7.5%) 3/52 (5.8%) 4/37 (10.8%)
ICA 23/49 (46.9%) 21/40 (52.5%) | 35/52 (67.3%) 9/37 (24.3%)
MCA 7/149 (14.3%)  6/40 (15.0%) 5/52 (9.6%) 8.37 (21.6%)
PCom 10/49 (20.4%) 6/40 (15.0%) 5/52 (9.6%) 11/37 (29.7%)

*These clinical factors were retrieved from patients’ medical records. With the exception of age, these datapoints
were quantified as binary data points. (Abbreviations: |A=intracranial aneurysm, n=number, avg.=average,
s.d.=standard deviation, ACom=anterior communicating artery, BA=basilar artery, ICA=internal carotid artery,
MCA=middle cerebral artery, PCom=posterior communicating artery, PHASES=population, hypertension, age, size
of aneurysm, earlier SAH from another aneurysm, site of aneurysm)



Supplemental Table 3. RNA Quality and Sequencing QC Metrics.*

Sample ID 260/280 RIN MSeqs % Ass. M Ass. % Aligned
UIAL 2.00 8.46 719 22.8% 24.1 96.5%
UIA2 2.00 8.46 719 18.1% 20.9 96.3%
UIA3 2.01 9.59 629 23.6% 20.6 95.6%
UIA4 1.85 8.25 49.3 20.6% 13.7 95.9%
UIA5 2.03 9.49 50.8 23.7% 18.3 96.5%
UIA6 1.98 9.49 522 21.8% 17.3 96.5%
UIA7 1.98 9.59 49.3 27.7% 17.6 95.0%
UIA8 1.66 7.40 36.3 20.2% 10.4 95.8%
UIA9 1.87 6.70 65.6 4.0% 8.0 98.0%
UIA10 1.93 6.50 514 22.6% 15.0 96.8%
UIA1l 2.04 9.38 549 24.0% 18.4 96.7%
UIA12 2.06 8.90 66.3 21.9% 19.3 96.8%
UIA13 2.01 9.80 447  24.9% 14.5 96.4%
UIAl4 192 7.60 442  25.3% 15.1 96.2%
UIA15 1.92 6.00 56.5 22.1% 14.5 95.1%
UIA16 1.95 6.80 477  28.4% 16.3 96.2%
UIA17 1.97 9.20 490 27.7% 19.2 95.5%
UIA18 2.04 8.90 46.2  23.0% 15.1 96.4%
UIA19 2.02 7.20 69.6 24.2% 20.2 96.1%
UIA20 1.95 6.10 70.5 9.3% 15.6 97.4%
UIA21 1.96 8.90 713 12.0% 18.3 97.2%
UIA22 196 6.10 33.0 23.0% 9.3 96.2%
UIA23 196 7.84 59.3 22.4% 15.9 95.4%
UlIA24 2.03 9.38 533 22.5% 18.0 95.6%
UIA25 2.06 9.00 51.3 25.2% 17.9 96.2%
UIA26 2.03 9.10 66.2 26.8% 25.2 96.4%
UIA27 2.02 9.00 59.9 26.6% 21.5 96.1%
UIAZ28 1.97 7.90 51.0 24.1% 17.5 96.6%
UIA29 2.04 9.38 69.6 25.2% 24.1 96.3%
UIA30 2.02 9.07 340 24.6% 9.7 97.1%
UIA31 192 8.66 35.6 26.5% 10.8 97.4%
UIA32 2.03 9.07 38.7 26.3% 11.7 97.4%
UIA33 2.07 8.56 69.4 23.7% 22.9 96.6%
UIA34 2.03 8.77 40.2 25.5% 12.8 97.1%
UIA35 2.06 9.28 353 24.6% 10.4 97.1%
UIA36 2.06 9.18 40.6  25.0% 12.3 97.1%
UIA37 1.97 8.15 33.6 23.5% 9.2 97.2%



