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Supplementary Figure S1



Supplementary Figure S1. (A) Plots indicating the mode of inhibition against
PRMTS5/MEP50 by GSK3362595 according to Cheng-Prusoff relationship where
IC5, values are graphed as a function of substrate concentration relative to K, 2P
(top panel, SAM; bottom panel, H4 1-21 peptide). Data points (closed vs. open
circles) represent two independent experiments. (B) ICy, values plotted as a
function of Enz:SAM:GSK3326595 preincubation time. The open circles
represent data generated using 0.8 nM PRMT5/MEP50 while closed circles
represent data with 4 nM PRMT5/MEP50 (top panel). The bottom panel shows a
representative 1C5, curve for GSK3362595 inhibition of PRMTS5/MEPS50 activity
following a 60 minute Enz:SAM:Inh preincubation fit to a 3-parameter dose-
response equation. (C) Averaged IC;, values determined following a 60 minute
Enz:SAM:Inh preincubation. IC;, values were determined by fitting inhibition
data to a 3-parameter dose-response equation. K;"a? values were calculated
from IC50 values using the Cheng-Prusoff equation for a competitive inhibitor.
(D) Phylogenetic tree highlighting the methyltransferases tested in the selectivity
panel. GSK3326595 showed much greater potency for PRMT5 (108 M) than for
any other tested enzyme (e , > 10> M). (E) Correlation plot comparing glCs, of
tool PRMTS5 inhibitor, GSK3203591, and candidate PRMT5 inhibitor,
GSK3326595, in a panel of cell lines of various tumour types in a 6-day
proliferation assay. R? value was calculated using the linear regression fitted to
these data. (F) Box and whisker plots comparing average glCs, values across
tumour types following 10 days of treatment with GSK3203591 (TCL- T-cell
lymphoma, PCL- plasma cell leukemia, HL- Hodgkin’s lymphoma, AML — acute
myeloid leukemia, MM- multiple myeloma, CML- chronic myelogenous leukemia,
ALL- acute lymphoblastic leukemia, PEL- primary effusion lymphoma, DLBCL-
diffuse large B-cell ymphoma, NSCLC- non-small cell lung cancer, SCLC — small
cell lung cancer, NHL- non-Hodgkin’s lymphoma). Dots represent an average of
values for individual cell lines.



GSK3203591/DMSO

Protein Name

Function

Fold Change
-141.0 LSM4 Splicing
-22.7 ZNF193 Unknown
-16.8 snRNP B1 Splicing
-14.5 snRNP B1 Splicing
-8.3 N-CoR1 Transcription
-8.2 snRNP B1 Splicing
-7.8 KHSRP Splicing, RNA stability
-6.8 FUBP1 Splicing, RNA stability
-6.6 FUBP1 Splicing, RNA stability
-6.3 KHSRP Splicing, RNA stability
-5.7 eEF1Al Translation
-5.3 hnRNP H1; hnRNP H2 Splicing
-5.2 NEURL4 Centriole organization
-5.1 SACM1L Unknown
-5.0 hnRNP H1; hnRNP H2 Splicing
-4.4 hnRNP H1; hnRNP H2 Splicing
-4.0 FUBP1 Splicing, transcription
-3.8 WDR33 MRNA processing
-3.8 G3BP-2 RNA binding protein
-3.4 hnRNP H1; hnRNP H2 Splicing
-2.8 KHSRP Splicing, RNA stability
-2.8 TOX T-cell development
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Supplementary Figure S2. (A) PRMT5 target proteins were identified using
MethylScan™ technology in Z-138. More negative fold change values
correspond to the greatest effect.
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Supplementary Figure S3. (A) FDR values from rMATS alternative splicing
output of MDM4 exon 6 skipping event upon treatment with GSK3326595 for 3 or
6 days. p53 mutant cell lines are highlighted in red. (B) The total number of
significantly changed genes from days 3 and 6 are plotted against the gICg, for
that cell line. The Spearman and Pearson correlations demonstrate a correlation
between number of gene expression changes and sensitivity to PRMT5
inhibition. p53 mutant cell lines are highlighted in red. The FPKM values
reported from CuffDiff outputs for (C) MDM2 and (D) CDKNZ1A. p53 mutant cell
lines are highlighted in red. (E) Significantly changed genes in p53 mutant cell
lines were submitted for MsigDB enrichment analysis (Broad) and the most
significantly changed gene set for each is reported.
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Supplementary Figure S4. (A) Western blot showing a p53 and p21 dose
response in a panel of MCL cell lines following 3 days of treatment with 10 nM or
200 nM GSK3326595 in a panel of mantle cell ymphoma cell lines. A5 pM Nutlin-
3 treatment condition was also included as a positive control for p53 activation. (B)
MDM4 splicing and p53/p21 induction in an additional panel of p53 wild-type (black
text) and mutant (red text) lymphoma cell lines treated with DMSO (-) or 200nM
GSK3326595 (+) for 3 or 5 days arranged in order of increasing glCz, value in a 6-
day proliferation assay with GSK3326595.
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Supplementary Figure S5. (A) Effect of p53 knockdown via lentiviral transduction
of p53 shRNA on proliferation in Z-138 cells following 3 or 6 days of GSK3203591
treatment with respect to glCs,, glC;,,, and dEC,, parameters. Transduction of a
scrambled, non-targeting shRNA was used as a negative control. (B) Effect of p53
knockdown via lentiviral transduction of p53 shRNA on G1 cell cycle phase in Z-
138 cells following 4 days of treatment with DMSO, 50 nM, or 500 nM
GSK3203591. (C) Western blot showing the effect of p53 knockdown via lentiviral
transduction of p53 shRNA on p53 and p21 protein levels in Z-138 cells following 4
days of 1 pM GSK3203591 (+) or DMSO (-) treatment. (D) glCg, and (E) net cell
growth/death values from a 6-day growth/death assay with GSK3326595 (black
bars) are plotted with % decrease in SDMA (gray rectangles) for 3-, 6-, and 10-day
treatment time points. p53 mutant cell lines in red.
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Supplementary Figure S6. (A) Gene expression of CLNS1A, RIOK1, and the
ratio of the two in 184 cell lines plotted by decreasing sensitivity. Pearson
correlations with sensitivity are also shown for each parameter. (B) Activity area
from proliferation assays are compared between MTAP homozygous deleted cell
lines and those with at least one functional copy of MTAP. The result of a Wilcoxon
rank sum test is shown.
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Supplementary Figure S7. (A) Body weight changes in S.C. Z-138 tumour
bearing mice treated with GSK3326595. Treatments that resulted in significant
decreases in tumour volume were placed on a treatment holiday for 10 days.
Treatments were reinstated on day 32 for 2 weeks followed by a one week holiday.
The 25 mg/kg dose group were euthanized on day 35 due to tumour burden. Day
53 data not available for this data set. (B) p53 target gene expression change in Z-
138 tumor xenografts after 7 days of 100 mg/kg BID GSK3326595 treatment
compared to vehicle control.
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Full scans to accompany Figure 4B
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Full scans to accompany Figure 4C
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Full Scans to accompany Supplementary Figure S4A

S4A JVM-2 MAVER-1 REC-1 Z-138
-+ + -4+ +-+ +- + +- - GSK3326595
- = = == === === == 4 Nutin3
Protein Approximate Molecular Weights (kDa)
8 s 2 8 sz 8 sz 8 s 2 8 Trin NuPAGE® |NaPAGEY] NuPAGE® kDa _
S 5§383=58=258 =5 8 = %_ ] Glycie | Triine | MES | MOPS | Trs-Acciaie
09 03803 0D03 06 s | Myosin 250 ZID | 198 | a0
g | | - Pt 198
p ® : : 98
| s A o8 ™| 62 [ 71 2
i P4
p21 g - — - : ;!II:\.I\’II::IV,;I-‘L&' 64 55 | 49 s1 | 5 49
Alcohal Dehydragenase 50 45 a8 0 | 41 Sk
38
% | Carbonic Anfiydrase 56 M 28 28 nda 3
28
— il s | Myoglobin Red 17 17 19
b — vl M | ysozyme 16 16 14 14 nfa 17
S| Aprotinin [ T [ n'a n'a 14
SDMA : :
s | Insulin. B Chadn 4 4 L] n'a n'a
= == [ — | = —4 R:..:Jllu\.‘\'l|-|§-‘:‘t".t-l - =
1999-2002 Invitrogen Corporation, All rights reserved a
— M- 1008F 072602 D —
- — — e - e SeeBlue Plus2 Pre-stained Protein Standard
(Invitrogen #LC5925)
HE | et i it e e el o et b
p53 (low exposure) p53 (high exposure)
108 198
98 98
62 62
—> 4 (S — > 49 —— - -
38 . - - - - " |
38 =] \
28 28
17 17 -
. 1
14 14 -
- ' -
p21 SDMA
198 198
98 - | 98
7 62 - =
49 | . 49 | - "
38 -t 38 -
28| . 28 | -= =t =% ==
- e 17 ) —_p
1w I - -— [ —— ——
14 ‘ 14| .
e RN PR v
H3 198 -
98
.
62 . -
49 |
8| -
28| wl




Full scans to accompany Figure 5B
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Full scans to accompany Figure 5E
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Full Scans to accompany Supplementary Figure S5C
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Full scans to accompany Figure 6F
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Full scans to accompany Figure 6F (continued)
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Supplementary Table 2: Correlation Between GSK3203591 and GSK3326595 6-day Proliferation Assay Data

gIC50 (uM)
Cell Line
GSK3326595 | GSK3203591

5637 0.069 0.143
Al172 1.167 0.590
BJAB 1.900 3.100
DOHH-2 0.213 0.116
HCC1143 0.246 0.509
HCC1806 0.098 0.261
HCC70 0.130 0.522
HT-1376 17.599 13.130
182 29.326 20.947
JeKo-1 5.402 6.191
M1 0.079 0.076
JVM-2 0.009 0.172
KMS-11 0.066 0.047
LN-229 0.254 1.150
LP1 1.945 0.975
MAVER-1 0.085 0.133
MCF-7 0.062 0.215
MDA-MB-231 0.544 2.928
MDA-MB-453 0.029 0.343
MDA-MB-468 0.057 0.585
MINO 0.130 0.536
NCI-H526 0.275 0.138
NCI-H526-R 0.344 0.219
NU-DHL-1 0.333 0.101
PER-403 0.038 0.029
PER-624 0.524 0.526
PER-704 0.658 0.375
Pfeiffer 0.421 0.352
RCK8 0.529 2.110
REC-1 2.108 1.994
RIVA 0.018 0.068
RL 0.014 1.434
ScaBER 0.198 0.255
SF295 24.722 9.843
SF539 0.061 0.075
SK-BR-3 0.073 0.131
SU-DHL-10 0.054 0.495
SU-DHL-16 0.099 0.124
SU-DHL-2 0.028 0.086
SU-DHL-4 0.492 0.571




SU-DHL-5 0.028 0.132
SU-DHL-6 0.004 0.013
SU-DHL-8 0.053 1.220
SW-780 0.290 0.451
124 0.765 0.650
U251MG 1.798 3.491
U2932 0.053 0.336
U2940 10.176 2.349
U-87MG 0.040 0.127
SEEYS 0.007 0.049
UM-UC-3 29.326 19.169
WSU-DLCL2 0.082 0.651
WSU-NHL 0.008 0.076
Z-138 0.004 0.014
ZR-75-1 10.974 2.615




Supplementary Table 3: gIC50 and Activity Area values for 10-day Proliferation Assay (Eurofins panel

CellLine gIC50 (nM) ActivityArea TumorType
SW-13 211 3.37 Adrenal
NCI-H295R 10000 1.23 Adrenal
MOLT-3 217 3.72 ALL
NALM-6 110 4.32 ALL
MOLT-16 54.2 4,95 ALL
CEM-C1 7.92 6.64 ALL
Jurkat 130 4.17 ALL
CCRFCEM 3140 1.25 ALL
MV-4-11 65.8 4.8 AML
HEL-92-1-7 9.02 6.46 AML
Thpl 80.5 4,51 AML
UM-UC-3 105 4.49 Bladder
TCCSUP 235 2.85 Bladder
T24 449 2.76 Bladder
BFTC-905 259 3.46 Bladder
SCaBER 123 4.22 Bladder
HT-1197 98.9 4.47 Bladder
182 83.1 4.4 Bladder
647-V 62 491 Bladder
5637.000 285 3.5 Bladder
HT1376 297 3.48 Bladder
EFM-19 69.5 4.42 Breast
T47D 52.4 4.07 Breast
MDA MB 468 4.83 5.05 Breast
KPL-1 1330 1.92 Breast
MT-3 46.4 4.72 Breast
CAMA-1 78.9 4.27 Breast
MX1 294 3.29 Breast
BT474 172 3.41 Breast
SK-BR-3 76.4 4.28 Breast
AU565 14.6 5.44 Breast
MDA MB 453 64.5 4.23 Breast
MCF7 10.9 5.15 Breast
MDA-MB-436 49.7 5.04 Breast
MDA MB 231 56.7 5 Breast
BT-549 594 2.74 Breast
Hs 578T 947 2.06 Breast
BT20 2280 1.46 Breast
ST486 101 441 Burkitts
Daudi 142 4.05 Burkitts
Raji 24.5 5.64 Burkitts




EB-3 299 3.45 Burkitts
Ramos (RA 1) 546 2.79 Burkitts
DoTc2 4510 95.8 4.42 Cervix
C-41 139 4.13 Cervix
c4all 266 3.54 Cervix
Hela 230 3.51 Cervix
C-33A 228 3.45 Cervix
SiHa 2510 1.55 Cervix
JEG-3 216 3.81 Choriocarcinoma
JAR 485 2.95 Choriocarcinoma
BeWo 1090 2.24 Choriocarcinoma
BV-173 10.6 6.26 CML
EM-2 94 454 CML
CML-T1 16.1 5.95 CML
MEGO1 10000 0.05 CML
K562 146 3.97 CML
Colo 201 49.6 4.93 Colon
LS-174T 170 3.99 Colon
SW480 413 3.2 Colon
RKO-AS45-1 113 431 Colon
RKO 772 2.71 Colon
SwW48 10000 1.59 Colon
HCT-116 166 3.91 Colon
NCI-H747 2580 1.56 Colon
SW620 5640 1.26 Colon
SW948 120 4.1 Colon
HT-29 95.2 432 Colon
Colo 205 10000 1.03 Colon
WiDr 505 2.38 Colon
SW837 102 423 Colon
Colo 320 HSR 80.3 4.49 Colon
DLD-1 134 4.13 Colon
RKOE6 210 3.66 Colon
SW403 153 3.67 Colon
HCT-15 68.4 4.77 Colon
Colo 320DM 82.5 4.65 Colon
LS1034 172 3.85 Colon
NCI-H508 307 3.48 Colon
HCT-8 430 3.18 Colon
SW1417 773 2.59 Colon
DOHH-2 157 3.95 DLBCL
DB 2.51 7.57 DLBCL
SR 275 3.44 DLBCL
HT 206 3.58 DLBCL
AN3 CA 254 3.37 Endometrium
HEC-1-A 2440 1.98 Endometrium
KLE 10000 1.05 Endometrium




RL95-2 218 3.47 Endometrium
OE21 146 3.99 Esophageal
OE19 98 4.45 Esophageal
OE33 231 3.7 Esophageal

OCUG-1 379 3.12 Gallbladder

SNU-16 34.4 5.36 Gastric
AGS 2030 1.49 Gastric
SNU-1 1040 2.25 Gastric
SNU-5 110 4.34 Gastric

KATO llI 16.7 6.09 Gastric

HS 746T 171 3.86 Gastric

SW1088 40.5 5.09 Glioma
DBTRG-05MG 156 2.13 Glioma
Al172 29.6 5.28 Glioma
U-87 MG 67.6 3.26 Glioma
DK-MG 89.5 4.52 Glioma
H4 151 3.91 Glioma
T98G 27.3 5.47 Glioma
SNB-19 223 3.27 Glioma
CCF-STTG1 115 4.32 Glioma
SW1783 389 2.92 Glioma
U-138MG 43.3 5.04 Glioma
L-428 330 2.98 HL
RPMI 6666 748 2.6 HL
Cal 27 103 4.46 HN
Detroit 562 104 4.36 HN

SCC-9 747 2.69 HN
SCC-4 286 2.85 HN

SCC-25 273 3.32 HN

SW1463 770 2.36 HN
FaDu 154 6.08 HN sq

Caki-1 68.8 4.79 Kidney
G-402 99.7 4.3 Kidney
Caki-2 114 4.32 Kidney
786-0 20.3 5.64 Kidney
A498 50.7 5.01 Kidney
ACHN 38.6 5.27 Kidney
769-P 203 3.75 Kidney

SK-NEP-1 264 2.87 Kidney

HuCCT1 225 3.52 Liver

HUH-6 Clone 5 361 3.09 Liver
SNU-423 66 4.77 Liver
HepG2 214 3.55 Liver
HLE 174 3.77 Liver
D283 Med 23.5 5.48 Meduloblastoma
Daoy 270 3.56 Meduloblastoma
COLO 829 54.4 4.09 Melanoma




Hs 695T 602 2.82 Melanoma
Hs 294T 12.3 5.68 Melanoma
SH-4 75.2 4.66 Melanoma
A7 36.7 5.29 Melanoma
C32 14.1 5.08 Melanoma
HMCB 666 2.33 Melanoma
C32TG 103 4.15 Melanoma
MeWo 249 3.7 Melanoma
SK-MEL-1 38.7 5.04 Melanoma
SK-MEL-3 181 3.38 Melanoma
SK-MEL-28 239 3.48 Melanoma
A101D 190 3.47 Melanoma
RPMI-7951 44.2 5.08 Melanoma
A375 79.6 4.05 Melanoma
CHL-1 247 3.6 Melanoma
MALME3M 265 3.55 Melanoma
RPMI 8226 58.4 4.58 MM
U266B1 78.5 4.18 MM
SKO-007 84.4 4.01 MM
CHP-212 24 5.24 Neuroblastoma
SK-N-FI 308 3.32 Neuroblastoma
MC-IXC 615 2.67 Neuroblastoma
SK-N-AS 31.9 3.45 Neuroblastoma
SK-N-DZ 257 3.65 Neuroblastoma
BE(2)C 803 2.42 Neuroblastoma
MHH-PREB-1 10000 0.38 NHL
Wi38 18.5 3.96 Normal
BPH1 718 2.74 Normal
ChaGoK1 1190 2.06 NSCLC
NCI-H460 224 3.53 NSCLC
A427 130 4.02 NSCLC
NCI-H596 188 2.89 NSCLC
COR-L105 314 3.49 NSCLC
NCIH441 556 2.88 NSCLC
Calub 206 3.34 NSCLC
COR-L23 147 4.15 NSCLC
NCI-H292 166 3.25 NSCLC
SW900 3250 1.26 NSCLC
Calul 3050 1.37 NSCLC
SKMES1 807 2.26 NSCLC
NCI-H661 152 3.94 NSCLC
A549 80.9 4.57 NSCLC
NCI-H520 15.6 5.93 NSCLC sq
ES-2 106 4.24 Ovarian
OVCAR3 514 5.03 Ovarian
CaoVvs3 298 34 Ovarian
SKOV3 52.6 4.21 Ovarian




