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Supplementary Figures 

Supplementary Figure 1 

Targeting strategy for the generation of conditional Jmjd3- or Utx conditional mice. 
(a, b) Structure of wild-type Jmjd3 (a) or Utx (b) loci and targeting vectors. The targeting 
vector for each gene contains an inserted neomycin (Neo) cassette flanked by Frt (white 
arrowheads), and three LoxP sites (black arrowheads) flanking the Neo cassette and 
exon(s) encoding the catalytic JmjC domain for each enzyme. Homologous 
recombination in embryonic stem cells results in the targeted allele (Jmjd3t or Utxt). 
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Subsequent deletion of Frt-flanked Neo cassette by Flpe recombinase gives rise to the 
floxed allele (Jmjd3f or Utxf), which can be further modified to the deleted allele (Jmjd3–

or Utx– by the Cre recombinase. 
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Supplementary Figure 2 

Deletion of Jmjd3 and Utx alleles. 
(a) Depletion of Jmjd3 protein in Jmjd3f/f Cd4-Cre (Jmjd3 KO) thymocytes as determined 
by immunoprecipitation (IP) and immunoblot analyses with a Jmjd3 antibody. Numbers 
below the image are the relative intensity ratio of the Jmjd3 bands measured by 
densitometric analyses. NS: non-specific band. 
(b) Deletion of the floxed region in Utx allele as monitored by genomic PCR. Two 
biological replicates are shown for wild-type (WT) and Utx f/f Cd4-Cre mice (Utx KO), 
using genomic DNA purified from total thymocytes of each mouse. 
(c) Depletion of both Jmjd3 and Utx proteins in double-deficient (dKO) thymocytes as 
determined by IP/immunoblot analyses with a Jmjd3 or Utx antibody.  

 
 
 

 



4

 

 

Supplementary Figure 3 

Impaired T cell development in H3K27 demethylase-deficient mice. 
(a-c ) Plots indicate numbers of spleen CD44lo CD4+ T cells (a), mature (TCRhi CD24lo) 
CD8 SP thymocytes (b) and spleen CD8+ T cells (c) from indicated mice. Each symbol 
represents one 6–8 week-old mouse. Data is from the same mice as in Fig. 1b. 
(d) Contour plots of CD4 and CD8 expression on total thymocytes (left) or splenocytes 
(right), and TCRβ vs. CD24 expression on CD4 SP thymocytes (middle) from wild-type 
(WT) or Jmjd3f/f Utxf/fLck-Cre mice.  
(e) Dot plots show absolute numbers of total or mature thymocytes, or of CD4+ T cells 
from mice in (d). Each symbol represents one individual mouse. Data are representative 
of or combined from three independent experiments (d, e). 
The statistical significance was determined by unpaired t-test (two-tailed). *: P<0.05, *** 
P < 0.001, not significant in other cases. Error bars indicate s.d. 
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Supplementary Figure 4 

T cell development in bone marrow chimeric mice. 
Contour plots show expression of CD4 and CD8 in thymocytes (top) or splenocytes 
(bottom) and TCRβ vs. CD24 (middle) expression in CD4 SP thymocytes from control 
chimera prepared from littermate control (Ltm, CD45.2) and wild-type (CD45.1) bone 
marrow. Experiment and mouse numbers indicated in Figs. 2a, b. 
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Supplementary Figure 5 

Development of Utx-deficient OT-II transgenic T cells. 
(a) Contour plots show expression of S1pr1 and Vα2 on mature thymocytes and dot plot 
shows the frequency of S1pr1hi CD4 SP among mature thymocytes from OT-II transgenic 
wild-type (WT) and Utx KO mice as shown in Fig. 3b.  
(b, c) Contour plots of CD4 and CD8 expression on total thymocytes or splenocytes (b) 
and absolute numbers of mature thymocytes or spleen Vα2hi CD4+T cells (c) from wild-
type (WT) and Utx KO OT-II mice. 
Data are representative of or combined from five independent experiments. * P < 0.05, 
*** P < 0.001, **** P < 0.0001 (unpaired t-test). Error bars indicate s.d. 

 



7

 



8

Supplementary Figure 6 

Impact of Jmjd3 and Utx on thymocyte development 
(a) Real-time RT-PCR analysis of S1pr1 and Klf2 expression in CD24lo CD4 SP 
thymocytes from indicated mice. Bar graphs show fold change relative to wild type 
values (set as 1) after normalization with 18S rRNA. Data is from three independently 
sorted sample sets. 

(b) Contour plots show expression of TCRβ and S1pr1 on TCRhi CD24lo CD4 SP 
thymocytes of indicated mice.  

(c) Contour plots show expression of S1pr1 and Vα2 on Vα2hi CD24lo CD8 SP 
thymocytes among mature thymocytes from P14 transgenic wild-type (WT) and dKO 
mice.  

(d) Vα2 expression in wild-type (top) and dKO (bottom) thymocytes carrying the P14 
TCR transgene (plain line) or in DP thymocytes from non-transgenic wild-type mice 
(grey shaded). Brackets define the Vα2hi subset analyzed for CD4 and CD8 expression 
(contour plots, right). Numbers on plot indicate percent of cells within nearby box or 
bracket.  
(e) Contour plots of CD4 and CD8 expression on total thymocytes (left) or splenocytes 
(right), and Vα2 vs. CD24 expression on CD8 SP thymocytes (middle) from wild-type 
(WT) and dKO mice carrying the P14 transgene. Numbers of mice for each genotype 
indicated in (f). 
(f) Dot plots show absolute numbers of total thymocytes, mature Vα2hi CD24lo CD8 SP 
thymocytes, total splenocytes or CD8+ T cells from mice in (e). Each symbol represents 
one individual mouse.  
Data are representative of or combined from three (b, c, and d) or five (e, f) independent 
determinations on each genotype. The statistical significance was determined by unpaired 
t-test (two-tailed). *: P<0.05, **: P <10-2, ***: P < 10-3 and ****: P < 10-4. Error bars 
indicate s.d. 
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Supplementary Figure 7 

TCR engagement represses S1pr1 expression. 
Relative expression of S1pr1, Klf2 and Nr4a1 mRNA in Vα2hi CD24lo CD4 SP 
thymocytes, from WT OTII mice, after overnight culture with or without anti-CD3. Bar 
graphs show fold change relative to unstimulated values (set as 1 for each gene) after 
normalization with 18S rRNA. Data is from three independently sorted sample sets. **P 
< 0.01, and ***P < 0.001 (unpaired t-test). Error bars indicate s.d.  
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Supplementary Figure 8 