UIA38 2.03 8.87 40.8 25.7% 12.8 96.8%

UIA39 1.97 9.69 26.1 22.5% 7.3 96.9%
UIA40 2.04 8.97 40.7 25.3% 12.2 96.9%
UlIA41 2.05 9.07 20.0 27.0% 6.6 96.9%
UIA42 2.05 8.56 442  26.9% 14.2 97.2%
UIA43 1.97 8.66 352 252% 10.4 97.0%
UlA44 1.99 8.66 372  25.8% 11.3 97.0%
UIA45 205 8.35 30.3 28.0% 10.0 97.4%
UIA46 2.05 8.77 348 25.9% 10.7 97.1%
UIA47 2.06 8.46 339 25.4% 10.5 97.0%
UIA48 2.04 8.15 342  26.6% 10.5 97.2%
UIA49 2.03 8.15 38.6 26.4% 12.4 96.7%
UIAS0 1.77 8.15 320 25.3% 10.0 96.9%
UIAS51 204 9.18 454  24.2% 13.7 96.9%
UIA52 1.82 8.04 48.9 28.1% 16.6 96.7%
UIAS3 2.04 8.04 46.3 24.7% 14.0 97.1%
UIAS4 2.06 8.87 429 22.5% 11.9 96.8%
UIAS55 2.01 8.97 376 25.5% 11.5 97.2%
UIAS6 209 7.63 322 30.7% 12.6 96.6%
UIAS7 198 8.15 384  26.3% 12.4 97.4%
UIA58 2.04 8.97 319 27.0% 10.5 96.9%
UIAS9 195 8.56 511  23.2% 14.3 96.7%
UIAG0 1.05 7.94 340 28.9% 12.6 96.7%
UIAGL 201 7.94 359 23.0% 9.8 97.3%
UIAG2 2.05 8.66 379 24.6% 11.6 96.5%
UIAG3 2.05 8.46 312 28.0% 11.6 95.3%
UlIAG4 1.77 8.87 333 27.8% 11.9 96.7%
UIAGS 2.05 8.56 341  25.7% 10.7 97.0%
UIAG6 206 7.73 39.0 26.0% 12.1 96.7%
UIAG7 1.98 8.10 66.3 24.6% 20.4 96.8%
UIAGS 201 8.77 66.6 21.6% 19.7 96.0%

* “Assigned” refers to alignments assigned to genome features, whereas “aligned” refers to aligned reads that over-
lap genes. Abbreviations: Ass.=assigned, QC=quality control, RIN=RNA integrity number, M=million



Supplemental Table 4. Differentially Expressed Genes Associated with 1A Risk as Defined
by 1A size or PHASES score.*

Size PHASES

Gene Name Ensembl ID Log2(F-C) g-value | Log2(F-C) q-value
AAGALT ENSG00000128274.15 1.292 0.000
ABCA13 ENSGO00000179869.14 -1.080 0.000
ABO ENSG00000175164.13 1.159 0.002

ACOT12 ENSG00000172497.8 -1.268 0.001

ADAMTS2 ENSG00000087116.13 -2.019 0.000
ADORA1 ENSG00000163485.15 -1.273 0.001
ANKRD61 ENSG00000157999.5 -1.583 0.002
AVPR2 ENSG00000126895.13 1.041 0.001
BTNL3 ENSG00000168903.8 -1.447 0.000
C10o0rf55 ENSG00000222047.8 -1.181 0.022
Clorf53 ENSG00000203724.10 1.203 0.001
C4BPA ENSG00000123838.10 -1.427 0.000

Cdorfa7r ENSG00000205129.8 1.058 0.001

C9orf129 ENSG00000204352.2 1.261 0.000
CFAP46 ENSG00000171811.12 1.296 0.000
CHRNAY ENSGO00000175344.16 1.050 0.014
CHSY3 ENSG00000198108.3 1.012 0.029

