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Figure S1. Enrichment of multiple transcription factor binding sites on the same TE sequence. (A) Venn diagram
showing the number of TE copies containing binding sites of all combinations of the four transcription factors and
a co-activating factor p300. (B) Relative proportion of the TE categories bound by all five factors shown in (A)
compared with the proportion of all human TEs (genome). (C) Fold enrichment of binding sites located in the same
TE sequence for all combinations of the two factors. (D—H) Violin plots representing the proportion of the binding
events for the transcription factors shown below each graph under the condition of binding of ERa (D), FoxAl (E),
GATA3 (F), AP2y (G), and p300 (H) within the same TE copy. The number of binding events was calculated
separately for each TE superfamily/clade for the plots. For each combination, expected and observed proportions

are shown on the left and right, respectively. All combinations showed a significant enrichment (y*-test, ***P <
10719),
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Figure S2. Functional annotation of the MCF-7 genome. (A) Distribution of transition parameters among the eight
states produced by ChromHMM (1). (B) Classification of the eight states shown in panel (A). The functions are
estimated based on the emission probability matrix for the histone marks (H3K4mel, H3K4me3, and H3K27ac) and
CTCEF binding (left) as well as the enrichment in various genomic annotations (right) produced by ChromHMM. (C)

Proportion of the estimated functional regions in the whole genome. (D) Proportion of the estimated function of the
TE (top) and non-TE (bottom) binding sites for ERa, FoxAl, GATA3, and AP2y. (E) Proportion of the estimated
function of non-redundant TE copies bound by all four transcription factors as revealed in Figure S1A.
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Figure S3. Enrichment of the binding events of the four transcription factors within TE families. The heat map
represents the Bonferroni-corrected —log p for the 536 families of TEs bound by ERa, FoxA1l, GATA3, and AP2y
(colored for p <0.001, two-sided binomial test, n = 2,144).
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Figure S4. Non-uniform distribution of the transcription factor binding sites in TEs that show significant
enrichment for binding events in Supplementary Figure S3. (A-D) Dot plots represent the binding sites of ERa
(A), FoxAl (B), GATA3 (C), and AP2y (D) corresponding to the TE consensus sequence (x axis). Proportions
of the number of binding events (10~5) among all TE copies in the human genome (i.e., normalized distribution
of binding sites) are shown above the dot plots. Note that these TEs are significantly enriched among the
binding sequences of the factors based on the two-sided binomial test (p < 0.001 with the Bonferroni correction;
Supplementary Figure S3). Asterisks to the right of the TE names indicate significantly non-uniform
distribution of the binding sites within the TE consensus sequences (two-tailed Fisher's exact test and y2-test
for n < 100 and n > 100, respectively; *p < 0.05, **p < 1075, ***p < 107'%). In the binding peak regions (red
lines), binding motifs are found in the TE sequences (sequence logos on the right). Positions of the binding
sites (c, reverse-complement) and significant presence of the motif in the TE consensus sequences are shown
above the logos (*p < 0.05, **p < 1075; FIMO analysis (2)). Horizontal lines in logos represent conserved
nucleotides shared with the known JASPAR motifs (shown at top of panel).
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Figure S5. Non-uniform distribution of the transcription factor binding sites in TEs that do not show significant
enrichment for binding events in Supplementary Figure S3. (A—D) Dot plots represent the binding sites of ERa (A),
FoxAl (B), GATA3 (C), and AP2y (D) corresponding to the TE consensus sequence (x axis), although the TEs did
not show a statistically significant enrichment by the binomial test (Supplementary Figure S3). Proportions of the
number of binding events (10°) among all TE copies in the human genome (i.e., normalized distribution of binding
