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Supplementary Fig. 1. High-throughput screening for discovery of G9a inhibitors.
(a) Scatter plot of primary screening results. (b) Screening flowchart to identify
compound 1. Of 141,117 compounds from the DDI tested in HTS using an in vitro
fluorogenic assay, 94 initial hit compounds were found at a hit rate of 0.07%. After testing
reproducibility and calculation of IC50 values by the AlphalLISA-based assay, 6

compounds were identified as final hit compounds including compound 1.
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Supplementary Fig. 2. Surface plasmon resonance (SPR) analysis of binding of RK-701
and RK-0133114 to G9a.

(a) Kinetics analysis of RK-701 binding. Dissociation constant (Kp), association rate constant
(Kon), and dissociation rate constant (K) shown in the figure are the mean = SD of three

kinetics runs. The sensorgram is representative from three independent runs. (b) SPR
sensorgram of RK-0133114.
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Supplementary Fig. 3. Mechanism of G9a inhibition by RK-701.
(a and b) IC50 vs biotinylated histone H3-derived peptide plot (a) and IC50 vs SAM plot
(b) were analyzed by the AlphaLISA. Data are mean = SD from three independent

experiments.
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Supplementary Fig. 4. Toxicities of various G9a inhibitors.

(a) Rat myoblast H9c2 cells were treated with the indicated G9a inhibitors for 5 days, and
cell viability was evaluated by WST-8. Data are mean = SD from three independent
experiments. (b) HUDEP-2 cells were treated for 3 days, and cell viability was evaluated
by WST-8. Data are mean = SD from three independent experiments. (¢) Acute toxicity of
various G9a inhibitors. Number of alive mice was shown during 2-week observation. N.D.
is Not Determined. (d) Acute toxicity of RK-701 in mice. The body weight of individual mice
was measured every 1-3 days after intravenous injection. Data are presented as mean
+SD (n = 3 mice per group). (e) Mutagenic activity expressed as the number of
revertants/plate in bacterial strains TA98 and TA100 exposed to RK-701, at various doses,
with (+S9) or without (-S9) metabolic activation. Numbers represents averages from the
two different experiments. AF-2 (2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide) and B[a]P
(benzo[a]pyrene) were used as positive controls. An asterisk indicates that insoluble
material was detected. (f) The frequency of micronucleated polychromatic erythrocytes
(MNPCE) and standard deviation of 4000 cells obtained from male rat treated with RK-701
via oral administration once a day for 2 weeks. MNCPE (%) and PCE (%) mean a
proportion of MNPCE per 4000 PCE and a proportion of PCE, including MNPCE per 500
erythrocytes (n = 5 per group).
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Supplementary Fig. 5. Effect of G9a inhibitors and hydroxyurea on HbF induction, cell
viability and differentiation of human erythroid cells.

(a) Flow cytometric analysis of y-globin expression in HUDEP-2 cells treated with RK-701 or RK-
0133114 for 11 days. Percentages of HbF-expressing cells were determined by gating HbF-positive
cells. Data are mean = SD from three independent experiments. (b) Peptides identified as part of
the hemoglobin subunit by a Mascot database search are shown in bold. The underlined
sequences were used as targets of MRM measurement. (c—e) The product ion spectrum from
precursor peptides of hemoglobin subunit y-1 (¢), B (d), and a (e) are labeled as b- and y-type ions.
(f) The chromatograms in (A), (C), and (E) indicate native peptides formed by trypsinization,
whereas those in (B), (D), and (F) are their internal standards containing the isotope-labeled amino
acid. (g) CD34+* cells were treated with RK-701 or hydroxyurea for 10 days under conditions
favoring erythroid cell differentiation. Cell viability was measured by cell counting. Data represent
means £ SD from three independent experiments. (h) Flow cytometric analyses of erythroid cell
differentiation from CD34* cells in days 11, 14, and 17. CD45 and glycophorin A were used as
markers for hematopoietic cells and erythroid cells, respectively. P-value was calculated by one-
way ANOVA with Tukey’s post hoc test.
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Supplementary Fig. 6. In vivo pharmacokinetic properties of RK-701 in mice.
Time course of the RK-701 concentration in plasma after a single intraperitoneal
administration (25 mg/kg) was measured by LC-MS/MS. Data are means = s.e.m. (n =3

mice).
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Supplementary Fig. 7. RNA-seq analyses for G9a inhibition in HUDEP-2 cells.

(a) Gene Ontology (GO) enrichment p-value histogram used gene list is Supplementary
Table 6. X axis: -log10(p-value) of each term. Y axis: significant enriched GO term. The
number differentially expressed genes in each GO term is shown in the histogram with the
specification of the relevant biological process, cellular component and molecular function.
Shown is the top 30 most prominent GO categories. All the output is shown if the analysis
returns less than 30 outputs. The software we used here is GOSeq', which based on an
extension of the hypergeometric distribution known as the Wallenius non- central hyper-
geometric distribution. This method is able to account for gene length bias and read counts
bias when performing GO analysis. Threshold for filtering here is: over represented p-value
<= 0.05. The statistical test was performed by Wallenius in goseq software. (b) Venn diagram
showing the overlap of differentially expressed genes between treatment with 1 uM RK-701
for 4 days and shRNA-mediated G9a knockdown in HUDEP-2 cells. Results from three

biological replicates are shown.
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Supplementary Fig. 8. Induction of fetal globin by G9a inhibition via BGLT3 in
HUDEP-2 cells.

(a) Validation of BGLT3 overexpression by gPCR in HUDEP-2 cells. Data are mean = SD
from three independent experiments. (b) Relative expression of B- and y-globin genes in
BGLT3-overexpressing HUDEP-2 cells. Data are mean = SD from three independent
experiments. (¢ and d) Relative expression of B- and y-globin (c) and BGLT3 (d) genes in
HUDEP-2 cells treated with UNC0638 for 4 days. Data are mean = SD from three
independent experiments. (e) Effects of UNC0638 on H3K9me2 in HUDEP-2 cells.
HUDEP-2 cells were treated with different concentrations of UNC0638 for 4 days. Lysates
were immunoblotted with the indicated antibodies. A representative image of three
independent experiments was shown. (f and g) Relative expression of B- and y-globin (f)
and BGLT3 (g) genes in HUDEP-2 cells treated with CM-272 for 4 days. Data are mean =
SD from three independent experiments. (h) Effects of CM-272 on H3K9me2 in HUDEP-2
cells. HUDEP-2 cells were treated with different concentrations of CM-272 for 4 days.
Lysates were immunoblotted with the indicated antibodies. A representative image of three
independent experiments was shown. P-value was calculated by one-way ANOVA with

Tukey’s post hoc test.
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Supplementary Fig. 9. Effect of RK-701 on gene expression of major fetal globin
repressors and y-globin, and H3K9me2 chromatin occupancy at the major fetal
globin repressors locus.

(a) Relative expression of B- and y-globin in parental, BCL11A-, or ZBTB7A-knockout
HUDEP-2 cells treated with 1 uM RK-701 for 4 days. Data are mean = SD from three
independent experiments. (b) Relative expression of BCL11A and ZBTB7A in HUDEP-2
cells treated with RK-701 or UNC0638 for 4 days. Data are mean = SD from three
independent experiments. (¢ and d) ChIP-seq traces for H83K9me2 on the BCL11A (c) or
ZBTB7A (d) gene locus in HUDEP-2 cells treated with 1 uM RK-701 or DMSO for 4 days. A
representative image of two independent experiments was shown. (e) Venn diagram
showing the overlap of differentially expressed genes between treatment with 1 uM RK-701
for 4 days in HUDEP-2 cells and BCL11A- or ZBTB7A-knockout HUDEP-2 cells. Results

from three biological replicates was shown.
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Supplementary Fig. 10 Effect of hydroxyurea on BGLT3 and repressors gene
expression and H3K9me2 chromatin occupancy in HUDEP-2 cells.

(a) Induction of BGLT3 by hydroxyurea. Relative expression of BGLT3 in HUDEP-2 cells
treated with indicated concentrations of hydroxyurea for 4 days. Data are mean = SD
from three independent experiments. (b) Relative expression of BGLT3 in CD34* cells
treated with indicated concentrations of hydroxyurea (HU) for 7 or 9 days. Data are
mean = SD from three independent experiments. (c) Relative expression of BCL11A
and ZBTB7A in HUDEP-2 cells treated with indicated concentrations of hydroxyurea for
4 days. Data are mean = SD from three independent experiments. (d) Relative
expression of 3- or y-globin in hydroxyurea-treated BCL11A- or ZBTB7A-knockout cells.
Data are mean = SD from three independent experiments. (e) ChIP-gPCR analyses
using antibodies against H3K9me2 in HUDEP-2 cells treated with 200 uM hydroxyurea
or DMSO for 4 days. Data are mean = SD from three independent experiments. P-

value was calculated by one-way ANOVA with Tukey’s post hoc test.
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Supplementary Fig. 11. Involvement of BGLT3 in y-globin induction by HbF inducers.
(a) Relative expression of BGLT3 in HUDEP-2 cells treated with the indicated 1 uM
inhibitors for 3 days. Data are mean = SD from three independent experiments. (b—d)
Relative expression of B- and y-globin genes in BGLT3-knockdown HUDEP-2 cells treated
with 1 uM decitabine (b), 1 UM MS-275 (c), or 1 uM SAHA (d) for 3 days. Data are mean =
SD from three independent experiments. (e) ChlIP-qPCR analyses using antibodies against
H3K9ac in HUDEP-2 cells treated with 1 uM SAHA or DMSO for 1 day. Data are mean =
SD from three independent experiments. (f and g) Relative expression of B- and y-globin (f)
and BGLT3 (g) genes in HUDEP-2 cells treated with 1 uM RK-701 and decitabine for 3
days. Data are mean £ SD from three independent experiments. P-value was calculated

by one-way ANOVA with Tukey’s post hoc test except for (e), calculated by two-tailed t-test.
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1. 3670 nt (bold, Guo, G. et al. Oncogene. 34, 1768-1779 (2015)., Accession#: KF110790)
2. 1684 nt (M@AGEREA, Ivaldi, M. S. et al. Blood. 132, 1963-1973 (2018).)
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ctgagagatcacacatgattttcttcagctcttttttttacatctttttaaatatatgagccacaaagggtttatattgagggaagtgtgtatgtgtatttctgc

atgcctgtttgtgtttgtggtgtgtgcatgctcctcatttatttttatatgagatgtgcattttgatgagcaaataaaagcagtaaagacacttgtaca
cgggagttctgcaagtgggagtaaatggtgtaggagaaatccggtgggaagaaagacctctataggacaggacttctcagaaacagatgt
tttggaagagatgggaaaaggttcagtgaagacctgggggctggattgattgcagctgagtagcaaggatggticttaaggaagggaaag




Supplementary Fig. 12 Recognition motifs of BCL11A and ZBTB7A in the BGLT3
gene locus.

The nucleic acid sequence of BGLT3 downstream of HBG1 is shown. Two predicted
BGLT3 transcripts have been reported: 3670 nt (Accession# KF110790, black bold)? and
1684 nt (magenta background)3. Sequences predicted to be recognized by BCL11A* or
ZBTB7A® are highlighted by a gray or red background, respectively. The HBG1 gene

region (exon3) is shown in white on a black background.



Supplementary Fig. 13-1

Human 1 CCACARARE- G| ABTHCHE- CABBCCTGRT] 7] [CARA- TARARG- A GGABTAAATGG| n-> o - CAGGACHT C| 235
Chimpanzee 1 CCACAAAGE- G| ARTECIEE- CATECCTGRT! TEGTEGCTETETECATGCHTCTCARTTAR - FRTTATATGAGARGTGECATTE - HCATBAGCAAA - TAAAAG- - - - - - - GGABTAAAT GGEGHA e A- - CAGGACECC 235
Macague 1 CCCCAAAGE- G| ARTECIE- TATEGCTARG| Tl CAAA- TAAAAGAACAAAGC) GGl - CAG- ACHiCC 240
Baboon 1 CCACAAAGE- G ARTECIEE- CATEGCTARG| U CAAA - TAAAAGAACAAAGC GGGl Al - CAG- ACH(CC] 240
Marmoset 1 CCACAAA =9 CARGHGHTHCTE- CATGCCT ARG Tl CCAA- TAAGATAATTA A A--CAGTACECT 262
Titi_Monkey 1 CCACAAA GG} G| Tl AG| Al - CAGGACECT 222
Galago 1~ n:;»n»: G| G| Tl GTABTAAAAGT ARG -CAG-ACHCTR- - 239
Lemur 1 - CTCAAG| | | G AAAGT. A- - TGGGACECCHCA] 237
Tader 17CCCARAGBATAC G| Al G AGAAC; AA- - CAAG, ClcT 242
Rabbit 1 CCTCAAGEG- Al G| < GAAACAAGGAGH - - CAAGAAN- - HCAJ 239
Mouse 1 CTTCAAGH----- Tl - cllacrec n:nnnln;aa “““““ TACACTTCATTGTCTAABATTTTCA- -~~~ ---ACHBTIGT - ---------TAAATATCCR------- TBACCCTTTTCACAATCTTCAA. 163
Rat  1-CCCAAGEATT] o TGRGTET CCCAARMATA -~ -METAARAA- - TGTGTGTTTTGCTGAGTAAA! TCAAGGTCTGGAABATACABANGAR 218

Human 236 [CEAABAGAT BB A AAA GGIICART| ACCHGCEE- - - - TAAG) g [GAAT - - [JCAA G T AT CAGGT G|
Chimpanzee 236 [MI|GBAABABAT BBEAAAAGGETICAGT ACCHGGEE- - - - TA q ITCAGGTG|
AgT) ACCIRGGET- - - - TA G ITCAGGTG|
AGT ACCHGGRT- - - - TA g ITCAGGTG|
ABT TA
AGTEAAGATCEAGEE- - - - TA G cC Gea 2
A AAACCHCARE- - - - TAGTGCAGCAAAGECA! GCAGGAA AGGCTAGATTGGGAGTTGATCGCTTTGAAGATCAGTAT
AllCAGE- - - - A |CAATGGABCAAAAGT G| (GCAGAGANT] AGGCTAGATTGGAGGTTGGTAGTTTTGAAAATCAG-AG
canaficTciTAl--- - TA AGATTG| GCA- - - - [T] u AGGCTAGGTTGGGACTTGGAGGTGTTGGAAGTCAGAGT
= [CAABGAAAGAAGAAA! GEAAGAG GGGCTAGATAGGAGGTTGGAGATCTTGAAGAACACAGC
---TATA CTAC- - - - CTACATTTAl ATGATAC. cc-
Rat 219 >>>n>>>>>>n>n>>>nnn>n<-n->>->nn -GECCTGHAACTCTATARCC [AAGACAG| nn».i»»n»)jn:-»

Human A AR-- - GTCACA| GGAAGACCHCATEIAAGACTC- 1] ACAAG- - TCA- GC 584
Chimpanzee AARC AB-- oo GTCACA| (GGABAGACCGCATIBIAAGCCTC- T ACAAG- - TCA-GC 584
Macague AATCCCANGT CCICAAR- - - - - -~ -~~~ -~ GTCACA| CCACEBNAAGCTTC-T| ACAAG- - TCA- GC 583
Baboon AABCCCANGTCCCAA]- - - - - -~ ------ G AC ACAAG- - TCA- GC 583
Marmoset (AARTTCARACCCHCAAR- - -------------- CAT ACAAG- - TCA- GC 583
Titi_Monkey oo AATT AB--- oo CAT ACAAG- - TCA-GC. 583
Galago 461 CTCTTTCLEAAT - TATCT CCARAGEAGTGTTCCT GOETTARGTRAARARCAT TATGTTTTARBIGT TGATTCAT GACCT GAGAAGT T CAARMCCRLCCANTCTC TAATTCCT- - | TGl >n>n>n>>: AGAAACTTTACAC 714
Lemur 464 AAG-BABATCTCTTTTCCAAGATAACACCAAAGAACTGTGCCTGGCTTTATTIRAGHAACTTTATGTTTTAABRGT TAATGCATG- CCCAGGAAATTGAARGGIRC AATGCCAAAG) CATC] AGA] CA AGAAACTTTACACAS 71
Tarsier 465 A TTCTTTTCCAAGTTAACTCCAAAGAACTGTTCCTTTCTTTAGTAAGAAACTTTGGGCTTTAAACATTGATGAATACCTAGGGAAGT TTAARRGART TGEAGAGACAATGGTTAAGH CACHEN---------- ATT) n»» AACBAATICCCC; CHCAGAAC- - CCA- GCA 706
Rabbit 464 TTCTTTTCCAAGTTAACCACAAATAGCTGATC- - -~ AR A TTTATGCTTTARMICTTGAGGCTTGCCTAGGATAGTTARTIRCRCER TCCTGBGCAGACAATGT CCAAGGRIACACATABAAT ACARTAC] CAT R CAGT AGE- TACAABGGA non AATAAATICATCABAABGETAGAAA - - - TAAGAA] 705
Mouse 321 CCCT cBllG------------ [ GAGTCTT - - - - CICAABGAAGAGAA- ACA- GAACARCT G T T[T AA- AGGACARIGAGAA ----AGAATTCCATAAATTAG] IGARAAA, cGaTcll-------- Blc--------- 464
Rat 445 CATTI T qn ............ i ICAGTCTTHTCCCECATBAAAGACAATACTTAA TAGGCRAAT CATTECARCHTAAR ICTTHAARAATTCC- TECEBEAAA] ITAAGAA,