CLDN22 ENSG00000177300.6 1.426 0.000

CLGN ENSG00000153132.12 1.106 0.001
CMBL ENSG00000164237.8 1.245 0.000
CNTNAP3B ENSG00000154529.14 1.083 0.008
COL17A1 ENSG00000065618.16 -1.250 0.000
CRISPLD1 ENSG00000121005.8 -1.359 0.001
CSMD1 ENSG00000183117.17 1.564 0.000

CTNNA2 ENSG00000066032.18 -1.671 0.011
CYP4B1 ENSG00000142973.12 -1.024 0.001

DDX3Y ENSG00000067048.16 2.168 0.000
DEFA1 ENSG00000206047.2 -1.087 0.008 -2.221 0.000
DEFA3 ENSG00000239839.5 -1.390 0.000
DEFA4 ENSG00000164821.4 -1.367 0.000
DNER ENSG00000187957.7 -1.657 0.001
EDIL3 ENSG00000164176.12 -1.038 0.000 1.586 0.000
ELF5 ENSG00000135374.9 1.227 0.000
ELN ENSG00000049540.16 1.094 0.000

ESPN ENSG00000187017.14 1.195 0.000
FAM107A ENSG00000168309.16 1.062 0.004




FAM181B
FAM3B
FAM83A
FN1
FOXI1
GAD1
GDF15
GLYATL2
GSTM1
HBA1
HBA2
HBG1
HOXB9
IF127
IGSF9
IL2
KCNJ1
KLF14
L1TD1
LOXL4
LPL
MMP8
MMRN?2
MSLN
MYOM2
NAALAD?2
NPAS1
NPC1L1
NXF3
NYAP2
OLFM4
OTOF
PALM
PGF
PKDCC
PRSS42
PRTG
PVRL2
RBFOX3
RIMBP2

ENSG00000182103.4
ENSG00000183844.16
ENSG00000147689.16
ENSG00000115414.18
ENSG00000168269.8
ENSG00000128683.13
ENSGO00000130513.6
ENSG00000156689.6
ENSG00000134184.12
ENSG00000206172.8
ENSG00000188536.12
ENSG00000213934.6
ENSG00000170689.9
ENSGO00000165949.12
ENSG00000085552.16
ENSG00000109471.4
ENSGO00000151704.15
ENSG00000266265.2
ENSG00000240563.1
ENSG00000138131.3
ENSG00000175445.14
ENSG00000118113.11
ENSG00000173269.13
ENSG00000102854.14
ENSG00000036448.9
ENSGO00000077616.10
ENSG00000130751.9
ENSG00000015520.14
ENSG00000147206.16
ENSG00000144460.11
ENSG00000102837.6
ENSG00000115155.16
ENSG00000099864.17
ENSG00000119630.13
ENSG00000162878.12
ENSG00000178055.11
ENSG00000166450.12
ENSG00000130202.9
ENSGO00000167281.18
ENSG00000060709.13

-2.397

-1.026

1.005
1.055

-2.112

1.256

-1.066

-1.249

1.255

-1.626

-1.029

-1.347

-1.310
-1.144

-1.461

-1.167

0.000

0.005

0.018
0.002

0.000

0.000

0.001

0.000

0.000

0.000

0.004

0.000

0.005
0.018

0.000

0.008

-1.400
1.639
1.605

-1.920
1.293

1.201
1.310
1.282
1.016
1.097
1.743
1.553

1.102
1.212

1.325
1.111

-1.524

-1.156

1.034

1.338

-1.436
2.070
1.055
1.220
-1.207
1.258

-1.282
1.174
1.004

0.000
0.002
0.000
0.000
0.005

0.000
0.000
0.003
0.032
0.001
0.000
0.000

0.001
0.038

0.000
0.000

0.000

0.000

0.002

0.012

0.000
0.000
0.000
0.000
0.006
0.000

0.000
0.001
0.000




RNF152 ENSG00000176641.10 1190  0.000
RNF182 ENSG00000180537.12 1164  0.000
ROBO1 ENSG00000169855.19 1015 0.000

RP11-

347C12.1 ENSG00000198064.13 1.218 0.000
RPL3L ENSG00000140986.7 1061 0017 1413 0.000
RUNDC3A  ENSG00000108309.12 1520  0.000
SCGB3A1  ENSGO00000161055.3 1072 0.004