Impact of Jmjd3 and Utx on H3K27 trimethylation and gene expression.  
(a) Scatter plot show H3K27Me3 signals on the 7730 ‘peak’ gene set. Each symbol 
depicts signal (log2 value) at a given promoter in wild-type (x-axis) vs. dKO (y-axis) 
mature CD4 SP OT-II thymocytes. Dotted lines indicate 2-fold changes. Filled red and 
blue red symbols depict over- and under-decorated genes defined in Fig. 5b.  
(b, d) IGV browser tracks show the distribution (normalized sequence reads) of 
H3K27Me3 ChIPseq signals at indicated loci in wild-type and dKO OT-II transgenic 
CD4 SP thymocytes (top two tracks), and indicated thymocyte subsets of mice expressing 
a diverse endogenous TCR repertoire. Arrows indicate transcription boundaries.  
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(c) Scatter plot show H3K27Me3 signals, as in (a) on genes within the Hoxa-d clusters in 
wild-type (x-axis) vs. dKO (y-axis) mature CD4 SP OT-II thymocytes.  
(e) Heat map indicates ChIPseq signals (log2 values, color-coding scale at bottom) on 
over- and under-decorated promoters (defined in Fig. 5b and ranked in the same order as 
in Fig. 5c) in mature CD4 SP thymocyte from indicated mice expressing an endogenous 
diverse TCR repertoire. Each lane represents a separate ChIPseq experiment.  
(f) IGV browser tracks show the distribution (normalized sequence reads) of H3K27Me3 
ChIPseq signals at S1pr1, Klf2, Zbtb7b and Ccnd2 in thymocytes of mice expressing a 
diverse endogenous TCR repertoire. Arrows indicate transcription boundaries.  
(g) Scatter plot show microarray gene expression (log2 values), on 14 under-decorated 
genes defined in Fig. 5b, in wild-type (x-axis) vs. dKO (y-axis) mature CD4 SP OT-II 
thymocytes. Dotted lines indicate 2-fold changes. 
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Supplementary Figure 9 

Demethylase-independent functions of Jmjd3 and Utx. 

(a) Relative expression of Ccr7, Ccr4 and Sell in V!2hi CD24lo CD4 SP thymocytes from 
indicated mice, as determined by quantitative RT-PCR analyses. Results are presented as 
fold change relative to wild type values (set as 1) after normalization with 18S. Data is 
from three independently sorted sample sets. Statistical significance was determined by 
unpaired t-test. **: P < 10-2, ****: P < 10-4. Error bars indicate s.d. 

(b) Scatter plot comparing wild-type vs. dKO H3K27Me3 signals, as in Supplementary 
Fig. 8a, at 41 genes with up-regulated microarray expression in dKO OT-II transgenic 
CD4 SP thymocytes.  
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Supplementary Tables 