Human
Chimpanzee

......... - AAGGCTTAC
......... - AAGGETTAC
“““““““ - - -AAGGCTTACHICA- - - - -
......... G- AAGGCGTTC
......... GH- AAGGTATTC
“““““““““““““ GENGEGAAACCAGATHITA - - - - -
......... GBGAAGGCAGAT
T ol AR TN C------------- AN Al ool GCGGEGAAGACAGAT!
ACCABCACTIBGECHCHCAGACCHARACATGACECARTIGRAT T - CAR- -~ - - - -------- CA-----
-TCTITGTHA AATAGEBETAAAG B-cH------- GAGC----CT| n»an»n»..::-n»... -ACT| 4->
- TGECCARANGABARGTAAT GHAAGHGEAAARGGHGHENATA- GABIGCTGTTGAGCTCTTCCARCACCANAAGT TACCEATGTTTATABACH

“““““““ o—‘:nnn:»n D

>
>

EGLEEEEEEE]

>n>;->r
TAGCTANAREAATCTTCATTTGTTTCCATGGCATHTAATTARATCTCTA-

IAATIACACAGGTTATIERAAGAAAGCCGGEINGT)

Human -TECCCA- A IGAARAGJAATTA] CAGAGAGACAA T - - 919
Chimpanzee GAAAAGHAAT TABGH- A - BARBAGCHC- - - - - - -~ -~~~ - -~ -~ - - - ABAAGABCAGARCCCC- - - -~~~ -~~~ -~~~ - ABCAWA- - - - - - - - - - - - AAARMARINC C - BHATIC - - - AGAABCAGAGAGACAA- - - - - - - - THCHCR- - 919
Macaque GAAAAG CAGAGAGACAA T - - 915
Baboon IGAAAAG CAGAGAGACAA THCHGE- - 913
Marmoset TAAAAG C- - - AGAABCAGAGACACTTTTCTCTCTGCCARTHCCH- - 922
Titi_Monkey c GAAAAT] AA C- - - AGAABCAGAGACACTTTTCTC T - - 923
Galago TGGAAG (GAT Al C- TAAGAABACAAGAGACCA CCCHTR- - A 1046
Lemur TCAATGCGATCARRAG! scclacRART T A AATAATAABARGACATAGCA- - - - -- - - - - 1065
Tarsier - ITAC cA- cT 1016
Rabbit 890 GTGACTATCATTGCTTTTCTTGECTTGGAARTCAAT CICATCICAA AATATIICCAR I_;:n»nn. GA TACT T7] ;SI:-nn»»»»»:n:nn: THTT 1101
Mouse 630 GAT - == === = m=wmmmmme oo BGAARGTTGG- -« - =~ < === == CA= == <e—=ometooom oo CAT - TGGTATAGABCTTCAGA- - =<~ ==~~~ ==~ AGCCA- - - - =~ -~~~ - - - AGAMAARMMICC - CBANIC- - - - - ATATG- - CATGTC-- ==~~~ TCCHCTI- - CCCACAG- - - CTCCTGGGCAR 740
Rat 861 GATCA--=-=-=--=---~ - TETCTACAA] anqnn;q:n.in«-«n»q;ana>3:33-nnl;qn;gnqn»))-n CAG] :-:;njiq;:zn:n)n): TTATACAAGCCT- [TCCHTTINACCCHTCAAATCCTCCCATATAT 1070
Human 920 @----- ccal AATCCAGEAABAGAACCCG- - ACCACGAG- -~ - -~ <=~ =---cmoooo o -[CAR- - - - - - - - - - CCICABAAAT GIGAR - - AAA- - - - RAA- - - - - -~~~ - - - - - - - - CICHGNN- BT HCAABCCACCCABNCTT-[Tf- - - - - WAREICE------ - ACCT] 1078
Chimpanzee 920 cc ACCET
Macague 916 AABAGAACCC ATTTTGT, ACCHT]
Baboon 914 AABAGAACCCHG- - ACCACARA- - - -~ -~ noeeoeoeo - CAR- - - - - - - - - - CCRCABAANC AR - - AAA- - - - RAA- - - - - - - - - - - - - TIHCHENN- BT HcAABCcAllccARNCT - BE- - - - - HARERICE---- - - - ACCHT]
Marmoset 923 AGAACCC ACTRT
Titi_Monkey 924 AABAGAACCC TACTHT!
Galago 1047 AABAAAGT CC| TTGC- CGTGAT -~ AAAAAAGCCATCCAGGCTATGGT GTIRCIHGIN - BC[iAAABCCATICCABGCT A- HGE- - - - - HCRICHGH- - - - - - - ACA
Lemur 1066 ATBT GAGCCC| TCTT-CCTGTCH ---BAG--- CACCHC
Tarsier 1017 C ITCTT- CCTAGA ---AAA--- TGCCHT]
Rabbit 1102 TT-TTGCAC| GACTTATTTG CTCTATCTTGTCA ~CTGAC---=====nm-=emmnm- - THCHTIN- ACHAAABCTAN- - - - HCTA- CBT- - - - - FARRENTC-- - - - - - CAGHT 1289
Mouse 741 C- - - - AT GAIA GCARCAACTT] lerea ACTGAGACCCCTCTT 885
Rat 1071 CCCCTAGCAAATTCTT) TTTTTTCTTT - ITATGCAGA] - - TTHECAC] -~ --AAACACACACACACACACACACACACA 1286

Human 1079 & - AAA] CCCETATG] ACCTAC- - ACACHCE- C: ABACCCARARARTAR ! TcffccT ITTACTJCAAC- ATGCTT - - [ACHC T----- AATETCTIACARAC
Chimpanzee 1077 A- AAA] CCCCTATG] ACCTAC- - ACEACHICE - C. ABACCCAAGHAATAA c TCliccT TTACTHCAAC- ATGCTT- - BACH(C| r----- AATETCTIREACATAC
Macaque 1082 A- AAAf CCCETAAG] ACCTAC- - ACHATHCE - CARC ABACCCAAATAATIAA c| clcTT TTACTCAAC- ATGCTC- - HACH(C| c----- AATETCTRETACATAC
Baboon 1073 A- AAAf [CCCCTAAG) ACEACHICE - C. ABACCCAAARAATAA ! TCHCTTARIETTACTECAAC- ATGCTC- - [HACHC c----- AATETCTRTACATAC
Marmoset 1083 A- AAA TCCETGTG] IACEAC[CE - C. ABACCC) T TEATETCllcCT (GCTCTHCAAC-A---- - - ACHT) T----- AATETCTETACATAC
Titi_Monkey 1083 A- AAA| ARTCCCTATG CACECH- TGl ABACCC c TEATET AlcCT GTTCTHCAAC-A--- - - - ACHT) T----- AATETCTRTATATAC
Galago 1259 G- AA- (GBETTCCCAGAC! ACHGCICE- CAT ATAACT CAAATTATAAGBCCIBGGTCCGRG T licTlicTT TTCCGRTAAT-ATGTTT- - BACHCHGGGCH- - 8- -------- [TCCRTATAT(AC,
Lemur 1249 K- AAR] (GBI[TTCCCATG ACTATECE- CARTC- G- - CAAAACT CAAATAATIAABCCICACCCATC - TTCC-MTAAT-ACACTT- - ACHC B [TCARRATARAT
Tarsier 1204 A- AAA |ABH|TTTCCAAGC] -ATGCAC- - ACEATJCH - C. cA- AACHAATITAACCHAAACCCARC GTATHCCHTCC TTCCTRTAAC- ATATTT- - BACHCGT CCA- - BT - - - - - WATEACTEEATARGC -
Rabbit 1290 A- AAA TTATTTaTTTAGH GecT ABRTTTCTTGTC! - TTECAACA] AlTHAGCC] ﬂl!.::n TGCTGETTAAAATGTC ICACAGGGIEIMIAATACCCAGCTATGCCCACAACHCHAGTT) 7 ART CAAABCCANGGCAAGCAARAT G- - - A 1545
Mouse 886 - - AGACCCTTCCCTAGAATC TTTl ICCATCC- - -ICAT-GGCA| AAA- - - TAATTHC- - - - - - ATEACTTATT a>_—1Ln ““““ T CCATCROCARC oo ACAATAGAAGAT - - - - CIACAAG- - - - -8 - - - - - AAAAAGCIGCTCIGTATITATGCAAA 1065
Rat 1287 ACAGACAGACAGACAAABAC- - CACACACACACATAC- - AC CHCCCC- - - CCTTEAGTARCTHTCAAGHGCCARITATCTTC- - [iC. MTGAGGCCHAGAGAATECCTECAA: - - - TCHlicA T IGACTHTGHGCAG GCAACTACAGATG- - - THABGAGTHTARE- - - - - - AATAAAATICATGHTCATHAAAGAAAA 1506



Supplementary Fig. 13-2

Human 1297 Al T |CTCC- CAG- - - - ECTEA - - -[cClT ¢! AAC] -~ - CCAACA-TCf-CT- - - GEC] AGGTC- - - CCAI -ACCGTTTCAGAATATGCACTTTCTTTCTTTTTTGITTTT
Chimpanzee 1295 A | [CTCCR- CAG- - - - CCTCA cCll- - - ficcliTC| AACERCT- - - - - --- CCAACA-TC-CT---GEC AGGTC- - - CTAC|
Macaque 1300 A c! T cTCC] ccll- - - fcclTC| AAC] ---CCAC
Baboon 1291 ARG | T cTcdl cCll- - - ficcTC AAC] - - - CCAC]
Marmoset 1289 AlRG c| c cClif- - - fcclTC| AAC] -~ TCCAAACGTCITCT- - - GCC| CHAAATTTC- - - TCA
Titi_Monkey 1296 Al c! CCR- - - {ccTc! AAC] -~ TCCAAACGCCTCA- - - GCC| ABAAACTTC- - - TCAC|
Calago 1472 AT THTET ccli- - - llccllcc| AAC -~ CCGAAATTTC -Ted] ACAGAGGCT- - - CTAT|
Lemur 1450 ARTCCAAGTIRGTGTATHTIN- - - - - --- - - cTlicT TRCHT ccll- - - ficciicC| TOEAACKC- - - - -~~~ - oo TTA AGTC- - - CCA
Tarsier 1423 GCTC- - THTHCET CCR- - - [T CliGT! ATBAACEECTT[C- - - - TTCAAGCTTGTTT- - - GEC| TGl
Rabbit 1546 THGET CAAANAATTGCRTIM------------ TGRGGCCAGCACACGGEMC. u CCAGGGHTCHAGENCCGHTTGCMCCTCTCCAGTCCAGCTCTCRGCTGTGGEC C
Mouse 1066 TAGHTGGAA- GAAAACHCHATAG- - -~ -~ - - _n> - ACAAAGGAAGGCAAAACA IGAAAC- - AAGAAG- -~ AAGG- -~ - - AAGACCAAAGEG-- - - - - TGGAC--=—--~ == ACT| -
Rat 1507 THAMTGGAATIGGCCAT 3-:&» ...... CGHGACCATEATAAGG- GCCCATATG ..r..o«ln»j ATAAAAATCACTABT TIENAAAACAACATTTAGCATATCAAG- - - CAAGCHICAAAAAARATACHC- - - - - - TGAATGATHGAAA- AACTHTTABATG- - - - Cj AAATTCCAACATEAATAGAA]

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Human 1485 TGTTTTTTTTAAGTCAAAGCAAATTTCTTGAGAGAGTAAAGAARTAAACGAATGACTACTGCATAGGCAGAGCAGCCCCGAGGGCCGCTGGTTGTTC-CTTTTATGGTTATTTCTTGATGATATGTTAAACAAGTTTTGGATTATTTATGCCTTCTCTTTTTAGGCCATARAGGGT ARGl TCTGACATTGECATGGCATTT- -~ n = m o me oo o TTC-TTTTAATTTAATTTACTGTTACCTTAAATTCAGGGGTACACGTAC 1733
Chimpanzee 1480 TGTTTTTTTTAAGTCAAAGCAAATTTCTTAAGAGAGTAAAGAAATAAACGAATGACTACTGCATAGGCAGAGCAGCCCCGAGGGCCGCTGGTTGTTC-CTTTTATGGTTATTTCTTGATGATATGTTAAACAAGTTTTGGATTATTTACGCCTTCTCTTTTTAGGCCATANAGGGTAACHECCCGACATTGECATGGCATTTGTTTT -~ -~~~ TTC-TTTTAATTTAATTTACTGTTACCTTAAATTCAGGGGTACACGTAC 1733
Macaque 1484 - - - - - TTTT-AAGTCATAGCAAGTTTCTTAAGAGAGTAAAGAAATAAAAGAATGACTATTGTATAGGCAGAGCACCCCCGAGGGCTGCTAGTTGTTCATTTTTATGGTTATTTCTTGATGATATGTTAAACAAGTTTTGGATTATTTATGCCTTCTTTTTITTAGGCCATARAGGGT AACEIICCTAACATTGECATGTCATTTGTTTTITATTTTITIC-TTTTGATTTAATTTAATTTTACCTTAAATTCCAGGGTACATGTGC 1739

— Baboon 1475 - - - - - TTTTTAAGTCATAGCAAGTTTCTTAAGAGAGTAAAGAAATAAAAGAATGACTATTGTATAGGCACAGCACCCCCGAGGGCTGCTAGTTGTTCATTTTTATGGTTATTTCTTGATGATATGTTAAACAAGTTTTGGATTATTTATGCCTTCTCTTTTTAGGCCATARAGGGTAACEIICCTAACATTGECATGTCATTTGTTTTTATTTTTTTC-TTTTGATTTAATTTAATTTTACCTTAAATTCCAGGGTACATGTGC 1731
Marmoset 1485 - - - - TTTCTTAAGTCAAAGCAAGTTTCTTAATAAAGTAAAGAAATAAAAGAATGGCTACGGCATAGGCAGAGCA- CCCCCAAGGCTGCTGGTTGTTCATTTTTATGGTTATTTCTTCATGGGCTCTTAAACAAGGGTTGGATTATTTGTGCCTTCTCTTTTTGGGCCATANAGGATAACHECCTAATGTTGECATGACAATTTTT -~ nmnmnnn TTCGCTTTAATTCAGTTTTATTTCACCTTAAATGCCGGGGTACGTGTGC 1733
Titi_Monkey 1484 - - - - TTTTTTAAGTCAAAGCAAGTTTCTTAATGAAGTAAAGAAATAAAAGAATGGCTACCATATAG - - -~ CTGAGGGCTGCTGGTTGATCATTTTTACGGTTGTTTCTTCATGATATGTTAAACAAGGGTTGCATTATTTATGCCTTCTCTTTTTAGACCATARAGGATAACTICCTAATGTTGECATGACAATTTTT - - oo TCC-CTTTATTTCAATTTTATTTCACCTTAATTTCCCAGGTATATATGC 172]]

Galago ---- 1641

Lemur
Tarsier
Rabbit TGACAGACCAGGARGA- ATTTGGGGAGTGAACCAAT 1813

Mouse 1208 ===« -=x-x-nnx CAGAGACA- AAGTTTGAAGCT-- - - - GG CAAAA GG AT - - - - = - = o o e o o e e o o e eeooaoaen CTAGAGACI- - - - GTCATATECA- - - - = - = - o = m = o o e o o o e o o o o o GGGATCC 1273
Rat - CATAGACATAAATTGGAAGATTAGAAGAGATACAGTGA GGAGGGACHCATGGCTTCAGECA- CATATGT 1779

Chimpanzee 1734 AGGATATGCAGGTTTGTTTTATAGGTAAAAGTGTBCCATGGTTTTAATGGGT-TTTTTTTTTT--- CRTGEAAACTTGTTTAA---GTTTCTTGTTTACECEGGATATTAGACCTTTGT CAGAABAATAGATTGGAAAATTTTTTTCCCATTCRGEAGATTGTCT-TTCGCTCIBATGGAGTTTCTTTTGCTGTGCAGGAGCTCTTTAGTTTAATTAGATTCCATTTGTCAATTTTTGCTTTTGCTGCAAR -
GGATGTTAGGCCTTTGTCAGAABAATAGATTGCAAACATTTTTCCATGTTCHGEAGATTGTCT-TTCGCTCMBATGGRAGTTTCTTTTTCTGTGAAGGAGCTCTTTAGTTTAATTAGATTCCATTAGTCAATTTTTGGTTTTGCTGCAAR-
Baboon 1732 AGGATATGCAGCTTTGTTTTATAGGTAAATGTGTHTCATGGTTTTAATGTTT-TTTTTTTITTITTTCHTGRAAAGTTGTTTAA---GTTTCTTATTTACHCHGGATGTTAGGCCTTTGTCAGAABAATAGATTGCAAACATTTTTCCATGT _r—r—>n>:n43.:nnnqn TGGEAGTTTCTTTTTCTGTGAAGGAGCTCTTTAGTTTAATTAGATTCCGTTAGTCAATTTTTGGTTTTGCTGCAAR -