sites) are shown above the dot plots. Asterisks to the right of the TE names indicate significantly non-uniform
distribution of the binding sites within the TE consensus sequences (two-tailed Fisher's exact test and y2-test for n <
100 and n > 100, respectively; *p < 0.05, **p < 107, ***p < 1071%). In the binding peak regions (red lines), binding
motifs are found in the TE sequences (sequence logos on the right). Positions of the binding sites (c, reverse-
complement) and significant presence of the motif in the TE consensus sequences are shown above the logos (*p <
0.05, **p < 107%; FIMO analysis (2)). Horizontal lines in logos represent conserved nucleotides shared with the
known JASPAR motifs (shown at top of panel).
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Figure S6. Gene ontology analysis for the neighboring genes of the TE-derived cis-elements. (A-E) Gene
ontology analysis was conducted with GREAT (3) for the genes surrounding the TEs that are estimated to
function active promoters or strong enhancers (Supplementary Figure S2) bound by ERa (A), FoxAl (B),
GATA3 (C), AP2y (D), and p300 (E). Biological terms significantly enriched (>2-fold enrichment, p < 0.001,
and false discovery rate of ¢ < 0.05) are shown with the —log p. The terms related to mammary gland
development and estrogen responses are highlighted in bold.
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Figure S7. Density of TEs bound by these four transcription factors in the human genome. (A, B) Density of TEs
(copies per kilobase) bound by ERa, FoxA1, GATA3, or AP2y were calculated in sliding 100-kb windows with 50- and
10-kb steps for (A) the entire genome (hg19, excluding chromosome Y) and (B) chromosome 20. Red bars denote the
region with the highest density. (C) RefSeq protein-coding genes and TEs in the 3.7-Mb region (chr20:45,820,001-
49,520,000, hg19) showing the highest TE density in (B). Known functions of the 10 genes involved in mammary gland
development, ERa-related regulation, or breast cancer are listed in Supplementary Table S1.
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Figure S8. Estimated time of acquisition of the transcription factor binding sequences on TEs during
mammalian evolution. The proportions of binding sites were represented separately for each TE category for
all TE-derived binding sites (green) and those annotated as active cis-elements (active promoters or strong
enhancers by ChromHMM) (blue). Proportion of the active cis-elements among all binding sites are shown in
right (red).
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Figure S9. Schematic representation of representative ERa-binding TEs. (A—D) Positions of the transcription
factor binding motifs were mapped on representative TEs shown in Figure 2A: (A) L2, (B) MIRD, (C) MER41B,
and (D) MER49 4D. Red bars denote positions of transcription factor binding sites. Alignments of the binding
sequences are shown in Supplementary Figure S10. APE, apurinic/apyrimidinic endonuclease domain; RT,
reverse-transcriptase domain. In (B), A and B denote Box A and B of RNA pol III promoters, respectively, and
CORE represents the central CORE domain shared among other SINEs in animals (4). Yellow bars in (B) and
(C) represent the position of the ZNF768 and STAT1 binding motifs in MIR (5) and MER41B (6), respectively.
In (D), note that MER49 4D is a hybrid LTR of MER49 and MER4D from their former and latter regions,
respectively, and the ERa and AP2y binding motifs are located within the intervening region.
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L2: 1905-2063 bp ERa

TATTAGATETACATGITETCTIAGTGEEETTTTATITATTTTTICTCCTTAC- TCCAGTCARETTICTE - T g 22T 2CEETcC-ACCTGAT - TRGA-TETCRT: TGETTGRRT TCTICATITGRCTIG

CTTTCCACICACACACTICCTET IC TTGC TCAGCTE TCTGIGETACT ARIC
TCCCTCTACTICACAACT: TICACTCCTTAATCTCT- TCCCTECT

A--T T = TCTACCAGTCCT

T TCACT. TCCTCTT

TECCATCCT TITCTTT- TTATCTCT TRC- TIT
T TTCCT TCCTECTCCCT = T QT

TAG---CCCCACTTTCCCCTC: TCCCCTCACTCTICC-CCCAC-AGCATICTEECICTGT— TGECTECTCIT
TE--GICTAGCE: TATTIRATIE-—-CIT
1T TETARTTICTCT TICTETTTICACCTGAATCTAC-CCCAATTABECTT TCACTACTCTECTGARACTE -~ TACTGETC: ~TATCITAGITARRAIC