Mia PaCa-2 158 3.75 Pancreatic
HPAF-II 154 4.05 Pancreatic
Hs 766T 1120 1.62 Pancreatic
BxPC-3 160 3.87 Pancreatic
AsPC-1 302 3.26 Pancreatic
Capan-2 69.7 4.63 Pancreatic
HuP-T4 84.9 4.21 Pancreatic
PANC-1 165 3.97 Pancreatic
CFPAC-1 52.3 4.98 Pancreatic

YAPC 168 3.88 Pancreatic
SU.86.86 934 2.2 Pancreatic
Capan-1 370 2.9 Pancreatic

BC-1 69.6 4.67 PEL
CRO-AP2 250 3.58 PEL
ARH-77 44.4 472 Plasma cell leukimia

PC-3 873 2.36 Prostate
BM-1604 142 4.01 Prostate

DU145 151 4.02 Prostate

22Rv1 2480 1.97 Prostate

LNCaP 2930 1.61 Prostate

Y79 113 3.36 Retinoblastoma

HT-3 10000 0.92 Retinoblastoma
G-401 38.4 5.26 Rhabdoid
RD 639 2.85 Sarcoma
SJRH30 472 3.11 Sarcoma
SW872 54 4.97 Sarcoma
MES-SA 72 4.58 Sarcoma
SK-UT-1 42.1 5.16 Sarcoma

MG-63 96 4.31 Sarcoma

Sa0S2 48.2 5.07 Sarcoma
TE 381.T 147 3.97 Sarcoma

A204 223 3.73 Sarcoma

SW982 56.7 4.95 Sarcoma
SW1353 129 4.23 Sarcoma

SJSA1 773 2.34 Sarcoma
SK-LMS-1 113 4.24 Sarcoma

A-673 119 4.12 Sarcoma
HT-1080 53.5 4.05 Sarcoma

KHOS-240S 124 3.92 Sarcoma

HOS 223 3.72 Sarcoma

u20S 485 3.08 Sarcoma
SW684 1170 1.84 Sarcoma
DMS273 298 3.1 SCLC
DMS53 106 4.19 SCLC
NCI-H69 144 3.22 SCLC
DMS114 1010 2.35 SCLC
SHP-77 152 2.98 SCLC




NCIH446 570 2.88 SCLC
A431 549 2.85 Skin
HLF 87.7 4.6 Skin
J-RT3-T3-5 43.2 5.09 TCL
CAL-62 253 3.65 Thyroid
CGTH-W-1 82.2 4.62 Thyroid
SW579 83.3 4.6 Thyroid
BHT-101 214 3.72 Thyroid
639-V 342 341 Ureter
SW962 203 3.58 Vulva
SW954 10000 0.31 Vulva

























Supplementay Tl UM AestiveSping W00 Ansis

e
..mw.,mp.wm. T
¥ genes e s
cpion I3
mvmm.amwm o S \nMuahmwm o [3Tria
mmmm R e ST i e asone ne [REE]
mmm il o o s nvoled n el Ccle, MG o1
RV G e S e et € o i o5
TULLARE WYE_TARGETS VL A subgrousof ges relted oy MYC - version 03
REACTOME METASOUS_ OF A Genes ol  etabollsm o mavA- [T
FALOK WTOTIC SPNDLE Gones imprtan for it pe et o1
e Gere s Gene Syl G pescroton TEACTONE WETABOUSH < REACTONE CELLCYCLE | REACTONE CEUL CYCIE WTOTIC | REACTONE WETAROSHOF A | FALLNANE 27 TANGET | FALMARI WTC TARGETS V1 | REACTONE WETABOLV OF WA | FALARI WATOTIC SAGIE
71t a2 U A5 Eloveroosomsl proten Fon o0 T £ [ ReAcroNe ceL G ot | :M“M ETABOUM 07 s REACTONE METABOLISM OF \AA
o Secaio SEL Gy o O cormion T
o1 sece s cereisie] REACTOME_ADAPTIVE_IMUNE SISTEM T —
oot T !ukiwﬂw:mm\immnwanuni o o T ACTONE WETABOUSW 0F PROTES REACTONE WETRBOLE REACTONE WETABOISH OF WA
Tora T oyt araton otion actor 412 REACTOME METABOUSH 0F PROTES | REACTOME IWAMUNE SYSTET RACTOME METAGOUSS REACTOME METABOUS OF AR
oot Ty Tonsonationss SRS FoTENS REACTOME METABOUIS € PRI TG V| tCTone oot ot
G [ rbosomal poteinss REACTOME METABOLISH OF_PROTENS REACTOME METABOUIS €
[y [y ToosomslprotenSID REACTOME METABOUIS 0F PROTENS REACTOME METAGOUSS
G [ rbosomsl protein 34 REACTOME METABOLISW OF PROTENS REACTONE METABOUIS ¢
s [0 TBoiomsl protein rge, 70 REACTOME_METABOLISW_OF PROTEIS. REACTOME_METAGOLISW,
FE Y 5ol tintingpoten, cytoplsric T REACTOME METABOLISW OF_PROTENS REACTOME METABOUIS ¢
a0r (=0 Tovsomsl roveins12 REACTOME METABOLISM OF PROTES REACTONE METABOUIS ¢
o =3 Thosom m.nw ke REACTOME_METABOLISW_OF PROTEIS. REACTOME METAGOUSS
G s ToosomslproveinsT FroTENS REACTONE METABOUISM ¢
a0 s rbosomal proteinSzs REACTOME METABOLSH.
FETTS ey Tosomsl poten (135 REACTOME METABOUSH.
G Thosomsl poten 105 REACTOME METABOLSH.
ot rbosomal protein 10 REACTOME METABOUIS €
orar rbosomsl protein 21 REACTOME METABOUIS ¢
ey Toosomalproein 2 REACTOME METAGOUSS
o rbosomal protein 30 REACTOME METABOUIS €
oo ol protin 41 REACTOME METABOUIS €
ea0n ol ponsie REACTOME METABOUISW € REACTOME METABOLISW OF MARA
o5 o oo e 5 TGRS VT
I s ok 0 wmnlkhip!mn\n} REACTOME METABOLISW OF_PROTES AT e TR
Toen o o Ee SRS 503 REACTOME METABOUSM 07
s o oo st oo+ e €
o7 Y eceptor, g (raniocon ssocated ot ]
£ koot Tansaton aton fctor 26 UL eplon, 52605
o3 ST transaton cloreaton fctor | 06 iarine oot exchancs ot
To0s3 Caxdssesserbly Pomalog . ceredne]
FE) e modirg facor
o1y S o T e o v AT
) sy e nked ghcosvtion 1, bets-1 & marmossraslesse bomolas . coreil
S Do ol mmw!,mmw
53 sy e oo, rmosvrafersse TamloR . carera]
o195 pc) e fesmoniaon 3 a\mn; mamu\wvaml!vauhﬂrm\uk ]
waorss G sspragine Tked ghcostion 11, e oo
Togen aior Sspragne wm it ey oo
FE e mmmwmwmwm
07 i T it BocoAienss ST
7 s fucosdse, upre; neatra A8
s UENY okt T s
oy ) brlacin reltary lemet i
S (G R degradatonenharcer, mamosdoe pThe
=57} UDP lcose yeoprotsin lcosrnersse
w7 ot Eegiion ot ortir e e §
o0 et ucosaminy (- scetyl
I [ Wmmmw.ﬂ .w mw.mm o
e o olofoasto e srchr Do cos €
w20 e St s Soambers s
BEy e roschotainostol g schor
i) [y DBt o o chmr poea  homaETTRT
Taonz [ I A T
Saar Tore S e T
Tooa ey o i ctar s oo €5
BTy TouT Fochordial e Thorolog el
o [Ty S ke . corevsiel
5] TranizsE Aotz o et miochondsl membrane 33 Forolog el
ot e Chaperonncortinng TCPL st & theta].
Saor Frons Dreto s> —Rmmmmmm,m
ooz oo i o cotcior & REACTOME METABOUS OF PROTES
) Fvein roteasome rosome, macropai) b b 6 10 e e o e M Sl e REACTONE WETABOUSH G ik REACTONE WETABOSH OF WA
S0 Y Fotessome osome, mcropsi] acatorsabunt 1 (A3 4BIS] Aol AR AR STEh | SEACTOWE-CHL e | HEACToME~CHL (e bToTc REACTOME METABOUS O WARA
Siir ToIT proteasome eosome, mcropain 265 subok non ATFas, 11 REACTONE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC REACTOME METABOLISW OF AR
£ i tevsom (rosome, mactopsin 65 suburs on ATPace, REACTOMCELL CYCLE | REACTONE_CELL CVCLE MToTIc RACTOME METABOUIS OF WA
S5 s orotesome rosome, macropa] 265 st ATPase 5 REACTOE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC REACTOME METABOLISH OF AR
0 3 tcvsome (rosome, mactopain) 65 b o ATPaie REACTOM CELL CYCLE | REACTONE CELL CVCLE MToTIC REACTOME METABOUS O WA
03 iz inen famby mamber REACTONE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC AR WTOTIC_SPOLE
930 [Ty nesin Gl merber 165 REACTONE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC
57 FopRRSE ot shatase 3, egultory bt B g REACTOM CELL CYCLE | REACTONE CELL CVCLE MToTIc
o i P e oo L o 58 (] REACTONE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC
e e 321 REACTOM CELL CYCLE | REACTONE CELL CVCLE MToTIc
I AT ey ol T REACTONE CELL_CYCLE | REACTONE GELL GYCLEMTOTIC
seat [ e e REACTOME_CELL CYCLE | REACTONE CELL CVCLE ToTic
o [V gt The modife acthatng enme 2 AR W TARGETS V1
o1 T e famay member 1 AL WTGTIC SPNGLE
o0 [Ty NG sdaptor protein | AR MITOTIC SPINDLE
ot [ay e gt cham © ALK TOTIC SPINDLE
oo oo T Sorga o Tactorb (51, poepide T 1503, Torgn ]
E) e mohocyte specc proten tyrosn Knse
ot st St eesprenconr . g 1
i st S ptoreltedprotein complex bt
17 U T e TR ST
Tisar etz o oy rame (117
E [ e m g emme
10 uaess mw,mmwm;.
s TsEiar oy me 10 iy e
oy e o g i
aon e o
) o ek ke 0 Drosophial
o ez g Tnerroten 23
T Ui e potle s
o ours S [wmn! g
E) Pioce oo km ol B e
£y o R B et e A T T o
e G D eaninbo el bt
T Picer Fpholpue €, et it T
o ors o e eagoni T
T TGP shophsiodiée S thus sty o
G Trsoior mmmmmmm polveepic
s wrion i el ot mm,..mmk,
) st G e, 93 o T
0 RS S uany relessng protein 3 alen nd DAG-reglted]
e e e etaloendathelois vesl rcogere Fomolg vvan)
S0 i) Tnogtol 145-tphosphate recepto. ype 3
o Here nesiropl cyioole ator &, £560s
S o i tyrosne phosahatase,recestorype €
EoTy s BPoigPogeotenssocisied with ycospingolpid microdorii 1
By L O o enionsal bk congle. o L MBS
Sz TLA008 s Hstocamgatily complr,
) oA \m.mn.mmmmm‘mmmmmmwmm
oo 0T T wmmm.. G ]
Ty e i mmw«-mw.w e
S a7 i bes
Taois AT Ty mn,m»mmm.m
o e SR Tt o o T T AR WY TARGETS V1
Soor sear ol B e
£ oA BTy ummm e
S0 Erie umvan(nanuanan-unamnl::wuﬂam\wmme«1
w0 o mmmw_mm,mm.ummy
e Ty m«mm.mmmn
77y Az m-mmmm s i nmwum T30
Faar oo Fosprae
S A TR eepr e T
05 [y ot mhmevli:mvu
o ot mhmluvulkippzH(Mpu\wemd!nmmhmeﬂn
T EesT ECSI bomolo Brosopila)
307 S S TGN an o teretan T receptor TR oSl
Iy T ok eceptor 10
o5 e o stomso e
i G et oo peplma
7 Tiiori Tl me:nr:eﬂ e s e g T REACTONE INAUNE STSTEM,
EETS Seor opor homolog, et OOV LG | ROV AL G GO | Ao WO o7 I 6 e TS VT | REACTONE WETRBOUIW o7 Wi
S5 ToLo ,awmmmmnmmm.mwmmsm AL 27 TAGETS R YC TARGETS V1
) i T e o osnne LA £2 TAGET AR WTOTIE SPOLE
) Cocass. el Gusion e 75 borelog 8 T o] A 2
Siat Polor e (1A dveed et T cotovic S 750 LA €2 TAGETS|
ot Suste Tudig nihiited by bensridazoles  homolog e yess] HALLAR €37
Taes e WEEL omolog & pombel LA e
Tioor [y Centiolr
EE e RS replton st assocated poren
e bl g compex sssochted e
T Topeces Wi, g compex socaied protein s
[0 b bvkn, g compex sssocted roteine
o s repication actor € acstr )5, 363K0s
25 T olrsie (ONA Srected), sl 1, caahE b
o Siaer roma arigen 2 REACTONE CELL_CYCLE |~ REACTONE GELL GYeLE MToTIc




o1 o . RERCTOVE €I OV | REACTONE CELGIELE
o [ T T e como B AoV cri o
iz S u.mmmwmmmmmmmz cTovE crL o
=) GowerT ] miVuvaﬂi:wn(mes&k cToVE crL o
gEiTTy [y e st e T HEACTOME EELLCVee
Tour w5 e 00 s i ]S AoV coi o
i o1 e S REACToVE caLLCveE
S e S s st HecTovE cei o
53 Gese T ot T HEACTOME EELLCVee
T Ty o ﬂxrmnwmuyn! n wuwmmanunmwaledk\muu REACTOVE CELL OV | REACTOVE CHL-CVCIE
i (11722 et mmmmm 7 ReAcToVE ceLL OV et
) i Sy HcTove cei b IR A TRGETS VT
Fisizl Sz adlamwcumm\nmmmw! ReACToVE ceLCve AR O SPRBE
£ S Roitomeea e ReACToVE crLCve
T =) e oyl omelog U REACToVE ceLLCve
gy s T REACTONE VETRBOLST = X
pi7ih T TR U st mmmmmm ey REACTONE VETABOUH
Sises b Secaping o, seavrger REACTOME ETBOLT o
Tor o e Tor anrpon: e, uBTTD REACTONE VETABOU REACTOME METABOUSY. OF WA
o ey s et REACTONE VETSOLEST
St T wamluvm!vzhelinumu\uunvuwﬂma} AR £ TARGETS | AR IE ARG
TS i ot TALARY W TARGETS VT
or mmw.w HALARY WV TARGETS VT
AT e muhhwwuun ot
i T e b ]
e wmmmmmmmmmum =
T T ks T
gy i setraarse 35 Rt suon
i i b o o iy
TR mmmmmmmulmmm.
o m
T nmg.mmmwmm
Sonson Tpunevesm ns g o SOT
Gy I compls w3 P o]
T irscpion actr 1>
Gor o rncgs smctsTS
o0y i dneron e
P mmwwn( um_mmm mw )
[ n!mu[m!w\nu(\eimuumr\mwul!mCKV{‘D RALVAR INC TARGETS
o tergeros ner dhomickopronf IO TARAT
T e s e AT RALVAR INVC TARGETS
o oSt v ot scindepenent epistorof ceorst RALVARI IYC TARGET
Gy Depa ot somerse A eycaphinl ALV I TARGETS
T TP (o maneprestete] cehigensse T AR W TR
o O e <t . s e RALVAR IVE TARGETS
T ot AL W TR
Wo0rseT Gy e e Er RALVAR IVE TARGETS
53 oy T mm,m ey RALVAR IYE TARGETS
ToosT Torss O o photamorPogen homelog Eot SIS HALVARI IYC TARGETS
Toes A i A siveas ompiasirg o icionI oo T RALVAR IVE TARGETS
o s DL Gl s s et s HALVAR IYC TARGETS
Srr NoPIE WOPIE s ot hoog ) HALAR IVETARGETS
e e HALAR IVETARGETS
Frer Pagper HALVAR IVETARGETS
e iy S
o ror o ok ey
Sier Avvery [ /Ri(min\mmd!andu(rhmliuav(
o Proe: ST g sl oy € o Tl SIS
oy P A o el R o
S WisT VS ot e, menbert
) bl s e homolg | DroseghiaT
Ei) eoss T e bl s T
7 e oy mamtyane poten era TR T
i [y (508 st rten]
T rron o oo BRERS s cing o
% gt R sttt s | 3]
Sr oL mum
£y SoRest o muwmmmm HALVARY WTOTIC SPNDLE
o Faror o e
ey e g o b i o L TEOOT
S s Clnage 30 pohatenaton s facor . 1008
s Doos i Gl s s s et 3
g3 ST e g sl actor 1
Toses @ S o e i TS0
Fry oy e e S i
S0 IS nema(eneuusnmeimuamr\mpmlemK
Fry ke g i rtein
S TNRRPAL s e oo T
3 Frapt S md\mlvmmm\mpvaleml
wes i e e 3
o s T S o S ThE
s e rcrpton sctor W, ohpepiee & S0
Fi27 e ik g mniese s st
L Ve e
i [T S e e
) [Ty Ewng srcoms restpont epon |
1 o Sl
o e mm e e T
ooy S G cotsming lyine TS
i ot MrMummemuaMmlu
FiE ariropn
FroT) o et po ]
o e o et s
g mmm.\wmmmwmmm
S Pt i homelog s
Cia ity comston e AT
iz g pecilc VA e roven 1 4855
o7 e R i s e onlranton o
Sior oS 5o e
S0 v, REVS i, i st o O ,.,»,mm..m..;
w77 Tcor s o
T Fince Fincon srent. complmencin o
17 Fincs Fincon sren. omokmertationroup s
g [y vl e 1€ col
Gy oo oo e
Fi orv b € col]
Tior Fy Sedrs o ondne g
I ey sl protensorio 1 amolg . cerei]
i Frvoui T e e S T ST
£ o opinT>
i ST} R g A g e 157
o HaoRTT SRS U 0 eyarfeess Sy TG T
s Frosss S ez
o7 PIwE P e T g
o o T T <l i
ek vior orespolpase s
S T ST mostodetese mmmm Xy
ey Srone e o e ooyl
oot S e T oo pes)
1 paey e plnto ot s T
Ao Con eyransiemo
oo Lt
s immﬂ!muml! s
Ao e Co s . i
B2 Tors e Gt
Heck o Co oy s
T Aciy SRt o o i S
S [ce g mm,\.mm ot
s Ty B e
iy s e o Saers e
iy S SRS iy 7ty a8 varspo i FRTRATE
s I el e s
Siow EE st 17l deyiog
e oy e syriase (13 oxasasre ‘m.«,.ﬂm,,,
07 T Ctocivome P50 Ty 3, i A poconde 1
oy <y et s e e
Ty o i 5 s ot e g e
i e g, g fger
oo eRci e donananio 1
S T S e omoret s
2y B Il et o
o R i o
gy G m,w;m.vmw.,m.
e Swion ey
ik ows oo ecpior bt
T e ol e 20 Seodted o
ot s ot g poein 366
ooy iz oo 275
fEv) T o e potein .
T gy e 20
ey s o 20
T s o510
3 piEy g sTL
o7 vars T 15
STy 1 e st poei 17
7o s ﬂnrl\ vt oo 5
T e T o i




g T T
Tr e g o

i i rgporengss

i i rgrporen o7

ot 0 s et oo

oo oo et o
i e (O oo

o EE= e e
it gt

e mm,.,,m,n.mww.mmw.mm,w
St ety T s

e T L o (e T T T
oot otz (WA 1 et pohpeton G 510
T e U0 1 N i ot 1 50T
S et st

ta e e e
S e A DU i o et
ot T o sl n b AwS
s e e e
weor iy

i A

- e

e 1 cepro T
e Tt e

gy 168 sacated e

3 g} mmwmyaummnmnm

om0 o e et et sy L hopong - eV

oy ToRer Tl st e ot s 00

53 e ot sons

fE0) T m,m T

Ta01 s :evumhpu'mﬂmﬂ\n!x;vuna\!