Human 1734 AGGATATGCAGGTTTGTTTTATAGGTAAAAGTGTCEATGGTTTTAATGGGT-TTTTTTTTT - -~ - CTG) >>>n:n:;>...nan:n:;n—n GGATATTAGGCCTTTGTCAGAABAATAGATTGGAAAATCTTTTTCCCATTCGAGATTGTCT-TTCGCTCATGGAGTTTCTTTTGCTGAGCAGGAGCTCTTTAGTTTAATTAGATTCCATTGGTCAATTTTTGCTTTTGCTGCARR-
c|

Macaque 1740 AGGATATGCAGGTTTGTTTTATAGGTAAATGTGTCCATGGTTTTAATGTTT-TTTTTTTTCTT- - CTGAAAGTTGTTTAA---GTTTCTTATTTAC

Marmoset 1734 TGGATATGCAGGCTTGTTTTGCAGGTAAAAGCGTBCCGTGGTTTTAATGCGG-TGGTTTTTTT- - - CRCABAAATTTGTTTAA---GTTTCTTGTTGAC] GATATTAGATCTTTGTCAGAABAACAGATTGCAA---TGTTTTCCCGTTCRARAAGTTGTCTGTTCACTCIBATGGTGTTTCTTTCGCTATGCAGAAGCTCTTTAGTTTAATTAGATTCCATTTGTCAATTTTTGCTTTTGCTGCAAR-

Tit_Monkey 1722 TGGATATGCAGGTTTATTTTACAGGTGAAAGTGTECCATGGTTTTAATGCGG-CTGTTTTTT- - - - CHCABAAATTTGTTTAA- - -GTTTCTTGTTGAC SATATTAGATCTTTGTEAGAMBAATAGATTGCAMA- - TTTRTTCCCATTCHARAAGTTGT CTCTTCACTIT AAGT TT CTT T GCTCTCCAGAAGETCITTAGTTTAATTAGATTCCATITGT CAATI TTTCCTITTGCTACAME
Galago 1642 == = = = == === == === m = oem e eoemmoem e e oo CUTARAR- - s TTGCHC -
Lemur 1585 = = = = = = = = = == == = m e e e e eeeeoaeeoaoeoeeceoeeoeo e CTAGGA- - n - mm e mm e em e CAACHA -
Tarsier 1563 =« = = = =« = < = %= % = ==t ottt e emassm s et mm s e e e - TTAGR- < e em e e os CCAGC] -
Rabbit AATAAAAAAAAAATGTTTTCTGTCACCH ACCAGGATTGAG- - - TTCCTACCTTGGCT |
Mouse 1274 ATCCCATAAT ==~ =~=-==TA===-=------BCETCCAAACGATGACA=- -~ -~~~ CCATG-=--=-=-==-=-=omumuu= CA-TACAC] [TTTGAAGCAAGGA- -~ CCATGATATAGCIGH- -~ - -~ -~~~ - CTCTTGMMAGACHAG- -~~~ ~~GCCG==========-=-=e-=oeommemumeeGGGCCTAGCA= === mmmmmmm == A

CTCACTTECE T TGAGCTGOCAG. - - TCGGTAGCT COCMGRGAGTCGGAT CATCTTCARARAAGHAG. - -~ - CGGCTGCAGAAGGGCGGAAGGCAGACT GCOGARACCCGATARCATT -+ - oo i

TCTCTAATCCATCTGGAGTTAATTTT-GATAAGGTATAABGAAGGAGTCCAGTTTCATTTTTCAGCATATGGCTAGCCAGTTCTCCCCCATCATTATIJAAATTGAAAATCCTTTCCCCARGCTTGCTTTTGTCAGGTICTAAAAGACCAGATGGTTGTAG 2245
I TCTCTAATCCATCTGGAGTTAATTTTTGBATAAGGTATAABGAAGGAGTCCAGTTTCATTTTTCAGCATATGGCTAGCCAGTTCTCCCCCATCATHTATAAATTGAAAATCCTTTCCCCATIGCTTGCTTTTGTCAGGTRECTAAAAGACCAGATGGTTGTAG 2247
TCTCAAATCCATCTGGATTTAATTTTTGBATAAGGTATAABGAAGGGGTCCAGTTTCATTTTTCAGCATATGGCTAGCTAGTTCTGCCC-ATCATTATHAAATTGAAAATCCTTTCCCCARIGCTTGCTTTTGTCAGGTIRECT CAAAGACCAGATGGCTGTAG NNE—

Human 1987 GCTTTCAT CATGAARTCTGTGCCCGTGTTTATATCATGAATAGTATTGCCTTGA--TTTTTTTCTABGCTTITTTATAGTTTGGGGTTTTT-CAT
Chimpanzee 1988 GTTTCCATCATGAAATCTGTGCCCGTGCTTATATCATGAATAGTATTGCCTTGA--TTTTTTTCTABGCTTTTTATAGTTTGGGGTTTTT-CATC)
Macague 1995 GTTTTCATCATGAAATCTTTGCCCATGCCTATATCATGAAGGGTATTGCCCTGA--TTTTTTTCT
Baboon 1989 GTTTTCATCATGAAATCTTTGCCCGTGCCTATATCATGAATGGTATTGCCTTGA--TTTTTTTCTA
Marmoset 1986 GTTTTCCTCATGACATCTTTGCT-GTGCTTATATCATGAATGGTATTGCCTTGATATTTTTTTCT,

ITCTCAAATCCATCTGGATTTAATGTTTGBATAAGGTATAABGAAGGGGTCCAGTTTCATTTTTCAGCATATGGCTAGCTAGTTCTGCCC- ATCATITATHAAATTGAAAATCCTTTCCCCARIGCTTGCTTTTGTCAGGTIICT CAAAGACCAGATGGCTGTAG 2248|
TCTCTAATCCATCTAGAGTTAGTTTTTGBATAAGGTATAABGAAGGGATCCAGTTTCATTTTTTAGC TATEAAATTGAAAATCCTTTCCCCARMCCTTCTTTTTGTCAGGTIICT CAAAGATCAGATGGTTATGG 2235]

TATHAAGTTGAATATCCTTTCCTCARGCTTCTTTTCGTCAGGTIRICT CAAAGAT CAGATACTTATGG 2232

— Rat

Tii_Monkey 1974 GTTTTCATCATGAARTCTTTGCT- GTGCTTATATCATCAATGGTATTGCCTTGA- - TTTTTTTAT TCTCTAATCCATCTTGAGTTAAATTTTGEATAACGTATAABIGAAGGGATCCAGTTTCATTTTTTAGCATATGACTAGCCAGTTTTCCCACACCAT|
Galago (GACHA- - - -~ - -~ - -~~~ -~ 1694
Lemur cAcHA--- - -~ 1637]
Tarsier CATAA - - - < - wo o co e —CAC|- == === === == eo s eeoeooiooooo 1607}
Rabbit 2031 GTTTCCAGCATTTARACAATG= == = == n == wm == wmmwm o wm o wm o om o oo o oo = = TATAATTATTTGGCTAAGT GAATGTTTTGCTIRIARAA - - = - = = m = = m == e = = - AATGATGCRACCATCAATTT GGTHATGTAG- - -~ -~~~ -~ 2144l
Mouse ---GAGCTAGA---- AAGTATCCAA| ABA- - - -~ GAGATCTG= - -~ -~ 1489

Rat 1987 ATTCAATAAAAGGAMATAAA= - - === === == =m o smoomooomoomooooooooo oo ABATAGTACAGA- - CAAAGACATTCTCAAAGAABTCA- - - - - - ATACAGGTTAGATTCCTGBAAAGGACTGAA GAAABAAGGAAAAATGT - - - - - - CAIC- -~ === ===~ =~ - - - [MHCTCAGACT - == == == === - - = 2113,
— — - I S S S S . S . . L
Human 2246 GIJACAAAT- - - - GCAGICHNCAABT CATA- - {AA] ] ATGTAT- G- TCIjAGHCA - AT[- - - CTCABAARTAAGARAAR GCA AATGARACHCAT 2436
Chimpanzee 2248 ATIACAATIA - GCAGERHCETCAAGT CAFA- - [AA| G ATGTAT- G- TCHAGERCA| - CTCABAATT! GCA AATGARACIMICAT 2438
Macague 2254 ARACAARA! | TCARA- - HAA] A ATGTAA- - Tellacliic - CTCABAARTAAGAAAAA (GCATA - GAAACI[AAT 2441
Baboon 2249 ANACAARA | TCARA- - {AA ARM[- -~ - -~ ---~------TCAG---HATGTTA- GCEGENCHC- - - - CRCHACHCACHAR- - - - AGHGABGECACC- - - - ATNABAC- - ARAA- - - - - - - - - - GAATCI- - TClf- - - - - CATGEA, - - - CTCABAART GCARA AAT 2432
Marmoset 2236 AJBACA, i GCliA- - [AA c - TCHACRECA - CTCABAARICAA- ATAAATA TCARA AAT 2422

Titi_Monkey 2233 ARACA c TGARA- - [GA| c| GG T GHGGIRAA -CTCA AA-AAAAA TCATA AAT 2419
Galago 1695 - - ACAGIG c TCARA- - {AA | ABCAAC- - - - ABIABA - - - - AGA- - -~ -~~~ =G =~ =m = oo o oo GCARA AA- 1841
Lemur 1638 - - ACAG[G| | TCARA- - [TA] cC A ACAT A AA- 1823
Tarsier 1608 ACACAG| C TCAG- - [AA| Al C--- - CHTHGT A GCATA AA- 1790
Rabbit 2145 AJCCC cccAcccc AACACARACCC] ATABCTHAAGTGCHTGGT iAAAATIA! cTC 2372
Mouse 1490 A AACIAACCAC AR A TGS C TCGGCCATCART- - - GGAA GGCCAAA- - - A G- - GA GGGT 1657

Rat 2114 - [MAT AATC} CACHGTGHTARAT- - ATCl - - - - AlAC] ABMIACCAATCAGGTAAATTTGAGTTTIACAACTAAARBAACHAA- - - - - CMAAATAGCANT- - - AGHATEAC JAACTGAGCCHAARNATIGAGT TTATHTTACACTTACHGAT TAAACKCAA; IGTTAR CAGG 2335

Human 2437 GGATGACAT ATGGAATCTAATATG| GCAAC- - - A >->
Chimpanzee GCAAC- - - ARG

Macaque ATGGGACCTAATATG| GCAAC- - - ABGAA

Baboon ATGGGACCTAATATG| GCAAC- - - ABGAA

Marmoset GATGAAACCTAATGAC| - ABGEA
Titi_Monkey )
Galago A
Lemur <
Tarsier IGAAT AAf T
Rabbit T- AAAAS 1)
Mouse )
Rat TTRCACT- TGA

AREAAT CATICGAARACAAT) ACABCCACAAACA GAAAGTGACTGCAGG

Human

Chimpanzee AATAATCARGGAAAACAAT] ACABCCACAAACA- - - - - - - - IGAAAGTGACTGCAGG
Macaque AATAACC AAC
Baboon AATAAT CABIGGAAAACAGC
Marmoset ATTANGAAAA - CAAT
Titi_Monkey TTABGAAAAACAAT|
Galago CAGECAGCANAGAAAACATT| cc
Lemur AGEGAATARAGAAAACACT)
Tarsier CCRGAGCACAGGAAACAGT|
Rabbit AGECCATGCATGRGARATA- AAT)
Mouse ---CGTGR-=-~-=--~ JAAAAAATAN- - - TAAAAA- - - - AT - - TTTRTCATAAGTGTTTCATAT, GAl <4>nnﬂ —.4 n IGAAA - AGECTCAAR-
Rat |.|.—n._:—>hqh.—nn.—dnnnn JABAACTCAC- - - TAACATACCATCHTEGCCTCAAAACATA| TTTE-CATAAGTGGTTCATAT, CTANCA JATTAGAGACCTCAAAC] IAAAATAGEICT CAA] WAACAATTAT--




Supplementary Fig. 13-3

Human c- CfijA GAGG - ACAGAARTCE- - - - - AREGAG [AGEBCCAR - - - [JAAABG- ACAT G- ACCRGAAGTT T CCCCACAAC] [CCAC] CGATC| TAATC]
Chimpanzee C- CliA GAGGIATE - BCAA - - - BBAACAGAAATECH- - - - - AABIGAG AGBECCAR - - ABG- ACATG- ACCHGAAGTT TCCCCAGAACCA CCA TAARC
Macague C- il GAGGIATE- BCAA - - - BGAACAGACATHICE - - - - - AATITAG AAGECCAT - - ABG- ACACG- ACCIIGAAGTG, TCCCCACAACHCA Y CCA TAARCIARTBET IGCC- - - - -~ ------ - -
Baboon C- ClijA (GAGGIATE- BCAA - - - BGAACAGACATHICE - - - - - AATITAA AABGCCAT - - ACATG- ACCHIGAAGTG TCCCCACAACHCA iCCAC] TAAT(C]
Marmoset C- CllA AAGGEATE- BCAG - - - BBAAC- - - CARRCE- - - - - AARTAG CAR- - ACATG- ACCHIGAGGTG TCCCCACAACCA TAARC
Titi_Monkey C- il ARG- BCAA- - - BGAACAGACATIICE - - - - - AATITAG CATl- - ABG- ACATG-ATCIGAGATG, TGCCCACAAC TTTTCTTC- -ATATCAI TAARCINCTBET G CA- - - - -~ --------
Galago C- THA GAGTHGEE- TCAA-- - C- - - - - - ATARMCH- - - - - GGH{CAG TAG- - - JAGABA - GTAAATACCHGACCTA TCTCCATAACHCA TATTTATCGAAAAGAAG- GATC| - GAA
Lemur C- THA IAGCGiG! ACATATARACH- - - - - s cAflcAc CGJf- - - MAGABA - GTAAGTACCHGAGCTA TCCCCACAGATAA TA| TTTTCCTC--ATTTCAN- GATC| - AAGAGAAAA]
Tarsier CATCC TACARGIAA] ;710 T EAAAAATICCCCT AAAATET - CAA A - GECCAN- - - MAGABG- - - - -~~~ - oo CAAAACHGAT GG e - TRAAA - ATAATTCIHC 7B TRIIECC- -~~~ --------
Rabbit >nnn CHGAAT - CAGCAGG TGTTCACAGECH- - - - CARAAGCARTAC TRCCAT - TAGTGCC: THCAT CCCA- - CCCACAAAGGAG - - - CACTARCTRCEACE - CECAAAAGGGCIRCCHTRGH
Mouse G- CATGATTCTRCC TS BANCTHTACACT TAGCTTATACIAC- - - AACA] :C;nnn); AWATATATANATARATATATATATATAC GECTTACTABCTCCCAAATACCA, y ATTCAGEGAACTAARAC] qnmg.—»—»»ﬂ.n» GAACIIIICTCACTCTACCAACTTTICA 2136
Rat GC- CliTGBTTCTHCCTTRANCTECAGAT TIRTACCCTACACHAC- - - AACABAGCAAGHC- TCCCHGCA- ATAAGAARAATATTAAAAAACCHICTTTGTCTTHGECTTTCTATCCCCCCAAT ATICA ClA- - ABTAR- - - - GGG CCOCHT------- - AATCARNTAACTAARACHGCC AATCT) AAACIEICTCACTCTAACAACTTTIRCA 2922
Human 2966 RAC[- - - - - - - g WACTTTCCCC- - ATGTCCIA- - - - A - - AAAA - - CAGGAA- - - - -~ -~~~ -~~~ cTjecheTean- - i —a» A CACATGGG- 3132
Chimpanzee 2968 AACH- - - - - - - AACTTTCCCC- - ATATHCCEA- - - icc A Al CACATGGG- 3134
ATGT[HCCRA- - - icc| Al Al CACATGAG-
AACTCTCCCC- - ATGTRCCRA- - - - cc A Al
AACTTCCCCC--ATGTHCCEA- - T A Al
GCAT/HCCRA- - C G c| A
AATCTTTCCCG-ATTTRCCEA- - T A T Al CCTCCAAA
ATTTHCCEA- - C T A ICCTHTAAG-
E TC T AA- - - - AG-
na- (CAGGGCIIATAT AACAAAGCACAGART CTTTECTTTGCAGCTEIGCACC TC. TTGTIGGGANG- - - - AATIAG- - - CTHCINT GAAGCITABCAATTGTTA| - AAAGCAGABITTACAGABAGAGAT GGAGACACACACACACACACACACACACACG-
TAATCACACATAC- -~ -=--~-~ ACTCCCACACATGCACICTIECTATACA] CTITACAAATTCGCTTTBRGAG- AGAGAR- - TTATATHGCAATCTET CTHGCHANTAAATTGTATT - C - THCAARGAAA- ATCATGGAC
ARATCACACATAC - -~ - ===~ ACTCCCACACATGCACHTTHGCACAT) CTRTACAAATT TTTHAAG- AGAGANATTTACACHG- - - - - - ITCTHGCAANTAAATTGTATT - RCAAA] GG - THCAARGAAA - ATCATGGAC
Human 3133 BGE- - AT AACT| A e THACACAC- - ARAC- - GEACA| AARATARACHG- - ClTCTETCTGCCGETGGA u - GT[RlIGAGACH- - - - CAJGA]
Chimpanzee 3135 BGIE- - ART AACT| A & GBACAG AAAATAAACHG- - - - - CETCTCTCTGCCGETGGA TBCTl------- GTIGAGAC| GA
Macaque 3142 BATE- - AC AACT A u GEGCAA AAAAT AAAGHG - - ATCTCTCTGCCGRTGGA u - GTRHGAGAC GA|
Baboon 3134 AT - - A|C AACT] A u GEGCAATAAGT CTTAAG AAAATAAAARNG- - ATCTETCTGCTGETGGA T - GTFHGAGAC GAJ
Marmoset 3105 AR - - ART AACT [ GBACAATAAGTTTTAAGGTAAGA, G----- ARTCTCTCTCCCGETGGAAGNG- - HGCCCIETCRATRCTHGAAARGECTR- - --- - - GTEHGAGAT GA|
Titi_Monkey A u AACT GBACAATAAGCTTTAAGATAAGA, GAAATAAACHA- - GHTCTCTCTCCTGRTGGA - GCIENGAGAT GA|
Galago THCTRATGTT T c GABATAA ICHATAATTGACHG- ~ACATGTGAGACCAA, A - GTCIAAAGCA- TGl
Lemur 2495 G- - ANIT! AACT c| | GABACAA! CHATAATTGCTHG- - - - - TGAAATGTGCAAGACCAA ABAATA---- - - ATCCAAAACA- - - - TTRTAAA
Tarsier 2360 - AR AACG] A i IAAABACAAAC - - AAACAAACAAACAAAAC nan»n-t; CBACAATAGACT CTGAAAGGAAA, IAAAATAAACCA- GETTCETCTCCCACTGGA T -GT[MGAGATR- - - - TGHGABAATAAAGTAAACTGGGCATTTGTC 2583
Rabbit 3080 MAAGAARCHTCCATTCAC G IGACABCCABGTCTAGGCCAAAGC- - GGAACHICCATCGGGTCATCCCCTIRBACHGCA - - AGGECCCA - -AACACTTGGGTGATIA- CTGCTGETTTCCCABGCTTAT) ACTAGGGACIICAAAACBGCATTCCTACA- - - - - --- 3287
Mouse 2330 AAJRA - - - - - - == - -~ - - - [CTHGAGCTAAT CAGAATAATTA AAAG - --AATGCTACAAACTACAGGA- AGGAAAAAGGAAGAAACCACAGAA GATCATGTGTABAAARATHTCTHTCT THBAANGCHCTRTCTG GT - - - GAAARMIAGAAABA - - TTTITA- AAATT - - - 2520
Rat 3143 AARMIG- - - - - - BACCAl AAAC- ATICHGGEBBCTGAGCTAATCTGAATAATAA -MARATGCTACAAACTACAGGA - AGGAAAGAGGAAGAAACHAGAGAC! A TCATCTCT ABAATAATHT CTHTCTTHBAARIGCHICTIT CTGCTATANAT - -~ GAAA ARARGHG- - TTTITABAAATT - --- 331