-CTTCCTACCTE-CATT

TCCTCACTT- T
TCETCTCCATTT TCTACCTT ~ACATTCC--ATIC-
TETA
TCCTTCETCCCT—
AACTGE--TARR TITTTEAGCCTT
TETCETCACCATCIETTATC TCAEECTITT: TCCTACCACTITATCTTAATTECTCIGTTCCCANSES 10 ACTEATCTCT-ACACTGA-—CACT TEAATCCT TeaCTCAGCCIC

TETCTCTCCATCCTCACT TETTCTCTCT TCCARTCREECIETT CCICTATCATCCCATEGCRACT: TGAGCTACATE ITACTCE
T A2 CTCACECT T TCTEARTEET
] -cc ICTTCATTICATICTI-TATCITACTT

TTTCTICACTICE: TCAACTCACTCTTTAACTCAG-TETCCICT T CAC: TGAGTCAT T-CATCCC

C: T TCACTCCTCARCCCTT-TCCAA A A CATEACECCT-CTCTCAT: 1

TARTAGT CTC 1T T T ~ACCTTA -TCR

TCTCAATATTT ¢ CATTCEEATCCTCETTEC - TRAT-TECACT

TECAGTCTCTACTIIC TICTCTTTICCACCTCA-CCTANTGGEECT: TTTCATCATECCIC: TCTARTEG TTCTETE TCATGCTTEECCTT

TACCAGCARTICTIIC TCTCACTCACCTCCAG-TECARRETEECTITT TTATGCTCCAATGRRATT 3 A CTEACCTTT-TAGTTGC——TACE

~CTCCTTATCCTC! TETTCTICTCTCATETATCCTT-

2. 11T ITTTCATTICT

TATCAGCCTTECATCATCTTT- ~TCTTE-CTICTCCT TCC-,

~TCCCATICTICTCTIGCATCCAC-TCCRATGAGECTITCE—

CRRTT
B CATARCETCC-ACATTGC -~ TARR-TEAAGTEGCCA—

CETEGE-TCICRATTCAGCTTC

TECTERTTITACTICC TTTCC T TEGCTGCC
TECTATTTCCACTIIC TCCCETICAC \CCACTCCC I CARTCACTTCCTTGTAGT ——TTGA T TETTICAGATCT-

TACATCCTCCATTTICRAT TTCTCCTTAGCTCTC-ACAARTCTECATT TTACTTGCCTS CCATEACCTCC-TAATTCT--CARA-TCARRTAGTCT TITCCEAGCCTT TCTCTITERTTIG

MIRb: 19-158 bp ERa

11T o [ T TCTGCTT CACTCATT T T - T--ARRA

T: T TCIC: -CT. T E -GABAGA-AATA

TCTTATCICTC-AAT TACACCARATT: ~TTGETICCCT-CATTIATARAATG-ATART-~AATT

TICTA-CC TTCCACARGTTIATT TAACITT T--BRTA

TGTETGCRCR TITGET TT2- TETITCT-22TT AT-—————

~TTGGTTICCI-CTTTCATGACTAG-GEGAT-—GATA

GCCCETAGCAGCTECCAGETCT -
CRRRRGGRAGAGCATEGGCITE

GICCCATCIETA-CCAC CITCECTGAGTCA—

- GEAC--RATA
-CATCIGTCARATG-GAGRT--RATE
-CTET -BC

e ~CAGCT--CATE

-cCT
TCAGTGICCC-TATCIGAGABATG-GEGE
TATCACTICTEIGACATTCCE——TGATTTITTIATTTCTICTARAATA- ACAAT —

TTCCCCATETERR:
~CCTTTETCARGTTC

-c
ATCTTAGTICCA-CTAT

CETTT—

- G TcRARGCITIC-AR TITAGATARRTAG--—--CIGAACTCTTTARACCT TICCT-CATTIARGETRAG-GGACA-—TGAT
TETEECTAAGAGEATCTGEICT ARCCOBACETE —ECT TCCCACATECE-CT TCGCCeaTC TCCEICIATI-CACCIGTAGAT
- - CCCRACAGTRTE-EGTTCT TCAATA-CCAC CTTAGCCRAGTGA— ~TCARTTICCI-CACTGAT TA-GGAGT--AGTR
-acC Feo TGATG-CTTERTAA— T TC-ATTA
Tac ~TTAT ~CTATEIACTCI-TGTCARTE- -