Ty o eI s st s cntaing, A9 B o

o e iceaomnie osite vl g s

1 poay e et s s S o

L Woursy T m,m.,.m wwmnm e

Fre) o3

g ETEEr mm,mm«.,m 6 amporen oo

EEiz) estldhomoios €. conl

S s s e

e G vopese bunore] | 3o shcomles 3907

gy e mronl n

oo Fip s, i arsporin, i oS compls, S

£y Tevochvome o asenty 1

gy WA oy, e -

S o st e T

) o eneieios

EEn o T oslo \ale e

T e e Eomtons o

T voe eersomabegenes kot

e FIsE el b oo o)

£ s i e

FEE a2 LV RA sythetase 2. iochandral iatel

S0 ot S OA i . ot s

ey o e e ot sl

ot oy T A Stheta % iochana o aste]

B s Ecioncleoie prophosphatse/phosgnooestrsse

[y ot TRl i ot sieas homelog 5 Erevae]

g T marooo, S, cs T e 1

1 ror Sseroshe roraptaspate oaminese -

i Foran rosphoterse i1

Sair FRnE S tondot Do

ey i ot oy 7 s & hspate e T

[ S o lamwsmwunanwmv nmm el remoere

£y Gory ST TS amoae L s b ST RTea T

£ s Siragre syabets e hohng

i Iz mmmw,ﬂ«mmmm S b

St s o ety

S S meme,wmmwmmm»

fi gy 3 o

it om0 mmmmmmm,m ™

w7 o cogen syt il

a3 S m;mmwmmmmmamm

it oo Wmm\wmmmmummmm»

g7 PGt oo e, g 2]

Sy Thpio & oo o o 10

F) [El3 T et mmm;wm

oo Taria T B T sk o RS

FE) G memuu«ammswnmaummummwnrmlmmmmmmmm 5

) Sc e crer ;m u (mwwmm mmmm meert

o7 Scws e e T e

e S ot i 15 menbers

) o e i e d vt e e e

o7 o e ot s 5 e e

) oo i e i G

S7 ST ot carsramiy wd\wmrwumumm m T

) o ot car i 13 eessn o ] reoer€

T S oty 5 e et T

ot gy e e o st e

o Scer e et

Tt T wwvmwmmnmu.!ms.

e els & posghoghco

o our wmmmmmuwm)mw TENTTY

g 3 et st e o et

S sy st an s mmm

o0 [Ty 215 boposprae raleosdne |

iy ARiAL ST i i et 1 La\dwm I
[y EEsniseprvst e dhodpcobST ]
e e ebarces

sy Tuse egEseatedpeotein ke ke S

i3 o et asocatespovan >

Toor oy ool s, s B0

St T A Wi LRSS et

o Tt hsognospoloas

sy Vi Vo g acorbamolog AT ceev

ot o ot i somerse iy . merer

o7 o g

it e g AT

£ [ o ogereds factor T

) ForRr oo ot acorecepor .

Ficn e S i el e S

T2y o e

T gy ammmmmmmmmmm.,,

oo o o ne g ot

o n mwwwmnm;s

T Tou nmzww\w/a Kol wma

e T s o i oy

gy e R i o o 3 o T

o iy S sspted oo 15105

) ) S earcrpton acior

Sir Frod PR vt s BT

Tior Rocen RS wmmu,wwm e

Fi oy o sscen t i g e, 21

T Dz mm.m.mammma_alm

S5 ooy e e

) o003 EOWO/CED 1 domaincomnig 3

e Ty sy )

ot e et s et

T Sn M.mmmm vuwpﬁwivevedmaw

o i) s WADP oo m!m!w\l!w

i e esie i

T ) e SThe s ¢ ]

e T o e (T sy me BT

) Eay St e beced

I Bora BT Hone w"wumsmw;

iy ooy i ieoioebing prten G

Em Pices ool hexaxmmsmnwumﬂm i

3 oy o EoecgneT

) S e i WL sceybanferieT

e Ry T e e e o it

EI5T) v u«.ymnw..mm nmmmmm

St =0 sl

FiiT) o e R

£z Welns od kot b

S ebrane 7 upetanty remtarT

3 e Ao e miier e o

1 oo wme\nmrw\!) St

e s

0t mwmwmmam;gumm,m

s o et

S T m..um.,m.\ s i

T i T s e T

ey TP biin e, s Gy  ASCT, mrber T

et s o o oA e

or .mm.ewm 7 (mpm, mm o

£y Skt g e

o e et

Tz nm.,mnmmmm“mmm 5

Secis Toie.rhrspess s gl s omez

Sy T o o s e e e




T LTy T
o Rt RERT trion T o et T Foreg 5 ooy
e e S e S o SRR e B
Tosis =3 et spmers

o Iy ot

£y FiowT b

biis R mwwnummwu s oo comT
gy i ettt homoeyteie memerse
or e St xemomin

£ Hor e b i T
Tt Davent 57 ryongtarste doycgerse

3 Foon TATE Geogeras sospate gl BT
s T O debogenseGipone) g bcomplr 10, DS
o7 Noura N e Lt arn. 2
i1 ey o vl

o Ao T e sy T

wer > e iy menter?

Soz7 3 52 moatung fcor

e i Ty sharer g 7T

e o P M st s o

§) i iy

ez PeniE mwmmummmasuumus

i Toar R i e

3 ST Sl e S \mnewm [
Titos s TS vl - oncopene oo

Gy S eiveonve i

o [ETe ot

57 s T o et e T
e eow cies espiorcoocimor 7

i S T WGP domin sy st ST BT
Fiic) T i G173 acieing porei 0

i Ferse TR i ceperce smbty 15, e
T e E,Km.m..,mmw e oy T T
iy Raosas ossts camviad

£ s et e e i

0 gy Tigh mobiy o nckesom b doman
Seer i e e N o gt st

e s i ooy

Fir) Ditons m,,h.mm.mﬂ., Tbrsep,

T i S e

o7 ook ool et

oot I o G e gt et v

(3 G merin

£ g S e
15 o ol e s

oy iorei e

Tier Wy T m.wwww T

o7 EioT :mmummrghm:nm i oy
) o v Pomolog 1 1C sepns)

o o I i

S Sriona s, s i

g s e e o e
fr3 Iy et

e (53 TS vepled', gt A
L W e et

i < Eaponi

S ey S T
) ot cohean eovon

1059 o e aatio eted et GOT
Seres oo e g

7 S e comita]

S Goc T ,.,.mmmmﬂ mu.mm.,.mz
S0 RoboiC s T

TieoT i) Ty i rger 2 i

o7 ) gyt o 08 b

Sy iz} wmmMmumma\mvammwwnli:mv‘l

ez Uz oo sceaton o T ol i menbarT
i RS ot scbtor e G e

o Kion st ot Rl T
Fis s i e

g TopeeT L m.,pewam wwmm o
T s T mabaratrer

g rionprotent

s e covemut olormatonT

iy e

FiT £ T e et o e
o e e ot et e
oy Smca e mmmnmamnammm._am.,nm.annwww b T
Sy pm) ke v e

Tiiog whscr wﬂham\lemnwrwdvum!:mumuwmv!wnu
FEicEs Ee i

ey Tt W m!mv\lvimﬁviﬂ et = comT
i [y T Do)

e Ty o ool oo

ooy S g m.nm.,wmn.,»mmmw T
Fi) s P e o ol o compie sty Toeor ]
) i i ez

ey “owic e ) sy demethre

i s mm.mmm.mmmmnm
Soer fiaa g

piy [y o e

o e I i deonder e I
) o o0 g ot

=y o i o e ot O

ST Gt T ms Errn

Toer Tt TSk o cortin

s T T fnger YVE damaicoran

ot e P oy mesane e i £ T
o e et el

s Disrie nm.mm.,mmmwmmw yumw!duwmr!
£y T e g momctor

oo g e P T T
o o aini

gy T T T TE e (oo

) Tz e ek

£ EIey e e o T
Cy 3 mmdumimruma\ B

£ gy e o

T ey rikm!uﬂnmrwd\mpm en

ey e T g i e nrpon eor T
Ty G Cres egisted lvimmpnmvma chator T

ooty et o e

Sy Sever v mnmz

ey [y g1

Sy (=0 me:wa\mwuhwmeauamwumwdumam\
o oy i /O oot Tacto (CIF s
57 o e

3 o OS5 e compement e e
o7 T Tamhy i serce sty 6. e &
oot e e 119 bomolo €. slgae]

ey Towe T s s s
£ o et cros e L

) gsn IO sipheg ested 0 bomoiog . coeioe]
s s oA itone . o v

Sors o Boten o posghtas yp VA nemberT
s Hoccio TP biin et sty C CTRVAF, e 0
w51 ey ne. sy ol sty A ember
g Thapscs aicing e parics comger

) iy o poladenton deren g TS
Sisor i D16 repbory bt scated rtein e 1
o Sicas R e st e st e
Fiy E I .t o T

) Hox e o

Fiv ity Tl i et

i D A i i A

e ooz Topt s oo mmmmmm
0 o e T T
T egss e G o domis &

F) Ty e b o

o T o eceptor i 5, s & meroer




7 i S Tl et
i Ge) o e -m ot codrel
Tirsie s s
ror S ] umm; m e
Hawors e peegere
Ly i rimime
i m...mg B
ARRRoT RO honstonfaco reted oo
fas il 0 i 5t
T oo o et
Tarsoin mwv«armlamwweﬂamwuuma\rvmnlamv(w
oo RHAD domas comaiing 11
B0 i o e T
o b ] prcisor ot b,y S
fica) Dohconb pov g e s
s purte o o
L o e ot T
Tans e ot coraing 35
Sscar i onestams oG
i Dot
Soury S i
I e s N i ot
Tonare oarte o coraies 16
i o pemese epbtor e 5 coRe]
e e o ke fry membert
o eogeal s o cacer SegET T
e T cbited e reanive ks
Eriors rsnesone g e T
s ot
i T er 3 o o]
T Srnyanese |
Ty e oTURP 108
EiEy e s e A
Aoy iy
e e o
g e to i g 7
T e e re e ot
o e e e vorlesse
s Hermariiy sk sione’
Tossrer TES3 g o ot core]
S ittt
i rolne e o
RousoT m.mmwmwmmmmmm,
Tice T T heT
SEY Armbrar poiein 064
i T Totar sy Som oA
osen onserl b ot e T
ey onyscrT b ot e
o0 onscrolbning roten T 1T
it T Fomolo e meatcpepise - coeve]
S ke iy 5, member 35
T it il A g i
e Feremtor e
Tiwcrr oo i et cono 2
ey e i P05 s e o T
oo ot coraing >
eba mtos ompos ik 1T
T Thocomal prten 1733 g ogene
pa T o e
R T pvumulwwm\!)smwus
apisT o m\msmmmmsz
N Ex \ispammeamma
s m,umm,.mwe.mwaamWM:
ey T
[ musish-hama\an(nmsam\i]
T Tmsiers o esaniie b T
e S oo 1 oy memberAT
oty Crsnosone s et e
Fooois o ine
Tariss Piochonsalthosonalproten 55
ey e G e
e ST s o ol ool s e
ooy s s
FLi2) i TR Wi sparce sty BB
i oy Congel yserytespoeic st
ooz L) G ot U epests. oporodindomain it oo T oG
T e VST vt rten oy memer
fliEe) T oy wihseence sy 5, merber C
St L) o s
Tz e it oo 7
Tisase Ty TSI, 506 homolog 8 corre
o Vo Y nomo bacirol
o T S s e e T
o Pusio oot e
s sy T
i Wosbb: O s et o e T
g T e mwm geatdomants
Tens o et
e T 5 o g
e e wummmmm;
fron s T AR s T e
Toiss s e
T won e O sy oucase
o g7y e 721
T Fers e domaincorng
o St T T e e
g oussET Ceonbonesse
53 D) ot iston rton e T
o pE) Sy oyt o e
e Tz ot et s s et €
Socois e ool €3 domain oo
oo Ty oo s T menter T
Socost i asinaipha
oot ey e b
ot STty e e 124 1 Fomolog o]
s ey wnmm[xmwmms
o 75y S i eslepepidne 2 e
o Tives otte s
i s Wﬂmmmwm
Siio [ e i3 Droeor
e e i i e T S
oo hci. il Tl costrE e
Siont oo e g el
o Trrour ardometartes
o Tiopy oo i, meraere
T e Tngerwin U spcte pepiose o
oot Cromosome sopenratng e 1
o T
iy EZerny gty T
oser ATint o e
Denwos TS oS
oy e A e
Fow ,Wm.,mm.‘,mm,m i i RO o e
I3 g CC o ot
FrRce ST T
Tocior T 055, B0, 16 i T
ey neuchescintie?
ey T e o]
[iETES Aww“.m,m,,m@wm,,tz
accia s o T
ATy el ke 1o rosoph)
e e o
o e et nemoios e
i AR i, menber
e ST ep oo, iy C e TE
£ 15 SUNGE: o contanire
e TS oo sorlng oo . corerae]
g o rotent
T Hummmnmmwnmai
Iy i conesonsctor bl g
e e oot T
Wubcor o cotinng
eoabs o domancorag
S oo e Ehomlos DrosaaRET
] rbbiatormacs Drosepnia]
s st o et provan 2
Siier Tl A s g e oo
s otenkire D3
iz o it eiceted FERIET
Tezic TR i seqancs sty T3 merar




o T e s TS
i v oo o s i catog
oy e o Ao et G
S o i e ota T
i e e
o o e e
s pn ot
s it i
0y e T
o e
S S ST
St Ea o o
o e P tin e 87
ot T EAni Gt e R T TS
Sy e e et
iy i
o i eReT
oo ey
St e e, A
e o v
S e e
o B ot
v Sy o
ar i e e v
o o o e
e TS oA T
e
e i g
et i
s e i e
i s ey
i s oo i TS
s Do e et M T
it i B
o s
ST e
s i =
s e S
0y o o
S e
T o o e B
e o ey
i T e e
i or st it
Ty
o i s
i s St e T
e i
S B st G 5 b
i s T s
S ey E s i
S e T
£ e imiyerose
S o o iRl & T
Ty o e it
i e e
o Tt
T o T e e
S T O g
i i i o act
o s
o5 i TP T
s i s i
i i e
oy sl TS
i e
e e
i o e e o
s et (e
e e
o oy g
e Tt oy
o T
i i i e g Ui
S
s e
iy i .
e o Doy BT
e s et T
ey Tt
o T T i e T
o S ot Do BT
s
S et e o v
EE s
o R i i
i i
o
s
s by .t
ot o e
i e g
) T g Sy T
St
o g T

o spepston ressed | Ecorei]

s i someae riegit e T
o ey G
Sntic o romog el e
o S comm oy mariers
e T b R
arn S esinine st ool & e
o o eaares o S st
o oo bt i ST
S S
o imeniiosne donenT
iy i s v i
i e u«.mﬁ&%ﬁmm;
T Taos e
S ot T et T
o o ST
B = e e o T
S T i et
S i e
o oo T
o o e i e e
T S ESEn o
i G i e e
o e T et R T
o o s o iy e T
e oz S e o o e
S e T et Pt e T
S o s e s T
oy S —
s iw e e ot
o T e o ey S e
ey s o o St R, P TS
= e S i e i
S ot T e
o s ot e T
s e s e
e Foy o
T s o




S BT ST st e o T
) o T8 i csete, Ty £ (GONGD,
Sy Thic i Thomio C € clogn]
wonor ¥3 T ST cbtor oot 5]
iy (e el ey ssncated ke
ey s Too sty e
s Iy o g pocin 21
S [y T et a8
ST T TR mm,mm«mmmw o
et ey IR e ranvose b2 e eecess iyt
o oicer e s
il esy e
oo R mmmwmmw mwummlmmm
oo o et comion
) SEn TR S secmvion Fomelog & e
o7 e Ty cmoloc
oo e Eopepiie epet G 1T
S iz} R i e
S o1 .am,nmmm NApu\vm!me\Hvrammwan\n-hanunhrluvm!
S0 G oo o e
Sy ey RO TCoA se Gonsin cona T T
o et OB domaincorsinng
D Tsrs o, s
oo G T R w, g, T
) T o A Tt i mmm e
£ Py oo wmmw! wnm!vau mma Fr
it gy rooghs cereie]
Sy C ot copies ecepor 10
Seom S et e e 3
Siser inee oyl homelog Dese T
Seser i3 itcthonsl o sctor
Sosis Ty o T e gense et Ty 350 T
Seer s i s ol
S e S (mwwwm! e e
oy 0 ST ot gl caaring
T} gy e prinopepe T TR T
S ot TGP eatg pote, e subo (oI,
Srise T anspreein
S Conots o sl oien
Srior Cira T T s 0 T
e [ e ron Wby o]
S Gy ot e st s et
B} Do 72 o merscog v hemags (e
ek o pecter:
S Toprs Tt g e T
e o e
i) e i
£ oy it
ETa s S g e o R e
S 57 St
s i ies
Reca oot he (A O]
R ito o7 i sreln
[y Ty wih seasnce Sy 5 e
file) o homelo 2 col
o Fowtiares speclic s o proren codrel
i [} et pmertos S tosomal o
Gy T il e atonohats el
e o mmmmmuwmua;
Eor T T e
s e St oo st ot S
oy Ty T chromosame serieion et Tactor 1 Pomolo s ceevae
e T o g pon 35
S i s s Hie s T
e erezs o beakpo Ty meriber 37
s s Tt nu(\eu\irlNAhw e oot o
oy ) pin
et sis T e e o T
[ e T e ]
Gy 1 levramrupewdere o
S DS e o e T
o VeI il protei i 1Yol 5. crerse]
i) ecorie e 1
ey LIS e nesdviions ho )
i ey s st e e i sonan T
o or R mam\ lvirMevise % usmmw
e AT WS s stvator b T
Gz STy lewamrapemderepeivdamimz}
ooy e £ mr\eandise o sz
e ey o ot e o
= ois mmm T mma»
oo Iy . nm mwmm
oo it
R ammmm mm.w T
Gort :mumuwmSup!m!amn[lvimﬂ
e mumumm«mm.,m.,.m
s romdowsincontiingd
T Cspn by member
s e i
fisl ,v..u(,,,.wm,_e,n.mm S
ST Taun b proven 2
Ao AR B B wve\nUu»mmaveuhnav mm
iter o conaiing
i T e el okl o o T
S eehrognss s SO ] merer 1
s 2 ssodueeinpret
Tioee 00 s Gholog sk
oy -wmmmmu st
Errorss mvamawmna[xnmidwhmesz
ot ey s v
Temn Tecton i
(ZDy R et e
ey G ey et
Toconr ToCT ol i meer 17
Ty g 0 e o
o Eohoramsase onsinconaing
S S e repon mosier
e methvanese he 8
e ol co oot T
Ty T 7P Sk
Bomoic SElon s cossneg
T it -eacocs ey mamiars
e eobrormec Romelog 3 resophi]
T oy sy rce sty 1, merter
Citoriss omerome 1t spe esing me 155
Vi3 oy arepion e Vg T
ety D81 200 ULt asochteTacior 7
et S e raterrescomple e T
i Do,
e T muem u s
g eohmersie e 3
T msmmwmm=mmwm

oo e S e s o g
G S e T acinberimnt T
et St mmm. 5 rerev\uae]