SERP2 ENSG00000145423 4 1002 0.000 1266 0.000
SLC16A9 ENSG00000165449.11 1254 0.000
SLC39A5 ENSG00000139540.11 1085  0.030
SLC51A ENSG00000163959.9 1060 0.000
SMIMG ENSG00000259120.2 1537 0.000
SPERT ENSG00000174015.9 1283 0022

ST8SIAS ENSG00000101638.13 1111 0.000
SYTLS ENSG00000147041.11 1106 0.000

TDRD12 ENSG00000173809.15 1201 0.000
TEKT3 ENSG00000125409.12 1002 0.004
TMPRSS9  ENSG00000178297.12 1137 0.000
TMSB4Y ENSG00000154620.5 1479 0026
TNFSF18 ENSG00000120337.8 1260  0.000

TUSC3 ENSG00000104723.20 1429 0.000

USP9Y ENSG00000114374.12 153 0000 | 2261  0.000
UTS2 ENSG00000049247.13 1436 0.000
uTY ENSG00000183878.15 2760  0.000
ZFPM2 ENSG00000169946.13 1170 0035
ZFY ENSG00000067646.11 1660  0.006

*Significantly differentially expressed transcripts with g-value<0.05, an absolute fold-change>2, and expression in
at least 50% of samples. 36 genes were differentially expressed in IA risk analysis according to aneurysm size, 76
genes were differentially expressed in 1A risk analysis according to PHASES score, and 10 genes were identified
according to both, which are highlighted in grey. (Abbreviations: F-C=fold-change)



Supplemental Table 5. Significant IPA Disease and Biological Functions for the 1A Risk-
Associated Differentially Expressed Genes.*

Risk Stratification by 1A Size

Categories

Functions

Diseases or
Functions An-
notation

g-value

Molecules

Cardiovascular
System Develop-
ment and Func-
tion

development

Development of
vasculature

0.0279

DEFAL, EDILS3, ELN, FN1,
LPL, MMRN2, ROBO1,
SCGB3A1, SFRP2

Cardiovascular Occlusion of ABO, CSMD1, ELN, FN1,
Disease occlusion blood vessel 0.0279 |HBA1/HBA2, LPL
Cardiovascular

Disease, Organis-

mal Injury and vaso-occlu- ABO, CSMD1, ELN, FN1,
Abnormalities sion Vaso-occlusion | 0.0279 |HBA1/HBA2, LPL

Cardiovascular
Disease, Organis-
mal Injury and
Abnormalities

atherosclero-
Sis

Atherosclerosis

0.0302

CSMD1, ELN, FN1,
HBA1/HBAZ2, LPL

Neurological Dis-
ease, Organismal

ACOT12, C4BPA, CHSYS3,
ELN, FN1, GAD], LPL,
MSLN, NPAS1, OTOF,

Injury and Abnor- | cerebral dis- | Cerebral disor- PRTG, ROBO1, RPL3L,
malities order der 0.0368 |SFRP2

Cellular Move- DEFA1, ELN, FN1, ROBO1,
ment chemotaxis Chemotaxis 0.0395 |TNFSF18