RGTGETCAGEACCACCAGETAR

- -EGT TIC -ACCT 1IGE ICTCTGAGCCT TTICTI-CATGIAARARATG-GAGTC—
AACTCAARATAGCACCGEEITI-- \GCAAATERCAA: T T TCTARACTTH TETCEIC
- -eate -CT - TCAGCCAAGTTA-----TTIECCAACE
- -ETTIT: -cc - ATTICT-CCT T O
- T- 0 CCTEAGRTE -ACCE: T -T. TTICT A-CTCTCAGCTITCT- -TCAAT--CATC
CACTEATRTE-ECTC TCE! CTIARTCITIC TCAGTTICTI-CATCIAT TG-GETAT--ACT2

TCCARTTECETE-TC:
CITTTEECTCTIE-CC

3 CACTERCRTE - CATTTE TCCTTTIETI-CATCICT TA-GRRRT--BAGR

6 TCTEAGETE ETTARRRR ATCCCAGCICTE-CC: --GaTE
A CTEACECA-EGCTGARA --2aT2
T--RGTA
-
-&C -TGT - BGGCT--GRAR
TTTTCCEAACCCCAACCTET: T A-CAT AAG--AATE
- TC-ECCTCAR- -ATCCCAGTGETA-CCAT ~GTTICCT-CATCICTARAATG-AARAT--ARTC
-ACEETCT- -c -C TCIC AACCAAAT TICACTICTCTAAT T -CAT -ca
CACAGGAGAARTCTTECEETCT - TT-EATTTCA- -ARCCTEECTETE-CCCT T
TAGCAGABAGAGCACTGGECAC T2-AGATCT: TCCCAGCTET T TCTGIEACCTTEACCTIICATC] CTCACCCICTTT TCAAACTETI-CATC T--RRTA
- ~CGEETET- Lo iRt TCCH
TATARTETGGRACATEAGEICT— TE-TRRTGET TCCTEACAT 1, TEATCACTT TCAGTTITCI-TATTI--—BAATG-GEGAT--RAT2
CAGGEGABGGECARGECACAGT— TE—ECTCAGEECTEICTECCETTEATITCCAGCCTIE-TT: TEGIE 1CCCTERRTC ~TTACATITCI-CATCICT TA-BRTRA--BACE
- TC---TECET#EC ACRCACETE -CECTCCA— ATTCCAGCCETE-COCC TTceeT, TITCACITCTGACCCT TTICCT- TG-CGRAGC--GATE
~AGTAT: -cc TGACARGT TaT TCTETETT TICCC-T T--R2TA
TCITCA-CC TICACCERRT TIRRCCIC T ~CAGCITT
-ECTT -C
Ac. eB12-22TCTA, TCCTAGCICTA-AT: TTACTT: TCTA -TAT ~ACATGRRRACA
- ) TEATTTC-CAT IATCAGCICT: 1 TTTCICT ~TCAGCTITCI-CAT -CCGART-TATA
CACTCAABATATTIATATCAITA eccogadETe-AccIT TTCCCTE: TATCTCAT TTICACT TCAATTITCC-CACCT
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MIRb: 22—-173 bp ERa