[y Tisri i e T
Boor uoTaz i e dphrohate e o e ot
S e i ool Oresops]
S oot e TR ariesse 0P oo
Birer T e 15 Ronolog I s
St o it e e 3
o ey FereceatoThe &
) e Tt st i consAE IR
iy 3 egitorof G roten sgaing >
[z Ty Ty wihseuerce s ek
B s g T domaincons TS
ey iy S potsgnie e T
ooy o o e v ator |
e ey  lorgton ator,toctansal
7 Ei ere Trconire s 1s
s T oI sy nce sty 19, merBer
gy o e e N psproniton et
St [ e mooeeleseni 2 nor e ]
a5 fi oo Tveonie rase
o it RIS sy e corsie
e S g T
Feror e 30 Goub 5 o
Sl TCTEsophag wated o 3o 25 corevimey
Ly g and XY dorin conta
Trssis Tuma rten g5 e oten 15
T ireerpiantacir sortes T
Cenvosom potons510s
Eieatsy oo 16 openrsiing g ST
ezt gt poei 51
S ey e g e T
Tz Tsse motuatn factr 2
Tiris O S gorsmive prosheshone T T
Ty Ut domai oren 1
Ty ol ot ST g e T
ey e i epeat n LT ieractng pote
e Giionerl Girse homelog s e
conia el A6 s
SocerL ot bnong peten
SIS Thoormons ecestor e T
v oGP siachmer s e T
Tacx TAGS domimconainig tse
Tobas RA823, e 45 onogine Gy
o Tewsin
BT R 1 comveT
S ke carer i 25, menter 27
Gurc. i meaten ot
Ty S0, eber 8 oreagene ey
s SRS (] s ot e G TS
i e eltsee O b e IS
e ool enispepe The

Disves P o conarg®

oo e pestetuse, replton ST

Froese THmI A seqerce sty 6, erbar

Tocios TECT i by TS

£ T Romolog e e S ]
Tovere o g 20 6T domat oo

e SIS Porelog AT coeine




Sty Tl . VM2 A o MkD8 A

ooy

¥t i (o £3
Vi e O s
S = 3
RO WA ST s v e (2503
RGO L G o e el Gl G, it S
A o T [
HRCIOWE A0 TV VN ST Cens e st e Sy wr0s
LR WTRFSON GO AFONSE Gir e et TG GO i
REACTOUE L VL RGOS Ger e oy g i
TG e e e TN o AACTONE ATV VI ST o TN | AT RO G RSPGRSE | A o PR | e ABSSoit | EACToNT Gl T e
i 5 e 1 oo T ARCTOME ct-cet| HRCTOME AGI TV VI ST AL MO SR ToNT - ciaE LN
T (T3 i cniging e O o e HRCTOME 4D T VI ST TEACTOVE G-OYal GHLGanTs
iz oy L2 e sl e oo ST ARCTOME -G HRCTOME 4G TV VI ST PO GG ARG REACTONT il it LT
s oy resome oo, maropn s 5 HGRCTOME o HRCTOME AT VIR ST ToNT - ciaE N
i ot rsome esome. msropin 6 et on Thss 1T AEcTouE S ot | cToue e HRCTOME ATV VIR ST TEACTOVE G-EYal GG
i oy s rezome s 16 bt e AP HACTOME -GVl | AACTONE WMONE ST | HRCTOME ATV VIR ST TEACTOVE G-EYal GG
i e gt g HOACTOME -GVl | SACTOME WMONE ST | HRCTOME ATV VU ST TEACTOVE G-tYal GG
T i i e U oo T ey HOACTOME -Gl | SACTOME WHONE ST | HRCTOME ATV VIR ST TEACTOVE G-tYat GAGTaTS
o o phosphaie . rsutory b 8. HOACTOME -Gl | SACTONE WMONE ST | RGO ATV IR 1T
o g RGO -Gl | AACOM: WM ST |
s i TG ool v AGACTOME -Gl A
iy EE mmm»,mm...m.ﬂ.,w.m, == AACTOME ct-cel| FEACTOME cal-cvte o - RACTOVE GOV GRGHOmTS
w7 sl o it AACTOME G| REACTOME cal-cvte o
T WO s o ooy o AGRCTOME G| EACTOME CaL-cvts o
e ,w m,wwm HGACTOME G| RGO Cii-cls o
r .,_,n,-y-mm u»«-»-«um e HGRCTOME G| REACTOME cet-cvts o
staic S i b € e HACTOME RO ST W i
e ot e gt v et HACTOME RO ST AT AP G FSPGReT
ey ot mmmm,w,.\w,w, HACTOME RO SHTO AT WTGEFRON CAMMEA RSPORSE
etor IO gt i T WTOH T HACTOME RO ST FALWASE TSP
T e HACTOME RO ST
Wt i corinre € AT BTG ST
i .,.,mmm T m.m,‘mm,mm.mm. AT ARG ST
Ty e ot AT BTG ST
Tt T HACTOME RO ST
o e HACTOME BN ST
i it e oot HACTOME BT SHTO
o el e FACTOME RO SHTO
W SR e e HACTOME BN ST
iy i Tt HACTOME BT ST
Wi i e e s i T GV oTaranT]
T P KNApvxmmlhunuhwm\-‘l\v—\}
i hcsoms e HACTONE WIS 5 FROTTS
et hcomapn ST HACTOME METABOISY 0 FROTIE
ar csona e HACTOME METABOIS 0 FROTE
iy S S sl S R BT HACTOME METABOISV 0 FROTEE
it o vt oo e HACTOME METBOIS 0 FROTE
i i o i et b RGO WITAROLS G FROTHTE
o R e o s ST HACTOME METABOIS 0 PROTI
S o Gl bestialchts 4 oo, s RGO WIETAROLS G FROTHTS
Eroy oo N st | RGO WIETAROIS G FROTITS
iy s e gheoaon 1 Fomlo . el HACTOME METBOIS 0 PROTIS
ot i e o ST HACTOME METABOISH 0 PROTIS
o it g o HACTOME METABOIS 0 PROTIS
e T T e S i 1 sl T HACTOME METABOIS 0 PROTIS
£ v T, 3 et G, Gemhor) 8 HACTOME METABOIS 0 PROTIS
i e e G RGO ARG G ROTITS
iy s e o) HACTOME METSSIS 0 PROTIS
i oy roges ALY 5 ety A RPN G RSPORSE
e et G115 AR TEFRON CAMMEA RSPONSE

o S AL MToTC SR
g Aumemm n s FALMASE MO SPA
S T FALMASE MTOTE SPAD
oy e St ot bt o] FALMASE MTOTE SPAD
o R s ke T AR TSP
i ol e
S ey T
s Tt st 36 N sy s
Ty i e s
T o
iz T T et el st e e
Fou e O {0t s e Tt
o S5 e
oy .u,mmm.tamam.wm‘ammL,‘.«,m.mmwvw.m
oy m.wp,.m\.m,.m,.«mm
s oot s, cine .uhmm.
S o TS ot e s b
i T P
or i e
i i S o oy s ' e P et mane
o Ty o g
ar i3 st or
e i BT e i T
iy T oo e honsseom e € /T
o 3 T G el i o T
e i e T S T
i i T e A T
i iy T .m.‘.wmn.mm
) o PN NG et e T
s T o et o
g ot opnns A v
e oo o i ot b uumm_,
e T e S
iy 7 T et 10 s
o “misic i g e
) £y et ot
St Ty et poten
i) e et poten 00
T e et ot 57
Ty £y et e 50
£ £ et eSS
St £ et eSS




T e et
i ey ,mm,mms
o G .,.m,.,.m.,.uhn .wm. E iner o
oty m,,‘m,‘..m.,,mmm.“.w.wn
Soris SR e tr SRR G
Taier ron
0 ‘mm.m.v.u.m..mwm,.mx
iy T T T O P o ot s SR S50
T mm.ﬂ,‘ww.« 5
) 3 mm,,m,‘,m.‘,n,wmm
e etagin g ssin monsemge
w WP st ol G
St et
o Pl 0 e, S5 T
o e i e
Sy o s s gt g
ST Tihels e
iy ot m
) oo it it
i oo o i st e R
T Fomn ol (N (1 e ploepsde (129501
T e ¥ e it
= irer e ot S T
e e TR S it of e § A A
) T m.m.ﬂ.n,m,m.wm. e
i i i
o T T s e TS
i T T rinopeotie minss e T T
gy e e ey g G T
a7 s i e i)
T Eorry ot wih sy 16, e
S ey m.wmm.mm‘,,..,w-.m
oy =T el o e ey
s ey et i e e
Tior T (,l,m,.n,,m,...ﬂm, st
T e compi et T
i e AGHE i 7 o, i st PG
o Tirie Tt S
£} s e
e i i e i g s 0
e ot umum,:,
[y
iy TP, Gt it 2 e T
iy ‘.mm,mm.mmm.,.am.mn,
o TP ¢ cprin. o Fo i, S8 T
o Tt sehegene S WA
Fi TSRS i, ko1 e B ES
Goew s rotvames e e
i lcvon o oot o g
o e o
T i o
G I o
e b it st V20
Uy il g A et s . e 01
LTy TP gl g UPT, s e B, e T
iar i g T
Vi B 30 e sl . S
3 i st g e
T oot
Tacer i, st e e s
oo STF i et 5 o A RO e &
i e/ e
fiis ivevesnneti
s e
ok i v Tpoporan b
Gy e o g o e
£ F e
o B mm.mym,.u o e
e s T, v..., e
Y St oot s
) LTS P e oro et st e e,
o St e ot ,m.,.‘,.,mm ey
ar Fy o mergr e
£ e o s e O
T Vi s e
o G et et T
ST o ot s bt 1
T STar o 72 Sl ST APT . e
i ST eyt 25
gy (o e b st
i e e
S P o s
tior i s i e
T =y AT (Gl il bt poe e 1
S o i sy i 3 i
o i RS o S MO R
S iy i Mm.‘m-m
i s e i
o iy e s oo T
S [ g i o m,.mmm.,.,n,
o G s
o Vo I ,a,mm,.tm.w.,w,‘w.uw
oo ST TS S e et i
oy ST AT s o o e T




T e g e
S s e o e

Frey o A e wih roms

St iy e et

S At SO gt

s oo s (V] it 9005
T s e N i e o ot AT
Saoraatr g v e oren 7 e

i e 5 o vt o & e
oo ey binaihe ] Cosos

o i i e e

o i S ] s ot i, o T
gy i) oo by 3 e T

T 7y el iy 2 e

Toerr iy e s et 13 e
T iy e e 1 e

T i N i s e e B
T St OB oot . e

07 R i i

Trite s g, st

it s gl oty 3 merser kT

iy e s e

T . i s e g BT
st i RS e 1 ool (oS
o vor i et

S Cr ey RS s e o ]

Srsior e st o complr b T

it Loy il v T
£ i e g S e otsing T

Trerty A g o

i Fis S e

Tisser i i maTomsig s o

S o s x\mnvuvhunh umnxm:muh.:n-mu\nt\vum
e o tame o e

T fy mhnn(v:u\:nrvmlww e mmmm
Tisior s o .mn .,m., m,m.,s..,um,
) o e e e B ST
ot v e s e

o T e A BT mm e
gy Saor Eo .«Wmmm i e
T ey e s 13 ol 5 A
ey (i i i v

g i o e el . e
ST e =i domsi iy e

T T UL s e et homlg (€ S
T o SR Fomas B

T ficy e N et e o e ST
ey oy TSyt e o ey
fr s oy Cok Soerissomi ot |
i G i ot o st s s R
i iy e g il b e R
T oy s ot 1

iy G S st e BT

£ [y e

£ T Somphemos € g

T Ty ,wm,,,m..mu.,mmmm

T T il s o

i Loy oy .mmm,m 165 R

iy S G s, Yt e 5 oA

S e

o orsent

o R T

s e 1
7 et e
e ST oo e e
T Ty frwe e
oy et s o T
oy i
sty M.(nmm.mm,m..,
s Wum.w.,nmnm.w-m,
iy e e o
G e mynmm-‘uum)
ooy i e i e e
o o i 3, b 6
ot s
ey g e woten 61




s ) e T
ST s Ei
Ery T i 7
£ e BT ;dmluymuummums T
£ iy g e
£y iy o e T
S it FE e
Se e
£ ey i e B i LT
Swar s R il s e
Sy Woist e
Sinw iy e e o S
S iy PG 5] s i T
£ o i it S »m,,,.m.m.mmm.ﬂ..n.m.
S ey oo
Gy ey mmm.mmwmmm,ma,,.
G o e
or s »mmm.,m.,.,m
3 i m-mu-mnxuanmnn i e
St i = (uu!hvﬂv-w‘n:hmw e
ST i ke bomsts 3 Dseghis
S T m.w.m.m < Tromis 5 e
ST i e e
S Srors s
ST o sty o T
w0 o
c= pry mm.,m,m..,.m‘m"
Cry oo oot € ST
S oy oy s sty 14 e
e [y e O e et 10
i o e e
S v T i o TR T
T A T o e s e o Tt e
i i 5 (e e ot g
e et s
i e e 5
s mn.mw e s
i .a.mmwmnm,k.u,n.n.,mm
i rmarty P s
i .‘,h(.,“_m.uwmm
(53 oo s
er e T ot s
A e et e s st
oy S et s oo
S ESoneimscing e
i fry EoEm .mmm.wm,.d,mws T
i Ty m.,,,.,,mmn.m o Gy
i G e
e ey o
i s e m.,n..,; WMWM.
g7} i e R 6 s TR T
i ey ey ot et i
e i S oo 1 )




[ ———

e
e
= e | e o
= s o | | St e ———
e e s e
= e e
= S e
e S et
e e et
e et
- e
E 0 e
= e
= — S
s e e s
e e e s
= e e s
= E e e s
= = E e e s | o
= = e e
S e s
= e e s
_— e s
= e e e s
= : — e s
E e e s
= s =0 e s
= e e e s
= e - e s
= e e e e
= e = e e
= e - e
————— e
L e e
= e e e
E e e
= — e
= D = Eeiir——
: = = e e
e et
: = = = et
. - meE e e
e = _— et
= £ _—— e
= = e sene
e = e =
= = e “::J.:m
E E e e e
= e e aa e
= = _—- e
= .m.‘m.;:::r::‘;‘:::,:.e, e
e e
: = e




s o kv
7 vl e ot
o e i s
o e e 1 oo 5t
o ol be o homo A 1 13
Voo st
O Ee ctomitegne S A
e gt e oI T
i
s e VS i et
o Sz it sy e e g i i) eer
o o e st S T
S woe e st i S
i (s ol e