Cardiovascular
System Develop-
ment and Func-
tion, Organismal
Development

angiogenesis

Angiogenesis

0.0414

DEFAL, EDILS3, ELN, FN1,
ROBO1, SCGB3A1l, SFRP2

Cellular Move-
ment

cell move-
ment

Cell movement
of myeloid cells

0.0461

DEFAL, EDILS, ELN, FN1,
TNFSF18

Cellular Move-
ment, Hematolog-
ical System De-
velopment and
Function, Im-
mune Cell Traf-
ficking, Inflam-
matory Response

cell move-
ment

Cell movement
of phagocytes

0.0473

DEFAL, EDILS, ELN, FN1,
TNFSF18

Cardiovascular
System Develop-
ment and

vasculogene-
Sis

Vasculogenesis

0.0483

EDIL3, ELN, FN1, ROBO1,

SCGB3A1, SFRP2




Function, Organ-
ismal Develop-
ment

Risk Stratification by PHASES Score

Diseases or
Functions An- | B-H p-

Categories Functions notation value |Molecules
Cellular Move-
ment, Hematolog-
ical System De-
velopment and
Function, Im- ADORA1, CHRNA7, EDIL3,
mune Cell Traf- cell move- Cell movement FN1, GDF15, IL2, MMPS8,
ficking ment of granulocytes | 0.0392 |OLFM4, PGF

ADORA1, CHRNA?7,

DEFAL, EDIL3, FN1,
Cellular Move- cell move- Cell movement GDF15, IL2, MMPS8,
ment ment of myeloid cells | 0.0392 |OLFM4, PGF, UTS2
Cellular Move-
ment, Hematolog-
ical System De-
velopment and ADORAI1, CHRNAY?,
Function, Im- DEFAL, EDILS3, FN1,
mune Cell Traf- cell move- Cell movement GDF15, IL2, MMP8,
ficking ment of leukocytes 0.0422 |OLFM4, PGF, UTS2
Cellular Move-
ment, Hematolog-
ical System De-
velopment and
Function, Im- ADORA1, CHRNAY,
mune Cell Traf- DEFAL, EDIL3, FN1,
ficking, Inflam- cell move- Cell movement GDF15, IL2, MMPS8, PGF,
matory Response | ment of phagocytes 0.0422 |UTS2
Cellular Move-
ment, Hematolog-
ical System De-
velopment and
Function, Im- Cellular infiltra-
mune Cell Traf- cellular infil- | tion by granulo- CHRNA7, EDIL3, MMP8,
ficking tration cytes 0.0429 |OLFM4, PGF
Cellular Move-
ment, Hematolog-
ical System De-
velopment and
Function, Im- cell move- Cell movement ADORAL, EDIL3, FN1,
mune Cell ment of neutrophils 0.0459 |GDF15, MMP8, PGF




Trafficking, In-
flammatory Re-
sponse

Cardiovascular
System Develop-
ment and Func-
tion, Organismal
Development

angiogenesis

Angiogenesis

0.0469

ADAMTS2, CHRNAY,
DEFAL, EDIL3, FN1,
GSTM1, IL2, MMPS, PGF,
SFRP2, UTS2, ZFPM?2

Cardiovascular
Disease, Organis-
mal Injury and
Abnormalities

atherosclero-
Sis

Atherosclerosis

0.0479

ADORAL, FN1, GDF15,
HBA1/HBA2, MMPS,
NPC1L1, PGF

Cell-To-Cell Sig-
naling and Inter-
action, Cellular

CHRNAY7, CLGN, FN1,

Assembly and Or- | cell-cell con- GDF15, IGSF9, IL2, NEC-
ganization tact Cell-cell contact | 0.0479 [TIN2, OTOF, PALM, PGF
Cellular Move-

ment, Hematolog-

ical System De-

velopment and

Function, Im- Cellular infiltra-

mune Cell Traf- cellular infil- | tion by leuko- CHRNAY, EDILS, FN1, IL2,
ficking tration cytes 0.0479 |MMP8, OLFM4, PGF
Cellular Assem- Organization of

bly and Organiza- cellular mem- A4GALT, AVPR2,

tion organization | brane 0.0479 |CHRNAY, IGSF9, NECTIN2

*g-value from Benjamini-Hochberg correction. Abbreviations: IPA=Ingenuity Pathway Analysis, |A=intracranial
aneurysm, PHASES=population, hypertension, age, size of aneurysm, earlier SAH from another aneurysm, site of

aneurysm



Supplemental Table 6. IPA Networks.