c TCAGRCTGGAATTOETACAGRGE TGTRACCTCAGC-CCIGCCACGTCCGAEE TTARET TH2RCEITICIGACTCIE TeTeTcoccaTaT TCACTT-
GATTECICICTGACCITEACTARE 1CACECETETGAGCCIECATCCTTC T, CATEET
GEGTGCAREGTCTGEACTEAGECTERCCTRE -GCTCACTTCECTCC-TCTETCATECTICARACCIE 1GACETCTCTGACCTCEAATICCTCATE TAE-ARTA---TCCACCICATER-
- ~TTICT
1 TEIC — 1Y 1cT
TIT IR, AGCTAG-
TGEEEAT TCICT TC---TGTACT T2
TGTEGECT TTECTCATEG TTIACTETCI TITCETGICACCTICTCCCCCTT T, TGEGTCATA---CCTCCOTCTCAR
TGACECTECACARET TIARCETCICIGAGCCICATCT 1. TCARCATTR---CCTETCICATEG
TGECTTTECACCETGACRETCC: TGAC 1CTCTETTCTIECCCARE IRATCICTCIARTCTICTETTIECCTATCT T
TTCAGATCETECTTITCCTECTT - 1CT TCTCAGAR-
TCACTCE: T TTIACCT -
15, T -
TCCAGT C: ICA- Ti - RGC
aT TTAGA- T ATET T, TCATETTA- -
T TETA: T - -
TITGRATCARG TCACTETETGEEIEACCTIAGCTAAE 122-CICTECACCTACCATGITCCTIETCT T
TTTGRAC 1C: TCGTTETTCCTGEEET CTETEACE TIAACC-CICCAAGCC TCT
~GECTTTGEAETEACE TCCAGACCTREC-TCTGCCCTTTACTTETECEETRACCTTECECTEC TIGACCTCACTCAGCCICACTCTECTCATCT TCCAGART TACCICTCAG-
TCAT TCT TACH -
1C: CC-TCTGCCACT TCTT: ca-
] T TIC: - 1T TCCTRACA---! G-
T2CGET GC-TCTTACATCT 1T TCAGCTCATET TCCTCAG-
T TT-CTEECTCIATCACEC TAGTAGCT---CCTACCITCTAG
~GTICAR-TCTRRGC-TCCAT 1GTEIAACCCTECETEAC 1 TTCETETCAGATCATARCATTCCOCCART C; TAECACT
TTCETECT TETEACACTEA-TACH TGACCTCICTGEACTEEACTCITTACS TEACET TEACTAG-
-TCT TIA. TTCT TARCRTCC--- -
TCET - TCTAACAT-
TRCAR A TTTC TTEITT aca. TCATATCTAACEACAARA ARETRATA---CTA
~TGERRRT T--TCTGEATTTARTAGE - ~GAGTT: TICACT 16T TTAT
AGTGRTAAGGGTAGARTTIGEACTEACET c TTTGARTTGETAAC TTAGTTTATCTICCCAGIGTCEI TATTTAGARTGICTCIGIC: TATCT
IGTACTGAGCATEEACTTIGEACTTAGATAGACE T T TETEICTGAACTCEACTTICTCICT T TAECRATT---CCTACCITAGAG-
TGACCTTECECACE TH2ACETCI TIRAACCTCCACTGECTCCTCT GTEGEGCTT T, TCACEG-
T TTTCCEAETEACACTERCC TITGARTCEC TCTCTCTTEECACARICATEITETCCAAGTTT TEIGACETCIC - - -TTITEETTICS TCAARTCGET TAETAATA---CATACCICAGAG-
= TTCETCCETEET-TCTGCCATTT T TECTCTECAG-
TCICATT: -£TI2 1T -
2, AR TCAT CCTCTICTTEEE
TTEER 1Y -
TTGGEAT "TGCA: GTT TC ~TTCRTCT
T TGEC-TTGGCCTCTCACE 1C TCTGCETCTCT GBGCTICACTTICTCCRAGT TEGCITICCA-
TGARGACTTGGRARTEAGECTEACT TCARATAGTGAC-TCTATCCCT TGACC 1 TCAGCTICICIAAGCTCTCGITICCTIETTT T; TRETATCA---GICACCIGECAG-