[AGACACGT - -[ARAGACA Al
AGACACGT- -AAAGACAA Al
AGACACGT- -MAAAGACA, Gl
AGGCATGT- -[AAAGACA, Gl
AGACACAG- -{GAAGACA, |
AGACACGG- -ACAGACAA

- [CAAGAAAA cf

GAGAAAAA G|

CAGGCCEACABC - c GAGGGAA, G}
TTTTGCAA- BCABCAACTG AT! U Acacac CAGEGAGAAAGABAGAGAGAGA G T GEACGCTGC
TGTTCCTTAAAATTATGTTCTGATTGGCTGET] 31:2” AAGT CACCCAGITTCCTAAAGAAAACACACACA CACACACACACACAC- - -~ --=-=-=-~ ACACACACACACACACCCTCATATATAGATTCATAGATATGGTATA 2710

TATTCCTTGAAATTGETATCTTATTGGCTTET) T- caglaacc AAGT CATRIGAGHCTCAGAAAGAAAACACACACA - CACACACACACACAC - ACACACAAACACACAC - 3505

Human TCCTETHGCTT
Chimpanzee TCCTCTRGCTT
Macaque IATACTCTRGCTT-
Baboon >.>04n4 IGCTT-
Marmoset
Titi_Monkey >-a:nq-a>:
Galago JACTCTCCICACT
Lemur JACTCTCTRTGTT
Tarsier TTCTET[CACC
Rabbit bl ACTGCCCRTCTG A~ -
Mouse 2711 TATATGTGAAAATACTGTTGTAGTAAATCTGCCTATACTGCAGG, Al ICACATAGCCCATGTTTCTGAACAGATAAAAATCACAAGABTCAGATGTT 2973
Rat 3506 - ===~~~ AAATAC- -~ === mmmmmmmemceeoaan e o e e T ABACAGA- - = - = = = = = = = = = o e eeeecceeeeeooooooe CACA- === s mmmmmmmeeecaaoon CACAAGAAT-------- 3537
Human | 3584
Chimpanzee G| 3586
Macaque G| 3609
Baboon c 3601
Marmoset G| 3551
Titi_Monkey Al 3596
G| 3033
G| 2935
IC G| 2875
GCTGCAGGGGGATGAT) >>n; CCAGETG! ARTAATAGTAATCAC 3713
GEAACAAC- - - ATAACCHGCTABGETCCACTTTATTATTTCCATATTTCCCTCATAGGACCATTATTTATTAGTTTCTARAGTAI Al TTAACATA 3229

Human CHAAATGBCATA - - KAAARCACABTA- - - - TR CCCC] 3670
Chimpanzee CRAAATBGATTA - - AMAAACACABTA- - - - TRICCC 3672
Macaque CAAAATEGATTTT- AAAAACATGETA- - - - TRTCCC 3696
Baboon CAAAATBGATTTT- AAATACATGEBTA- - - - TRECCCCRTA 3688
Marmoset CAAATBGATTA - - AAAA- CACCAAA- - - - TRIcCC- 3635
Titi_Monkey CEAAATBGATTA- - AAAAACACTEAA - - - - ATAAAACCCAGET I CCC 3679
Galago TEAAATGGATTA - - TAAAACACAAGA- - - - AAATACCT AA| n GCT 3118
Lemur TEAAATAGATTT - - AAAAACGCAAGA- - - - ATAACT CCCA GCT 3019
Tarsier T RAAATGAATHCAACAAARCACTBTA- - - - ARAATACCT CARTRRGCTT 2960
Rabbit (CTIRAG TG T G T CCAAACAGAAGETAG- - - AFAGAA- - - - - - - AfCCTT) 3799
Mouse AATAT GGATATABAA - AGIRAACIT CATICCTTAGAGAGAATEAT CATGARATAGCCATEECCRACT: 3336
Rat - ATGACABGECATTHCGATAT ABAA- HAGEAACKT TABCCT - AGAGAGAATHAT CGTGARIATAACCATENC CIACT CIA 3619




Supplementary Fig. 13 Multiple sequence alignment of the gene locus
corresponding to BGLT3 in 12 mammalian species, including humans.

The predicted BGLT3 sequences of 11 mammalian species were obtained from the
National Center for Biotechnology Information (NCBI) database, and were inferred
based on the human BGLT3 sequence (3670 nt, see Supplementary Fig. 12). The
alignment of 12 mammalian species was assessed by JalView. Bases with over 70%
conservation in the alignment columns are colored (green: A, blue: T, red: G, and
orange: C). The region enclosed by the dotted black line represents well-conserved

sequences among Human, Chimpanzee, Macaque, Baboon, Marmoset, and Titi Monkey.



Human (Homo sapiens) 100/100/100
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1000 L Baboon (Papio anubis) 91/89/95

Marmoset (Callithrix jacchus) 86/74/94 .
Aligned score to Human

1000 |_____ Titi Monkey (Callicebus moloch) [ ][? 86/74/95 (BGLT3/BGLT3 / B-globin)

[3670nt] [1687nt] [444nt]
Galago (Otolemur crassicaudatu) 66/40/89
1000
I— Lemur (Microcebus murinus) 71/48/84
e Tarsier (Carlito syrichta) 68/40/89
Rabbit (Oryctolagus cuniculus) D 55/22/90 D 52/22/82
o2 [ Mouse (Mus musculus)

1000 | Rat (Rattus norvegicus) D 51/21/83

ouict rialtiridals

Supplementary Fig. 14 Conservation of BGLT3 sequences and expression timing of
B-like globin among various mammals.

Molecular dendrogram of the BGLT3 gene and expression timing of the B-like globin gene.
The phylogenetic tree was drawn based on the neighbor-joining (NJ) method (1,000
bootstrap repeats). The numbers above branches indicate bootstrap support values of the
NJ method. The phylogenetic analysis was visualized using Molecular Evolutionary
Genetics Analysis software. The expression timing of the 3-like globin gene and the
hierarchies of biologically relevant groupings are based on multiple studies®®. Alignment
scores between the human BGLTS3 (long or short, see Supplementary Fig. 12 and 13) or 3-
globin gene and those in other organisms were evaluated using the default options of
ClustalW.
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Supplementary Fig. 15. Reagents and conditions:

(a) EDCI-HCI, HOBt-H,0, DIEA, DMF, rt; and then AcOH, 60°C ; (b) HCI/EtOAc, rt; (c) EDCI-
HCI, HOBt-H,O, DIEA, DMF, rt.

Abbreviations: Boc, tert-butoxycarbonyl; DIEA, N,N-diisopropylethylamine; DMF, N,N-
dimethylformamide; EDCI, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; HOBt, 1,2,3-

benzotriazol-1-ol.



(0]
1 2 3 rac-4 rac-5
(0]
d 0 S OH e o .
N ] + \ NH - > O, ~ N OEt
OEt \ H
H,N NH (0]
(0]
rac-6 7 rac-8

f O HzN g o H
- - o) *__OH + _— o) <N
S N ~ N N
Yni Poo =N Yni Po
N

rac-9 10 rac-11
11 (RK-701) ) h
R-11 (RK-0133114)

Supplementary Fig. 16 Reagents and conditions:

(a) tertBuOK, DMF, 70° C; (b) aq. KOH, EtOH, rt; (c) 1,2-diCIPh, 110° C; (d) TFA, CH,Cl,, rt;
(e) EDCI-HCI, HOBt-H,O, DIEA, DMF, rt; (f) LiOH-H,O, EtOH/THF/H.0, rt; (g) DMT-MM nH.0,
DMF, rt; (h) CHIRALPAK IA.

Abbreviations: Boc, tert-butoxycarbonyl; DIEA, N,N-diisopropylethylamine; DMF, N,N-
dimethylformamide; DMT-MM, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride; EDCI, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; HOBt, 1,2,3-benzotriazol-1-ol;

TFA, trifluoroacetic acid; THF, tetrahydrofuran; Ts, p-toluenesulfonyl.



Supplementary Table 1. Structure-activity relationship of G9a inhibitors.

G9a activity was measured by the AlphalLISA-based assay. Data are mean = SD
from three independent experiments.

Compound Structure IC50 (uM)
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Supplementary Table 2. Selectivity against 4 DNA methyltransferases and 33
methyltransferases.

Compound was tested in a 5-dose IC50 mode with 10-fold serial dilution, in duplicate, at 10 or
100 pM. Control compounds, SAH (S-(5'-Adenosyl)-L-homocysteine) and Chaetocin, were
tested in 10-dose IC50 mode with 3-fold serial dilution starting at 100 or 200 uM. Reactions
were carried out at 1 uM SAM. Curve fits were performed where the enzyme activities at the
highest concentration of compounds were less than 65%. ND indicates compound not tested
against enzyme.

Methyltransfer IC50 (uM)
ase RK-701 SAH Chaetocin
ASH1L 79.4 ND 0.093
DNMT1 > 100 0.13 ND
DNMT3a >100 0.30 ND
DNMT3b >100 0.11 ND
DNMT3b/3L >100 0.05 ND
DOTIL > 100 1.70 ND
EZH1 >100 22.8 ND
EZH2 >100 13.8 ND
EZH2 (Y641F) > 100 64.1 ND
G9a 0.023 6.62 ND
GLP 0.053 3.86 ND
MLL1 >100 1.3 ND
MLL2 > 100 11.6 ND
MLL3 >100 49.7 ND
MLL4 >100 11 ND
NSD1 >100 56.6 ND
NSD2 > 100 3.3 ND
NSD2 (E1099K) >100 6.5 ND
NSD2 (T1150A) >100 7.2 ND
NSD3 > 100 ND 0.15
PRDM9 >100 ND 13.4
PRMT1 >100 0.26 ND
PRMT3 >100 2.4 ND
PRMT4 > 100 0.18 ND
PRMT5/MEP50 > 100 1.2 ND
PRMT6 >100 0.41 ND
PRMT7 >100 0.11 ND
PRMTS > 100 0.24 ND
SET1b 48.6 5.3 ND
SET7/9 >100 81.8 ND
SET8 >100 311.4 ND
SETD2 > 100 5.3 ND
SMYD1 52.7 47.4 ND
SMYD2 >100 1.9 ND
SUV39H1 > 100 90.6 ND
SUV39H2 >100 20.2 ND
SUV420H1TV2 >100 125.7 ND




Supplementary Table 3. Data collection and refinement statistics for complex.

PDB ID 7X73
Data Collection
Beamline SLS X06DA
Wavelength (A) 1.000
Space group P1
Unit cell dimensions
a, b, c(A) 43.2,56.2, 66.5
a6,y ) 76.1,72.5,67.5
Resolution (A) 42.90-1.49 (1.52-1.49) *
No. of unique reflections 86,112
Completeness (%) 96.6 (94.1)
Multiplicity 3.6 (3.5)
Mean I/of(l) 15.1 (1.6)
Reym (%) 4.8 (83.6)
Rpim (%) 3.0(51.6)
CCy2 0.999 (0.705)
Refinement
Rwork (%) 16.7
Rfree (%) 193
RMSD bond lengths (A) 0.006
RMSD bond angles (° ) 0.872
No. of reflections (total) 86,078
No. of reflections (test set) 4,183
No. of atoms
Total 5,142
Protein 4,416
Inhibitor 66
Coenzyme 54
Water 578
Other 28
Mean B-factor (A2)
Overall 30.7
Protein 30.3
Inhibitor 28.5
Coenzyme 22.0
Water 35.1
Other 32.9
Ramachandran plot (%)
Favored 95.9
Allowed 41

*Values in parentheses are for the highest-resolution bin.



Supplementary Table 4. Biochemical property of RK-701.

A to B: Apical to Basal; B to A: Basal to Apical. Data of solubility,
PAMPA, and Caco-2 permeability represent means = SD from at
least three independent experiments, while data of metabolic stability
represent averages from two independent experiments.

Solubility in PBS (uM)

pH6.8 26.3 +3.2

pH7.4 109 +2.2
PAMPA permeability (x10-¢ cm/s) 3.08 +£1.47
Caco-2 permeability (x10 cm/s)

PappAto B 5.23 £ 0.47

PappBto A 18.9 £ 0.92

Efflux ratio (B to A/A to B) 3.6

Metabolic stability in liver microsomes
CLint (mL/min/mg protein)

Human 0.019
Monkey 0.067
Dug 0.028

Rat 0.033




Supplementary Table 5. Hematological and hepatic parameters of rats treated with

RK-701 for two weeks.

RK-701 (mg/kg) 0 10 30 100

RBC (x 10* cells/pL) 721 £ 15 741 £ 19 726 + 36 728 17
HGB (g/dL) 14.8 +0.5 15.1+0.7 14.5+0.5 14.8 + 0.3
HCT (%) 42.6 +1.3 43.7+1.7 426 +1.4 42.9 +1.1
MCYV (fL) 59.2 +1.7 58.9+ 1.6 58.7 +2.6 59.0 £ 0.7
MCH (pg) 20.5+0.8 204 +0.6 20.0+1.0 20.3+0.2
MCHC (g/dL) 346 +0.8 346 +0.3 34.0+0.5 344 +0.3
Retic (x 10° cells/L) 221 +30.5 190 +28.3 228 +37.5. 179459
PLT (x 10* cells/uL) 129 +16.5 128+11.2. 122+15.7 113 +£10.8
WBC (x 102 cells/uL) 63.1+194 598+122 61.6+9.2 74.8 +16.8
Lymph (x 102 cells/uL) 50.1+145 514+10.7 53.0+10.3. 64.6+14.9
NEUT (x 102 cells/uL) 10.6 +4.5 6.4+1.7 6.7 +2.1 7.8+29
EOS (x 102 cells/uL) 0.8+0.2 0.6 +0.1 0.5+0.1 0.6 +0.2
MONO (x 102 cells/uL) 1.2+0.9 0.9+0.2 0.9+0.1 1.2+0.4
LUC (x 102 cells/uL) 0.4+0.2 0.4+0.2 0.4 +0.1 0.5+0.2
AST (IU/L) 58 +5 64 +4 64 +7 64 +5
ALT (IU/L) 25 +1 28+5 26 +3 29+5
ALP (IU/L) 504 + 152 487 + 170 511 + 141 566 + 181
T-CHO (mg/dL) 85+12 68 +13 64 +5 88 + 20
TG (mg/dL) 28 +17 24 + 15 17 + 6 19 +10
PL (mg/dL) 143 +19 121 +18 17 + 11 137 + 26
TP (g/dL) 6.1+0.2 6.0+0.3 59+0.2 58+0.2
ALB (g/dL) 3.6 +0.1 3.6+0.2 35+0.2 3.4 +0.1
AIG 1.4 £ 0.1 1.5 £ 0.1 1.4 = 0.0 1.4 = 01

RBC: red blood cell, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular volume,
MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin
concentration, Retic: reticulocyte, PLT: platelet, WBC: white blood cell, Lymph:
lymphocyte, NEUT: neutrophil, EOS: eosinophil, MONO: monocyte, LUC: large unstained
cell, AST: aspartate aminotransferase, ALT: alanine aminotransferase, T-CHO: total
cholesterol, TG: triglyceride, PL: phospholipid, TP: total protein, ALB: albumin, A/G:

albumin/globulin



Supplementary Table 6-1. List of the upregulated or downregulated genes by treatment

with RK-701.