ID Molecules in Network Score Focus Molecules

Size

1 ACOT12, Akt, ANGPTL1, C4BPA, caspase, 50 19 Embryonic De-
CD3, DEFA1, EDIL3, ELN, ERK1/2, FN1, velopment, Or-
GAD1, HBA1/HBAZ2, Histone h3, IFI127, IFN ganismal De-
Beta, Immunoglobulin, Insulin, Jnk, KCNJ1, velopment,
LPL, MIR320, MSLN, NFkB (complex), NPASL, Tissue Devel-
NYAP2, PI3K (complex), Pka, Pkc(s), ROBO1, opment
SCGB3Al, SFRP2, TNFSF18, TUSC3, Vegf

2  ABO, APRT, AR, ARHGAP35, ARHGEF40, 22 10 Organ Develop-
CHSY3, cldn, CLDN22, CSF2RA, CSMD1, ment, Tissue
ELP3, FOXP3, H4C2, HIPK1, ICAM1, IGF re- Development,
ceptor, IGF1R, JAM3, KLF14, Leukocyte Ex- Tissue Mor-
travasation Signaling, MMP19, MYC, MYOM2, phology
NEU3, NXF3, PAICS, PRTG, PSMD5, RPL24,
RPL3L, SYTL5, VIRMA, WAC, WDR44,
ZNF148

PHASES

1 A4GALT, Actin, Akt, Alpha catenin, caspase, 34 16 Connective Tis-
CD3, Cdc2, COL17A1, CTNNA2, ELF5, ESPN, sue Disorders,
F Actin, FAM107A, Focal adhesion kinase, Organismal De-
HBA1/HBA2, HBG1, hemoglobin, HOXBY, Ige, velopment, Or-
IgG, IL2, Immunoglobulin, Jnk, Mek, MSLN, ganismal Injury
NECTIN2, NPC1L1, PI3K (complex), PI3K and Abnormali-
(family), PKDCC, SFRP2, SRC (family), TCR, ties
Vegf, ZFPM2

2 ADAMTS2, ADCY, Apl, CHRNAY7, Collagen 29 14 Cellular Move-

type | (complex), Collagen type Il, Collagen type
I11, Collagen type IV, Collagen(s), DEFAL,
DEFA4, DNER, EDIL3, elastase, ERK1/2,
FAMB3B, Fibrin, Fibrinogen, FN1, GDF15,
Growth hormone, GSTM1, IL1, Metalloprotease,
Mmp, MMP8, PALM, PDGF BB, PGF, Pka,
PLC, Pro-inflammatory Cytokine, Rapl, Tgf
beta, UTS2

ment, Hemato-
logical System
Development
and Function,
Immune Cell
Trafficking

*Abbreviations: IPA=Ingenuity Pathway Analysis, PHASES=population, hypertension, age, size of aneurysm, ear-

lier SAH from another aneurysm, site of aneurysm



Supplemental Table 7.

Action

Code for Running LDA Models.

Code

Standard Libraries
(Numpy, Pandas,
Scipy, etc)

import scipy

import pandas as pd

import numpy as np

from scipy import stats
import statsmodels.api as sm
import statistics

Machine Learning
Libraries (sklearn)

from sklearn.model_selection import train_test_split, GridSearchCV,
LeaveOneOut

from sklearn.feature_selection import VarianceThreshold, f_classif,
GenericUnivariateSelect, mutual_info_classif, SelectKBest

from sklearn.decomposition import PCA

from sklearn.linear_model import LogisticRegression

from sklearn.neighbors import KNeighborsClassifier

from sklearn import tree

from sklearn.metrics import accuracy_score, roc_curve, roc_auc_score,
confusion_matrix, classification_report

from sklearn.svm import LinearSVC, SVC

from sklearn.discriminant_analysis import LinearDiscriminantAnaly-
sis, QuadraticDiscriminantAnalysis