) i ot e
i o e g 1 S
= ot o e

{3 58 i S gt o T T
o0 T TV Bl s et

o e e ot e et

e s L bt T

e e orrlc e

T s RSt 5 iy TP s

oo DT

T A o o s

e 1 T

S i ity e

S g e et

S i )
o T R e g e




£y Ey I e

S oo T e e e

S iy i i s iy o
i G ST

o o o

S G o s T

o war s T

e £

i i ot o e

Sy TS T o i T

i o SRS e

o s VT e . WA BT

e iy Cirars o0

i i e o o T ST

o T e e e o

iy S TS

'y e e oot T

o v o e

e O ot st AT

o oo o i ke

o e et T ST




o iy TS rerrision st o
£y i 3
e oz e e A

T o GO oo T
i S e e A
o e s i el e
















o
T e ncoecior: e
g ncomgaron o o
s e e O e
e T rry T
Witonc Siwol e mpoantormichc il S o5 prs ihen
 ar T e oo e e gt of o T o 7 pErny prem
FEACToNE {Whe S Cene ohed e S Qe pETzT e
e oS fErTmry - U O PDUE | REACTONE eSO OF T | REACTONE R SEPA | ALOVARY €5 TRGETS | RERCTONE TivONE SYrc | GG RSCSouE | RESETORE TRSGATION | REACTONE WETABOUSH O VAR | REACTome Call el o
oo o TGy 37 homace & ] REACTOUE WONE Syren: REACTONE GeL e wTonc
P vy e ke ssoced ot REACTONE GeL e wTonc
o I Fiione prone, mopee} bt SRR REACTOUE WETABoUSHEOr Ut REACTOWE PN Srae REACTOME WETABoUSH 1WA | REACToME CeLcreie aroric |
S s nuceoporn 1s REACTOE METASOUSYOF i REACTOME IWONE SYTEN [ Reacrove caw-cvere o |
s oot e O et 1. oo T 507 REACTONE A TP | AR £ TGS REACTONE GeL vt Tonc
oo Fouz e (o et ol o ] TR G TGS REACTORE CELL GlE TTore
£ o D1 bl . pomte WAL G hGETs
gy Gz T chectpont oo sG] R G TGS
i o Thind 55 g ptcinhomolg (i REACTOME WONE Syren:
s Coces e o e i homoGe . ceeiac) REACTORE CELL GVTE WTore
e [y eisiome e 1 107 REACTONE GeL e wTonc
o oasc e o e 25 homoGe € - ort) REACTONE GeL e wTonc
o Cover eemamere o™ REACTONE ceL vt wTonc
o e 0 o e 1T REACTONE CeL vt wTonc
e S Sogensyirome e stosmign T REACTONE CeL vt wTonc
g s Ty ey hesonion e T T REACTONE CeL vt wTonc
T iy Sehorog € Segin] REACTONE CeL vt Tonc
g e i onsgaingeeyme £
priTe St mciniepet cotring s e
oy fey ol consies e T
o e Coeimig caint TR SO SPDIE REACTOWE PN S
o Toco iotin eacor D oA WTOTC SPNDLE
soss et i epistrfcyieetiT oA TOTIC SPNDLE
o S R sy W] oA O SPNDLE
7 oo e e ol (el oA O SPNDLE
e o i aha AR WTOTC SPNDLE
i Fover T Ciaing i G LR WTOTIC SPNDLE
S ovcire T i et ccng o TS AR WTOTC SPNDLE
Py arcis TGk iophgy et homlog . creane] AR O SPNDLE
o o R ey e i AR O SPNDLE
S oo o3 cghr oA O SPNDLE
o ovcers T gl it xchune oy GETS AR WO SPNDLE
oy T s e — | SR e
i ey om0 REACTOUE WeTABoUSHE O ux | ReACTout werasousieor ik
oy s FrroTr o icrouie oo ko et or i
o o i e ko etk or i
e e oo pien T REACTOUE WETABoUSHEOr s REACTOME NETABOUSHE O WA
0 s ocsorsioicn s REACTOUE NETABoUSHE O Bux REACTOUE NETABOUSHE O WA
i o ocsorsioicn 1D REACTOUE NETABoUSH O Bux REACTOME NETABOUSHE O WA
e i ocsorsioicn i REACTOME NETABOUSHE O s REACTOME NETABOUSHE O WA
G oier Tociorsioiena REACTOUE NETABOUSHE O WA REACTOME NETABOUSHE O WA
i T csorsigoicni REACTOUE NETABoUSH O WA REACTOME NETABOUSHE O WA
s oo Fociorsioicn o) REACTOUE NETABoUSH O WA REACTOME NETABOUSHE O WA
i o ocsorsiroicn REACTOUE NETABoUSH O WA REACTOME NETABOUSH O WA
et o ocsoreioicnir REACTOUE NETABOUSH O Bux REACTOME NETABOUSHE O WA
gy Ty ocsoreioicntar Ssousi-or W e oo REACTOME VETABOUSM_OF M
o s ocsoreioicnsit ReACTOME WETABDUS OF tix REACTONE HANSATION | AEACTOME VETABOUS.OF M
S Do ecoame component Jaous-or B REACTOME NETABOUSH O WA
yry e oy Biin o st o REACTOUE WeTABoUSH Or REACTOME WeT AU oF ik
g Ty S e 1 ks oo by TR REACTOUE WETABoUSHE O Ut REACTOME WeTASoUS OF ik
G o v orgneier sscted rten i veTiBoUsI o B
i Ty TAREES et ecombiovion 1 amog A ce 7] REACTOrE A TP | AR EF TGS
S Foue e DA i, b REACTOME WA SErA
g e endamsiei ibe 1€ coll REACTOME WA SErA
g s g e monotinclont oo NG T REACTOME WA SErA
e w0 et homolo . col REACTOME WA SErA
7 Fancor o e, omlemenaton GaiEOT REACTOME WA SErA
T oo Fincon neri, cmleménistiongouzAT REACTOME WA SErA
o G Sl argtonacr . pohpepioe . 0 REACTOME WA SErA
o [T Dz homolog . el REACTOME WA SErA
o s g et e e REACTOME WA SErA
s oot o OWh phseceesie | REACTOME WA SErA
o on o penentoi, congemértsior ST REACTOME WA SErA
e gy S50, joion el Pocg 2 .ol REACTOME WA SErAR
e T rriomer 2 beis homotg iciophie) [T
e e Sockcsone sstmbh o ke HALI G AGETs
g ey Srignideniie by monoclerstaEcEy G5 HALIC G AGETs
T oo mopoicin HALI G WGETs
ST o N St 38 N Ty S HAL G WGETS
o St “eineponmethranievie o] HAL G WGETs
o it A Fomotg 1. concarcer, mngehpos e T Co] RAL G AT
o7 Cori el coted cl e 110iDe RALC G TAGETs
gt i famiy e 120 RAL G TAGETs
provTy Ty e e DN e ot RALUC G ThGETs
e T i actr 1> RAL G ThGETs
Ty e o itoncyiesacateds HALU G ThGETs
o o Syt ccioger elopmert HALU G ThGETs
e s TR i st it oo T HAL G TGS
s i g ke modies scvaing vy T REACTOUE WONE Svrc
fry Tower HECT U g WWE domicotanng REACTOME WONE Svrc
o Teeor e REACTOME WONE Svre
Ty Ty o REACTOME BN Svrew
o7 o ke modie senaing e T REACTOUE BN Svre
ot T i o Cotaie 57 REACTOUE BN Svre
o o oied o o] REACTOUE BN Svrc
e Torsoir RS o rtein oo i et ot BT T REACTOUE NG Svreh
o oo St ltedrotincompe i g 1 bt REACTOUE MONE Svreh
o Ty el e ocagie mog A o] REACTOUE WONE Svrc
gy ey R of g I pohpepce v cancer <o, e T REACTOME BONE Svrch
e oy togescbied ek e K 7 REACTOME BN Svrc
s icer houpotpee C mmat REACTOME MONE Svrc
o vy o itacorputbity comgex ST E REACTOUE BN Svrc
T i e h et i 1 REACTOUE PN svrc
o e esshaas nderinhomob REACTOME MONE Svrc
o oo s lecie, mmicogobii soci T REACTOUE BN svre
o oo T ok 1 ot e €551 REACTOUE BN Svreh
o7 et arget o ey e e K REACTOUE NG svrch
o ErTy o itccomgatitycompe,co, O aha REACTOUE WONE Svrc
S0 n AP, memberof S cogee i REACTOME WONE Svreh
o ey AP S led o homolg . cenaci ST G REACTOME WONE Svrch
Iy Sepoferoh! o somers, i iacin | REACTOME WONE Svrch
s iy il ifenistionpiman cspore v 81 REACTOME WONE Svrch
S v ek el socicatisse s REACTOME WONE Svrc
o e o varbion tontocor s o T REACTOME WONE Svre
£ I Corogher e nporin b § REACTOME WONE Svrch
o o Bt mlec indanbioos ) REACTOME WONE Svrch
oo s eeron cgtry ocirs REACTOME WONE Svrc
o Fir) T Tcer ndsclhwor f e L TIS0 REACTOME WONE Svre
s T P scig o REACTOME WIONE Svrcw
o ey o g roten? REACTOME WONE Svrcw
o oo et ] eror o REACTOME WIWONE Svrcw
Ton T TR iy et NP ST REACTOME WIONE Svrcw
s ¥ et aecigionacir REACTOUE WONE-Svrcw
o T ke e o REACTOME WONE-Svrcw
o T Cirop 3 homolo T REACTOUE WIONE-Svrcw
oo Toioiir iogensciated protenknese T REACTOUE WONE-Svrcw
gy i Uk i o orsinog T REACTOME WIONE sy
o ooy S oot o st S s ST RERCTOUE T
Sor S S g C 1 cereiae) ReACTOUE TSI
oI £ st <o REACTOUE TSI
g o oo i Slngeinsto s X g nTEOTE S o] REACTOME TSATION
joy SorcerT DR bosgstonscor lanne e sxhang sor? el nhBted
s oo " degaiton e, mametie g e 1
pron waniac T . s LT
oo e Timiagoe ke oo’ bl coriar
S o hoianoiol e rchr orymbeds i
o s Ecaiphoraheiajinciolrchorstschnent ot homog T
o7 oo o st oo
E T3 b o of oo
Toior ) e o o ST AT
i Tor TR st ot Pl (n 2]
o enct P A ot e e T S REET
e [T Heeogeneos nsie bonsieopoeinC UCE)
£ s ey A s
S Ty EEaTateroh tomerve Ao AL
o oo o S aibetne 3, s ot T S
T foTy Einine neoioe b o[ o, et pohpep The
o [y DA G A b popepce 15
2o ) hercet o ientn ol BresoohT
et ey R ing o, o kBT
piry Torest ponomerse ONA W bodg v T
gy o FANCOANG ssodtes s 1
s s S0 iy s
o1z eorz i el corepeorT
Sery oy messtoconplesbut 20
o T i s X
o Ty it cndorne reops




fz) S TR
vy S i st

s i i i

S S g ot

Eor iy g ot

ot g o e s

o S T

e i a8

T i e

ar s e o

T Siriar i o e

s i ot ez

Tir Sirie e o

e e e s

S g T i e s T

s G S5l A ar e ol s e T
e <oy e o oo sl e st
o T 5 oo i T g T

o o T i e i A SO
Ty i Sk

s o A e i T
s s ST o s o

Fr BT CrT

g it i o etz T

E et it ool cran

i o o o

s Gt S T s LT
i o kg ol ok

ot i ok s

i Ty oo s oo T

s o b st mpor

s iic T it [y s e IO
oo s T TG o e AT
s ot Do o A e

& o o st

s i T i e by DR T
i ey st o)

i T et s i T
air o ot e it

o i e picn i 10

s i e i pocesin it Shomaie AT
e i oy e

s STy TR i e oo oS 0T
Frze ) s g 3 oA, Soni

o i i

e iy Tomgarnncs Sodrg aior

ar i N AT T

T ot e o W ke e ST
i it Tt e o T

i Ei Foneaie, S gl

o G i e g AR T

o G T g it o B T
i oy i e SOV st

i i oot hetone e
frmey 5 g ropled sy podser

s oo EBTEE> 1 oo

it e i e it g, T

gy TG TS g T T
Fii e i ol s ol aphimic ki i
i T g wbaies it shaid e foes
it gy Tk s ook do, gt P e T
i Foy AP i i do i s e o
s T e TR T i A B
S oy oo oo

fE ) s e o>

s ey o st

e T s iagre i, e T

s gy ST ot o€ty s oo T
o e i et s

iy s ittt

i ey T i b g, T T
o - DT s Gt e o T
£ ey o e S T T

Ty e i owpisciemipior s

i Soar b st oo

e o e e et

s et T i oty AT, T
frey oy e vt BT o g
freey oy oo s

S fey e

iy e Tt fen st et s T
e Ty et sl i)

o i i ki il

F gy o oh e e s
oy o e

g e S s oninaion ST

o T ot it i gl

s oo S i oo s

o i i S e eoserome ST
Ere ey mkeeanta et

sy T ke 1T horiog s edle

e oy T

o I St e e oo T ST
iy i i g il st e oy
s v T G

it i e s g S iy

rm o s DU s

o S T T 5 oo e e T
iy ey i ot i 3 s Co e et -
i S e e i 3 s i g T
s e T i Gt e
Sar e Tkt ot i s st cormgata T
i e ki i i .mnber

s Ty T i s T e P e T
atis i st vispasic

i o

S i e s s

Far £ g s

s i mrbronsi |

Frry i omorironsis gl

g vz T ey e vt 1 Roiog oy

o i e g |

Sy T (e

i Sois e eiun L oG oo g
s ot i oot s R T

i ourir BTt ibasrre) s b 5T
i G e oo st ot -5
o i et s st

S Tt it ottt 1

s i it ot ot

or T ket oo




= Ty [T
e I s s i
e o T nm,.m,,r...m,m.,m,mm,».,,a,...e
o Py e et b g T
ot s T e s gl st e, mhawmmm,
T pic Eimor domiimconsinng
o s R e Branaos Gl
e o ot saiese . ochor:
S Pt Conaring fomi R posproastes
s e St e 3]
et 0T Sy rebted E domsicors
oen [Ty g ch 28 epstor, s srcomerE
o ioe e
Fir Ty e e e T ST
T gy e che, sty W e e, menbers
fieT oan e rten 7
o Sumncer e s dpendent rpito of SO
g o B smipepiise (mnopepise 7L ol
o Nop: 092 it prten romolog hess
Sase7 s il g 2 i)
Soosse (<) b e oY
£ Ry TS g e o A e T
g gy i ycarbon cepor e vardecsor e
S ST T ke s creviiel
e o O il g b pO e 65
o Seor S, g 1o £ e dori 1
gy e Tpelesin dooin a2, mbers
e < Tecn, ctos e g soie.
) T Sy, onemel Ight chin T
ot e e 115 bomolog € cieae]
Ty ey g evenger eceptor
Fiz Doz s s st
e Soes i reslopepre dorn 3
Toere cion: T o e o s S
s T R ey
yo eecs ol £ ke o
Sy oy BELT oo ecoseacoe g
o o o vt s st
St ey i g OWC e corsing 71
T s ot s 3 phosprtese
Tooroer o evmosome 6 opnresiing e 5
o o oot cteacing o T
Toiss TovosE s pospreprorens
oy fimery e i epet corang T
o Ty ipartte ot conaeiog 3
o ey e, ol 2. e 15
Tou L NEODE g oo T
owa e T with sesence iy 3 merberC
ot TS e rarbon mston cor s b T
T s s s N1 b o
T ey egistor f G proten sgring 1t
fEy s s permesi ebtr e 16, crerRe]
o Stior owmo homolo  Drosepnin]
o oy e Fspecie demetnise 55
o Wors Wb repet domain
o307 ThecacT ot ined clon cacer T
T e o chited e reaniversse
e orce e prtomerhogen Pomolog e § s
i) ey Tl cromesome onterston HCCY srd BT (P07 domai o o T
Fi e nrigetovispon 1 hemacg Chamydsmonss
Fir eior eomodorinelris OV g protein?
e D e sise e s cereson]
Tior et nantasa 1
Fiv o i S o ranerbes o TS
17 Trsrer oS3 g o provencodrel
FiEF) Xy Eueoconieon e |
s sy Teiie fehrspstcntaining T
Ty [y iy e, SR N come
06 R VALS i T compls, s
FiES iz T T i 70 o e o T
iy Torr oporermerse DAY mochorda
s i TG o domai by epest rd PHEGTS S
FTE) v s ot s e
FEEETy i3 it o e s
FE) oo mmenmerum\pi(ﬂ Ty ‘.MEMWW.
s Tcze e o gt g
st e e fanterses e B
FrEy ey e seve reone e e T
s o i sest omain 58
e n OB cormpl bt ©
et ooy Toeindooan omaing T
T2 Iy o e e
T s v repest domainst
e [EITS ot st g2 o sepent, 11
FEETS Sacic. ARG coreglied e
s Wobcor Tk domaiconsiing T
T i Ty ratnnissancs ssect T
T Tz T wih sesnce sty 76, merber
FIrETy vt ot g proteineh
FIE) [Ty e sl
e oo ey 153 C segan)
FETy oz Teoosoo 1 oprasing TR ST
I [y it i he e
FIEET T TS, 50 homolog O coreisoe]
o o Vo remacg e
) o S sl epet cors
o7 TirarT o A5 Waphesphte ecepto mescing o e T
fET I3 eratiopapide gt domin 4
s e TS proeisoring horolg 8]
x ELT) s g o T2
T st i st pepo e ST
fr Ertones eomosone 11 opnrasiing TS €S
oo e aEbiane s aricopeprpest o TRg T
T e o it (1GOS/AF-5 o s TR
Tt TS T\ domain orsiing &
o0 Tuevar nimenbeans pon €l
Tt Citam eomosoms 10 openreng I T
Fiz3 D G, ponemel beswychan
s e et s 15
o s o Wi seuerce smtoy 12, Erier
Soobir o et colad 3 domin cotaining 18
So0es0 Nereit restoms bespont iy memter T
EET) e o o)
Sorsr St e it s oo o]
gy oy sl e ot T
Seaois Tarrs T e st o T
o Biuses T s s T
our s iy .,:h.:r.n.‘, T
Iy Fosan o i s et Yoo T
gy EilEES .,m,mm\ Em.w,a et T
T s Rt e 5
g} sy TSR i soring 3ol & e
e vy T onckopoten somoim i, merser
i T et e BT
e et Tl ARt g noprote ]
gy fiT i micrtibe ot gt e
FT e T oy
Seer o oipn
ooy s e o epet o 7
£ Toizpoy oo dorincotaiong 3
T iy T i e e o e T
gy Tecor TECT dorincontaining 1
ooty Tiweos TRt ot
Seme ot ol potein 11
T =D ST s e e Gt
oo Sow g s cereie]
Sae o Sl e i gt
gt} ety PO e e 15
3651 o Sreaatersse (GOt rebied
Seiee o reitor of proten sgring 2
36360 o Fioospoeinzs
Se3er ST Tainganin 17
Seame ey it €l
0 G Toiine b, s resigere
SemT I T e corT
P} e s (R srchrporein e
Trone e T memu/wmaam.ﬂna»nmlm )
o ot it s pepide 2
g1} T s oA
Ty gy Wecjetandaniossid smitse
pizs) e TG ot spaing moitorS
Fiz foy i sieoening o i
g Socis O el poten Fomelog s (Hamyeeranss]
) T T wihsuerce svtry 200 merber
ey Gtz Cemesone open esang rame 147
Saess Thacs el cepiarbatscontars
57 e e e
Sae Ertorst T T
ey s ikochonsil ool proten 13
Sam0 et e dromoios 1 Dresophi
oo G ok romsiog  Dresophi]
Ty [ET T S speci DA mthrartersse o]
) oot orminbonolog 3 sominconsiing |
Ty [T i rgston g chan éescin o
gy o i i pepdne 5
oy et piaionbiur
ook i i homolog <o
Sonee s T, cilmtin g e

it st e ST T




i Zoooar E

S Eirm Py

oy o g i o

o0 oo oy e
Er T s sy

i T e s S
i Fom o S Soiy eT
e i i

S S Fo Ty

o G T e, Ao s B TR T
S T T

s o T
Fon s To e o T
i i e i e R T
iy oo o T
i ot et et

o fie i s (e

e T EE T
i L i e e

£ T o e T
o T i o T
o i ot ot O e
o T P
ey T g o>

ey S

S o i

e i e et

oo i oot T
s i et e
ey oy iy i T
o it T b o e £ o]
ey o i

£y st i o

ey Gioiis i g
i iy Tr ey

e oz oo

£y i Py

i T

i o S e T

ey i i ot & ]
ey o e a5 e
e fm e e T

iy s e e e
i or i st ey T
ey Tt e s

S e Siomunconsin

S oy et b gt
o e Ttisns et aa T
i oy i g ot

i oot oo

£ e i oty e i i i maneT
s piery e st oy E
£ i et dsmen ity st 1
£ iy

e o gt
iy i

ey Tt e e T
S i s i i e

ey T S T e sa T T
ey o s e i ot
£y Foiir e T
£ Tt s

) o i ot oo ]
£y et

e Friy et i

e i e e e

e e ity

o E E T R T
s o o e

£ S e T
e oy T Dy e sy T
S i T e s e marars]
£ s i oo b

e T o oo

£ o s, romsot T

ot St it a5 e T
£ Ty ot e A it
ey s ottt et
ey S e ikl it

S s e o ko ool DU
o e T s orere o T
£y o o o

£ i T i e T
i Fy ot o

Ear o S pe s T
i i TR i eriasas oo ST
o et oy

£y i i L

ey iy S ST
e e T Tt e St g A T
e R o e 2

£y i L g s R
3 o e

Far it T g e caper o T
o 5 o e oty T
o oy o e e
ey s i e e T
o oy ot iy g e
oy Fon e e o b e ek
e iy s s e o o
o s Tt o e e T
o s ot i 5 o oy

g iy o o
it T T e e T
Y e e o

oy pi et g ok B

i Friy S o

i ot o o T

iy e Tt ot b ST T
i G b e e T

s i it s iy

py ey e

ey S P

oy oy T ik

o i TR G it e ST
Tisie G i B g T
T it P

o iy T e e
i S o

b S o

i S o i

o i T
o o i s e 5
gy ey TG sy e kT
i i gt T

s S e 01 s g
it i st i e

gy rtne s ot
gy o ome e

i iy s T
o Ty e

T o i ey

o T e

s fiy ek T
o T o Bt i T A FET
ey e i sy 5 e
oy Iy T o by i
o ot 4 peactieg a1
o0 iy s o

oo et S T
o o e Ay st s
o e oo’

o i st

s Foiir RO istne ik o e
e T ks 14

o oo it 1 e
i i o ke

o T TG, g o s o ST
o oo e S

Ty o iy

oy T e g




EE Iz AT
Iy 2o Tt o i conong T
ey Tooc e St e 1 o oS T
) ey erire e el ot
St STy i 115 homolog I scpin]
Sy i ST ST S g ppepti e chncer & £ Py B
S 2 aeremrane s eovropepile rpest onaeiog
S b oo e esonine B e
S e meroms tsocsted e it
Iy a0 et 11 domi o
TS STl i st g 2 o pE c5a