Regulation: Up

Symbol Description log2FoldChange ILOG10(qvalue)

TSPO2 translocator protein 2(TSPO2) 1.00| 4.13]
ZNF440 zinc finger protein 440(ZNF440) 1.02 2.24
CCDC71L coiled-coil domain containing 71 like(CCDC71L) 1.02 13.51
IULBP1 [UL16 binding protein 1(ULBP1) 1.02 18.78]
RNASE1 ribonuclease A family member 1, pancreatic(RNASE1) 1.02 1.61
QSOX1 quiescin sulfhydryl oxidase 1(QSOX1) 1.03 11.93]
RAETI1K retinoic acid early transcript 1K pseudogene(RAET 1K) 1.03 1.47
SAMD9 sterile alpha motif domain containing 9(SAMD9) 1.04] 17.55
SMIM 14 small integral membrane protein 14(SMIM14) 1.06] 2.66]
C100rf25 IZNF22 antisense RNA 1(ZNF22-AS1) 1.06] 3.17]
RNLS renalase, FAD dependent amine oxidase(RNLS) 1.06] 1.90]
BSN bassoon presynaptic cytomatrix protein(BSN) 1.07 1.74
FCGR2A Fc gamma receptor ITa(FCGR2A) 1.07 2.92
CRIL complement C3b/C4b receptor 1 like(CRIL) 1.07 3.46
CD53 CD53 molecule(CD53) 1.08 56.35
RP11-10L12.4 1.08 1.32
IAC006116.17 1.11 7.90
PASDI1 PAS domain containing repressor 1(PASD1) 1.11 3.86]
FCGR2C 1.15 3.17
GPR65 G protein-coupled receptor 65(GPR65) 1.15 1.55
RP11-420K14.1 1.18 25.55
FRY IFRY microtubule binding protein(FRY) 1.18] 491
CD84 CD84 molecule(CD84) 1.19] 25.57
CPS1 carbamoyl-phosphate synthase 1(CPS1) 1.20] 12.28]
CAPS2 calcyphosine 2(CAPS2) 1.21 4.37
FMO4 flavin containing dimethylaniline monoxygenase 4(FMO4) 1.23 1.37,
HBG1 lhemoglobin subunit gamma 1(HBG1) 1.23 9.03
TTN titin(TTN) 1.24] 2.92]
PRG2 [proteoglycan 2, pro eosinophil major basic protein(PRG2) 1.24] 23.43
SEPP1 selenoprotein P(SELENOP) 1.26] 19.42]
SYP synaptophysin(SYP) 1.26 4.83
AKRICI1 laldo-keto reductase family 1 member C1(AKRI1C1) 1.26] 5.56
IAC006116.22 1.27 2.46]
TMEM74 transmembrane protein 74(TMEM74) 1.29 1.36]
IATP1B1 IATPase Na+/K+ transporting subunit beta I(ATP1B1) 1.29] 1.71
DZIP3 IDAZ interacting zinc finger protein 3(DZIP3) 1.30] 29.50]
SLC8A3 solute carrier family 8 member A3(SLC8A3) 1.33 2.72]
GS1-122H1.2 1.33 6.02
EFCAB10 [EF-hand calcium binding domain 10(EFCAB10) 1.33 5.94
CPA3 carboxypeptidase A3(CPA3) 1.33 2.94
TMEM144 transmembrane protein 144(TMEM144) 1.34 5.19
TMEM133 1.37 4.87,
HSPA7 lheat shock protein family A (Hsp70) member 7 (pseudogene)(HSPA7) 1.37 7.04
RHD IRh blood group D antigen(RHD) 1.38] 5.17,
TRIM10 tripartite motif containing 10(TRIM10) 1.38] 23.67
IXAF1 IXIAP associated factor 1(XAF1) 1.39] 2.71
RP11-38M8.1 luncharacterized LOC105375519(LOC105375519) 1.39] 1.50
IZNF365 zinc finger protein 365(ZNF365) 1.41 3.41
RP11-538D16.2 1.42 2.81
KRT79 keratin 79(KRT79) 1.42 2.79)
PTPRC [protein tyrosine phosphatase receptor type C(PTPRC) 1.44] 22.86]
FPR3 formyl peptide receptor 3(FPR3) 1.45 5.06]
MYOS5B imyosin VB(MYO5B) 1.45 9.15
RP11-284F21.10 1.49] 1.72
[UTRN utrophin(UTRN) 1.50] 15.52]
INID1 nidogen 1(NID1) 1.52] 2.31
IARHGAP25 Rho GTPase activating protein 25(ARHGAP25) 1.52 2.49
IATPSA2 IATPase phospholipid transporting 8A2(ATP8A2) 1.55 1.40
IGSF3 immunoglobulin superfamily member 3(IGSF3) 1.56] 3.06]
CDC42EP3 ICDC42 effector protein 3(CDC42EP3) 1.58 8.64
HLA-DMA imajor histocompatibility complex, class I, DM alpha(HLA-DMA) 1.58] 3.56]
IALDHIA1 aldehyde dehydrogenase 1 family member AI(ALDHIA1) 1.58 12.98]
HEPACAM2 IHEPACAM family member 2(HEPACAM2) 1.60) 8.09
ICCDC64 BICD family like cargo adaptor 1(BICDL1) 1.60] 3.45
DPYD dihydropyrimidine dehydrogenase(DPYD) 1.61 2.02
INXF3 nuclear RNA export factor 3(NXF3) 1.63 17.99]




Supplementary Table 6-2. List of the upregulated or downregulated genes by treatment

with RK-701.

IDISP2 dispatched RND transporter family member 2(DISP2) 1.66 10.79
ILINC01033 long intergenic non-protein coding RNA 1033(LINC01033) 1.66 4.97,
IFMN1 formin 1(FMN1) 1.67 9.10
IRUNX2 IRUNX family transcription factor 2(RUNX2) 1.68 1.68
IAKR1C2 aldo-keto reductase family 1 member C2(AKR1C2) 1.68 8.64
ICTD-264317.1 beta globin locus transcript 3(BGLT3) 1.72 3.84
IHBG2 hemoglobin subunit gamma 2(HBG2) 1.73 56.78)
IADAMTS19 IADAM metallopeptidase with thrombospondin type 1 motif I9(ADAMTS19) 1.73 3.39
IMEGF6 imultiple EGF like domains 6(MEGF6) 1.74 10.62
IARHGAP42 IRho GTPase activating protein 42(ARHGAP42) 1.75 43.03
IPTH2R parathyroid hormone 2 receptor(PTH2R) 1.75 48.29
IPDE4D hosphodiesterase 4D(PDE4D) 1.76] 8.07]
IEGFL6 EGF like domain multiple 6(EGFL6) 1.76) 7.05
ICASP4 caspase 4(CASP4) 1.78 26.02
TMPRSS11F transmembrane serine protease 11F(TMPRSS11F) 1.79 1.43
IPARK2 parkin RBR E3 ubiquitin protein ligase(PRKN) 1.83 12.43
IClorfl15 chromosome 1 open reading frame 115(Clorf115) 1.85 12.66
ICRISP2 cysteine rich secretory protein 2(CRISP2) 1.86] 12.07]
ILRRC16B capping protein regulator and myosin 1 linker 3(CARMIL3) 1.87 2.84]
IFAM46D terminal nucleotidyltransferase SD(TENTS5D) 1.89 1.58]
SCAMPS5 secretory carrier membrane protein S(SCAMPS) 1.97 2.39]
IRAB27B RAB27B, member RAS oncogene family(RAB27B) 2.01 81.55
IRP11-495P10.8 2.01 11.73
IRP11-79H23.3 2.01 1.65
SP140L SP140 nuclear body protein like(SP140L) 2.02 7.52)
ILINC00570 long intergenic non-protein coding RNA 570(LINC00570) 2.02 6.02
IGCSAM |germinal center associated signaling and motility(GCSAM) 2.02] 2.66
IMACCI1 IMET transcriptional regulator MACC1(MACCI) 2.03 23.88
IPIFO rimary cilia formation(PIFO) 2.04] 1.89)
IRUNDC3A IRUN domain containing 3A(RUNDC3A) 2.04 4.00
ILTF lactotransferrin(LTF) 2.05 231
IAGMO alkylglycerol monooxygenase(AGMO) 2.07 1.65
SCIN scinderin(SCIN) 2.08 83.47
IKIF4B kinesin family member 4B(KIF4B) 2.10] 17.21
ICARD16 caspase recruitment domain family member 16(CARD16) 2.12 5.39
IFCGR2B IFc gamma receptor IIb(FCGR2B) 2.14] 1.80
TRAF3IP3 TRAF3 interacting protein 3(TRAF3IP3) 2.15 3.77
IRP11-180K7.1 2.16] 4.03
IHBE1 lhemoglobin subunit epsilon 1(HBE1) 2.16] 4.40
SIGLEC22P 2.27 2.62
SYNI1 synapsin I(SYN1) 2.29 22.41
IABLIM3 actin binding LIM protein family member 3(ABLIM3) 2.35 2.99
TENM1 teneurin transmembrane protein 1(TENM1) 2.38 5.69]
IFCER1A IFc epsilon receptor Ta(FCER1A) 2.40] 3.18
IPLXNA4 lexin A4(PLXNA4) 2.45 5.01
IHEPH hephaestin(HEPH) 245 2.89]
IRP11-354E11.2 luncharacterized LOC101928834(LOC101928834) 2.48 4.85
IABI3BP IABI family member 3 binding protein(ABI3BP) 2.52 3.05
ICSMD2 ICUB and Sushi multiple domains 2(CSMD2) 2.55) 9.82
IRP11-495P10.7 2.63 26.31
SPRR2F small proline rich protein 2F(SPRR2F) 2.63 11.68
IGAPT IGRB2 binding adaptor protein, transmembrane(GAPT) 2.63 9.66]
IRP1-80N2.2 2.66] 2.20]
ILINC01028 long intergenic non-protein coding RNA 1028(LINC01028) 2.68] 1.42
ILISRAP interleukin 18 receptor accessory protein(ILISRAP) 2.70] 38.72
IAC008069.1 2.72 4.12
IRP11-553A10.1 2.79] 4.42
IRP11-618110.1 2.82 2.17
ICOL4A4 collagen type IV alpha 4 chain(COL4A4) 2.85 2.28
INPM1P50 inucleophosmin 1 pseudogene SO(NPM1P50) 2.88] 1.37]
INR5A2 Inuclear receptor subfamily 5 group A member 2(NR5A2) 2.89] 18.86]
IKCNT2 otassium sodium-activated channel subfamily T member 2(KCNT2) 2.93 22.19
IF116 interferon gamma inducible protein 16(IF116) 3.05 28.76]
IRP11-63D14.1 3.06 9.66
IHCLS1 lhematopoietic cell-specific Lyn substrate 1(HCLS1) 3.08 32.20]
TBXASI1 thromboxane A synthase 1(TBXAS1) 3.09 10.03
INCKAP5 INCK associated protein S(NCKAPS5) 3.12 26.20
IRP3-460G2.2 3.14 2.00]




Supplementary Table 6-3. List of the upregulated or downregulated genes by treatment

with RK-701.

SH2D4B SH2 domain containing 4B(SH2D4B) 3.15 1.34]
IFYB IFYN binding protein 1(FYB1) 3.16] 4.73
IAF127936.3 3.20] 34.86]
IOR2AT4 olfactory receptor family 2 subfamily AT member 4(OR2AT4) 3.23 2.94]
ILAMB3 laminin subunit beta 3(LAMB3) 3.33 22.70]
IRP11-34P13.7 3.39] 1.88
IMTUS1 imicrotubule associated scaffold protein I(MTUS1) 3.44 291
ILINC00426 long intergenic non-protein coding RNA 426(LINC00426) 3.54 2.22]
ICASP1 caspase 1(CASP1) 3.55 4.48
IRNASE6 ribonuclease A family member k6(RNASE6) 3.70 1.55
ICHIAP3 3.70 1.55
IRP11-208K4.1 3.72 1.66]
IMS4A2 imembrane spanning 4-domains A2(MS4A2) 3.76 39.84
IAC064834.1 3.77, 6.96]
ZNF827 zinc finger protein 827(ZNF827) 3.83 6.02
ICTC-546K23.1 3.86] 6.27]
IACO11891.5 3.88 2.00]
IAC092642.1 3.88 10.97]
INECABI1 IN-terminal EF-hand calcium binding protein (NECABI1) 4.01 2.39]
IRP11-861A13.4 long intergenic non-protein coding RNA 1215(LINC01215) 4.10] 6.22
SMPD3 sphingomyelin phosphodiesterase 3(SMPD3) 4.11 5.05
IAC003090.1 long intergenic non-protein coding RNA 3007(LINC03007) 4.12 2.65
IAF127936.5 4.32] 1.39]
ILINC01088 long intergenic non-protein coding RNA 1088(LINC01088) 4.39 5.84]
IRP11-1112C15.1 Eong intergenic non-protein coding RNA 1602(LINC01602) 4.49 1.60]
IGLRA3 glycine receptor alpha 3(GLRA3) 4.49) 1.60]
INLRP11 INLR family pyrin domain containing 11(NLRP11) 4.50] 3.35
SPRR2E small proline rich protein 2E(SPRR2E) 4.54 1.71
TDRG1 testis development related 1(TDRG1) 4.60) 1.63
IC120rf79 long intergenic non-protein coding RNA 1619(LINC01619) 4.62 2.80
IPART1 prostate androgen-regulated transcript 1(PART1) 4.62| 1.85
IDDIT4L IDNA damage inducible transcript 4 like(DDIT4L) 4.74] 2.25
ICD300C ICD300c molecule(CD300C) 4.82) 2.36
ICD2 ICD2 molecule(CD2) 5.01 2.89]
ICTD-2215E18.1 5.06] 2.48
INEBL nebulette(NEBL) 541 9.48
IPRKG2 protein kinase cGMP-dependent 2(PRKG2) 5.55 5.01
IGABRG1 amma-aminobutyric acid type A receptor subunit gammal (GABRG1) 5.62] 4.71
IRP11-11N9.4 luncharacterized LOC105379362(LOC105379362) 5.87 5.17]
IRP11-704M14.1 luncharacterized LOC105377267(LOC105377267) 6.22 7.47
IRYR2 ryanodine receptor 2(RYR2) 7.26] 183.22
IMYO16 imyosin XVI(MYO16) Inf 10.81
SEMA3C semaphorin 3C(SEMA3C) Inf 1.63
ILRP2 ILDL receptor related protein 2(LRP2) Inf 4.85
SGCG sarcoglycan gamma(SGCG) Inf 1.64
IDKK 1 dickkopf WNT signaling pathway inhibitor 1(DKK1) Inf 1.61
TCN1 transcobalamin 1(TCN1) Inf 5.59]
IABCAS IATP binding cassette subfamily A member 8(ABCAS8) Inf 1.50]
IGPA33 lycoprotein A33(GPA33) Inf 1.37,
TMEM140 transmembrane protein 140(TMEM 140) Inf 2.90
IPTPN14 protein tyrosine phosphatase non-receptor type 14(PTPN14) Inf 5.13
[TMPRSS15 transmembrane serine protease 15(TMPRSS15) Inf 1.64]
INHBB inhibin subunit beta BONHBB) Inf 1.90]
ICCL23 Inf 1.62
IC150rf27 transmembrane protein 266(TMEM266) Inf 1.64]
UGT2B11 [UDP glucuronosyltransferase family 2 member B11(UGT2B11) Inf 3.77,
IXX-FW81066F1.2 Inf 1.63
IRP5-937E21.8 Inf 8.42
IAC016730.1 Inf 1.50]
IAP000431.2 Inf 2.05
IAC027119.1 Inf 1.85
IRP11-462G2.1 Inf 2.76]
ILINC00504 long intergenic non-protein coding RNA 504(LINC00504) Inf 19.54
IADAMTS19-AS1 IADAMTS 19 antisense RNA 1(ADAMTS19-AS1) Inf 1.64]
IRP11-265F19.1 Inf 3.06
ICTD-2353F22.1 luncharacterized LOC107986412(LOC107986412) Inf 2.59
IRP11-466P24.6 Inf 2.30
IRP11-708B6.2 Inf 1.64]
IRP11-284F21.8 Inf 1.64
IEMR4P Inf 2.05




Supplementary Table 6-4 List of the upregulated or downregulated genes by treatment

with RK-701.