Table S1: 55 over-decorated genes
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B:.6I7: JKI7 1K6J LK6J 7KLJ MKL7 7K66 7K6N MK1+ LK7O +KJI IKII 67KIL 67K66 67K66 66KNI 66KNJ 66KNJ ?IK6+ IKI6 IKIL
*F#07 NKI7 +K16 LKOL 1KN6 LK7I +K++ +KL+ NK7I JKIN +K6L IKII 67KO+ 67K+O 67K17 NKOI NKOL NKL6 ?7KJO IKII IKII
CP:7 OKLL +K6N OKMM OK1+ MKLM 6KNM 7KJJ MK7I MKO+ +KI6 IKII JKOI JK+1 JK1I LK7+ LK7N LK6M ?6K6J IKII IKI6
QR)RLR NKIO 1KJL MKOI 1KNI MK+N 7KM6 7K77 OKML MKMO 1KJ+ IKII NKN1 NKNN 6IKIO NKOM NKJI NKJ6 ?IK7L IKI+ IK6+
,)19:;6 MK+M 1K1I MK+1 1KOO OKNN 6KN1 7K76 OKO7 OKNO 1KLL IKII MKJL MKJO MKJ7 MKMN MKMO MKMN ?IK6L IKII IKI7
S"HE;1 MKNI +KII OKJO OKL+ MKLI 1K+J 1K71 LK1M MKMM 1KL6 IKII LKL+ LKJM LKLI MKML MK+N MK1O ?6K7M IKII IKI6
!T86 OK1I +KII +KJO OK7J MK7I 7K+N 6KN+ MK7I OK+O 1KMM IKII LKON LKOM LKM7 LK1I LK7M LK6+ ?IK1M IKII IKI1
*U;6 JKN6 MKLM JKON LK66 JKOI OK1M OK7+ JKM+ JKLJ 1K+6 IKII LKJ1 JKI1 JKIJ MK+6 MKM7 MKON ?6K++ IKII IKI6
C9E7 JK77 OKIM JKI+ OK+6 LKN7 OK7+ +KL1 JK7O JK76 1K77 IKII NKL+ NKJ+ NKJM NKOI NK+I NK+1 ?IK1L IKII IKI7
VET+ JK66 OKMO JK+7 MKIJ JK6M OKON OKIJ JKOO JK7O 1KIO IKII NK6O NK6M JKNO LK16 LK67 LKI7 ?6KN+ IKII IKI6
!:;#)M MKL6 1KON OKLO 1K11 MK11 +KIL 1K77 MKMI MKJO 1KI6 IKII 6IK6J 6IK71 6IK6N 6IK6O 6IK6I 6IK6I ?IKIJ IKI1 IK67
4;T7 LKJ6 OK6N LK1I OKI7 LKI1 +KM+ 1K6I LK77 MKJJ 7KNM IKI6 6IKJ+ 66KII 6IKN+ NKM6 NKLJ NKJI ?6K6N IKII IKI6
W:DL06 OK71 1K6M OK7N 1KJL OKMI 7KLO 7KJ+ OKO1 OKLO 7KN6 IKI6 LKLL LKJL LKNO LKJI LKN+ LKN+ IKI1 IKL7 IKJO
,6DE6 JKL7 MKJJ JKJM LK+1 JKJN MK+I MK71 NK1J JKJM 7KJ1 IKII 66K+6 66KO+ 66KML LK1L LK6J LK76 ?+K7N IKII IKII
B9E MKIL +KML MKL1 MK16 LK1+ OK67 +K11 LKJM LK6L 7KLL IKI6 MK6L MK7+ MK61 OKN1 MKI+ MKI6 ?IK6N IKI6 IKIL
X7?Y7 OK+1 OKJJ MK++ MK7O MKJ+ +KO6 1KN1 LK+1 MK7M 7KLI IKI7 LKOO LKMI LK1J LK7O LK7I LK61 ?IK16 IKI6 IKIJ
S0E96 MK71 OK61 MK7N +KM7 MK7J 1KNJ 1KLM MKMO MK16 7KM1 IKII 6IK61 6IK77 6IK7N NKLN NKLO NKL+ ?IK+O IKII IKI7
C7T7 OK1O +KJO MK+1 OKIM MKI7 +KOJ 1KL7 MKNL MK1J 7K+J IKI6 LKO+ LK+M LK1+ MKJ7 MKJ6 MKJ7 ?IKM1 IKII IKI6
!:00+O9 LK61 +KOM LKIM OK67 MKM6 +KJO +K+7 LKM1 MK1+ 7K+L IKI1 OKO7 OKLO OKJL OKMJ OKL6 OKO7 ?IKIJ IKO+ IKL7
&JCE)0J7" LK++ LK6M JK6N LKOM LKJ1 OK7O +KM7 LKOJ LK6+ 7K+I IKI6 NK17 NK7J NK1+ NKL+ 6IKI6 6IK67 IKM+ IKI6 IKI+
SE+:6 MKI6 +K6I MKIM +KOI MK11 +K++ 1K+N MKOO MK1+ 7K1N IKI6 NKJJ 6IK6N 6IK++ NKL7 NKO6 NK1I ?IKMM IKI1 IK67
B=3D+ MK67 1K71 OK+M 1KLI OK67 1KM7 1K71 MK6+ OK+I 7K1J IKI7 JKN6 JKN1 JKN6 JKNI JKNI JKN6 ?IKI7 IKIN IK7O
C9;#1 MKIL MK+N LK16 MKJN LK1J OK6O OK71 LKOM LK+L 7K1+ IKII LK+J LKL1 LKL+ OKNJ MKNM LK+I ?IKJL IK66 IK7J
Z#TE$T6R MK1O OKI1 MKN7 OKJJ MKJM OK1M +KJ6 LKOJ LK7N 7K11 IKI6 JKOJ JKM6 JKOJ LKJ+ LKM+ LKMO ?IKJJ IKII IKI6
V;6IE: MKOO MK+M LKLI MKNL LKJJ OKLI OKI1 LKN6 LKO1 7K17 IKI6 JK61 JKMJ JKJN OKLJ OKMN OKJ7 ?7KJI IKII IKI6
SR":;7 OKNO +KJ7 OK1J OKOJ MKIJ +K6I 1KIO MK11 OKO1 7K1I IKI1 NK6J NK76 NK6L JKI+ JK6N JK7M ?6KI7 IKII IKI6
'E[FU OKN7 7KL1 OKJO 1KNN OKOJ 1KMI 1K+7 OKLM OKL1 7K7O IKI6 66K1L 66K1M 66K+I 66K6J 66K77 66K7I ?IK6J IKII IKI6
\;=3O:D OKJ6 OKI+ OKNI OK7I MK7M +KOI 1K11 MK+J OKNJ 7K7I IKI1 MK6N MK6+ MK61 OKLI OKJL OKOI ?IK+M IKI6 IKIJ
ZE8R6 OK+I OKIN MK+7 OKI1 MK1M OKI7 +K66 LK7I MK1M 7K7I IKI1 MK+N MKM6 MKML MKOM MK++ MKMN ?IKI1 IKLM IKJL
@T#9 NK6M LKII JKN+ MKJ1 JKM+ MKMO MK+7 JKOJ JKJL 7K6N IKI6 66K66 66K76 66K76 6IKML 6IKJ7 6IKJ+ ?IK+I IKII IKI+
&DD+ MKIL MK7M LK+L MKMM LKOI +KNJ +KJJ LK+1 MKMO 7K6L IKI7 6IK17 6IK6N 6IK76 JKLI JK+N JKJM ?6KOM IKII IKI6
C0:E:00 OKLN LKM7 JK7+ LKN1 JK67 MK17 OKJL JK71 JK77 7K66 IKI6 MKNJ LK1M LK1M MKIL MKIL MK6M ?6K6+ IKII IKI7
2R:$U1R JK71 OKN1 LKIN MKL6 LKMM MK+L OK16 JK6O JKIL 7K6I IKI1 NKI7 NK61 NKIJ MKM+ MKJN LKII ?7K71 IKII IKII
\E)+ OK6I MKO7 OK+M LK1J LK1M +KIO +K+7 MK76 MK1O 7KIM IKI6 JK6L JK67 JK76 LKO6 LK+J LKOL ?IKM+ IKII IKI6
C3);1 OKNN OK17 MKI+ OK+I MK6+ +K+6 1KO+ MK1M OKLJ 7KI+ IKI1 NKJ6 NKNI 6IKI7 NKLI NKL6 NKL1 ?IK7I IKI1 IK61
ZRF606 LKLJ OK67 MK16 OK17 MKO6 +KN6 +KLJ LK6L MKO6 7KI1 IKI7 NK77 NK6N NK6J JK1M JK16 JK1N ?IKJO IKII IKII
*:$$+ OKJ+ OKN7 MK+J OKM1 MKO6 +KLJ +KLI MKON MKN6 7KI7 IKI6 OKLN OKLO OKLO OKM1 OKL7 OKJI ?IKI+ IK+M IKMM
,#:81 MK1L OK1I MK1+ OKL6 MK71 +KN+ +K7M MKN7 MK7O 6KNJ IKI1 OKL1 OKJJ OKLO OK17 OK77 OK1L ?IK+J IKII IKI7
*:E0M OKJ6 1K1J OK16 1KOI OK1I 1K61 7KJN +KLL OK6O 6KNL IKIO 6IKIM 6IKIM 6IKI7 6IK1J 6IK1M 6IK+1 IK1O IKII IKI6
&N1II7JW6+<8[ MK+L OKL6 MKNJ MKIN MKO1 OKJI OK11 LKJL LK61 6KNM IKI1 MK16 MK1O MK+6 MK7+ MK7L MK7M ?IK6I IKI1 IK61
*PT8D7 OK1L +KIN OK7N +KM+ +KN7 1K+O 1KO+ OK6L OKM1 6KNM IKI+ 66K+I 66K++ 66K++ 66K7N 66K1+ 66K1N ?IKIN IKIO IK6L
SED6 MKI7 MKJ1 JKIJ MKLJ LK+7 OKLJ OKM7 JK66 MKNM 6KNO IKI+ LK6+ LKIO LKII MK1I MK++ MK+N ?IKMO IKII IKI7
4R)R066 LKJN OKLN MKNO +KJM MK77 +KNN +KO1 MKJ6 MK+L 6KJL IKI1 NKO6 NKO7 NK+O NK6L NK7N NK1I ?IK7+ IKI6 IKIO
X"F)07 MK1M OK++ MK76 MK7I MKON +KNI +K1O MK+L MKOO 6KJM IKI1 LKJM LKN7 LKMO MK6J MK1L MK11 ?6KO7 IKII IKI6
+N1IO+M*6I<8[ OK7O +K6J OKJJ +KNJ MKO6 OK+J +KLO LK7O MKLL 6KJM IKI1 MKIL MKI6 OKLN OKMN OKL6 OKJO ?IK7I IK66 IK7J
2#FN1R6 MKL1 MKL+ LKN7 MKM6 LK+6 OKJL OK1M LKM1 LK1O 6KJO IKI1 MK66 MKIO MK67 OKNI OKN+ OKLJ ?IK77 IKI6 IKIJ
'8.6 OK17 +KML MKM1 OK1+ MK+L +KOJ +K67 MK17 MKIM 6KJ1 IKI1 JKJN JKJ7 JKMJ LK+M LKMM LKOL ?6K7+ IKII IKI6
*##1 MKMI MKL+ LK77 MK++ MKLJ OK16 +KJJ LKI7 MKJO 6KJ1 IKI7 NK1N NK+I NK16 NK6N NK7M NK+N ?IKIO IKM7 IKLL
*FE7 MK6N MK7J LKL+ MKLM LKJM MKO+ OKJJ JK16 LKLO 6KJ6 IKI+ +K77 +K7I +K7I +K6M +K67 +K6O ?IKIM IKI6 IKIM
Z98T6 +KJN OK+7 OKM7 MK1M MK1L 1KLL +K7O OKNN OKOJ 6KJI IKI+ JK67 JKIM LKN1 JK6I JKIJ JKIO IKI+ IKO1 IKL6
JI1I+71B76<8[ MKIL OKIO MKM6 OKN6 MKJ1 OK76 +KN1 LK67 MKO1 6KLJ IKI1 +KMN +KL1 +KL7 +KLL +KJI +KLN IKIL IKI6 IKIL
ZED.6 MKMI OK+N MKNO OK+O MKLN OKO1 +KJ1 LKI+ MKNJ 6KLJ IKI1 OK6N OK7I OK77 OKI+ OK66 OK6L ?IKIN IKIL IK7I
S8D:;6 OK1+ +KO6 OKL7 +KNM OKJI +KL6 +K+M MK7N MK1O 6KL1 IKI1 LKN1 JKIJ JK6L LK+M LKML LKLJ ?IK+7 IKI7 IK6I
B=3=6 MK7O +K7J MK66 +KNN OK+N +K1M +K71 MK76 OKLJ 6KL7 IKI+ 66KIL 66K6J 66K6I 6IK66 6IK6N 6IK7+ ?IKN+ IKII IKI6
SF:;0 MK+6 MKJL MKN6 MKJM LK77 +KLM +KM1 MK+1 MK11 6KMN IKI1 MKJL LK6I MKNO MKM6 MKL1 MKJ1 ?IK7O IKIO IK6L
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Supplementary Table 1: Over-decorated genes. 