TT-;
= TCAR
- TCAR
GGCTGCATTTGCAGARGETT— TACTTAGTCATAGEATAAGAC] TC
ac T TT-: TTCCARCTCACGEGATGACAT
T 1TCE
T
EGETECAT TT- TTCTTAGTTGCAGGATGAGAT
EGECECAT TT-AGETETICTABCTCACACEATARGAT
EGCTECAT TC TTCTTAATCACACE TER
\CCTT - TccT
TT-
ACTT-, T
GETT-GGECATIC
&6 1 TT-BGECATICTTACTCACAXEATGACAT
= 1 TIT-REETATICTTAC TCRR
TACTECATTCCTACCGEETT-REACATTCTTACTCATACECTGACAT; T
eaeT TT-
7|
EEETECET TT2REECATICTARCTCACALE T
TGACAT; AC TTCT TTCACE
gaeT
o] .
TICTTRRTCACAGGATGAGAC] TCAC
TCACH--TTGARAT T T
EGETECAT TT-BGECACTE - ARCTCACACEATGACAT;
-
ACTT- 1T
\CCTT-; T

MER49_4D: 208-361 bp

cafl-—c1

T2ECTICTTCETE:
cag-2CCTTETECY

cog--217121CTY
cT

g3 cA T

CARITIC-TTATCACEATEREAT -0

GET:

-cc

2
CETRES N CCCECTECEEE-COTCACACCTEL:
AT

CETRESNSNS A CR TCTCCAGECCATCAETCTAGE:

ABN;
cich
TAAN
TET G

Yy
6 CTH

16

$¥encorc

H SR -]
alen-cox
aben-gox
o B GC TG
i fel Bl TCEC
2kicn -eaT)
2kcn-con TGATC tel
2-cCHy
2hca-£ac £
(o CR2 -
3Hed-gony a1
akicn -coy (T GATACAGETGCRACTEAC
2k T8 -EGT: g C TEAL
2bicn-goxf (el GATES TEAC
cc-cox -
—~CCARRACCTGEC: GATGECRRCTARAGTEAT
T22EE
CRAC TETAAE
TARE---ACCGAGATEETCGTGAGAGTEAC
(hule R TTCCCARE- - T
TC
\GC TEC-CCTRARCCTACE: CCRAGETEECARTGABAGTGAC
TCAGCCAGA--—-BCCARGATE
CRAR---TCCACGATEECRRTGARACTEAC
:CA-CCHy TETAC

- GACTCTGGCARRGER:
TIRRCRGATT}




MERS50: 262—415 bp

ATCACCT---TCT:

CETAT- -2
\CETAT- - ATGACCT---TCT:

LTR40a: 15-178 bp

—cazf

CTARCTCCG

iz 22

20

TCICCRT 1GTT

TAGTATCTCTCTC TT

T2 ATEITITCTCCCACACTCAAGEE TAGACH

THECTEREC
T2t -ErcTCATET
T

TACT-ETCCE-
TCeT:

FaTc-EITCACACC
TEC:

-TETACCCATETT. TeccAG--CRITETC T s
CTCTETGGETCTCT-GGCATT-~TETACACATCTTECARET T22CTGCCCTRITET T TCe
) TTECTCT T CC
TRTTETT
T CACT AG--COuTTETTET TT
T TTCTECCTE--CART CETT
TCICCAC T --T
TEC-COMTTETT
TCIT TET-COMGTETT: T
TCTCCACARTICCTETEC--ACAGACACTCACAG-—CTHT CATTEC 1C;
TcTacaTe -TCICCATATELT TCETTET TET
ITEICET e

GAAGATACAGATAGCETCTCCT

TCICTEIC-ATTICT-TCTCTT--TEICAATETEITTCCTEC--ACRCECACTEACTCC-E T
~CACATT:

CTCTEIETACTETTEC TETE

GAACCTATAR--TEICTCCEET

= CRAT CARCCTAL
~CATGTT ——CT} b TeeT
T —ca -cTTTETTCT T TETI|
~CATGIT--I€ TG 32T-2TRITETTCT ATTTCGR - B TeET
. GATA3
L2: 1960-2101 bp
TTcE2RATE T refcarTiTceTd To--E TCCTICEE
TCCCTECTICCTETCATET T 1TECTA2CCECBET- AT ccocTcraTeTCEAGRG TAGAGATITGICAECTH FIREACTCCTERCTTCCE TQCCTEATTCTT--GEE TCTC
C TECT-C TCACECETCECCTTICTEACACTE TCACTCR TeaT TCTECRECATIT T TCCTTCT
T TTT] --ATCT.
TATAACCCATCACTCATCTCTCTAARTAGCT-GCT— T TccaThECH TATC-CTETTCATC--ACTCCCTTIAAATATATAT
17T TTEACTTCTICCT TTTATTCTET ------TTCIATC
- - TECT T TcT ATIT: T
-cTT T, TECT = - CTGCTEATI--ACCCAE-
TCCTGETACT-TCCACTCTACTGARATTETTT GIGCTCIAGATGTTGCT. ~TeACATTTCECTECRR 1]
TGATCATETTICAETEY TiT; FcTecEEcaTIT- - TGETTECT----TTCTE-
G TTACACTEACARTTTTCCT-GT! fcEETraacacTRCCTTCITTCTRG T T TCTGIRRECAET. T
CETETTCETAAGTECCACCTTECECTE TECATCCOATCS TCECTTCATCARTTCETEY ~CTTTCTACTGACTCATTCCCATARATATHCATETCTACTACARTTTETCTCATCET.
—-ACTATET--AECT T T TC- - TATH-CARATARCC--ATTCCT- €T
TICACT 7 Teer T ATCT: —-aC TCECTEC
TCTECTAEC--TECTCT ITACTA, T TATCE H-1C ACCT
TTT el TCTET ATAT:
GCTCCETCA-—COTATT ™ TeceTeT
L2: 23182457 bp
TCE 1 ACACTCTAETIEC-TCRAAD
€ ~T1C -CCRRAR
TeC aT 2711 ~TTGARATTCAACAICTECT
1 ~CTTAM -
TCTARTEGAT CCTR2ATGCTCACCTARCCTCCAGA -~ TTCATAT TICAGTCTGCTICCIGEGEAGTIC TETCIGTAAGCAC-CTCATATTTEACATGT-CTRRAR
TTCGRATEGTTIC ceta TGEIEACCTTETGE -—CTCACATACT-BACTETTICCTIACTCACATATACCTATET - ——CCC: T-TTCEAAGTCEAGIGA--ACEARR
T--GACATATTIECTECTCTCTACARRAT ~GATCIGCCARGAT-CTRARACTRATTATE--ACBACR
TCCAGAT. TCTIGCAT: ATCTCTCREETCC-TCCCTE TEGETT
GCACATEATAAGCACTAGETARATGCTTTTIATCTATCTCTETETTGATARTICTL TCTCTCH GACATETATGTATTTAACTECCTATITEAC C: TARCCTCATECTET-TCARAR
T 1c2} T ~TTCABAC-ABACATCT-CCAATA
T - T TAT-CICEAC
TIT TTACTGEACAT I TEATET-TCAACT
1 iTE: —ficcaTccacET -GoREAG
TACTGATEAETC CTCERATATECRET- - ~TCTCTACEERTGC-CTCARRCTCCCEARET-CTCRRR
TGATTIACTETCIAGETCAE TI6TAT---TCTATCIATTTACETcccTecicerBircTTCACT TCTT
LTR40a: 81-171 bp GATA3
—
. TCTCICAGAT .
oa TaGCORE T 123 fcceTee
1 12
facc2RACARCTREIETT, EBlCCCCTCAERT
TACTCAARAC COE 1 A TCCTET
TA 7 g
TECCT. TRTHCTCTENENACTCTIC
TACCARACACCIRRCC . q i
raccanacacadis i
e, a3 lcceT
NGTaAT 223 21T
TRE T leTETCT
T 2CT 1d
TATAATTT g T e TR
TacccAceac R "
| ACATCAACAACCRS CCablet
i ACR 2 CCTTCTC c22BCAT Tl
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L2a_3end: 77-187 bp