5 ST T 25 oches e S eI
Cieo “eomosoms 16 opnresding e
uer A Gl A o bl 5T
T TR gown ot 0] et g o
T en iy marber 11

5205 e e i epeot n LI tersctng ot

B [Cy et o epeat i Tl verscing o

Ey s rsptor conpls w4

) s Thonita hssoms ecyclg T

o7y Tie s gt poin 76

S S Svmpotsgnin ke

s e G mttin ctor, s

£ Towas g ol oo 0

seor e g g pcin s

ser o iy for e

ey Tocst 0 ot corsiing 5

) IS RS gt meriesre oo T

o1 rveer ot prospatuse . ey et

o D S e s

o7 o i g Oy conamin T

o o gt poeindo




T —y——

ooy
¥t v e (o o
Vi e e

o ey 3 e [

o e e T oy e s

T i i e 3753 S T

Cane e s o ot T LIS i

e .m.mn,n.‘:..mw o e ot

o m.m. e o O e 53 e ot

i s e L3170 To =y

g
g

e oy T RO T | SO ST | SO S o | S O S | S T T s AoV SRS [P e | ST WETRIGTSN o s |
iy e REACTOME GOV | RACTOME IMINE SYTOH | ASCTONG ACVPTNE IMUNCSYSTEH | SSCTONE ETASOLSN: 0 FROTEHS RSN ACTOVE i TAUEIT ok ot Iy
(3 S o T vl REACTOM GOV | RACTOME IMINE SYTOH | ASCONG AOVBTNE IUNSYSTEH | SSCTONE WETASOLSN:0F FROTEHS
Sisy i e REACTOME GOV | EACTOME TN SYTEW | ACTOME ACvPTE NG ST R O S
Sier s resome s S T REACTOME GOV | REACTOVE TN SYTEW | ACTOHE ACvPTE ONE ST REACTOME TR O Ok AT AT 5
iy e o, o] 6 bt e AT T REACTOME GOV | EACTOME TN SYTEW | EACTOME ACHPTE IONE ST TEACTOVE ETASOAEIT o ok RGO WTAROIS O o
S oissone ez ) sk s e REACTOME GOV | EACTOME TN SYTEW | EACTOME ACvPTE HONG ST RACTOME HETAGIH. OF X AT WTAROIS O o
i s resome ] 165 b o TP T REACTOME GOV | EACTOVE TN SYTEW | EACTOME ACvPTE NG ST TEACTOVE T TAAEIT o ok AR AR o Wi
it e e REACTOVE G-V | EACTOVE TN SYTEW | EACTOE ACvPTE HONE ST RACTOME HETAGISH. O X RGO WTAROIS O W
S e e el et o REACTOME GOV | EACTOVE TMINE SYTEW | EACTONE ACAPTE NONG ST RACTOME WA, O X AT WETAROISA o o
oy i otrg me i REACTOVE GOV | REACTOVE IR SYTEW | EACTONE ACvPTE NONG ST
oy mn.«-m,.d ,,,m.m.m. o ROACTOVE GOV | REACTOVE TN SYTEW | EACTONE ACAPTE NN ST
st fizn) REACTOVE G-V | REACTOE TN SYSTEW | EACTOME ACvPTE IOONE ST
£y o s T RACTOE Ca-cvaE R O S
iy oot O RACTOE G-V FALMASE MO SPA
£ oot 15405 HACTOE G-ovar AL MToTC SR
s i s o et 5T HACTOE C-cvar oo ot
e o e ACToVE ca-ovar - ROACTOE RSSO | WAL 3 TAAGET | RACTOWE WU TEE 66 Cay
i o it e TR T HACTOE G-ovar A 3 G
B S e 0 HACTOE G-V AR 3 TG
T st e e HACTOE G-V DA 3 G

o o e s o . i TeAcTovt AN ST AT SO VNG T
oy e REACTOVE NN ST | HEACTOME AGES T AN STEH
s €075 i gl e REACTOVE HMONE SSTEH | HEACTOME AGES T IR STEH
[Ty s porent TEACTOVE AN VST | HEACTOE ARSI 1Tt
ey g ey IE T TEACTOVE AN VST | HEAC O AT IR 1Tt
e St REACTOME MONE ST | HEACTOME AGIS T AN ST
st it g i G o hTou v | S o it s
Ty i s ey 0 i e T AT O S Tor | o e
e I el b= T
o n,m.«m.uhmm TEACTOVE AN VST | HEACTOE ACKST AMIRE STt
Ly P e i gt TEACTOVE AN YSTHT | HEACTOE ACKSTE VIR STt
et e B e it gt A TEACTOVE AN VST | HEACTOE AR ANIRE STt
et oo et SR s TEACTOVE AN YSTHT | HEACTOE ACKST VIR STt
Ao o oSy e ot £ TEACTOVE AN VST | HEACTOE AGKSTE MR STt
[P it g i e O TEACTOVE AN VST | HEAC O AGKSTE MR STt
o T o i o o REACTOVE MONE SYSTEH | HEACTOME 4GS T VIR ST

i
H
b
E

e Sroshnoias T 5T RACTOME NG ST

S S m,w.mn_w o RACTOME NG ST

S RACTOME NG ST
e ity SR
o e it . e
iy =3 ot cximaes
ST Gea o T S e s o S
T i st s e e ..,W.m..,,,.mmmﬂm
Twert @ o cntang T, st §
B o et

Frour o
T vy Dﬂl(N\‘m)humdumumemm o HACTOME METABOIS 0 FROTIS

[y T AR TSP AT 57 ARG
T o st it e FALWASE MO SPAE
it T .n,‘,m.ﬂ,‘.mm(.».;mm.» HALWARE MO SPROIE
st gulEie) i e oGy FALWARE MO SPROIE
s s e nm,_\, m.,, o FALWARE MO SPROIE
e et m.w,nmmm. ,n.,y.,.,,mn FALMASE MO SPROIE
T Sar ey \mnmn\-‘ummwm FALWASE MTOTE SPAE
iy T e e o FALWASE MO SPAD
o s o s g & AL MToTC SR
T et e vt FALWASE MTOTE SPAD
o et .m..,m.m.,,,,.mwd e e o FALWASE MTOTE SPAD
o s e martesne oo s FALMASE MO SPAD
£ i) i (S ecing e FALWASE MO SPAD
£ ity el it s oot e FALWASE MO SPAD
o oy e TN g ot ool 1 G FALWASE MO SPAD
wine Tioger o ooy AL MO SR
i Wi o A e Bk G FALWASE TSP




ww i Y e ) ROACTOME A O Ok AT ETATOIS 5
i e mmn.‘mw

e i PR AT gt s bt oo 5 i
£ FomE s B s s e e
o Ly ey

T s A St e O G S )
e T it Ak e uumamum.pv-m o sansaet

Ter s T o i e

fory oy et s e s

o3 Ty s et g 1o ot Bt b G T T
o e = 5
i oo m..mw,n,.,n,m.m,.ﬂ s S SRS
iy T et otreos e oot C(G1C

i o s mm-vhmphu e

Ery TP e e s 11

£ o oo i

) o o o e o e o

o o it et vl [EeET

it wisrer ,m»am.w g T

£ Ty i e e

Tt e Fmirome feicse

o £ ,“u ot

e T T o ot gon |

i i .,m.“,m,,mwnk..,.mm/,-..wm.,".:.m.,.‘..;ma,,z
o P e e

s i e e e G oo .
] Lo i e ool G

i o ok cepeaie. vy

o i et e, e

S [y s i il T4 e

i {Cy e s

o et T e AT
o e v s o
T o % e Qe
s TioaT e el Sphssbismple 30

o o o P

e s = =)
o o 50 (U e G el
i s o STy
e Svaie P e e VT

i oy e o e

iy T nhondl et g T PR T
it o oo

i3 3 g . o

e e nmm.‘.,‘s,n,.,nmm,m. i

T SO I vt SN o S T

S s st

i ot g

Sy o A s ot

sy m.,mmw.,..,,,.d i

g s AT

e ot b

Siree o b e s

Fy oy neins e

3 e 5 S e i e T
T nmmmmm“mw,

7 Ee —.w,‘,m,m.mu.m.-m,m

£ o e AP S 5o o

ST eon G e

i oy T

r et (o] ool

e ezl mamlean

£ waosz roog s crev

£ v RV Th i VA e 5 ]

F ey o s, e &

s T % e O

i et S g 0 fhma

F Y i erdonsies Wibe T T

ey Ty S5 st e o I
Tt e et L oo el

oo i it

i i3 R e e o
T e S e i e € AL

Eo iy ot et e S gt T
wr oy TP € gt 5t g

o Haccr TP g et s ey € AP o

e i S o T s 8 ] AT
s o ot 5 o e it i, .5 e T
£ o o ot 2.5

£ o et

iy Sorar e e kT

) Ty T

§1i73 s S o VT
o i ,n,m et mm e

ey Swisr i

i vy e e ST
) G Cri o

i o o e o s o o g T
Sy oy ghosee s

e TGt oo g i et R

o i e s e e T
s Torcis et

St s msw.a.m..mm,,.m

st e ...m.s;mm.w-,mm-m T

177 it armre

Ey warars e um:um:um:um:z

Simr ticcer oo o crbone ot

Tt [Ty STy e e

£ iy S i e e

£ it e o PO e o

s Ty T e e

7ot o RSO (115 it D)

o T AP Bndrg et s i (\(wan et

e T mm.,,m.ﬂ,.mmmM.mnmm

T Garr e

o Gy et

£y fror e o o

G o Tosmese g

s i it et SR o T

£y Gy £

£ G Eery

T estar s e

oy s s ot

i oy v AT g
Sor [y oo st s i
S e oo gt oo o b

T P o0 e, s

[ iy et

B ot o TS

i s e moreghsghoe e




s o e O N e e
s iy ndmn:\mmmwmmulnwmmzmtnm
sy s e e
o0 Ty o ‘nm...‘.mm,.,n,.tm.ﬂ
i i
s 3 oo o w‘umm-nmwmmaux
Tt o I fEm
Sie 3 it ah bitoe T
2 > ton it
iy s1oE e i s 3
o o enonsns o 1T
F ey s ool c51
i iy 73 ey € e T
T T e e 13 e
ot iy et o egon T
T o e
oo it mt 1 e
s T o ..m..mm.mm...,mm T
T weeT i
£ o um‘om—v\mmuanmx s
o7 gy G T 1 e AL T
s T it sy 0o o e
e s AT it S0ty € AR, e
ik St T S i, i oy A AT, e ©
gy S TP B i, 35 B HORTHP] e 1
F) ey it 15 ot ST
i o7y o s i 1t e i) S
o iy S ety e e S
o Sivast m,.s.ﬂm.mmhm o wm A,m e T
T e e
Tt Coriar I w:N ,\,«,m.«...‘mmm
e i3 5
o e w,‘.mmmm.m.‘ s et
B o) ,n,.,nw,.m,.t .,m, i)
s e
oy S TR i S
o o NOP e ol e
ST iy s
ST e e
“ime i Ty i s sty 1T
e T g s o
i o SN e s e st et
S it m.mm,m., e
T £y e gt |
e G SO o o Gl e s T

5 i o trcin Rt oo A o]
ey oy ST s e i
o i i s bl £2F o S e
T s gL nvin
oo oy T U S o S Wt
iz 3 o o e
iy i s s o
oy o S
o i e ST
) G E
et Soiie .Wm,,n,m..,.mm
£ Ty R ey B A T
i1 [rEy o
i L T
7] Tt el i
Ey T ,n,.,n.m,m.‘.,‘.n.m.d.m,..ma»
£y Sicor ST i st o § A0, e
s S AT g et s ol € AP, e 10
o ey i e seorlhe | (G
s e Gt e I ey
Fi ot i gyt
o0t [y e GO
£ iy i e B i i R b T e
i oy i ol s s e G
i S ST Hig e
Saane S G ke g
T oo T i, i o T
gy ot e e o
S T St P R
£ iy T u»;,.mm B T
S o T e e
ey P ;,.Mm,.mm
Tow T
St o o
St o g somerse
T g v e oo T
) BOTE i, etons 5 et - e
e o
T PO BT A7 ok vrin s g T

e e iy .,m,m,m,,.mm,

et e

.,m.mm,,..wm S s e T

o oo s ample e |

S g - el

AP ol s s e WSS S

EEE

B e

i

g T




FiEy Eiey s o s G A S
S i £
£ Pt irgerespor P s g o
i e Srtos
T oo R Pl i T T
Simr i Co e
) it \mmhmmmnwxumu
£ o zmnu\:mmwwmm}
e e e e 5 Z)
e ey m.ym,,mm..,m.m.m.m.,,
e £ G mi e e
S iy o oo ,mu,,".«m»
s [Ty pteam tamton
S T m.w«m‘m,.n.mm,,mwmm g
iy LTy v e o e e
oy T .w.w.umm.em..,mmma,,x
oy oo e Erin
e nnmmumnmu\ iy s
T o o e T T
e Py i
o st . gt nu.,mm,..M.m.,a..,..‘.,
o3 - e e st
i) iy o hmw .me.‘m.n EETRCr
e s i o e 1
siior e e
i T o i oAb AT
ST W W S iin et (e g T

o i e o aroet oo el
Ly T3 e e ]
Ly L
L) e

s T i SRS PN s
Ly Repi. e G P B

i T e i

ey S e

T ,,-m,..m:m.n o
i W,,m._mm

s ,‘,,mm.,n mm..wa,n. s
cor = m.ﬁ,m nm.m S
ey ey s
o i G it st

ey = mm.ma mmm.«ﬂ,»
o i ot

e Seromihomole 1 o

T i T e s T T
T T FEET Mwm.m,ﬂ.ym enie T
v STaats g et 3541 o (5T
oz s e o i
o ey T i e T
o Fy o m.,m.,mwm,.,t..w e
ST T el i
iy CUiy Shobir g eon i
T i iy
iy R o]
oy ey = N,,.,.,,.m i MK g
Ty G T
Ty o St kit lma
T orurs wnm
) o ol ol ]

] i Fimilshimlog gy
T iy O e 1 s
T S Soegein e T
T Wt Wl i b e
T S T O o e i T




e T Sre e, DA S T
o T i g i st ihe T

e o o s

£ o .m.mmm.m.ﬂ,wuwmm,mm‘n,.m.m
£ T i i o

T F) e s T
§r3 f o bl ( g

oo o T homio 65 rere]

T P P i el e e 5

o T G e (s

ik Ery oo s o

) T o, merker

o o . o oty 8 B
ek 3 st

iy ey e i o i VO] T
i G ot ot o

T T AT et o AT G
s e i g g sctet

raie i TGS, e S8 scsgne

T Loy oo o T el 5 ST
T o i3 member

ior oy Y

Toor =Ty PO s ol O]
S 5 g e S8 bl T S
o0t ot e ey i 10 o oS S
Si0ar Gy e il o i 648 s

) i S i g ) et

oy s ot

S i oo ot e e T

T T oo ol e

£y e e e

ST Ty o e e T

£ Tober e romst 3 DB

£ iy Sl

£ o oo

T {0y e mm.‘.em et s

7 i et e e

£ ] m.umnwn\-‘,wmdv( e

st e ot o 5 TS

£ v ,.m..m.‘.m.‘,,,.eu et it ST S
e o ‘wmmmmm‘mnw fEE
T ot el g doma et

iy i SR T T T

F o e i

S oy mnmm.mnmm.«w(Mm.‘wwu..,,.s.m
1088 s e s @resoohiar

S i e, T

Sy Ly i bt o

St ey TS o o,

£y e e o T

“ar Ly ESSseons et

“mor We T G s st i ST

£y w7 ot o ol T

i e EINET ot e
i e RS e bt e T

S e i s T

i iy o Ty e T

o T ot s epion nresed 1 paudone -
£ ST s u«.«mw,. .MmMm

Se e .‘Mmmm,m.m.,,,.tm

£ s et oo

£y it T o lhvﬂn\-ﬁm-«g\
S iz o e e

ST R S

i Ly Staratan .mm..m.,m.,.mm.,mm
i o .mm.n.m.mm.m.ﬂn,..,m.,

£y ey

£ iy m-w,‘.«,mm,._(.mm

£ e .w.mm,,ka.u.,mm,.,mmm
ST T b e

S ooy ,n,.,n,mmwm.,n,mm,.n.mm,,.. nr
ST Ty A e,

i Gorsir it

Simo o vt e Rl A

S s oty ol (gAY

S Ty o i el e 390 T
S oy e e na sy e
S S st e e i et
i (o e .ﬂm,.t. it
i oot SO e

S s o aSTesio e S BT E
S o L T
S T i . s

St Gy m,mw.w.,.,n

S s .—

i o ,,.m,.m%.,h.,., ,m,.m s

Swar G AT 29 s

i Ty s e i




g oy T T
T iy e,
T i T oo e
e G sy
3 et B e
[y T T Mwmmm oy
G i T e
i S S T T
Ey S et e G et o
e iy TS e P
e ot uthummt\mvmlu:}
e e et e
r s e o T
e Gwor e et e
sy [ g e
C iz e ot Vinks 5 o e )
i ot T St B AT
Tory i T e e sated W g
Trisor ) T m,m g
s e e
T e ot st T
a7 ) u-w.m.,.ﬂk,:.w,.m,m,mm»
e e o
T i o, i e e -
T Ty s i i campertr
T e et T
Ty iy e i, 3 e
o ey ..M_,mmmwm
T ) s e
o s i e
T L ST et Thomols 5 e
S e e oo 1
Storr Tt oy i eere it 5
St i et ot
ST s S o s S BT
S e g 1 sz ]
St s o s ot 5
ST i oy
S e DR e st e
S ey AT B e, o TS
ey i g P e ,mmmm_,
Siere oot e wmlw:\mmwnm-m:t
w0 iy
S oy e e
s ey S T
Iy s mmmm(.mm,m'muw-m.z
St A 5 o e o I
S T R St e e Y TT
s T o
S T )
S e .mamm .,,m i ep s
ST v e e
s Tty g5 T oot o o o e
St T e e
s i gt oo g 4
o Lo Ty
s ST T T et e 11 5
i ey P st e ‘.um.,..‘.;
s e Tesin i epst s cleg ol S ot
w7 st et i
i St = .,mr,-y-m.mw-»mm e
sy S et oy leris 2t
] i e e 15
w0 e T e v
E i Tt ot LG T
e s e i i 3
s i) ‘m,.,.m e ‘m,m,m.,., e
i e e
i) iy M.(m,m,m»,.mm-u.ummm
) AT P oty s s e
i .qmmwW.ﬂ.mmmmwmm
s e .,m., oS
oy mmwm.n.k..mw,.\mm 7
ey i o .
har AR hciome ioprei T oo ' ez
T e g CEC g g 14
o L e e 1 bl 5
Tasrir e
S o e










Supplementary Table 12: Association of 10-day Activity Area from Eurofins Cell Line Panel with Sanger Mutations

genes p.value mutatedCellLines median_WT median_MT dMedian
ADC 0.000220695 141 3.55 4.29 -0.74
MEGF8 0.000671984 17 2.82 3.93 -1.11
COX412 0.000696504 6 2.155 3.81 -1.655
CAPN1 0.001074389 46 3.425 3.97 -0.545
INPPL1 0.001625844 17 2.85 3.89 -1.04
DIS3 0.001710364 30 3.34 3.95 -0.61
USP32 0.001834347 5 1.97 3.78 -1.81
ACIN1 0.002163315 23 3.25 3.945 -0.695
CCDC30 0.002401392 12 2.75 3.91 -1.16
TP53 0.002649119 49 3.47 3.96 -0.49
ANKRD52 0.002651865 24 3.245 3.92 -0.675
C200rf186 0.002731218 12 3.135 3.91 -0.775
CSPG4 0.002862413 16 3.365 3.92 -0.555
ATP1B2 0.002898047 4 1.525 3.75 -2.225
CNGA3 0.003008393 14 3.11 3.91 -0.8
TRH 0.003042461 5 1.84 3.78 -1.94
ANKRD26 0.003214683 30 3.34 3.94 -0.6
NCOR1 0.003466409 9 4.41 3.685 0.725
CASKIN1 0.00370116 8 2.655 3.87 -1.215
ENPEP 0.003787563 13 2.36 3.84 -1.48