The table lists the 55 genes ‘over-decorated’ with H3K27Me3 in mature dKO OT-II CD4 SP thymocytes, as defined in Fig. 5b. Genes 
are ranked by decreasing H3K27Me3 signal ratio. 
 
!  
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Table S2: Under-expressed genes
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*C#07 IJK7 +J16 LJML 1JI6 LJ7K +J++ +JL+ IJ7K NJKI +J6L KJKK KJKK 67JM+ 67J+M 67J17 IJMK IJML IJL6 ?7JNM KJKK
HO:7 MJLL +J6I MJPP MJ1+ PJLP 6JIP 7JNN PJ7K PJM+ +JK6 KJKK KJKK NJMK NJ+1 NJ1K LJ7+ LJ7I LJ6P ?6J6N KJK6
Q"BD;1 PJIK +JKK MJNM MJL+ PJLK 1J+N 1J71 LJ1P PJPP 1JL6 KJKK KJKK LJL+ LJNP LJLK PJPL PJ+I PJ1M ?6J7P KJK6
R)9SL PJ6+ 1J1I MJ7I +JK6 MJ67 7J++ 6JL1 MJIL MJ1+ 1JPK KJKK KJKK 6KJ7I 6KJ17 6KJ1K NJN7 NJNK NJPM ?6JMM KJKK
*T;6 NJI6 PJLP NJMI LJ66 NJMK MJ1P MJ7+ NJP+ NJLN 1J+6 KJKK KJKK LJN1 NJK1 NJKN PJ+6 PJP7 PJMI ?6J++ KJK6
*CDN MJ+M 1JNI +JM1 1JLM +JL6 1J6I 7JM7 PJ+K MJ1M 1J6K KJKK KJK6 NJ1+ NJ+L NJN7 LJ+K PJI7 PJPK ?6JML KJK+
RDU+ NJ66 MJPM NJ+7 PJKN NJ6P MJMI MJKN NJMM NJ7M 1JKM KJKK KJKK IJ6M IJ6P NJIM LJ16 LJ67 LJK7 ?6JI+ KJK6
4;U7 LJN6 MJ6I LJ1K MJK7 LJK1 +JP+ 1J6K LJ77 PJNN 7JIP KJKK KJK6 6KJN+ 66JKK 6KJI+ IJP6 IJLN IJNK ?6J6I KJK6
,6ED6 NJL7 PJNN NJNP LJ+1 NJNI PJ+K PJ71 IJ1N NJNP 7JN1 KJKK KJKK 66J+6 66JM+ 66JPL LJ1L LJ6N LJ76 ?+J7I KJKK
VC;7 PJPL +JK1 MJ+6 +J6N MJKK 1JP1 7JIL PJ67 MJPN 7JML KJKK KJK6 66JL+ 66JLM 66JLL 6KJ+L 6KJP+ 6KJNM ?6J6K KJK6
R;6KD: PJMM PJ+P LJLK PJIL LJNN MJLK MJK1 LJI6 LJM1 7J17 KJKK KJK6 NJ61 NJPN NJNI MJLN MJPI MJN7 ?7JNK KJK6
QS":;7 MJIM +JN7 MJ1N MJMN PJKN +J6K 1JKM PJ11 MJM1 7J1K KJKK KJK1 IJ6N IJ76 IJ6L NJK+ NJ6I NJ7P ?6JK7 KJK6
')98D MJ6I +JK1 +JMI 7JNL 1JMM 7JL7 6JLK MJKM 1JPN 7J7N KJKK KJ6I NJK6 NJ6P NJ6M PJIN PJNI PJPL ?6J7P KJK6
&N1KK+P*77<8W PJL1 MJ++ +J16 +J1M +JM7 1JKL 7JIN MJPL +JLK 7J7P KJKK KJK+ PJPK PJP+ PJP6 MJ7+ MJ1P MJKI ?6J1I KJK6
&EE+ PJKL PJ7P LJ+L PJPP LJMK +JIN +JNN LJ+1 PJPM 7J6L KJKK KJK7 6KJ17 6KJ6I 6KJ76 NJLK NJ+I NJNP ?6JMP KJK6
H0:D:00 MJLI LJP7 NJ7+ LJI1 NJ67 PJ17 MJNL NJ71 NJ77 7J66 KJKK KJK6 PJIN LJ1P LJ1P PJKL PJKL PJ6P ?6J6+ KJK7
2S:$T1S NJ71 MJI1 LJKI PJL6 LJPP PJ+L MJ16 NJ6M NJKL 7J6K KJKK KJK1 IJK7 IJ61 IJKN PJP+ PJNI LJKK ?7J71 KJKK
'7D3L PJ66 MJ1M PJ6K MJP7 PJ7L +JNL 1JN7 PJIN MJNN 7JKN KJKK KJKL PJNK LJ6K LJ7K MJNP MJN1 MJL1 ?6J77 KJK6
R)9S1 MJLP +J6N +JIM MJ1I MJ1N 7J71 1J7L MJ6+ +J6M 7JK6 KJKK KJ6M 6KJI7 6KJIN 6KJIM NJN6 IJ77 IJ7M ?6JNM KJK6
X"C)07 PJ1P MJ++ PJ76 PJ7K PJMI +JIK +J1M PJ+L PJMM 6JNP KJKK KJK1 LJNP LJI7 LJPM PJ6N PJ1L PJ11 ?6JM7 KJK6
'8.6 MJ17 +JPL PJP1 MJ1+ PJ+L +JMN +J67 PJ17 PJKP 6JN1 KJKK KJK1 NJNI NJN7 NJPN LJ+P LJPP LJML ?6J7+ KJK6
,T1SEM LJ76 PJ+6 LJ+L LJ77 LJ7I PJ7P MJNL NJKK LJ1P 6JP+ KJKK KJKL IJ61 IJ6+ IJKI LJNK LJP1 LJNN ?6J1M KJK6
YZEI MJ1I 1JPM +JNP +J++ +JNL 1JMK 1JK6 MJK+ +JL7 6JP1 KJKK KJ67 PJ+N PJ+7 PJ1N +JII MJ6P MJKI ?6J1M KJKK
,O);7 PJII PJ+N PJI6 PJMK LJ1K PJ7I MJ+I LJMN LJ+6 6JMM KJKK KJ6K LJIK NJ66 NJ17 MJIN MJI7 PJ6+ ?7J6K KJK6
*0++ LJNI PJ1P NJ6N LJ++ NJ16 PJ1N PJK7 LJNM LJPM 6JM+ KJKK KJ66 LJLI LJIK NJKK PJNK PJNL PJLP ?6JKI KJK6
'EE1CC PJM7 MJ+I LJK1 MJN+ LJKP MJIN MJMI LJ6N LJ17 6J+M KJKK KJ6+ NJPN NJLI NJMP LJ67 PJI+ PJIP ?6JPP KJK6
Y0:.)$1 PJN1 PJ+7 LJKP PJ1I LJK+ PJ7+ MJLI LJP1 LJ6L 6J1N KJKK KJ7K LJP+ LJPP LJPM PJKP PJKK PJ6M ?6JMN KJKK