Regulation: Down

Symbol IName log2FoldChange ILOG10(gvalue)

TMEM176A transmembrane protein 176A(TMEM176A) -1.36 7.63
IMLXIPL IMLX interacting protein like(MLXIPL) -1.34 5.02
ZNF582 zinc finger protein 582(ZNF582) -1.08] 1.79
ICELSR1 cadherin EGF LAG seven-pass G-type receptor 1(CELSR1) -1.75 9.97
ZNF586 lzinc finger protein 586(ZNF586) -2.32 6.90
ICERS4 ceramide synthase 4(CERS4) -1.11 5.39
ININL ninein like(NINL) -1.21 1.42
IRNF125 ring finger protein 125(RNF125) -1.13 1.57,
INDRG4 INDRG family member 4(NDRG4) -1.15 2.64
SLC5A5 solute carrier family 5 member 5(SLC5AS5) -1.08 1.88]
TMEM176B transmembrane protein 176B(TMEM176B) -1.12 10.15
IAKNA IAT-hook transcription factor(AKNA) -1.59] 1.79
IMYRF imyelin regulatory factor(MYRF) -1.57 5.49
ILPPR3 hospholipid phosphatase related 3(PLPPR3) -2.88 5.95
[TNNI3 troponin I3, cardiac type(TNNI3) -1.48 2.67]
IHBZ lhemoglobin subunit zeta(HBZ) -1.67 8.63
ZNF426 zinc finger protein 426(ZNF426) -1.19 7.15
IGFPT2 lutamine-fructose-6-phosphate transaminase 2(GFPT2) -1.56] 2.46
IZNF304 lzinc finger protein 304(ZNF304) -1.07, 7.21
IHSPA12B lheat shock protein family A (Hsp70) member 12B(HSPA12B) -1.88 15.49
IDYSF dysferlin(DYSF) -1.18 2.73
ZFP14 IZFP14 zinc finger protein(ZFP14) -2.84 1.69
ICILP2 cartilage intermediate layer protein 2(CILP2) -1.32 4.99]
ZNF761 lzinc finger protein 76 1(ZNF761) -1.03 4.09
ICOX6B2 cytochrome ¢ oxidase subunit 6B2(COX6B2) -1.08 2.17
IFGFR4 fibroblast growth factor receptor 4(FGFR4) -1.24 1.98
IPTGER1 prostaglandin E receptor 1(PTGERI1) -2.42 1.34]
IAMN lamnion associated transmembrane protein(AMN) -2.62 3.20]
SLC38A8 solute carrier family 38 member 8(SLC38A8) -1.89) 8.16
ZNF229 -2.67 3.71
IPLIN4 perilipin 4(PLIN4) -1.67 3.37,
KLK1 kallikrein [(KLK1) -1.11 2.59]
TMCS8 transmembrane channel like 8(TMCS) -1.17 1.68
ZNF160 lzinc finger protein 160(ZNF160) -1.32 4.00]
SPTBN2 spectrin beta, non-erythrocytic 2(SPTBN2) -1.07 6.17
ILCN15 lipocalin 15(LCN15) -1.13 1.48
STAP2 signal transducing adaptor family member 2(STAP2) -1.27 2.16]
HKR1 lzinc finger protein 875(ZNF875) -1.40 1.42
ZNF320 lzinc finger protein 320(ZNF320) -1.00 2.28
IANO9 lanoctamin 9(ANO9) -2.05 4.78
IPRSS57 serine protease 57(PRSS57) -1.33 3.89]
ZNF559 lzinc finger protein 559(ZNF559) -1.49 9.83
ZNF548 zinc finger protein 548(ZNF548) -1.14 243
SH2D5 SH2 domain containing 5(SH2DS5) -1.73 2.01
IZNF569 lzinc finger protein 569(ZNF569) -1.84] 3.12]
ZNF136 lzinc finger protein 136(ZNF136) -1.86) 1.52
ZNF441 zinc finger protein 441(ZNF441) -1.08 3.47
ZNF420 lzinc finger protein 420(ZNF420) -1.09 3.99
ZNF772 lzinc finger protein 772(ZNF772) -1.74 5.49]
ICFD complement factor D(CFD) -1.10 2.92)
ZNF813 zinc finger protein 813(ZNF813) -1.66) 2.90]
ZNF583 zinc finger protein S83(ZNF583) -1.06 3.67
IZNF808 lzinc finger protein 808(ZNF808) -1.02] 2.43
ZNF525 lzinc finger protein 525(ZNF525) -1.02] 6.19
SOX18 SRY-box transcription factor 18(SOX18) -3.14 2.57
ZNF814 lzinc finger protein 814(ZNF814) -1.05 3.00]
ZNF551 lzinc finger protein 551(ZNF551) -1.64 6.12
ZNF611 zinc finger protein 611(ZNF611) -1.71 4.80]
IZNF134 lzinc finger protein 134(ZNF134) -1.62] 6.71
ZNF845 lzinc finger protein 845(ZNF845) -1.32 9.54]
ICTD-2006C1.2 ZNF433 and ZNF878 antisense RNA 1(ZNF433-AS1) -1.10 2.05
ICERS1 ceramide synthase 1(CERSI) -1.59 4.44
IRP3-395M20.8 -1.10 1.47
ZNF10 zinc finger protein 10(ZNF10) -1.13 7.05
ZNF350 lzinc finger protein 350(ZNF350) -1.14 3.58




Supplementary Table 7. List of the expression level of genes related to globin switching.

FoldChange
Symbol Description
RK-701 shG9a
HBB hemoglobin beta 1.13£0.05 1.05+0.18
HBBP1 hemoglobin beta pseudogene 1 0.99+0.02 2.48+1.76
HBD hemoglobin delta 1.01+0.03 1.10+0.59
HBE1 hemoglobin epsilon 1 4.70+£0.71 8.19 £3.52
HBG1 hemoglobin gamma A 2.51+£0.58 | 97.81+94.48
Globin HBG2 hemoglobin gamma G 3.33+£0.28 | 46.70+28.27
HBA1 hemoglobin alpha 1 1.15+0.13 1.89+0.46
HBA2 hemoglobin alpha 2 1.19+0.04 2.00+£0.47
HBM hemoglobin mu 0.96 £0.04 1.73+0.16
HBQ1 hemoglobin theta 1 1.09+0.05 1.06+0.12
HBZ hemoglobin zeta 0.31+0.08 3.62+1.19
HBZP1 hemoglobin zeta pseudogene 1 11.56+7.90
KLF1 Kruppel-like factor 1 (erythroid) 1.02+0.02 0.94+0.02
ZBTB7A zinc finger and BTB domain containing 7A 0.98 +£0.04 0.95+0.07
BCL11A B-cell CLL/lymphoma 11A (zinc finger protein) 1.17+0.09 0.80+£0.06
PPARGC1A  |peroxisome proliferator-activated receptor gamma coactivator 1 alpha
MYB \v-myb avian myeloblastosis viral oncogene homolog 0.91+0.01 0.73+0.13
IKZF1 IKAROS family zinc finger 1 (lkaros) 1.07 £0.01 1.37+0.16
SOX6 SRY (sex determining region Y)-box 6 1.70£0.07 1.87+0.38
TAL1 IT-cell acute lymphocytic leukemia 1 1.12+0.04 1.22+0.12
GATA1 GATA binding protein 1 (globin transcription factor 1) 0.97+0.04 1.11+£0.12
LMO2 LIM domain only 2 (rhombotin-like 1) 1.28+0.04 1.84+0.35
ZFPM1 izinc finger protein FOG family member 1 0.90+0.09 0.95+0.17
ITCF3 transcription factor 3 0.92+£0.02 1.11+0.20
LIN28B lin-28 homolog B (C. elegans) 0.91+0.07 5.28 +2.41
LDB1 LIM domain binding 1 1.03+0.04 1.07 £0.08
DNMT1 DNA (cytosine-5-)-methyltransferase 1 0.97£0.02 0.91+0.10
KDM1A lysine (K)-specific demethylase 1A 0.88+0.00 0.96+£0.13
Globin CHD3 chromodomain helicase DNA binding protein 3 0.88+0.02 1.05+0.08
switching |CHD4 chromodomain helicase DNA binding protein 4 1.00+0.02 1.06 +0.05
regulators MTA1 metastasis associated 1 0.92+0.04 1.25+£0.10
MTA2 metastasis associated 1 family member 2 0.95+0.02 1.16 +0.04
HDACH1 histone deacetylase 1 0.96+0.03 0.93+0.04
HDAC2 histone deacetylase 2 0.95+0.03 0.91+0.23
MBD2 methyl-CpG binding domain protein 2 1.083+0.02 1.09+0.06
MBD3 methyl-CpG binding domain protein 3 0.96+0.02 0.79+0.14
RBBP4 retinoblastoma binding protein 4 0.96 +£0.03 0.81+£0.12
RBBP7 retinoblastoma binding protein 7 0.98+0.03 0.82+£0.02
GATAD2A GATA zinc finger domain containing 2A 0.96+0.03 0.93+0.11
GATAD2B IGATA zinc finger domain containing 2B 1.02+0.04 1.19+0.12
NR2C1 Nuclear Receptor Subfamily 2 Group C Member 1 1.11+0.04 0.58+0.16
NR2C2 Nuclear Receptor Subfamily 2 Group C Member 2 0.97+0.04 1.26+0.26
BGLT3 LncRNA-BGL3, Beta Globin Locus Transcript 3 3.40£0.34 10.02+6.54
MIRLET7A1 microRNA let-7a-1 - 0.86+1.79
MIR16-1 microRNA 16-1 --- -
MIR26B microRNA 26b 0.96+0.78 5.02+8.73
MIR96 microRNA 96 - -




Supplementary Table 8-1. List of the overlapped genes in Supplementary Figure 7b and 9e.
The statistical test (adjp) was determined using multiple comparisons analysis, Benjamini-

Hochberg adjusted FDR test of the default of AltAnalyze (Ver. 2.0).

shG9a UP: 27
Symbol IName FoldChange adjp
CCDC71L coiled-coil domain containing 71 like(CCDC71L) 2.05 1.05.E-02
ULBP1 UL 16 binding protein 1(ULBP1) 2.44) 3.01.E-03]
FRY FRY microtubule binding protein(FRY) 2.77 4.29.E-02
RAETIK retinoic acid early transcript 1K pseudogene(RAET1K) 2.84 3.30.E-02]
IGSF3 immunoglobulin superfamily member 3(IGSF3) 2.88 5.14.E-03
MYOS5B myosin VB(MYOS5B) 3.00 3.83.E-02]
HCLS1 hematopoietic cell-specific Lyn substrate 1(HCLS1) 3.11 4.96.E-02
EFCAB10 [EF-hand calcium binding domain 10(EFCAB10) 3.79 4.38.E-02
LTF lactotransferrin(LTF) 5.08 4.52.E-02
HBE1 hemoglobin subunit epsilon 1(HBE1) 5.62] 2.63.E-03
RUNDC3A RUN domain containing 3A(RUNDC3A) 5.82 1.58.E-03
RP11-180K7.1 6.21 2.43.E-02]
ICTD-264317.1 beta globin locus transcript 3(BGLT3) 6.73 1.65.E-02
PRG2 roteoglycan 2, pro eosinophil major basic protein(PRG2) 7.20 1.03.E-04
LINC01033 long intergenic non-protein coding RNA 1033(LINC01033) 7.33 1.43.E-02
GS1-122H1.2 12.26 1.38.E-05
TRAF3IP3 TRAF3 interacting protein 3(TRAF3IP3) 12.78 5.15.E-03
RP11-538D16.2 15.31 2.81.E-05
INRSA2 nuclear receptor subfamily 5 group A member 2(NR5A2) 16.62 1.31.E-03
LAMB3 laminin subunit beta 3(LAMB3) 18.68 7.19.E-06]
Clorfll5 chromosome 1 open reading frame 115(Clorfl15) 19.52 2.63.E-03
ARHGAP25 Rho GTPase activating protein 25(ARHGAP25) 19.64] 7.10.E-04
PASD1 [PAS domain containing repressor 1(PASD1) 19.98 4.99.E-04
RAB27B RAB27B, member RAS oncogene family(RAB27B) 29.08 1.42.E-06
HBG2 hemoglobin subunit gamma 2(HBG2) 34.29 3.27.E-03
HBG1 hemoglobin subunit gamma 1(HBG1) 58.47 1.06.E-03]
ADAMTS19 ADAM metallopeptidase with thrombospondin type 1 motif 19(ADAMTS19) 147.11 1.96.E-04

shG9a DOWN: 12
Symbol IName FoldChange adjp
TMEM176B transmembrane protein 176B(TMEM176B) -12.48] 1.09.E-03
TMEM176A transmembrane protein 176A(TMEMI176A) -9.90] 2.89.E-03)
ZNF160 zinc finger protein 160(ZNF160) -6.21 3.86.E-02]
SPTBN2 spectrin beta, non-erythrocytic 2(SPTBN2) -4.98 1.15.E-03
GFPT2 glutamine-fructose-6-phosphate transaminase 2(GFPT2) -4.45 1.32.E-02
LPPR3 hospholipid phosphatase related 3(PLPPR3) -3.88 4.40.E-03]
PRSS57 serine protease 57(PRSS57) -3.60 2.45.E-02
CFD complement factor D(CFD) -2.66 8.95.E-04
ZNF320 zinc finger protein 320(ZNF320) -2.59 1.77.E-03
ZNF611 zinc finger protein 611(ZNF611) -2.57 4.00.E-03]
ZNF559 zinc finger protein 559(ZNF559) -2.34 4.65.E-03)
ICTD-2006C1.2 ZNF433 and ZNF878 antisense RNA 1(ZNF433-AS1) -2.24 1.75.E-02




Supplementary Table 8-2. List of the overlapped genes in Supplementary Figure 7b and 9e.

BCL11A KO UP: 35

Symbol IName FoldChange adjp

SAMD9 sterile alpha motif domain containing 9(SAMD9) 2.44 1.77.E-02
CCDC71L coiled-coil domain containing 71 like(CCDC71L) 2.57 3.35.E-03
IAC006116.22 2.85 1.58.E-02
IAC006116.17 2.94 2.00.E-03]
AKRIC1 aldo-keto reductase family 1 member CI(AKR1C1) 3.09 1.42.E-02
TSPO2 translocator protein 2(TSPO2) 3.46 5.42.E-03
INECAB1 IN-terminal EF-hand calcium binding protein 1(NECAB1) 3.56 3.82.E-02]
HEPH hephaestin(HEPH) 3.98 1.72.E-02
SYNI1 synapsin I[(SYN1) 4.36 9.47.E-04
PASD1 [PAS domain containing repressor 1(PASDI) 4.74 3.63.E-03]
CASP4 caspase 4(CASP4) 4.87 1.56.E-02
ARHGAP25 [Rho GTPase activating protein 25(ARHGAP25) 5.18 6.44.E-03]
RP11-284F21.10 5.25 2.81.E-02]
RP11-63D14.1 6.64 1.33.E-03
ZNF365 zinc finger protein 365(ZNF365) 8.01 6.10.E-03]
RHD Rh blood group D antigen(RHD) 8.41 5.18.E-04
CD300C CD300c molecule(CD300C) 9.44 4.73.E-02
CRIL complement C3b/C4b receptor 1 like(CR1L) 10.13 3.62.E-04
ILINC01033 long intergenic non-protein coding RNA 1033(LINC01033) 10.54] 1.28.E-03
LAMB3 laminin subunit beta 3(LAMB3) 10.79] 7.19.E-03]
MACC1 IMET transcriptional regulator MACCI(MACCI) 11.84 2.61.E-04
C120rf79 long intergenic non-protein coding RNA 1619(LINC01619) 15.06] 1.35.E-02
SPRR2F small proline rich protein 2F(SPRR2F) 18.72] 1.06.E-02
KRT79 keratin 79(KRT79) 21.05 5.00.E-03]
RUNX2 [RUNX family transcription factor 2(RUNX2) 25.64 1.19.E-03
TRIM10 tripartite motif containing 10(TRIM10) 28.33 6.82.E-05
CTD-264317.1 beta globin locus transcript 3(BGLT3) 35.82 1.61.E-03]
TMEM74 transmembrane protein 74(TMEM?74) 37.86 2.27.E-04
PTPRC protein tyrosine phosphatase receptor type C(PTPRC) 39.43 5.48.E-03,
HBG2 hemoglobin subunit gamma 2(HBG2) 44.78 1.35.E-04
RUNDC3A RUN domain containing 3A(RUNDC3A) 51.67 3.92.E-03]
ALDH1A1 aldehyde dehydrogenase 1 family member A1(ALDHI1AI) 194.70, 1.73.E-03
HBG1 hemoglobin subunit gamma 1(HBG1) 244 34 2.16.E-03,
HBE1 hemoglobin subunit epsilon 1(HBE1) 493.51 8.80.E-04
ABLIM3 actin binding LIM protein family member 3(ABLIM3) 1433.45 8.07.E-04

BCL11A KO DOWN: 5

Symbol IName FoldChange adjp

[PRSS57 serine protease 57(PRSS57) -63.54 2.23.E-04
RNF125 ring finger protein 125(RNF125) -4.82] 3.34.E-03)
FGFR4 fibroblast growth factor receptor 4(FGFR4) -4.39 3.30.E-03,
DYSF dysferlin(DY SF) -2.76) 6.57.E-03)
ZNF559 zinc finger protein 559(ZNF559) -2.01 1.36.E-02




Supplementary Table 8-3. List of the overlapped genes in Supplementary Figure 7b and 9e.