Supplementary Table 12: Association of 10-day gIC., Values from Eurofins Cell Line Panel with Sanger Mutations

genes p.value mutatedCellLines median_WT median_MT dMedian
MEGF8 0.000230006 17 602 149.5 452.5
TP53 0.000314354 49 257 143 114
C200rf186 0.00043074 12 336 152 184
COX4l2 0.000501276 6 1626.5 154 1472.5
CSPG4 0.000926814 16 308.5 152 156.5
CNGA3 0.00100639 14 490.5 152 338.5
CAPN1 0.00107443 46 270.5 147 123.5
ACIN1 0.001297018 23 299 147 152
ABCA8 0.001312394 36 258 147 111
USP32 0.001332233 5 1170 155 1015
LRRC4 0.00158154 20 365.5 152 2135
ATP8A2 0.001674299 34 276 152 124
CASKIN1 0.001946257 8 760 153 607
CA8 0.001978389 40 248.5 146 102.5
BAIAP3 0.002440538 15 294 152 142
EPHB1 0.002497451 16 660 153 507
TRH 0.002505527 5 1170 155 1015
ANKRD52 0.002529885 24 290 147 143
BCLAF1 0.002663209 30 298 152 146
ATP1B2 0.00289814 4 2305 156 2149
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Supplementary Table 16: Materials for Western Blotting and Gene Expression Studies

Primary Antibodies

Target Application Supplier Catalog #
SDMA Western, ELISA, Immunofluorescence Cell Signaling Technology 13222S
SmD3 ELISA, Immunofluorescence Abgent AP12451A
MDM4 Western Abcam ab49993
p53 Western Santa Cruz Biotechnology sc-126
p21 Western Sigma P1484
p21 Western Cell Signaling Technology 2946
H3 Western Cell Signaling Technology 9715
Tubulin Western Sigma T9026
Actin Western Thermo PA1-46296
p53 Immunohistochemistry Thermo MA5-16387

Gene Expression Reagents

Target Application Supplier Catalog #
HDMX, forward PCR Biosearch S$5294168-01
HDMX, reverse PCR Biosearch $5294169-01

GAPDH PCR Qiagen PPHOO150F

CcCL4 Tagman Assay Thermo Hs00605740_g1
CCL3 Tagman Assay Thermo Hs04194942 s1
GADDA45A Tagman Assay Thermo Hs00169255_m1
SESN1 Tagman Assay Thermo Hs00902787_m1
ACTA2 Tagman Assay Thermo Hs00426835_g1
MDM2 Tagman Assay Thermo Hs01066930_m1
PHLDA3 Tagman Assay Thermo Hs00385313_m1
TRIM22 Tagman Assay Thermo Hs01001179_m1
EGR2 Tagman Assay Thermo Hs00166165_m1
CDKN1A Tagman Assay Thermo Hs00355782_m1
BAX Tagman Assay Thermo Hs00180269_m1

Actin Tagman Assay Thermo 401846

GAPDH Tagman Assay Thermo 402869




Supplemental Materials and Methods
Compounds
Two PRMTS5 inhibitors, GSK3203591 (tool compound, MW = 380.483) and
GSK3326595 (clinical compound, MW = 452.549), were synthesized by GSK Medicinal
Chemistry. These compounds are used interchangeably due to their similar profiles.

Biochemistry

Biochemical Studies

PRMT5/MEP50 was purified as described previously (1). In summary, Flag-PRMT5 (2-
end) was coexpressed with his-MEP50 (2-end) in a baculovirus expression system and
purified via NiNTA affinity. Flag-hu-PRMT9-2-845 (NP_612373) prep 3 was expressed
in a baculovirus expression system and purified via anti-flag M2 chromatography and
Superdex 75 gel filtration chromatography. The following reagents and consumables
were purchased from commercial vendors: (1) [3H]-SAM, Adenosyl-L-Methionine, S-
[methyl-3H]-, 1mCi (37MBq) PerkinElmer NET155H001MC, (2) SAM, Adenosyl-L-
Methionine, New England BioLabs #B9003S, (3) Histone H4 1-21 peptide
(SGRGKGGKGLGKGGAKRHRKY) AnaSpec, Inc. USA. Catalog #62499, (4) Histone
H2A 1-20 peptide (SGRGKQGGKARAKAKTRSSRGG-K(Biotin)) AnaSpec, Inc. USA.
Catalog #64842-1, (5) 96 well reaction plate, Costar #3884, (6) MSPH filter plate,
Millipore MSPHNXB50, (7) MicroScint-20, PerkinElmer #6013621, (8) Arginine Binding
Ysi SPA beads, PerkinEImer RPNQO101. The following peptide substrates were
custom ordered from 215 Century Biochemicals, USA.: (1) FUBP1 349-369 peptide
(NPGGPGPGGRGRGRGQGNWNM-amide), (2) HNRNPH1 211-231 peptide
(DRPGAGRGYNSIGRGAGFERM-amide), (3) SmD3 88-106 peptide
(MKNKNQGSGAGRGKAAILKAQ-amide), and (4) SAP145 496-516 peptide
(NSVPVPRHWCFKRKYLQGKRG —amide). All other reagents were of commercial
grade.

Data analysis converted cpm output to % inhibition. 1Cso values were determined using
GraFit software by fitting the experimental % inhibition data to a 3-parameter model,
where the upper limit was fixed at 100. To determine Ki#P, ICso data was fit to the
Cheng-Prusoff equation for competitive or uncompetitive inhibition.

Formula to yield % inhibition:

CPOMempa — CPMypin

CPOMpax — CPMupin

% inhibition = (1 — ( ))xlOO

Where cpm = counts per minute, cmpd = signal in treated well, max = the positive signal
control and min = the negative signal control

Formula to yield ICso values:



Top — Bottom
(1 + (ICso/[ID™)

Where Top = inhibited value fixed to 100%, Bottom = uninhibited value, [I] =
concentration of inhibitor, ICs, = half maximal inhibitory concentration and n = Hill Slope.
The equation assumes that y (% inhibition) increases with increasing x ([1]).

% inhibition = Bottom +

Formula for Cheng-Prusoftf:

ICso
1+ ([S1/Kx'")

IC
If Uncompetitive; Kiapp = 1+ (Kai’(;’/[S])
m

If Competitive; Kiapp =

Where K7 is the binding affinity of the inhibitor, ICs, is half maximal inhibitory

concentration, [S] is the substrate concentration and K,/** is the concentrationof the
substrate at which the enzyme activity is half maximal

Mode of Inhibition Studies

GSK3326595 (typically 11-point, 3-fold serial dilution spanning 0.09-5102 nM) was
prestamped at 500 nL per well in the reaction plate. Titrating concentrations of SAM
comprising of a mixture of *H-SAM and unlabeled SAM including a constant
concentration of peptide (12 uL per well, at 2X in assay buffer) was added to the
compound plate. The product inhibitor SAH (24 uL per well of 1 mM stock) was added
to select wells for use as the minimum signal control. Enzyme mix (12 uL per well, 2X
in assay buffer) was added to initiate the reaction. Final assay conditions consisted of 6
nM PRMT5/MEP50, 40 nM peptide, 50-8000 nM SAM in 50 mM Tris (pH 8.5), 0.002%
Tween-20, 4 mM MgClz and 1 mM DTT. Reactions were incubated for 30 min at room
temperature and quenched with 24 pL per well of 1 mM SAH. Arginine Binding Ysi SPA
beads at 3 mg/mL in 0.2M NH4CO3 (24 pL per well) were added, plates were sealed
and equilibrated for = 30 min, centrifuged and then read on a MicroBeta (PerkinElmer)
following a = 200 min delay to measure the amount of tritium incorporated into the
peptide substrate, reported as counts per minute (CPM). The peptide substrate
(positive charge) is captured on the bead (negative charge) through charge/charge
interaction. Once in proximity to the radiolabel, the bead scintillant is stimulated and
emits light. Above methods were used for the peptide mode of inhibition studies expect
final assay conditions were 6 nM PRMT5/MEP50, 1.6-1000 nM peptide, 1000 nM SAM
(250 nM 3H-SAM and 750 nM unlabeled SAM) in 50 mM Tris (pH 8.5), 0.002% Tween-
20, 4 mM MgClz and 1 mM DTT.

Analysis of Slow Binding Inhibition

GSK3326595 (typically 11-point, 3-fold serial dilution spanning 0.09-5102 nM) was
prestamped at 500 nL per well in the reaction plate. SAM comprising of a mixture of 3H-
SAM and unlabeled SAM (6 pL per well, 4X in assay buffer) followed by



PRMT5/MEP50 (12 pL per well, 2X in assay buffer) were added to the compound plate
and incubated for 3-60 min. The product inhibitor SAH (24 pL per well of 1 mM stock)
was added to select wells for use as the minimum signal control. Peptide mix (6 pL per
well, 4X in assay buffer) was added to initiate the reaction. For O min preincubation,
SAM and peptide were added to the compound plate followed by enzyme addition to
initiate the reaction. Final assay conditions consisted of 0.8 or 4 nM PRMT5/MEP50, 50
nM peptide (Km2*?), 1000 nM SAM (260 nM 3H-SAM and 740 nM unlabeled SAM, Km?P)
in 50 mM Tris (pH 8.5), 0.002% Tween-20, 4 mM MgClz and 1 mM DTT. Reactions
were incubated for 30 min at room temperature and quenched with 24 pL per well of 1
mM SAH. Arginine Binding Ysi SPA beads were added to the plate and processed as
listed above.

ICs0 determinations with Enzyme:SAM:Inhibitor preincubation

GSK3326595 (typically 11-point, 3-fold serial dilution spanning 0.09-5102 nM) was
prestamped at 500 nL per well in the reaction plate. SAM comprising of a mixture of
3H-SAM and unlabeled SAM (6 L per well, 4X in assay buffer) followed by
PRMT5/MEP50 (12 uL per well, 2X in assay buffer) were added to the compound plate
and incubated for 60 min. The product inhibitor SAH (24 pL per well of 1 mM stock)
was added to select wells for use as the minimum signal control. Peptide mix (6 pL per
well, 4X in assay buffer) was added to initiate the reaction. Reactions were incubated
for 30 min at room temperature and quenched with 24 uL per well of 1 mM SAH.
Arginine Binding Ysi SPA beads were added to the plate and processed as listed
above. Final assay conditions consisted of 2-6 nM PRMT5/MEP50, 1000 nM SAM (260
nM 3H-SAM and 740 nM unlabeled SAM, Km??) in 50 mM Tris (pH 8.5), 0.002% Tween-
20, 4 mM MgClz and 1 mM DTT plus peptide. Assay was substituted with desired
peptide substrate tested at respective Km?? value, H4 1-21 (50 nM), H2A 1-20 (150
nM), SmD3 88-106 ( 230 nM), FUBPH1 349-369 (230 nM) or HNRNPH1 211-231(230
nM).

Above methods were used for the PRMT9 inhibition studies expect final assay
conditions were 3 nM PRMT9, 150 nM SAP145 peptide (Kn#?), 3000 nM SAM (510 nM
3H-SAM and 3000 nM unlabeled SAM, Km#P) in 25 mM Tris (pH 8), 0.002% Tween-20,
4 mM MgClz, 100 mM NaCl and 1 mM DTT. Following quench, a 30 pL volume of the
reaction was transferred to a premoistened MSPH filter plate followed by the addition of
150 pL of 0.2M NH4HCO3. The peptide substrate (positive charge) is captured on the
filter plate (negative charge) through charge/charge interaction. After an incubation time
of 15 min, the plate was washed 4 times with 150 pL per well of 0.2M NH4HCO3 and
dried in an oven at 50°C. MicroScint-20 (35 uL per well) was added, plates were sealed
and equilibrated for = 30 min and then read on a TopCount (PerkinElmer) to measure
the amount of tritium incorporated into the peptide substrate, reported as counts per
minute (CPM).

Methyltransferase cross-screening panel

Cross-screening against a panel of 19 protein methyltransferase enzymes (shown in
Figure 1D) was done according to general procedures as previously described (2).



Final assay conditions varied slightly depending on the enzyme tested. In summary,
GSK3326595 (spanning 2-40,000 nM) was incubated for 30 min with enzyme in assay
buffer. Substrate mix comprising of assay buffer with either nucleosome or biotin
labeled peptide (10-330 nM) and between 8-2500 nM SAM (mixture of 3H-SAM and
unlabeled) was added to initiate the reaction. The final substrate concentration was
fixed at the Km@PP for each substrate (SAM, peptide or nucleosome) and was specific to
the enzyme tested. Reactions were incubated for between 90-120 min at room
temperature and quenched with unlabeled SAM. The minimum signal control contained
the product inhibitor SAH (50-2000 uM). After an incubation time of 1 hour to overnight,
plates were washed with 0.1% Tween-20. Incorporation of radioactivity into substrate
was measured by capturing substrate on a PerkinElmer Flashplate, and detecting on a
PerkinElmer TopCount.

MethylScan®

MethylScan technology (Cell Signaling Technology) was used to evaluate the cellular
targets of PRMT5 in the Z-138 cell line. Methylated peptide was immuno-affinity
purified (IAP) with a symmetric dimethyl arginine antibody (Cell Signaling, # 13222S
clone D2C3D6). Tandem mass spectrometry (LC-MS/MS) was used to analyze
enriched symmetrically dimethylated peptides for qualitative sequence and site
identification. Finally, quantitative analysis of methylated peptide fold-change allowed
for comparison between DMSO and GSK3203591-treated samples. More negative fold
change values correspond to the greatest effect.

Cellular proliferation assays

6-day, 384-well single agent proliferation assays (GSK)

Cells were plated at an optimized seeding density in 384-well format using the Hamilton
STARIlet automated liquid handling platform and were incubated for 24 hours. On assay
Day 0, cells were treated in duplicate with a 20-point, two-fold dilution series of
GSK3203591 or GSK3326595 (<29uM top dose) and <0.15% DMSO, and incubated for
6 days. Cell growth was evaluated on Day 0 and Day 6 by measuring luminescence
signal generated by addition of CellTiter-Glo reagent (Promega G8462).

Data were fit with a sigmoidal 4-point, 4 parameter, one-site dose response model using
Assay Client software, where the following equation was used to generate a
concentration response curve:

g B
Individual curves were QC checked for outlier data points, cell growth (population
doubling = 1.5), and proper curve fitting. Growth IC50 (gIC50) values correspond to the
concentration intersecting the mid-point of the growth window (between DMSO and TO
values) and represent the concentration of compound required to inhibit the total cell
growth observed during the assay by half. Growth IC100 (glC100) values correspond to



the concentration at which 100% growth inhibition is achieved, based on the growth
window. Net cell growth/death values were calculated by subtracting the TO value
(100%) from the Ymin value on the curve, and are a measure of net population cell
growth or death. This value reflects the difference between the number of cells seeded
at Day 0 (100%) and the number of cells remaining at the endpoint of the assay, such
that negative values correspond to net cell death while positive values correspond to net
cell growth. dEC50 values correspond to the concentration at which 50% net cell death
is observed.

10-day, 384-well single agent proliferation assays (Eurofins panel)

Cells were grown in RPMI-1640, 10% FBS, 2 mM L-alanyl-L-Glutamine, 1mM Na
Pyruvate or a special medium in a humidified atmosphere of 5% CO:2 at 37°C. Cells were
seeded into 384-well plates and incubated in a humidified atmosphere of 5% CO:zat 37°C.
Compounds were added 24 hours post cell seeding. At the same time, a time zero
untreated cell plate was generated. At 168 hours post cell seeding, the cell plates were
briefly spun, and media was removed and replaced with fresh growth media. The plates
were then re-dosed with the test compound. After a 240 hour incubation period, cells
were fixed and stained with fluorescent nuclear dye to allow visualization of nuclei.
Compounds were serially diluted 3.16-fold and assayed over 10 concentrations in a final
assay concentration of 0.1% DMSO from the highest test concentration specified in the
sample information chapter. Automated fluorescence microscopy was carried out using a
Molecular Devices ImageXpress Micro XL high-content imager, and images were
collected with a 4X objective.

16-bit TIFF images were acquired and analyzed with MetaXpress 5.1.0.41 software.
EC50 and IC50 values were calculated using nonlinear regression to fit data to a
sigmoidal 4-point, 4 parameter, one-site dose response model, where:

1) = 4 +— B4
Curve-fitting, ECso / ICso0 calculations and report generation was performed using a
custom data reduction engine and MathlQ based software (AIM). The cell proliferation
assay uses a cell image based analysis technique where cells are fixed and stained
with fluorescent nuclear dye to visualize nuclei.

Cell proliferation is measured by the signal intensity of the incorporated nuclear dye. The
cell proliferation assay output is referred to as the relative cell count. To determine the
cell proliferation end point, the cell proliferation data output is transformed to percent of
control (POC) using the following formula:

relative cell count (compound wells)

POC=( )*100

relative cell count (vehicle wells)



Relative cell count ICso is the test compound concentration at 50% of maximal possible
response. A relative cell count ECso is the test compound concentration at the curve
inflection point or half the effective response (parameter C of the fitted curve solution).
Glso is the concentration needed to reduce the observed growth by half. This is the
concentration that inhibits the growth midway between untreated cells and the number of
cells seeded in the well (Time zero value), and will be reported in this manuscript as glCso
for consistency with GSK data. Activity area in an estimate of the integrated area above
the curve. Activity area values generally range from 0-10, where a value of zero indicates
no inhibition of proliferation at all concentrations, and a value of 10 indicates complete
inhibition of proliferation at all concentrations. In rare instances, values <0 or >10 may
be observed. In these instances, values <0 should be considered as equivalent to O,
whereas values >10 should be considered equivalent to 10.

Time zero non-treated plate is used to determine number of doublings in 72 hour assay
period: Number of doublings in 72 hours = Log2[Cell number (72 hrs end point) / Cell
number (time zero)].

10-day, 96-well single agent proliferation assays (GSK)

10-day growth-death assays were also performed on SW48 (Sigma CLL1008-1VL) and
SW48 p537- (Sigma CLL1013-1VL) cell lines to evaluate the effect of p53 knockout on
proliferation. An extended time course was used in these experiments because
Western blotting for SDMA suggested effective target engagement would require longer
than 6-days (data not shown). Optimal cell seeding was determined by monitoring
proliferation over a range of seeding densities in 96-well format and identifying the
seeding density at which cells grow logarithmically at 3, 6, and 10-day time points. The
PerkinElmer Zephyr workstation was used to seed cells in 96-well plates at the optimal
seeding density in 100uL of culture media supplemented with 10% FBS. Seven plates
were prepared per cell line (duplicate plates for Day 0, 3, and 6 reads) and incubated
overnight at 37°C in 5% CO2. The following day, cells were treated in duplicate on the
Zephyr workstation with a 20-point, two-fold dilution series of GSK3326595 (26uM top
dose) and <0.15% DMSO. Plates were incubated for the indicated number of days at
the conditions described above. Cell growth was measured using CellTiter-Glo reagent
(Promega G8462) and luminescence signal was detected using an Envision microplate
reader. A plate of untreated cells was read at the time of compound addition to
determine the T=0 value representing the starting number of cells. Data were analyzed
using XLfit at Graphpad Prism software.