,:.T06 IJ76 MJ67 LJIK +JI+ LJ1M LJ1P PJNN NJML NJ+7 6J1P KJK6 KJ1P 66JM7 66J1L 66J61 IJ1I IJ6+ IJ6P ?7J66 KJK6
R;6ND6 PJI1 LJKL NJ6L LJMI NJ71 PJN7 PJPN NJ7+ LJIM 6J1M KJK6 KJ1+ LJMK LJP+ LJ+P MJ1K MJ6L MJ1+ ?7J7P KJKK
,.:0L NJ16 PJ1N LJ+I PJLL LJPM PJM1 PJ6I LJPI LJPL 6J16 KJK6 KJ7N 6KJ6P 6KJKN 6KJK+ NJIM IJKN IJ67 ?6JKM KJK6
,)19:;P NJ7M LJ1P LJNN NJKI LJIP PJMI LJK1 NJKM NJ6N 6J1K KJK6 KJ1N IJ1I IJ+M IJ+M NJ7+ NJ71 NJ7L ?6J6I KJKK
*D8E6 PJ6+ MJNN PJN7 PJ+7 PJN+ PJ+N MJ1+ LJN6 PJPK 6J1K KJK7 KJ+L 66J17 66J71 66J6P IJPL IJP1 IJM6 ?6JP1 KJKK
[0DE NJ6N PJ77 LJLN PJL+ LJMM LJ7K LJ1+ NJML NJ1I 6J76 KJK7 KJMM NJLL NJN6 NJL1 LJI7 LJL1 LJ+I ?6JKP KJK7
R9USE+ IJ7L LJI1 NJLN LJ6N NJ6L NJ7I LJN7 IJ11 IJKI 6J6+ KJK+ KJL1 6KJM1 6KJ7N IJLK PJ7N PJ+P PJ+7 ?1JLN KJK6
V)S066 LJNM LJNK NJ6L NJ1L NJ6+ LJ1+ PJIK NJ+M NJKL 6J6+ KJK1 KJP6 IJ6+ IJ67 IJKI PJ+6 PJ1+ PJ1K ?7JLP KJKK
\WD3 MJI+ MJLI MJ++ PJKM PJML MJ+I MJ6I PJ17 PJ+P 6JK+ KJK7 KJMM NJPM NJL6 NJIK PJIM LJ7P LJ7I ?6JMI KJK6
V+9:;)M LJ1+ MJLL LJPK PJM+ LJ7M PJMN PJ6P LJ+6 LJ+1 6JK1 KJK1 KJPL IJ7N IJ7L IJ67 NJ61 LJIM NJ6M ?6J6M KJK6
*0I LJNK LJ1P NJ66 NJK1 NJ61 LJMM PJIL NJ+1 LJNL KJNI KJKI 6JKK NJN+ NJPP NJ1I LJ++ LJ1P LJ1+ ?6J7M KJK7
,80)6 PJ66 PJ76 PJN1 PJ6K PJ1I PJ+7 PJ11 LJ1P LJ6K KJNP KJKL KJI+ NJII NJI6 NJLK PJNP PJNN PJLN ?7JK1 KJKK
!EDIL PJ6P MJLK MJL6 MJM+ MJP7 PJ6L MJ7L PJI6 PJ6P KJLI KJKI 6JKK NJNL NJIN NJIM LJI1 LJI1 LJNP ?6JK1 KJKK
*WS IJ+K NJPN IJ6I NJLP IJ61 NJI1 NJ+I IJLM IJKP KJL7 KJ6N 6JKK IJNP 6KJKK 6KJ61 LJLL LJNP LJNI ?7J6P KJKK
<#U6++: PJKM LJKM LJP+ LJ7M LJMK LJM6 PJIL NJ61 LJN6 KJL7 KJ6L 6JKK NJMN NJM+ NJ+I LJ++ LJ++ LJ11 ?6J6+ KJKK
,9W6 NJL+ NJLP IJ6M NJLP IJ7K NJMI NJM7 IJ66 IJ7M KJP1 KJ7M 6JKK NJ6L NJKN NJKP PJII PJIN LJK6 ?6J66 KJKK
4;T0C7 PJ61 PJ7I LJ71 PJ+7 PJP1 LJ16 PJ71 LJL+ LJ6N KJP6 KJ77 6JKK LJP1 LJ+L LJ1N MJLI MJN6 PJK6 ?6JP7 KJK6
*8$T NJ67 PJKP LJKP MJ+1 PJ1N LJ7L PJN1 LJNL LJ+M KJPK KJ71 6JKK LJN+ LJMN LJ+L PJMK PJPP PJP1 ?6JK1 KJK7
]:E1WM LJ6I PJNI LJM1 LJ+M LJLP LJ6N LJKP LJN6 LJP6 KJMI KJ7+ 6JKK NJ6M NJ71 NJ6K PJM6 PJP6 PJ+P ?6JP1 KJKK
[#UD$U7M NJLM LJ1P NJ6P LJII NJ6+ NJMN NJKL IJ7M NJMK KJML KJ1K 6JKK NJ71 NJ1K NJ6L PJN+ PJL7 PJL1 ?6J+L KJKK
,)N$8:P IJ6I LJIP NJNI LJIP NJ+L NJ+N NJ66 NJLI NJIM KJMP KJ1K 6JKK 6KJ7+ 6KJKL 6KJ61 NJLN NJIP IJ6K ?6J7K KJK6
*:C#S1 NJNI NJIN IJ7I IJ71 IJ+K IJPK IJ7N 6KJ1K IJP+ KJMP KJ7L 6JKK LJLP LJ+K LJ+1 PJM6 PJM+ PJMK ?6JK6 KJK7
YD NJ++ LJI+ NJ1L NJ1M NJM1 NJ1I LJI7 NJI7 NJMK KJMM KJ16 6JKK NJ77 NJ11 NJ6N PJPM PJP1 PJNK ?6JMM KJKK
YUU1 MJMN PJMK PJP1 PJ1I PJLK PJMK PJ7P LJ77 PJM+ KJM1 KJ7P 6JKK 6KJ++ 6KJ+1 6KJ+M IJ16 IJ++ IJMP ?6JK6 KJK6
,EP NJ+N NJ6K NJ+L NJ7N NJPP NJ+7 LJIM NJNL NJMI KJM1 KJ11 6JKK LJ6M LJ1K LJ7M MJIN PJ6P MJLN ?6J7P KJK6
'DD61 PJKL +J7+ +JP+ +JNP +JI1 +J7M 1JI7 +JNK +J+M KJM1 KJ76 6JKK LJNL LJIP LJN7 PJPM PJNL PJIN ?6JKM KJK6
]O=6K PJKK PJII LJM+ PJNP LJ1P LJ76 LJKL LJLM LJMI KJM1 KJ7I 6JKK IJKN IJKP IJK1 LJMP LJM7 LJPK ?6JMK KJKK
*"D$P PJ7I LJMM LJNP LJKM LJ+7 LJ7N PJI7 LJLL LJ7L KJ+1 KJ+K 6JKK IJMP IJPM IJL6 NJ7+ NJ+P NJP6 ?6J76 KJK6
YD)7S +JI7 MJP7 MJ7I +JPL MJ+K MJ1M MJKI MJP6 MJM1 KJ1+ KJ+6 6JKK LJ77 LJ1N LJ7I MJ7N MJKK +J+I ?7J1L KJK6
]:#6C6 NJ1M NJLI IJKK NJPL NJLP NJIK NJ17 IJ7K NJL7 KJ1+ KJM+ 6JKK NJ7L NJKP LJLK PJL6 PJL6 PJIK ?6J71 KJK1