Post-Processing Li-
braries

import matplotlib

import matplotlib.pyplot as plt
import seaborn as sns

import ggrid

%matplotlib inline

Import and Initialize
Data

df = pd.read_csv('DESTINATION-FILE', delimiter ="")
cases = df['Sample’]

Set the index for fea-
tures as the sample
names

features = df.loc[:,GENE-FIRST":' GENE-LAST']
features = features.set_index(df['Sample])

Set the index for la-
bels as the sample
names

labels = df['Outcome’]
labels.index = df['Sample’]

Run models

for i in range(100):
seed=i
np.random.seed(seed)

trainX , testX , trainY, testY = train_test_split(features, labels, test_size
= 20, random_state = seed, stratify = labels)

trainX_standardized = trainX

testX_standardized = testX




clf_lda = LinearDiscriminantAnalysis(solver="eigen’, shrinkage="auto’,
priors=None, n_components=None, store_covariance=False,
tol=0.0001)

solver=['eigen’, 'lsqr]

shrinkage=['auto']

priors=[None]

n_components=[None]

store_covariance=[False]

tol=[0.0001]

param_grid = dict(solver=solver, shrinkage=shrinkage, priors=priors,
n_components=n_components, store_covariance=store_covariance
, tol=tol)

loo = LeaveOneOut() ## Use Leave-One-Out Cross-validation

grid_stadardized = GridSearchCV (estimator = clIf Ida,
param_grid=param_grid, n_jobs=-2, cv=100)

grid_result_standardized = grid_stadardized.fit(trainX_standardized,
trainY)

predictions_standardized , predictions_standardized_probs =
grid_stadardized.predict(testX_standardized) , grid_stadard-
ized.predict_proba(trainX_standardized)

test_accuracy_standardized = accuracy_score(testY, predictions_stand-
ardized)

auc_standardized = roc_auc_score(trainY,predictions_standard-
ized_probs[:,1])

classification_report=classification_report(testY, predictions_standard-
ized)

print("Seed #: " + seed)

print('Results using All Features')

print('All features AUC="+ str(auc_standardized))

print(‘All features Testing Accuracy="+ str(test_accuracy_standard-
ized))

print(classification_report)




Supplemental Table 8: MANCOVA Results.*

A Size
Gene

Significant Covariate

g-value

ABO
ACOT12
C4BPA
Cdorf47

CHSY3
CLDN22
CSMD1
CYP4B1
DEFAl
EDIL3
ELN
FN1
GAD1
HBA1l
HBAZ2
IFI127
KCNJ1
KLF14

LPL
MMRN2
MSLN
MYOM?2
NPAS1
NXF3
NYAP2
OTOF
PRTG
ROBO1
RPL3L
SCGB3A1l
SFRP2
SPERT
SYTLS
TNFSF18

IA family history
Smoking

IA family history
IA family history
Hypertension
Smoking
Hypertension
IA family history

IA family history




TUSC3
USP9Y

IA family history

<0.001

PHASES
Gene

Significant Covariate

g-value

A4GALT
ABCA13
ADAMTS2
ADORAL1
ANKRD61
AVPR2
BTNL3
C10o0rf55
Clorf53
C9orf129
CFAP46
CHRNA7
CLGN

CMBL

CNTNAP3B
COL17A1
CRISPLD1
CTNNAZ2
DDX3Y
DEFAl
DEFA3
DEFA4
DNER
EDIL3
ELF5

ESPN

FAM107A
FAM181B
FAM3B
FAMB83A
FN1
FOXI1
GDF15

Sex

IA family history

Sex
Sex
Hypertension

<0.001



GLYATL?2
GSTM1
HBA1
HBA2
HBG1
HOXB9
IGSF9
IL2
L1TD1
LOXL4
MMP8
MSLN
NAALAD?2
NPC1L1
OLFM4
OTOF
PALM
PGF
PKDCC
PRSS42
PVRL2
RBFOXS3
RIMBP2
RNF152