ZBTB7A KO UP: 45
Symbol IName [FoldChange adjp
CCDC71L coiled-coil domain containing 71 like(CCDC71L) 2.20] 6.26.E-03
SYP synaptophysin(SYP) 241 3.47.E-02,
IARHGAP25 Rho GTPase activating protein 25(ARHGAP25) 2.64 2.38.E-02]
TSPO2 translocator protein 2(TSPO2) 2.72 5.10.E-03
IRHD Rh blood group D antigen(RHD) 3.00] 1.82.E-03
IKIF4B kinesin family member 4B(KIF4B) 3.00 6.99.E-03
TRIM10 tripartite motif containing 10(TRIM10) 3.03 4.74.E-03]
IAKR1C1 laldo-keto reductase family 1 member C1(AKR1C1) 3.22] 7.02.E-03
EGFL6 EGF like domain multiple 6(EGFL6) 3.31 4.53.E-03]
IRP11-34P13.7 3.76 1.75.E-03
CD84 (CD84 molecule(CD84) 4.26] 2.99.E-03]
IPASD1 PAS domain containing repressor 1(PASDI) 4.61 2.63.E-02]
IFPR3 formyl peptide receptor 3(FPR3) 4.64 4.66.E-03]
IAC006116.22 4.75 1.76.E-03
INECAB1 IN-terminal EF-hand calcium binding protein 1(NECAB1) 5.33 6.17.E-03
IAC006116.17 5.63 1.92.E-04
SPRR2F small proline rich protein 2F(SPRR2F) 5.85 4.83.E-02]
IF116 interferon gamma inducible protein 16(IF116) 6.96 6.25.E-03
IRP11-38M8.1 uncharacterized LOC105375519(LOC105375519) 7.57 3.12.E-02]
SMIM 14 small integral membrane protein 14(SMIM14) 10.51 2.52.E-02]
IZNF365 zinc finger protein 365(ZNF365) 10.64 2.32.E-03]
SYN1 synapsin I[(SYN1) 11.28 2.33.E-04
IPRG2 [proteoglycan 2, pro eosinophil major basic protein(PRG2) 12.02] 6.04.E-04
IL18RAP interleukin 18 receptor accessory protein(IL1SRAP) 14.63 4.40.E-03]
TMEM74 transmembrane protein 74(TMEM74) 24.16) 2.13.E-04
IALDH1A1 aldehyde dehydrogenase 1 family member A1(ALDHI1AL) 24.55 5.97.E-03
LAMB3 laminin subunit beta 3(LAMB3) 31.26 1.05.E-03
IHEPH hephaestin(HEPH) 31.81 5.63.E-04]
CTD-264317.1 beta globin locus transcript 3(BGLT3) 34.90] 9.76.E-04
IRUNDC3A RUN domain containing 3A(RUNDC3A) 37.90 4.53.E-03]
IHBG2 hemoglobin subunit gamma 2(HBG2) 38.87 7.05.E-05
OR2AT4 olfactory receptor family 2 subfamily AT member 4(OR2AT4) 40.60; 3.25.E-03
IATP1B1 IATPase Na+/K+ transporting subunit beta [(ATP1B1) 47.90, 7.76.E-03
INR5A2 nuclear receptor subfamily 5 group A member 2(NR5A2) 49.82] 2.92.E-04
CPA3 carboxypeptidase A3(CPA3) 113.86 6.16.E-06]
IFMN1 formin 1(FMN1) 125.86) 1.02.E-04
IHBE1 hemoglobin subunit epsilon [(HBE1) 126.25 1.39.E-03
CSMD2 ICUB and Sushi multiple domains 2(CSMD?2) 128.24 1.82.E-03
IKRT79 keratin 79(KRT79) 180.42] 4.35.E-04
IHBG1 hemoglobin subunit gamma 1(HBG1) 188.49 1.47.E-03
IMS4A2 imembrane spanning 4-domains A2(MS4A2) 254.03 2.89.E-03]
IRAB27B RAB27B, member RAS oncogene family(RAB27B) 307.21 2.84.E-05]
IRUNX2 RUNX family transcription factor 2(RUNX2) 321.89] 9.56.E-05]
IABLIM3 lactin binding LIM protein family member 3(ABLIM3) 333.29] 9.82.E-04
IPTPRC [protein tyrosine phosphatase receptor type C(PTPRC) 618.70 5.08.E-04

ZBTB7A KO DOWN: 5
Symbol IName FoldChange ladjp
IPRSS57 serine protease 57(PRSS57) -8.28 6.63.E-04
LPPR3 Iphospholipid phosphatase related 3(PLPPR3) -3.70) 3.76.E-03
IZNF772 zinc finger protein 772(ZNF772) -3.68 7.23.E-03
IFGFR4 fibroblast growth factor receptor 4(FGFR4) -2.99 1.53.E-03
IDYSF dysferlin(DY SF) -2.62] 2.02.E-03]




Supplementary Table 9.

Small molecule screening data.

Category Parameter Description
Assay Type of assay In vitro fluorogenic assay
Target G9a
Primary measurement Detection of the fluorescence intensity at Aex 330
nm/Aem 380 nm
Key reagents A recombinant mG9a protein, peptidyl-MCA
substrate, and SAM
Assay protocol The section in the methods
Additional comments None
Library Library size 141,117 compounds
Library composition Synthetic compounds with structural diversity
Source Drug Discovery Initiative at The University of Tokyo
(Tokyo, Japan)
Additional comments None
Screen Format 384-well plates
Concentration(s) tested 4 or 20 uM, 1% DMSO
Plate controls High control: DMSO without SAM, Low control:
DMSO
Reagent/ compound dispensing system EDR-384UX (BioTec, Tokyo, Japan)
LD-02 single line dispenser (BioTec, Tokyo, Japan)
Detection instrument and software Synergy H4 (BioTek, Winooski, USA)
Genedata Screener (Genedata, Basel, Switzerland)
Assay validation/QC Z'-factor was used for QC
Correction factors No specific correction was used
Normalization Inhibition %=100 x (Mean of low control — Sample
well)/(Mean of low control — Mean of high control)
Additional comments None
Post-HTS Hit criteria Inhibition 2 30% at 20 uM
analysis Inhibition = 15% at 4 yM
Hit rate 0.07%

Additional assay(s)
Confirmation of hit purity and structure

Additional comments

AlphaLISA-based assay

Compounds were repurchased (Enamine, Kiev,
Ukraine) and resynthesized.
None




Supplementary Table 10. Oligonucleotide primers used for quantitative PCR.

Sequence (5'-3")

HS4 F TCTCCCACTCAGCAGCTATGAG

HS4 R TGCTGGGCCTTGGAGTGA

HS3 F GGGCTGGCCACCAGCTAT

HS3 R CACCAACCTGACCTAACCACCTA

HS2 F GGCTCAAGCACAGCAATGC

HS2 R CATCACTCTAGGCTGAGAACATCTG

ChIp- [HSIL F GCAATAGCAGGAGCATTCTGACT
qPCR  |HS1 R GGACTATGCTGAGCTGTGATG

y pro F CAAATATCTGTCTGAAACGGTCCCT

vy pro R TGCCTTGTCAAGGCTATTGGT

d pro F AACCCTGCTTATCTTAAACCAACCT

dpro R CTCTGCCCTGCCTTTTATGC

B pro F GAGGGTTTGAAGTCCAACTCCTAA

B pro R CAGGGTGAGGTCTAAGTGATGACA
ChIP-gPCR BGLT3 F AAGATAATCTTGGTTTTGCCTCAAA
& RT-qPCR BGLT3 R TCTACTTGATATAGTTGAGAGGCAGTTACC

HBB_F CAGTGCAGGCTGCCTATC

HBB R ATACTTGTGGGCCAGGGCAT

HBG1/2 F TGGATGATCTCAAGGGCAC

HBG1/2 R TCAGTGGTATCTGGAGGACA

BCL11A F ACAAACGGAAACAATGCAATGG

BCL11A R TTTCATCTCGATTGGTGAAGGG

7ZBTB7A F GCTTGGGCCGGTTGAATGTA

7ZBTB7A R GGCTGTGAAGTTACCGTCGG

GAPDH F GCACCGTCAAGGCTGAGAAC
RT-qPCR GAPDH R TGGTGAAGACGCCAGTGGA

mouse Hba-al F TCACTTTGATGTAAGCCACGG

mouse Hba-al R TCAGAGCAGACAAGGCACC

mouse Hbb-gy F ACCCTCATCAATGGCCTGTG

mouse Hbb-gy R TGGCAGAAGCAGAGGACAAG

mouse Hbb-Bhl F TGGATCCTGAGAACTTCAAGC

mouse Hbb-Bhl R ATTGGCCACTCCAATCACC

mouse B(maj/min) F  [TTTAACGATGGCCTGAATCACTT

mouse B(maj/min) R |[CAGCACAATCACGATCATATTGC

mouse Gapdh F TGGTGAAGGTCGGTGTGAAC

mouse Gapdh R CCATGTAGTTGAGGTCAATGAAGG




Supplementary Table 11. Oligonucleotide primers used for construction of plasmids.

vector gene Sequence (5'-3")
BGLT3_F IAGTGTGGTGGTACGGGAATTCCCACAAAGGGTTTATATTGAGG
CX4-pur
P BGLT3_R TTAACAATTGTTACCGCGGCCGCTAAGGGGAAAACTGGGTTTTATTAC
BCL11A_F IATGACGATGACAAGGAATTCATGTCTCGCCGCAAGCAAG
BCL11A_R CCCTCGAGCGGCCGCTCTAGATCAGAACTTAAGGGCTCTCG
pIRES-3xFLAG
IZBTB7A_F IATGACGATGACAAGGAATTCATGGCCGGCGGCGTGGAC
IZBTB7A_R CCCTCGAGCGGCCGCTCTAGATTAGGCGAGTCCGGCTGTG
CHD3_F IAACGGGCCCTCTAGACTCGAGGCCACCATGGATAAGGATGACATTCGGCTG
CHD3_R TAGTCCAGTGTGGTGGAATTCGTTCAGAACCTTGTGCAGGAC
pcDNA3.1(-)/myc-his B
CHD4_F IAACGGGCCCTCTAGACTCGAGGCCACCATGGCGTCGGGCCTGGG
CHD4 R TAGTCCAGTGTGGTGGAATTCCTGCTGCTGGGCTACCTG

non-targeting F [GATCCCCAAATCACAGAATCGTCGTATTCAAGAGATACGACGATTCTGTGATTTTTTTTA
non-targeting R [AGCTTAAAAAAAATCACAGAATCGTCGTATCTCTTGAATACGACGATTCTGTGATTTGGG

G9a_F GATCCCCCTACTCTGTGGATGAGCGCTTCAAGAGAGCGCTCATCCACAGAGTAGTTTTTA
pSUPER
G9a R IAGCTTAAAAACTACTCTGTGGATGAGCGCTCTCTTGAAGCGCTCATCCACAGAGTAGGGG
BGLT3 F GATCCCCCATCGATCTCTGCTCTTAATTCAAGAGATTAAGAGCAGAGATCGATGTTTTTA

BGLT3_R IAGCTTAAAAACATCGATCTCTGCTCTTAATCTCTTGAATTAAGAGCAGAGATCGATGGGG




Supplementary Table 12. MRM transitions for target peptides.

protein peptide precursor m/z product m/z collision energy (eV)
Hemoglobin subunit gamma-1 LHVDPENFK 549.8 251.2 (b2), 634.3 (y5), 749.3 (y6) 22
LHVD[P*]ENFK 552.8 251.2 (b2), 640.3 (y5), 755.4 (y6) 22
Hemoglobin subunit beta LHVDPENFR 563.8 251.2 (b2), 662.3 (y5), 777.4 (y6) 23
LHVD[P*]ENFR 566.8 251.2 (b2), 668.3 (y5), 783.4 (y6) 23
Hemoglobin subunit alpha FLASVSTVLTSK 626.9 735.4 (y7), 921.5 (y9), 992.6 (y10) 25
FLASVSTV[L*]TSK 630.4 742.4 (y7), 928.5 (y9), 999.6 (y10) 25

[P*] and [L*] denote isotope-labeled amino acids.



Supplementary Note

Compound synthesis.

General Procedure. All chemicals were purchased from commercial suppliers TCI, Wako, and Sigma-Aldrich, and used as
received unless otherwise specified. Melting points were measured using an OptiMelt MPA100 automated melting point
system. Infrared (IR) spectra were recorded with a PerkinElmer Spectrum 100 spectrometer. Measurements of MS and high-
resolution mass spectrometry (HRMS) were performed with a JEOL JMS-T100LP or Synapt G2 instrument (Waters) or Q
Exactive (Thermo Fisher Scientific) mass spectrometer. Proton nuclear magnetic resonance ('"H NMR) spectra were
measured with a JEOL JMN-ECA400 (400 MHz) or JEOL JMN-ECX400P (400 MHz) spectrometer. The chemical shifts are
expressed in parts per million (8 value) downfield from tetramethylsilane, using tetramethylsilane (6 = 0) and/or residual
solvents such as chloroform (6 = 7.26) and dimethyl sulfoxide (& = 2.50) as an internal standard. Splitting patterns are
indicated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br; broad peak. Purity data were collected by an
Agilent 1100 HPLC or U3000 (Thermo Fisher Scientific) with diode array detector. The column used was an RP-AQUA (50
mm X 2.1 mm ID, 2.6 pm; ChromaNik Technologies). The method is as follows: ESI+, flux of 0.5 mL/min, 5-95% MeCN
in H,O + 0.05% formic acid, total run time of 10 min (A = 190-400 nm). Column chromatography was carried out with silica
gel 60 (Kanto Chemical) as an absorbent. Merck pre-coated thin-layer chromatography (TLC) plates (silica gel 60 F254, 0.25
mm, Art 5715) were used for the TLC analysis. All purities of final compounds were >95.0% and were measured using
HPLC.

Compound synthesis in Supplementary Fig. 15.

Methyl (S)-2-(3-(methylthio)-1-(3,6,6-trimethyl-4-0x0-4,5,6,7-tetrahydro-1H-indole-2-carboxamido)propyl)-1H-
benzo[d]imidazole-6-carboxylate (9).

a) To a solution of Boc-Met-OH (1.0 g, 4.01 mmol), methyl 3,4-diaminobenzoate (733 mg, 4.41 mmol) and HOBt (150 mg,
4.81 mmol) in DMF (20 mL) were added DIEA (1.05 mL, 4.81 mmol) and EDCI-HCI (923 mg, 4.81 mmol) at 0 ° C under
nitrogen atmosphere. The reaction mixture was stirred overnight at ambient temperature before being quenched with water.
The aqueous layer was separated and extracted with ethyl acetate. Combined organic layer was washed with water and brine,
dried over anhydrous sodium sulfate, and concentrated under reduced pressure after filtration. The residue was dissolved in
acetic acid (12 mL) at ambient temperature under nitrogen atmosphere. The mixture was stirred at 60 ° C for 1 h, and then
evaporated under reduced pressure before being quenched with saturated aqueous sodium bicarbonate. The aqueous layer
was separated and extracted with ethyl acetate. Combined organic layer was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure after filtration. The residue was purified by column chromatography
on silica gel (ethyl acetate—hexane) to give methyl (S)-2-(1-((tert-butoxycarbonyl)amino)-3-(methylthio)propyl)-1H-
benzo[d]imidazole-5-carboxylate (11.38 g, 91.0%) as a pale-red amorphous. LC-MS (ESI) m/z: 380 (M + H*). '"H NMR
(500 MHz, CDCl3): 1.45 (9H, s), 2.09 (3H, s), 2.26-2.39 (1H, m), 2.43-2.55 (1H, m), 2.57-2.71 (2H, m), 3.94 (3H, s), 5.03—
5.14 (1H, m), 5.42 (1H, s), 7.37-7.77 (1H, m), 7.97 (1H, m), 8.10-8.49 (1H, m), 10.57 (1H, brs).

b) To a solution of the above compound (1.6 g, 4.2 mmol) in ethyl acetate (10 mL) was added a solution of 4 M hydrogen
chloride in ethyl acetate (10.5 mL, 42 mmol) at ambient temperature under nitrogen atmosphere. The reaction mixture was
stirred for 2 h at ambient temperature and then evaporated. Precipitate was washed with IPE, dried under reduced pressure to
afford methyl (S)-2-(1-amino-3-(methylthio)propyl)-1H-benzo[d]imidazole-5-carboxylate hydrochloride (1.38 g, quant.) as a
powder. LC-MS (ESI) m/z: 280 (M + H"). 'H NMR (500 MHz, CDCl;-CD;0D): 2.05 (3H, s), 2.55-2.65 (2H, m), 2.70-2.85
(2H, m), 3.99 (3H, s), 5.45 (1H, m), 7.88 (1H, d, J= 8.8 Hz), 8.24 (1H, d, J= 8.8 Hz), 8.50 (1H, s).

c¢) To a solution of the above compound (139 mg, 0.54 mmol), 3,6,6-trimethyl-4-0x0-4,5,6,7-tetrahydro-1H-indole-2-
carboxylic acid (50 mg, 0.23 mmol) and HOBt (36.5 mg, 0.27 mmol) in DMF (5 mL) were added DIEA (0.047 mL, 0.27
mmol) and EDCI-HCI (36.5 mg, 0.27 mmol) at 0 ° C under nitrogen atmosphere. The reaction mixture was stirred overnight
at ambient temperature before being quenched with water. The aqueous layer was separated and extracted with ethyl acetate.
Combined organic layer was washed with water and brine, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure after filtration. The residue was purified by flash column chromatography on silica gel (ethyl acetate—
hexane) and triturated with IPE to afford compound 9 (30 mg, 27.6%) as a colorless powder. LC-MS (ESI) m/z: 483 (M +
H*"). "H NMR (500 MHz, CDCl5): & [ppm] 1.09 (6H, s), 2.14 (3H, s), 2.10-2.22 (1H, m), 2.24-2.33 (1H, m), 2.34 (2H, s),
2.58-2.78 (2H, m), 2.64 (2H, s), 2.69 (3H, s), 4.92 (1H, q, J="7.1 Hz), 6.77 (1H, d, J=7.7 Hz), 7.12 (1H, t, J= 7.4 Hz), 7.32
(2H,t,J=7.6 Hz), 7.53 (2H, d, J= 8.1 Hz), 8.52 (1H, s), 9.39 (1H, brs).