X147L]"1%:#:;O$8$

5[?RR%[*<%)D:#$9"#"%&8F"D$"%"#0=9"#=B$%D"E"D)=8D"

]8CD=:DD:O%"3ED"$$8=#%

5[?RR%[*<%)D:#$9"#"%
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Table S2: Under-expressed genes

!"#$%& '()* '()+ ,(+- '(-) '()- '(.& '(.' '(-' '(,' /(&* /(.. +(// ,(-+ ,()+ ,(0, '(&) -(') -(), 1+()0 /(/*
2%.. )(&& )(&, )()- )(., )(-/ )(0) )(++ )(). )(., /(&* /(0, +(// )(), )(0' )(+, .(/- .(0) .(&/ 1+(+' /(/&
345%)6 ,(/0 ,(/) ,(.& ,(+' ,(*' ,(*' ,(/- ,(.+ ,(00 /(*, /(.- +(// '(&. '(&- '(&+ )(0) )(&& )(&& 1+(,- /(//
78$+ ,(/, '(.) ,(+, '(.0 '(-. '(,- '(-& ,(*- '(,* /(*. /()0 +(// +/(++ +/(/, +/(/' '(,, ,(/& ,(*. 1+(/+ /(/+
9#:* ,(0* ,(.. ,(.& ,(&0 ,(-& ,(0. ,(0' ,(./ ,(-. /(+) /(-0 +(// '(*& '(/- -(-0 )(&. )(0, )(0- 1+(.- /(/+
;<=#85'>+ .(0+ .(*+ .(0/ .(/, .(0, .(). .(+* .(,. .(/+ /(+0 /(-& +(// -(,. -('0 -(-0 )(.0 )(-. )(.) 1+(** /(/+
;>"- )(++ .('* .(-* )(0* )()0 .('0 )(*/ .(), )(.& /(+0 /(-) +(// '(.+ '(.+ '(-. -(), -(0, -(0) 1+(/. /(/*
;$?$)0 0('* 0(&, 0(.. 0(&, 0(.+ &(-- &(,* &('0 0(+/ /(+& /(-' +(// +/(.- +/()& +/(), ,(0' ,()0 ,(., 1+(/) /(/+
@#A=+ ,(+. ,(), ,(.' ,(.+ ,(0, ,(&' ,(&' ,(&) ,(.) /(/' /('- +(// +/(.0 +/(.+ +/(0, ,(0) ,(0. ,(.* 1+(/& /(//
B54+,>+ .(/) .(*+ .(., .(0) .(+, .(0* .(&* .(*, .(.* /(/& /(,0 +(// -()0 -(.& -(0. )(0- )(+) )(&) 1+(*+ /(/+
9=8C '('. ,(+' ,(/- '()& '(00 '()& '(&- '(-, '(/. 1/(/. /(,& +(// '(*+ '(*. '(/* )(-+ )(-/ )(', 1+(&, /(/+
D"4 )(,0 -(0' -(-* -(/& -(+' )(', -(/) )(*. -(/* 1/(*, /(.. +(// ,(+0 ,(/& ,(/- )(,* -(/0 -(+, 1*(/& /(//
0,&+0/)E*+F8G &(,* &(-' 0(*0 &(-* *('* &(/. 0()/ 0(.) &(,& 9HIJ?#G 9K7 9K7 -(** -(+, -(/* .(0- .(-& .(-* 1+(./ /(/+
L$5& 0(0, &(0, &('0 0(** 0(/* *(,. &(++ 0(+- &(*+ 9HIJ?#G 9K7 9K7 ++(,+ ++(,+ ++(,/ +/(*, +/(., +/()& 1+(0/ /(/+
78"< .(&/ 0(-0 0()' .(+0 .(&- 0(), &(,+ .(+* 0()0 9HIJ?#G 9K7 9K7 ,(+& ,(*, ,(0+ -('' -(,/ '(/- 1+(&& /(/+
JH>?* &(-+ &()* 0(&+ &(-, &(-, &()* &(.) 0(0) 0(/) 9HIJ?#G 9K7 9K7 '(+) '(/0 -(') )()* )(-/ )('+ 1+(&+ /(/+
;<=M=' 0(0/ 0(/, 0(+0 0(&. 0(.) &(+0 *('+ 0(./ .(/0 9HIJ?#G 9K7 9K7 -(&- )(,' -(/0 .(+* .(&. .(&' 1+('. /(/+
D#$+++# 0(/' &(+' *(,' &(.+ 0(&* *(./ +(,/ &('+ 0(.* 9HIJ?#G 9K7 9K7 -(*) -(*/ -(+' .('- .(-. .(0+ 1+(.0 /(/+
LA$+ &(-- &(-) &(/+ &(*, &(0* &(0/ &(&0 &()' &(0) 9HIJ?#G 9K7 9K7 -(-) -(,& '(++ )(-* )(-' )('* 1+(+) /(/+
7%G .(0. .(,- .(,) .(-) )(+/ .(-0 .(*, .(') .(-0 9HIJ?#G 9K7 9K7 '(*0 '(*' '(0& -(*& -(0/ -(+& 1+(/- /(/+
JN4N%+ 0(*, 0(&/ 0(.+ &()* &(*. &(&0 *(', &('& 0(/& 9HIJ?#G 9K7 9K7 -(0) -(&) -(*+ )(*' )(++ )(&0 1+(/, /(/+
7<C#* .(*/ )(+/ )(,+ .(,. )(+. .(.' .(/) )()) )(// 9HIJ?#G 9K7 9K7 -(-, '(/+ -('- )(,+ )('+ )(). 1+(+/ /(/+
OP8N. .(/0 &(.& 0(0' 0(,+ 0('/ 0(+. &(.) 0('+ .(*+ 9HIJ?#G 9K7 9K7 )(), )('& -(*- .(/& .(/' .(*/ 1+('* /(/+
QP#P0 .(/' &(-& .(** .(/, .(.. *(,) /()) .(+0 .(/, 9HIJ?#G 9K7 9K7 ,(,/ +/(/' +/(*, '(,+ '('& ,(// 1+(+' /(/*
B?<<%*A 0(*. 0(,. 0(,+ 0('. .(/* 0()& 0(-- .(/* 0(&/ 9HIJ?#G 9K7 9K7 )('- )(,* )(-, .()) .('- .(,, 1+(/* /(/*
34)A* &(+- &(-. 0(0, &(-+ 0(,, 0(+& &()+ 0(,+ 0(-* 9HIJ?#G 9K7 9K7 '(0- '(&+ -(-, )(*. )(&0 )(+) 1+(,0 /(/*
EM%++6+ &(*. *(,/ &('' &(&) *(,) *(&0 +(0* *(.+ &(*& 9HIJ?#G 9K7 9K7 ,(-+ ,(-/ ,(-+ '('* '(0, '(0* 1+(+& /(/*
;<="M=0 0(+' &(0/ &(-0 *(-* +('. /(-- *(*/ &(-) &(/& 9HIJ?#G 9K7 9K7 '(0- '(0+ '(0, -(., -(*. -(+- 1+(+* /(/*
JNC"0 &(0* &(&+ 0()/ &(/) &()' &(.) &(*) 0(&* 0()/ 9HIJ?#G 9K7 9K7 ,(). ,()* ,()/ -(.0 '(/. '(*) 1+()- /(/*