RNF182
RP11-
347C12.1

RPL3L
RUNDC3A
SFRP2
SLC16A9
SLC39A5
SLCS51A
SMIM6
ST8SIAS
TDRD12
TEKT3
TMPRSS9

TMSB4Y

Smoking
Sex

IA family history

Hypertension

Sex
Smoking

Smoking
Sex
Sex
IA family history




USP9Y Sex' 0.001
Smoking 0.026

UTS? §ex ' 0.001
IA family history 0.02

uTyY Sex 0.018
ZFPM2 - -
ZEY Sex ' <0.001
IA family history 0.033

* For each gene, potentially confounding patient characteristics were evaluated for significance based on f-MAN-
COVA group-covariate interaction terms. Correction for multiple testing was also completed, and significance was
defined as g-value<0.05. Abbreviations: MANCOVA=multivariate analysis of covariance, DEG=differentially ex-
pressed gene, PHASES=population, hypertension, age, size, earlier subarachnoid hemorrhage, site; | A=intracranial
aneurysm



SUPPLEMENTAL FIGURES
A size a2 B

k-means

All Protein-Coding Genes
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Supplemental Figure 1. Visualization of Protein-Coding Gene Expression. Heatmaps gener-
ated using TPM expression data of all protein-coding genes show poor grouping of low- and
high-risk cases whether risk was classified by (A) aneurysm size or (B) PHASES score. K means
clustering was generally inconclusive. Three-dimensional principal component analysis demon-
strates separation between low- and high-risk samples based on both (C) aneurysm size

and (D) PHASES score also showed only limited grouping of low- and high-risk cases. Abbrevi-
ations: Min=minimum, Max=maximum, PC=principal component, PHASES=Population, Hyper-
tension, Age, Size, Earlier subarachnoid hemorrhage, Site
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Supplemental Figure 2. Plots of Expression Levels for the 10 Common DEGs. The average
TPM expression level ( standard error) for DEFA1 (A), EDIL3 (B), FN1 (C), HBA1 (D), HBA2
(E), MSLN (F), OTOF (G), RPL3L (H), SFRP2 (1), USP9Y (J) in each group (small 1A, large 1A,
low PHASES, and high PHASES).
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Supplemental Figure 3. Verification of RNAseq by qPCR in a Subset of 30 Cases. For high-
vs. low-risk using aneurysm size and PHASES, expression differences in 6 of the 10 shared dif-
ferentially expressed genes (DEFAL, FN1, HBA1, MSLN, RPL3L, and USP9Y) were generally in
the same direction of fold-change and of similar magnitude when comparing RNAseq and gPCR
data. The one main exception was MSLN, whose expression difference was opposite on gPCR
for both comparisons. “*” indicates differences between RNAseq and qPCR. Abbreviations:
gPCR=quantitative polymerase chain reaction, RNAseq=RNA sequencing, PHASES=Popula-
tion, Hypertension, Age, Size, Earlier subarachnoid hemorrhage, Site
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Supplemental Figure 4. Additional Correlation Plots. The other 7 genes with significant cor-
relations to PHASES. A). CLGN has a PCC of 0.31. B). DDX3Y with a PCC of 0.33. C). LOXL4
achieved a PCC of 0.30. D). PALM was positively correlated with a PCC of 0.31. E). RIMBP2
also was weakly correlated with a PCC of 0.30 F). USP9Y had a PCC of 0.31. G). UTS2 with a
PCC of 0.35. Abbreviations: PCC=Pearson correlation coefficient, TPM=transcripts per million,
PHASES=Population, Hypertension, Age, Size, Earlier subarachnoid hemorrhage, Site