SDMA Analysis
SDMA ELISA

In vitro treated lymphoma cells and frozen tumors powder samples were resuspended
in RIPA buffer containing protease/phosphatase inhibitor cocktail (Cell Signaling



#5872S). Tumor powder was homogenized with a hand-held polytron (IKA T10 basic
Ultra Turrax) on ice, followed by sonication with a hand-held polytron (IKA T10 basic
Ultra Turrax) at setting 6, on ice (20 seconds/twice). Cell lysates were spun at 12,000
rpm for 10 minutes at 4°C and cleared lysate was transferred to a new tube.

Cell lysates were diluted with PBS Carbonate-Bicarbonate buffer pH 9.6 (Sigma,
#C3041) and added to black high binding plates (Nunc Maxisorp #437111). A titration
(serial 2-fold dilution from 960 to 2 ng/well) of vehicle treated control lysate was used to
evaluate linear range. Lysate was incubated for 2 hours at room temperature. Lysate
was removed and plates were washed 4 times with 200uL wash solution (PBST, Cell
Signaling, #9809S), followed by a 2 hour block step with PBST with 1% bovine serum
albumen (BSA; Alfa Aesar, #J61089). Prior to addition of the primary antibody, the
plates are washed as previously described.

The primary antibodies, SDMA (Cell Signaling, # 13222S clone D2C3D6, lot #2) and
SMD3 (Abgent, #AP12451A), were diluted with 1% BSA buffer, 100uL added/well.
Plates were incubated overnight with rocking at 4°C. Primary antibody was removed,
plates were washed as previously described, and secondary HRP-conjugated anti-rabbit
antibody (Cell Signaling Technology #7074) was added and incubated at room
temperature for one hour. Following the final wash step, plates were tapped briefly on
paper towels to remove any residual wash buffer and 100uL of Luminata Forte substrate
(Millipore #WBKUF0500) was added to each well. Plates were incubated for 15 minutes
with rocking and read on an Envision plate reader using a 96 well luminescence protocol.
SDMA levels were normalized to SMD3 values and ICso values were determined using a
4 parameter curve fit.

SDMA Imaging Assay

The SDMA imaging assay was used to evaluate the potency of GSK3326595 in breast
cancer cell lines. Cells were plated at 2,000 cells per well in an optical bottom 96-well
cell culture plate (Nunc 1256670) and allowed to adhere overnight. Cells were treated
for 72 hours with a 10-point 5-fold dilution series (dose range = 0.8 pM — 1500 nM),
fixed with 4% formaldehyde (ThemoScientific 28908), permeabilized, and blocked with
10% goat serum (Gibco 16210) in immunofluorescence (IF) buffer (130mM NaCl, 7mM
Na2HPO4, 3.5 mM NaH2PO4, 7.7mM NaN3, 0.1% BSA, 0.2% Triton X, 0.05% Tween
20) prior to overnight incubation with antibodies specific for SDMA (Cell Signaling
Technology # 13138BF, lot D2C3D6) and SMD3 (Abgent # AP12451A, lot 150508HF).
Following washes with IF buffer, cells were further incubated with fluorescent secondary
antibodies (Invitrogen Oregon Green Anti-rabbit #11038) and DAPI nuclear staining
(Invitrogen #D357) prior to quantification of nuclear SDMA and SMD3 levels via
Molecular Devices MetaExpress high-content fluorescent imager using a 10x objective
to image a minimum of 4 sites per well. Image analysis was performed with
ImageExpress software using Multiwavelength scoring to quantitate each fluorescent
signal (FITC, and DAPI) in each well. SDMA levels were then normalized to SMD3
levels and IC50, IC90, EC50 and EC90 values were determined using a 4 parameter
curve fit.



Cell Cycle and Cell Death Analysis

Cell cycle analysis

Cell cycle phase distribution was examined by flow cytometry of propidium iodide
stained nuclei. Cells were treated with PRMTS5 inhibitor or DMSO for the indicated
period of time, depending on experiment. Pellets were processed using the BD
Biosciences CycleTest kit according to the manufacturer’s instructions and were
evaluated using a FACSCalibur flow cytometer. FlowJo software was used to
determine the cell cycle distribution.

Annexin V and 7AAD Staining

Early apoptosis and cell death were evaluated using Annexin V staining (APC Annexin
V, BD Biosciences, #550475) and 7-AAD (BD Bioscience #559925) and performed as
recommended by the manufacturer. Cells were treated with PRMT5 inhibitor for 3 or 6
days or Camptothecan, a positive control, for 12 hours. Compound treated cells were
washed with cold PBS, and cell pellets were resuspended in 1X binding buffer (10X
binding buffer, BD Bioscience #556454) to a concentration of a million cells per ml.
Stain was added to 100 ul cells in duplicate, and incubated for 15 minutes at room
temperature followed by further 5 fold dilution with 1 X binding buffer. Fluorescent
events were collected on a FACSCalibur Becton Dickonson (BD Biosciences) and data
were analyzed using FlowJo (Treestar, Ashland) to discriminate live cells (Annexin V (-)
7-AAD (-)) from apoptotic cells (AnnexinV (+)7-AAD (-)) from dead cells Annexin V (+/-)
7-AAD (+)). Individual control samples unstained, and stained with each fluorochrome
independently are used to establish spectral overlap. Compensation was calculated
post data collection within the software.

RNA-Seq

RNA-Seq sample preparation and differential expression

Z-138, SU-DHL-6, JVM-2, SU-DHL-5, MAVER-1, MINO, SU-DHL-4, and REC-1 cell
lines were treated with either DMSO (control) or 200 nM GSK3326595. Cells were
collected for RNA-seq analysis post 3 and 6 days. Z-138, GRANTA-519, and DOHH-2
cell lines were treated with either DMSO (control) or 1000 nM GSK3203591. Cells were
collected for RNA-seq analysis post 2 and 4 days.

RNA was extracted from cell pellets with Trizol using Qiagen’s RNeasy Mini Kit.
Libraries were prepared using lllumina TruSeq Stranded Total RNA with Ribo-Zero Gold
Library Prep and sequenced on Illumina HiSeg2500 to 60-80 million PE 2 x 101bp.
RNA-seq fastq files were aligned to human hg38 with the gencode GRCh38.v23
annotation using a 2-pass STAR-2.5.2b (3) and then ribosomal and mitochondrial
alignments were removed. Differential gene expression was calculated using Cufflinks2
suite considering genes with g-value less than 0.05, and a minimum expression >1



FPKM, and a minimum 2-fold change in expression as significant (4). Individual gene
expressions in FPKM values were taken from the normalized differential values from the
cuffdiff output files.

Gene pathway analysis

Gene symbols were submitted for MsigDB comparing against the CP, CP:BIOCARTA,
CP:KEGG, CP:REACTOME, and Hallmark gene sets (Broad), as well as using the R
package clusterProfiler and ReactomePA (5,6), reporting only the most significant gene
set.

Alternative splicing analysis

To calculate global splicing events, alignment files from STAR were used as input for
rMATS and run using default parameters with the —novelSS flag to identify novel
splicing events. Events were consifered significant with FDR < 0.01, SD < 0.2, junction
coverage > 10 for both the spliced in and excluded junctions, and -0.2 <
IncLevelDifference > 0.2 for alternative splicing events from “ JunctionCountOnly” output
files (6).

MDM4 splicing and p53 pathway analysis

MDM4 splicing and p53 pathway analysis

RNA isolation and RT-PCR for MDM4 splicing analysis

RNA isolated from cell pellets was converted to cDNA using ABI High Capacity Reverse
Transcription Reagents (4274966). Reverse transcription reactions were incubated in a
thermal cycler for 10 minutes at 25°C, 2 hours at 37°C, and 5 minutes at 85°C. Master
mix was prepared using Thermo DreamTaq Master Mix (K1081), 20uM HDMX forward
primer (Biosearch Technologies, catalog # SS294168-01), 20uM HDMX reverse primer
(Biosearch Technologies, catalog #55294169-01), and nuclease-free water. A control
master mix was prepared similarly using GAPDH primers (Qiagen PPHO0150F). PCR
reactions were prepared by combining 10uL of 9-fold diluted cDNA with 40uL of master
mix and were incubated on a thermal cycler as follows: 1 cycle of 95°C for 5 minutes; 26
cycles of 95°C for 40 seconds, 58°C for 30 seconds, and 72°C for 40 seconds; then 1
cycle of 72°C for 4 minutes. Reaction products were separated using agarose ethidium
bromide gel electrophoresis and visualized using a Bio-Rad VersaDoc Model 5000
imaging system. Images were captured using Bio-Rad Quantity One software at
various exposure times to optimize signal strength and avoid saturation. Images are
shown using an inverted color scheme for easier visualization.

Western Blotting for p53 pathway analysis

Gel samples were prepared by combining whole cell lysates with NUPAGE LDS Sample
Buffer (NP007), NuPAGE Sample Reducing Agent (NP009), and RIPA buffer (Sigma
R0278). Samples were loaded onto NUPAGE Novex 4-12% Bis-Tris protein gels and
run in MES SDS (NP002) buffer at 150V until bands were well resolved. Proteins were
transferred onto nitrocellulose with an iBlot and probed membranes were developed



using a LICOR Odyssey scanner. Blots were scanned at various exposures to optimize
signal strength and avoid saturation. Antibodies against p53 (Santa Cruz sc-126), p21
(Sigma P1484 or Cell Signaling 2946), SDMA (Cell Signaling 13138BF, clone
#D2C3D6), MDM4 (Abcam ab49993), H3 (Cell Signaling 9715), tubulin (Sigma T9026),
and actin (Thermo PA1-46296) were used to probe protein expression levels in Western
blotting experiments.

Sensitivity Correlations

A 10-point dose response growth assay was performed 10 days post GSK3203591
treatment in a panel of 240 cell lines representing various tumor types. Activity area was
calculated for each cell line and used as the metric for sensitivity.

Whole exome-seq mutation data for 1000 cell lines was downloaded from the Genomics
of Drug Sensitivity in Cancer (Sanger Institute’s http://www.cancerrxgene.org) and used
to calculate each gene’s mutant versus wild type activity area using a Wilcoxon rank
sum test from the 185 common cell lines. Waterfall plots of cell lines sorted by
increasing activity area with mutant cell lines indicated in green were generated and p-
value calculated using R.

CCLE microarray RMA normalized expression values across 1019 cell lines were used
to correlate each gene’s expression profile using a Pearson correlation with activity area
in the 178 common cell lines. Genes were sorted by Pearson correlation and the sorted
gene list submitted to GSEA pre-ranked analysis interrogating hallmark gene sets,
canonical pathways, BioCarta, Kegg, and Reactome gene sets (Broad Institute).
Increasing false discovery rates (FDR) are plotted against normalized enrichment
scores of the gene sets. An example gene of the lowest p-value from each of
“‘Reactome_mRNA_Splicing”,
‘Reactome_nonsense_mediated_decay by the_exon_junction_complex”, and
“‘PID_p53_regulation_pathway” gene sets is plotted comparing cell lines sorted by
activity area. Each of the CLNS1A, RIOK1, and the ratio of the two’s gene expression,
is plotted comparing cell lines sorted by activity area.

A heatmap of all genes within the Reactome_mRNA _splicing gene set (the lowest p-
value) in the 20 most resistant and sensitive cell lines hierarchical clustered by
euclidean distance.

MTAP gene level copy data was downloaded from the Genomics of Drug Sensitivity in
Cancer for 1000 cell lines and the 185 cell lines in common had a Wilcoxon rank sum
test performed to test the difference in the mean of sensitivities between MTAP
homozygous deleted cell lines and those with at least one functional copy.

Lentiviruses


http://www.cancerrxgene.org/

Lentiviruses were engineered to express MDM4-FL (generated in-house), EGFP
(generated in-house), p53-targeting shRNA (Santa Cruz, sc-29435-V), or a scrambled
non-targeting shRNA (Santa Cruz, sc-108080). Lentiviral particles were added at a
multiplicity of transduction (MOT) of 20 to Z-138 cells that had been seeded into 6-well
dishes, then polybrene was added to a final concentration of 50ug/mL. The dishes were
centrifuged at 1,000xg for 90 minutes at 37°C. Cell pellets were collected, supernatant
discarded, and pellets were resuspended in culture media. Each pellet was re-seeded
into a fresh 6-well dish and then incubated at 37°C and 5% CO:2 for 48h. Puromycin
selection was used to generate and maintain stable cell lines. An anti-MDM4 antibody
(Abcam ab49993) was used to evaluate the success of the overexpression via Western
blot. Proliferation assays were conducted in 384-well format at 3- and 6-day time points
with these cell lines as described earlier.

Gene expression

Gene expression analysis in Z-138 cell line

Z-138 cells were obtained from ATCC, (CRL-3001) and maintained in RPMI-1640
supplemented with 10% horse serum. Cells were incubated at 37°C with 5% CO2 and
split once a week. Z-138 cells were treated with increasing doses of GSK3326595 in
96-well cell culture plates for 2 and 4 days, RNA was isolated using TurboCapture 96
Kit (Qiagen # 72251). Reverse transcription was performed with High Capacity Reverse
Transcription reagents (ABI #4374966), followed by gPCR (ABI Tagman Fast Advanced
Master mix, cat # 4444557) analysis on ABI ViiA7 real-time PCR machine using the
Fast TagMan Comparative Ct (222 method (7). Tagman assays targeted the genes
CCL4 (Hs00605740_g1), CCL3 (Hs04194942_s1), GADD45A (Hs00169255_m1),
SESN1 (Hs00902787_m1), ACTA2 (Hs00426835 g1), MDM2 (Hs01066930_m1),
PHLDA3 (Hs00385313_m1), TRIM22 (Hs01001179_m1), EGR2 (Hs00166165_m1),
CDKNI1A (Hs00355782_m1), BAX (Hs00180269_m1), actin (Thermo 401846), and
GAPDH (Thermo 402869).

Xenograft studies

Z-138 efficacy and PD study

The Z-138 (human B Cell Non-Hodgkin's Lymphoma) cells from ATCC (ATCC No:
CRL-3001, Lot No: 57634322) were maintained in vitro as a suspension culture in
IMDM medium supplemented with 10% heat inactivated horse serum, 100 U/ml
penicillin and 100 pg/ml streptomycin at 37 °C in atmosphere of 5% CO: in air. The
tumor cells were routinely subcultured twice weekly with fresh medium. Cells growing in
an exponential growth phase were harvested and counted for tumor inoculation.

Each mouse was inoculated subcutaneously at the right flank with Z-138 tumor cells (5
x 108 cells/mouse, 50% Matrigel) in 0.2 ml mixture of base media and Matrigel (IMDM:



Matrigel = 100:100) for tumor development. The treatments were started when the
tumor size reached 152.98 mm? for the tumor efficacy study (day 14 post inoculation).
Tumor bearing mice were block randomized into 13 groups and each group has 10
mice. Mice were dosed with either Vehicle [0.5% methylcellulose (Sigma #M0430, St.
Louis, MO) or GSK3326595D in vehicle at 0.2, 0.5, 1.4, 4.2, 12.5, 25, 50, 100 mg/kg
twice daily, and 50, 100, 200 mg/kg once daily. Twice daily doses were administered 12
hour between doses.

All the procedures related to animal handling, care and the treatment in this study were
performed according to the guidelines approved by the Institutional Animal Care and
Use Committee (IACUC) of Shanghai Chempartner following the guidance of the
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC). At
the time of routine monitoring, the animals were checked for any effects of tumor growth
and treatments on normal behavior such as mobility, food and water consumption (by
looking only), and body weight gain/loss (body weights were measured twice weekly),
corneaopacity, matted fur and any other abnormal effect. Death and observed clinical
signs were recorded on the basis of the numbers of animals within each subset.
Animals that were observed to be in a continuing deteriorating condition or their tumor
size exceeding 3000 mm? were euthanized prior to death or before reaching a
comatose state.

Tumor size was measured twice weekly in two dimensions using a caliper, and the
volume was expressed in mm?3 using the formula: V = 0.5 a x b? where a and b were the
long and short diameters of the tumor, respectively. The tumor size was then used for
calculations of TGI values. Tumor growth inhibition (TGI) was calculated according to
the following equation:

(TVTreatment,Day 22 T TVTreatment,Day O)

TGI (%) = <1 - ) * 100%

(TVCOntrol,Day 22 TVControl,Day 0)

Treatment groups with limited efficacy were euthanized on treatment day 22, and
sampling was 2 hours post the last dose. Subsequently tumors were flash frozen and
pulverized.

SDMA ELISA in Z-138 xenograft

SDMA inhibition in frozen tumor powder samples was analyzed by ELISA, as described
earlier.

p53 IHC in Z-138 xenograft

Performed IHC detection by using HRP/DAB IHC detection kit (ABC kit, #ab64261) and
following the manufacturer’'s protocol. Anti-p53 rabbit monoclonal, clone SP5 from
Thermo Scientific # MA5-16387), used as primary antibody for IHC. Images were taken



with AxioVision software, and cell staining intensity was quantified using the Meta Imaging
Series software from Molecular Devices.

Gene expression analysis in Z-138 xenoqraft

Z-138 xenograft tumors were treated with various doses of GSK3326595 QD (50, 100
and 200 mg/kg) and BID (3, 6, 12.5, 25, 50 and 100 mg/kg) and collected at 2 hours
post last dose. Mouse tissue samples were resuspended in QIAzol (Qiagen #79306)
lysis reagent and vortexed to completely homogenize lysate. Samples were pre-cleared
by MaXtract High Density tubes (Qiagen #129056) and RNA was isolated by RNeasy
Mini kit (Qiagen #74106). Then, RT-PCR was performed with High Capacity Reverse
Transcription reagents (ABI #4374966), followed by gPCR (ABI Tagman Fast Advanced
Master mix, cat # 4444557) analysis on ABI ViiA7 real-time PCR machine using the
Fast TagMan AAC:method. A panel of 11 GSK3326595-responsive genes (see “Gene
Expression in Z-138 cell line” for gene list and catalog information) was analyzed and
normalized to two housekeeping genes, GAPDH and ACTIN. The average fold change
in the treatment group vs. the vehicle group as well as the number of genes with higher
than 2-fold change in gene expression for each dose were calculated.

REC-1 efficacy study

We tested GSK3326595 anti-tumor activity in a xenograft model of REC-1, an MCL cell
line that is not sensitive at 6 days of exposure to PRMT5 inhibition in vitro.

The study consisted of six groups (n = 10) of mice bearing subcutaneous REC-1
tumors on Day 1. Group 1 served as the primary control group and received vehicle 1
(0.5% methylcellulose), orally (p.o.) twice daily to the end of the study (bid to end), first
day one dose. Group 2 was given GSK3326595 p.o., at 126.1 mg/kg (79.3% active
compound), BID to end, first day one dose. Tumors were measured twice per week.
The study endpoint was a mean tumor volume of 2000 mm? in the control group or 25
days, whichever came first. The study reached the 2000 mm? endpoint on Day 25. The
control tumor growth in this study was in line with our historical data although tumors in
this group reached endpoint with measurements taken by an alternate technician. For
this reason TGI analysis was performed on Day 22.

Treatment outcome was based on percent tumor growth inhibition (%TGI), defined as
the percent difference between Day 22 median tumor volumes (MTVs) of treated and
control mice. MTV values for groups were compared with the non-parametric Mann-
Whitney U test. The results were analyzed and were deemed statistically significant at P
< 0.05. A treatment that produced at least 60% TGI was considered to have potential
therapeutic activity. Animals were also monitored for partial regression (PR) and
complete regression (CR) responses. Treatment tolerability was assessed by body
Weight (BW) measurements and frequent observation for clinical signs of treatment-
related (TR) side effects.
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