@M0#0A &(*0 *(-, &(+0 &(0+ 0()+ *('/ &(&+ 0(,- 0(,. 9HIJ?#G 9K7 9K7 -(+, )(,* )(,/ )(+- .('- .('& 1+(/. /(/&
7R++*/+/ *('. &(*& *(-/ &(&, 0(&, *('' &(/. &(0& 0(/, 9HIJ?#G 9K7 9K7 '(,+ '(-) '(0. -(-/ -(0* -(&& 1+(*& /(/&
R<G+ *(.- +()+ &(/. &(+/ *(00 +(*0 1/(0) *(0. 1/(-. 9HIJ?#G 9K7 9K7 ,(+) ,(+' ,(/) -(-' '(/' '(&* 1+(/- /(/&
;6"S& *(0) *(+- *(*. +(-& *(+' /(,& *(&- /(00 +(-+ 9HIJ?#G 9K7 9K7 '('. '('+ '(-+ -(&' -(-+ -(,. 1+(++ /(/&
!:8<+ /(), 1/(-) 1/(') +(** 1+(/) /(*' /(.) 1/(*) +(+& 9HIJ?#G 9K7 9K7 '(0) '(&, '(&. )('- )(,+ )(/+ 1+('+ /(/0
7$5%+ 0(&, 0(., .(/) 0(0- .(*- 0(++ 0(./ 0(+) 0('& 9HIJ?#G 9K7 9K7 )(-0 -(/) )(&' .(.& .(*& .(.* 1+(&/ /(/0
Q5+// &(*0 *(/+ *(/+ *('. *(,. 0(*+ *(,, &(,) &(,+ 9HIJ?#G 9K7 9K7 '()/ '(., '()& -(*) -(., -('- 1+(/& /(/0
T#M& 0(&* &()) 0(+/ &(&+ &(*. *(0/ *(/. &()+ &(0' 9HIJ?#G 9K7 9K7 '()& '(). '(00 -('+ -(0. -(*/ 1+(/, /(/0
B#5>+ 0()& 0(*& 0(*. 0(+- .(&0 &(*. &(., .(0- 0('. 9HIJ?#G 9K7 9K7 ,(*- ,(&* ,(+* .(+0 .(+/ 0(,. 10(+- /(//
2%,- 0(+) +(&0 *(-- &(/) &(0. *(0* *(/) &(.0 0(/. 9HIJ?#G 9K7 9K7 ++(/& ++(/0 ++(/- +/(/* +/(/* +/(/- 1+(/+ /(//
D>P&> 0(,& &(/0 0(&0 &(,- &(,0 +(-) &(/* 0(+& &(') 9HIJ?#G 9K7 9K7 +/(+& +/(+0 +/(+- '(,/ '(', '(,* 1+(*0 /(//
;"#P+ *(&* +(). &()- &(.* +(,0 *(*+ +()' *(/- *(.& 9HIJ?#G 9K7 9K7 ,(.- ,()+ ,(), -(') -(,. '(/. 1+()- /(//
3S#>M+ 0(,+ &(+- &(,, &(). 0(.- *(,) *(,' .(&' 0(+/ 9HIJ?#G 9K7 9K7 +/(-) +/(-0 +/()& '(/- -(,/ -(-/ 1*('* /(//
!5"+-+ 0(+, &(+, 0(/, 0(+. 0('& +(,, +(,* 0(** 0()+ 9HIJ?#G 9K7 9K7 ,('& ,('0 ,(,* '('. '(-. '('0 1+(/. /(//
F#6+, &()* *()- &(*' &(&+ &(+' *(,) &(&. +(.) *(+* 9HIJ?#G 9K7 9K7 -(-0 -('/ -(-+ )(). )(.& )(.& 1+(+' /(//
7P5'60 0(,* 0(-+ .(-- 0('* .(.) .(++ 0(&' .('+ .(,0 9HIJ?#G 9K7 9K7 -(0+ -(+, -(+. .(+, .(*/ .(+/ 1*(/, /(//
;PA+& 0(+) &('* &(0' &(.& *(,+ /()0 *(,, &(/' *()) 9HIJ?#G 9K7 9K7 '()) '()) '(-) -(-+ -()+ -()' 1+(/* /(//
;<="M=+' 0(*+ &(-& *('& &()+ &(-& +(0* *(+- &(./ *(,' 9HIJ?#G 9K7 9K7 ,(,) +/(/) ,(,' '('/ '()- '(). 1+(*, /(//
QPG&' &(+& &(.- *(.* +(0* *(), *()0 *(+' +()* &(0. 9HIJ?#G 9K7 9K7 ,('0 ,('- ,(-, '(-* '(-. '(') 1+(/) /(//
B<#N' /(-+ +(/+ *('' +(0+ *(*, +('0 *(++ *(&+ 1+(&' 9HIJ?#G 9K7 9K7 ,(0' ,(0, ,(.. -(*' -(*) -(00 1*(+' /(//
;>"+ &(.- &(-, &('& 0(+) 0(&. 0(+* &('. 0(+. 0()0 9HIJ?#G 9K7 9K7 -()/ -(0) -(0, .(-& .(./ .(-- 1+('. /(//
;$)M=+ .(// 0(,+ 0(.& &('& &(). +(-' *(+. 0(*' &()) 9HIJ?#G 9K7 9K7 '(,& '(,0 '('0 -(-, -('. -(,0 1+(/0 /(/+
2A%A), 0(.' &(+0 &('. &()0 .(*- &(&, *(/0 0(0/ 0(+0 9HIJ?#G 9K7 9K7 ,(*. ,(&* ,(0* '(/* '(+. '(/* 1+(*- /(/+
;$?$-+ *(,+ 0(0/ 0(&' &(-' 0(.) &(*& &(,- 0(*) 0('0 9HIJ?#G 9K7 9K7 +/(&, +/(*- +/(*' ,(/- ,(/' ,(*. 1+(+' /(/+
34)A+ &(++ *(,0 &()0 *('0 &(+* +(,/ *(,/ &(,+ *()/ 9HIJ?#G 9K7 9K7 +/()& +/(., +/(*+ -('. -(-/ -(.& 1*(-' /(/+
2A"0 0(&/ &()) &()0 &(,) &(-. *(0+ +(&* &('& &(+/ 9HIJ?#G 9K7 9K7 ,(,. +/(&+ +/(0, -(*. -(+0 -(0/ 1*(,' /(/+
OPS#0 &(*' 0(*+ &('- 0(+/ 0()' *()* 1/(&/ 0(/- 0(') 9HIJ?#G 9K7 9K7 ++(&/ ++(*' ++(&+ ,(-' ,('0 +/(/) 1+(0+ /(/+
O<550# 0(&& &(0' &()/ *(-. &(+' &()* &(.. 0(/+ &()+ 9HIJ?#G 9K7 9K7 ,(/+ '(,) '('- -('/ -(', -(,- 1+(/) /(/+
OS=>"+ &(), *(). *(,* *(/- +('* +(,' &(/+ +()/ +(+* 9HIJ?#G 9K7 9K7 ,(0+ ,(0- ,(.& '(&& '(&) '(*' 1+(+. /(//
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Supplementary Table 2: Under-expressed genes. 