Compounds 6 and 8 were synthesized following the same procedure of compound 9.
(S)-N-(1-(1H-benzo[d]imidazol-2-yl)-3-(methylthio)propyl)-3,6,6-trimethyl-4-0x0-4,5,6,7-tetrahydro-1H-indole-2-
carboxamide (6). LC-MS (ESI) m/z: 425 (M + H*). HRMS m/z: (M + H") observed for C;4H,4N-,O, + H*: 253.19160;
found, 253.19083. 'TH NMR (500 MHz, DMSO-d): 8 [ppm] 1.02 (s, 6H), 2.08 (s, 3H), 2.15-2.28 (m, 3H), 2.30-2.41 (m, 1H),
2.49 (s, 3H), 2.55-2.63 (m, 2H), 2.65 (s, 2H), 5.38-5.44 (m, 1H), 7.11-7.21 (m, 2H), 7.38-7.64 (m, 2H), 7.97 (d, J= 8.2 Hz,
1H), 11.60 (s, 1H), 12.33 (s, 1H).

(S)-N-(1-(1H-benzo[d]imidazol-2-yl)-3-(methylthio)propyl)-4,5-dihydro-2H-benzo[g]indazole-3-carboxamide (8). LC-
MS (ESI) m/z: 418 (M + H"). 'H NMR (500 MHz, CDCl;): & [ppm] 1.98 (3H, s), 2.40-2.72 (4H, m), 2.87-3.10 (3H, m),
3.16-3.28 (1H, m), 5.78-5.93 (1H, m), 7.15-7.32 (6H, m), 7.34-7.47 (1H, m), 7.69-7.92 (2H, m),10.00 (1H, s), 11.05 (1H,
s).

(S)-3,6,6-trimethyl-N-(4-(methylthio)-1-oxo-1-(phenylamino)butan-2-yl)-4-0x0-4,5,6,7-tetrahydro-1H-indole-2-
carboxamide (10).

The above-mentioned compound was obtained following the same procedure b and ¢ as a colorless powder.

LC-MS (ESI) m/z: 428 (M + H"). 'H NMR (500 MHz, CDCl;): § [ppm] 1.06 (6H, d, J= 13.0 Hz), 2.05 (3H, s), 2.32 (2H, s),
2.40-2.50 (1H, m), 2.53-2.75 (3H, m), 2.58 (2H, s), 2.65 (3H, s), 3.93 (3H, s), 5.54-5.63 (1H, m), 6.95-7.13 (1H, m), 7.34—
7.76 (1H, m), 7.95 (1H, d, J=8.8 Hz), 8.08-8.47 (1H, m), 9.70 (1H, s), 11.11 (1H, s).

Compound synthesis in Supplementary Fig. 16.

The synthesis of 11 (RK-701) and R-11 (RK-0133114) is outlined in Supplementary Fig. 16. Commencing with
commercially available 1, an alkylation reaction with 2 afforded compound 3, and the N-protected amino acid ester rac-5
was synthesized in a two-step procedure via hydrolysis under basic conditions and decarboxylation reaction. rac-8 was
obtained by removal of the Boc group followed by condensation with carboxylic acid 7 under standard conditions. The ester
moiety of rac-8 was hydrolyzed under basic conditions, and condensation of the resultant carboxylic acid rac-9 with 4-
cyanoaniline (10) resulted in rac-11. Furthermore, the synthesis of the desired 11 (RK-701) and R-11 (RK-0133114) was
accomplished by optical resolution of rac-11 using chiral column chromatography.

diethyl 2-((tert-butoxycarbonyl)amino)-2-(2-cyclopropylethyl)malonate (3). To a solution of 2 (0.796 mL, 3.12 mmol) in

DMF (5.20 mL) was added potassium tert-butoxide (327 mg, 2.91 mmol) at ambient temperature under an argon atmosphere.
The reaction mixture was stirred for 30 min at 70° C before being cooled to ambient temperature. The resultant reaction
mixture was added a solution of 1 (500 mg, 2.08 mmol) in DMF (5.20 mL) at ambient temperature under an argon
atmosphere. The reaction mixture was stirred for 5 h at 70° C before being quenched with water. The organic materials were
extracted with ethyl acetate and washed with water and brine. The organic phase was dried over anhydrous sodium sulfate
and concentrated under reduced pressure after filtration. The residue was purified by flash column chromatography on silica
gel (ethyl acetate/hexane = 10/90) to afford 3 (450 mg, 1.31 mmol, 63%) as a colorless oil. LC—MS (FI): m/z 343 [M]*.
HRMS calculated for C;;H,0NOg [M]*: 343.19949; found, 343.19898. 'H NMR (400 MHz, CDCls) § —0.05-0.00 (m, 2H),
0.38-0.44 (m, 2H), 0.60-0.71 (m, 1H), 1.03-1.10 (m, 2H), 1.20-1.30 (m, 6H), 1.43 (s, 9H), 2.36-2.44 (m, 2H), 4.15-4.35 (m,
4H), 5.89 (br s, 1H).

2-((tert-butoxycarbonyl)amino)-4-cyclopropyl-2-(ethoxycarbonyl)butanoic acid (rac-4). To a solution of 3 (450 mg, 1.31
mmol) in EtOH (6.55 mL) was added an aqueous solution of potassium hydroxide (0.720 mL, 1.44 mmol, 2 mol/L) at

ambient temperature under an argon atmosphere. The reaction mixture was stirred for 5 h at the same temperature before
being concentrated under reduced pressure. The residue was acidified to pH 2 by the addition of 1 mol/L hydrochloric acid.
The organic materials were extracted with ethyl acetate and washed with brine. The organic phase was dried over anhydrous
sodium sulfate and concentrated under reduced pressure after filtration to afford rac-4 (381 mg, 1.21 mmol, 92%) as a
colorless oil. LC—MS (ESI-): m/z 314 [M — H]". HRMS calculated for C;5sH»,NO¢ [M — H]*: 314.16036; found, 314.15966.
'H NMR (400 MHz, CDCl;) 8 —0.01-0.03 (m, 2H), 0.40-0.45 (m, 2H), 0.61-0.70 (m, 1H), 1.08-1.20 (m, 2H), 1.30 (t, J =
7.3 Hz, 3H), 1.43 (s, 9H), 2.30-2.36 (m, 2H), 4.20-4.35 (m, 2H), 5.75 (br s, 1H).

ethyl 2-((tert-butoxycarbonyl)amino)-4-cyclopropylbutanoate (rac-5). A solution of rac-4 (381 mg, 1.21 mmol) in 1,2-

dichlorobenzene (2.42 mL) was stirred for 2 h at 110° C under an argon atmosphere before being cooled to ambient
temperature. The resultant reaction mixture was purified by flash column chromatography on silica gel (hexane to ethyl
acetate/hexane = 20/80) to afford rac-5 (281 mg, 1.04 mmol, 86%) as a colorless oil. LC-MS (ESI+): m/z 272 [M + H]".
HRMS calculated for C;4H,sNO4 [M + H]*: 272.18618; found, 272.18690. 'H NMR (400 MHz, CDCls) § —0.02-0.04 (m,
2H), 0.40-0.45 (m, 2H), 0.61-0.72 (m, 1H), 1.20-1.30 (m, 5H), 1.44 (s, 9H), 1.67-1.77 (m, 1H), 1.86-1.96 (m, 1H), 4.16—
4.23 (m, 2H), 4.26-4.33 (m, 1H), 4.98 (d, /= 7.3 Hz, 1H).



ethyl 4-cyclopropyl-2-(3.6.6-trimethyl-4-0x0-4.5.6.7-tetrahydro-1H-indole-2-carboxamido)butanoate (rac-8). To a solution
of rac-5 (1.07 g, 3.94 mmol) in CH,Cl, (9.86 mL) was added trifluoroacetic acid (9.86 mL) at ambient temperature under an
argon atmosphere. The reaction mixture was stirred for 30 min at the same temperature before being concentrated under
reduced pressure. To a solution of crude materials (rac-6) in DMF (19.7 mL) were added 7 (872 mg, 3.94 mmol), HOBt-H,O
(724 mg, 4.73 mmol), DIEA (2.69 mL, 15.8 mmol) and EDCI-HCI (832 mg, 4.34 mmol) at ambient temperature under an
argon atmosphere. The reaction mixture was stirred for 17 h at the same temperature before being quenched with water. The
organic materials were extracted with ethyl acetate and washed with brine. The organic phase was dried over anhydrous
sodium sulfate and concentrated under reduced pressure after filtration. The residue was purified by flash column
chromatography on silica gel (ethyl acetate/hexane = 50/50) to afford rac-8 (1.29 g, 3.43 mmol, 87%) as a pale yellow
powder. LC—MS (FD): m/z 374 [M]". HRMS calculated for C,;H3(N,O4[M]": 374.22056; found, 374.22088. 'H NMR (400
MHz, CDCl3) 6 0.00-0.04 (m, 2H), 0.41-0.46 (m, 2H), 0.63-0.73 (m, 1H), 1.10 (s, 6H), 1.20-1.28 (m, 1H), 1.31 (t,J=7.3
Hz, 3H), 1.32-1.38 (m, 1H), 1.84-1.95 (m, 1H), 2.02-2.13 (m, 1H), 2.34 (s, 2H), 2.64 (s, 2H), 2.67 (s, 3H), 4.20-4.28 (m,
2H), 4.79 (td, J= 7.3, 5.4 Hz, 1H), 6.38 (d, J= 7.3 Hz, 1H), 9.40 (br s, 1H).

4-cyclopropyl-2-(3.6.6-trimethyl-4-0x0-4,5.6.7-tetrahydro- 1 H-indole-2-carboxamido)butanoic acid (rac-9). To a solution of
rac-8 (1.29 g, 3.44 mmol) in EtOH/THF/H,0 (34.5 mL, 1/1/1) was added lithium hydroxide monohydrate (217 mg, 5.17
mmol) at 0° C under an argon atmosphere. The reaction mixture was stirred for 6 h at ambient temperature before being
concentrated under reduced pressure. The residue was acidified to pH 2 by the addition of 1 mol/L hydrochloric acid. The
resultant precipitate was filtered and rinsed with water to afford rac-9 (1.17 g, 3.38 mmol, 98%) as a colorless powder.
LC-MS (ESI+): m/z 347 [M + H]*. HRMS calculated for C,oH,;N,O, [M + H]™: 347.19708; found, 347.19652. 'H NMR
(400 MHz, DMSO-dg) 6 —0.05-0.00 (m, 2H), 0.32-0.37 (m, 2H), 0.59-0.69 (m, 1H), 1.01 (s, 6H), 1.13-1.31 (m, 2H), 1.69—
1.80 (m, 1H), 1.81-1.91 (m, 1H), 2.20 (s, 2H), 2.46 (s, 3H), 2.63 (s, 2H), 4.24 (q, /= 7.3 Hz, 1H), 7.71 (br s, 1H).

N-(1-((4-cyanophenyl)amino)-4-cyclopropyl-1-oxobutan-2-yl)-3.6.6-trimethyl-4-0x0-4.5.6.7-tetrahydro-1 H-indole-2-
carboxamide (rac-11). To a solution of rac-9 (50.0 mg, 0.144 mmol) in DMF (0.722 mL) were added 10 (17.0 mg, 0.144
mmol) and DMT-MM nH,0 (47.9 mg, 0.173 mmol) at ambient temperature under an argon atmosphere. The reaction
mixture was stirred for 7 h at the same temperature before being quenched with water. The organic materials were extracted
with ethyl acetate and washed with brine. The organic phase was dried over anhydrous sodium sulfate and concentrated
under reduced pressure after filtration. The residue was purified by flash column chromatography on silica gel (ethyl
acetate/hexane = 50/50) and triturated with IPE to afford rac-11 (11.9 mg, 0.0266 mmol, 19%) as a colorless powder. Mp:
224-225° C.1IR (ATR) v, 3264, 2225, 1596, 1510, 1310, 1177, 1068, 839, 548 cm™'. LC—MS (ESI+): m/z 447 [M + H]".
Retention time: 4.81 min. LC purity: >99%. HRMS calculated for Co¢H3N4O5 [M + H]": 447.23961; found, 447.24011. 'H
NMR (400 MHz, DMSO-dy) 6 0.01-0.05 (m, 2H), 0.37-0.42 (m, 2H), 0.68-0.75 (m, 1H), 1.02 (s, 6H), 1.22—1.36 (m, 2H),
1.79-1.93 (m, 2H), 2.22 (s, 2H), 2.46 (s, 3H), 2.64 (s, 2H), 4.57 (td, J="7.9, 5.5 Hz, 1H), 7.71 (d, J=7.9 Hz, 1H), 7.78 (d, J
=9.2 Hz, 2H), 7.81 (d, J=9.2 Hz, 2H), 10.58 (s, 1H), 11.65 (s, 1H).

-N-(1-((4-cyanophenyl)amino)-4-cyclopropyl-1-oxobutan-2-y1)-3.6.6-trimethyl-4-0x0-4.5.6.7-tetrahydro-1 H-indole-2-

carboxamide (11). The title compound was separated from rac-11 (15.0 mg) with CHIRALPAK IA column (EtOH/hexane =

50/50, 1.0 mL/min, 25° C) as a colorless powder (6.20 mg, 41.3%). Enantiomeric excess was determined by the same
column conditions, minor enantiomer # = 5.78 min (0.3%), major enantiomer fr = 7.45 min (99.7%): 99.4% ee.

carboxamide (R-11). The title compound was separated from rac-11 (15.0 mg) with CHIRALPAK IA column (EtOH/hexane
=50/50, 1.0 mL/min, 25° C) as a colorless powder (5.64 mg, 37.6%). Enantiomeric excess was determined by the same

column conditions, major enantiomer g = 5.76 min (100%), minor enantiomer #z = 7.45 min (Not detected): 100% ee.

Abbreviations. DIEA, N,N-diisopropylethylamine; DMF, N,N-dimethylformamide; DMT-MM, 4-(4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholinium chloride; EDCI, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; HOB, 1,2,3-
benzotriazol-1-ol; IPE, isopropyl ether; THF, tetrahydrofuran.



Chiral separation of R- and S-enantiomers by HPLC

Optical resolution of rac-11 by chiral column chromatography.

Column: CHIRALPACK IA (4.6 mm I.D. x 250 mm L)

Particle Size: 5 pym

Eluent: EtOH / Hexane = 50/50 < v/v >

Flow Rate: 1.0 mL/min

Column oven temperature: 25 ° C

Detector: 254 nm (UV)

Injections: 20 pL x 12, 30 pL x 26 (10 mg/mL in EtOH / Hexane (50 / 50))
Fractions were collected.
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HPLC analyses of 11 (RK-701) and R-11.
Column: CHIRALPACK IA (4.6 mm I.D. x 250 mm L)
Particle Size: 5 pym
Eluent: EtOH / Hexane = 50/50 < v/v >
Flow Rate: 1.0 mL/min
Column oven temperature: 40 ° C
Detector: 254 nm (UV)
Injection: 10 uL (10 mM in EtOH / Hexane (50 / 50))
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LC-MS data of RK-701

The method was performed on an Agilent 1100 HPLC with diode array detector equipped with a RP-AQUA (2.1 mm X 50
mm ID, 2.6 um). The method was as follows: ESI+, flux of 0.5 mL/min, 5-95% MeCN in H20 + 0.05% formic acid, total

run time of 9 min (A = 190400 nm).
LC-MS (ESI+): m/z 447 [M + H]+. Retention time: 5.59 min. LC purity: 97%.
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Gating strategy FACS analysis in Supplementary Fig. 5h.
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