The table lists the 115 genes ‘under-expressed’ in mature dKO OT-II CD4 SP thymocytes, as defined in Fig. 6c. Genes are ranked by 
decreasing H3K27Me3 signal ratio. 

Column headings for Supplementary Tables 1 and 2 

wt1, wt2, wt3 or dKO1, dKO2, dKO3 designate replicate samples processed for ChIPseq or microarray analyses. 
FDR: False discovery rate. 
Signal Ratio (-Log2): Ratio of average H3K27Me3 signals in wild-type vs. dKO samples  
Expression ratio (Log2): Ratio of average microarray expression signals in dKO vs. wild-type samples. 
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Supplementary Methods 
 
 
Primers used in this study 
 
Primers for Chip-qPCR 
 
Gene Forward  Reverse  

S1pr1 5'-agcccacgccatttccac-3' 5'-ttggtgccttctgtgagcaag-3' 
 
 
 
Primers for RT-qPCR 
 
Gene Forward  Reverse  

S1pr1 5'-cctctcggacctattagcaggc-3' 5'-cgcagaaaccactgggcag-3' 

Klf2 5'-cggcacggatgaggacctaaac-3' 5'-tcgggaggattttcggcg-3' 

Sell 5'-gcttccagtccaagtgtgctttc-3' 5'-tgaccagtttccagatgctccac-3' 

Ccr4 5'-tctacagcggcatcttcttcat-3' 5'-cagtacgtgtggttgtgctctg-3' 

Ccr7 5'-tacatcggcgagaataccacg-3' 5'-atgagaggcaggaaccaggc-3' 

Ccnd2 5'-gagaagctgtctctgatccgc-3' 5'-cttccagttgcgatcatcgacg-3' 

Irf4 5'-tcggcccaacaagctagaaa-3' 5'-ggccatggtgagcaaacact-3' 

Lfng 5'-ctgcaccattggctacattg-3' 5'-atgggtcagcttccacagag-3' 

Il6ra 5'-gcaagtccagccacaacg-3' 5'-actcgggtcccaggtctca-3' 

Foxo1 5'-agatgagtgccctgggcagc-3' 5'-gatggactccatgtcacagt-3' 

Nr4a1 5'-gcacagcttgggtgttgatg-3' 5'-cagacgtgacaggcagctg-3' 

Cd69 5'-tggtcctcatcacgtccttaataa-3' 5'-tccaacttctcgtacaagcctg-3' 

Gapdh 5'-gctgtgggcaaggtcatcc-3' 5'-gtttctccaggcggcacg-3' 

18S rRNA 5'-aaatcagttatggttcctttggtc-3' 5'-gctctagaattaccacagttatccaa-3' 
 
 
Primers for genotyping 
 
Gene Forward  Reverse  

Jmd3 5'-gtgtcctggaacgtcgctcg-3' 5'-ggctggaggatggcagatg-3' 

Utx 5'-gctggcactgttcattgggttc-3' 5'-ggcatactacctaagggtaggc-3' 

Cre 5'-gcattgctgtcacttggtcgt-3' 5'-cgatgcaacgagtgatgagg-3' 

P14 5'-gggtctctcctggtgttt-3' 5'-tctcctttctccgtgctg-3' 

 
 