TCAC---TEETET T TTIET AB---RTCT Te-T-CcTdEETead TEATI
ACAT----CECCTT TECCET TTACT T T-TECA-
ACACA-TTAGCCTT TEECT TTTT T TAECT-EECATTET TITCC
T TECCT TTCCT
ceac—-—- TCET T TECCT-CERACAGTGITCECT T8
TTCET T T-ETRATATCAGTC TEE
TTCET AR-——RCAC-—-BCCA--AGR-——
TTCT AT
T
TCA---ATAT
TTACT T-CCT
CCAG---TEACCT TTCET -
TTCETC TTEEET
ACAC— TTAGTT TCA--GETCTECTCTCTCC-T-ACTds CCAR TTTET-CE:
acAC— T TTCTT T 1
- TC TCTET -1 TERCTEE
CGC— TTICT TTE CC-—-TCCA--RGT-— TEeTI-E: TCTT----CTGRATEE
T e
T TECEC-T TeECACE
ACAR---ATECTT TTT TT: TATCT -
IC TCTCC TECCT--
acce-
acaC-— TTICTT TTCET TITCCT TATET-EER
6CCT---EEGCTTT TETET TICTET -2 TACACT
TETICC TTEEET-CEACCEATTT
T TTCR-CTET:
CTEC---TEGCCTT TIGCT TTCET
RTGC---GEGCTTIC-— nGECACA
a TIGTT TTET T TTEERTER
Teac——- e
GEAT T T TECCET
TCCTT-CEAAA
TETCC-
aTCC- TCT TTIET TECCT-
ACA----TEGCCTT TCTTT TCTTET TTETET-EEACTECT!
T TTC — TECCT-CEAATECTCT
~-CCAGCC-CCAT---RTET--GET-—— TECTG-EEETTECICT
CTC— T TEC2T - CERATECIC:
RTAC T ~TTAC - TGECER-GARATGEICICTIGEAT
ACAC---CTECTCT TTTRCT T ~2TET-—-GCT! TIETET -
--—---BTEACCT: TIGAT TT T
TCET TECCT-
CCAC---CAC TG T

ACTCC-TIETICCTTT

ceT —GCAT
TCCRCT TCCT —GARCTER
GCAT---AEGACT
ACAC---TEACCT TAGCT: TAR---ABAT---ACCA--CAC-—— -GEACTIE-CCATICTTT:
T -GETETAC|
~TCECCT! T: TCCTT: -CECTIACTT: TICTCT-CEAATEEICITCECT -~
~TEACCTT: TT TCTCET TRRAT TATCTTT T; TCITTEC
~TEACCT! 1C TECT T6-TIEGTCC TETC-ACTACCTCTET.
~TGGCATT: TIGCT TTCTT RR-—-ACCC-—-GCCA--AGC— —GCARCAG--GATICCCT—— -—CTECCT-ERCEEACCTACTTCCTC—
- T TTCET T TICcCITECT 1 - T
~TCACCCT: TGGCACCAC-——ATEG-—-GCTGTCAGE- TETCT-ECAT
~TRGCCT! TICCTCC TGCCT -
TT
TCTTTT TTCET: TECCT-C
TAN TCET: TRR---C --TAGECET-EECCTACT
TGECCT-CEAACCETCTT
TITETT TETCTGEEAACCTICATIC
CTIC TEET TEECT T1
- ~ATAG--—--CTARAGRR
aC T TICT TTCET
ACAC---TCGCATT TTCTT: TTC
TTICT
ATGC---TEETTT TTICTT TITCTT
= TECT T T
RCCC---TEECCT TTACT TTCET ---GCET-
CCAC---TEECCT TIGC, TTEAC TET---AGCC---CCTG——
TTEE
TRCET ~GEACTCE-TTETECR
TCCCT: TIET: -ETACTIE-ETE-TCICT: T
TTGCT: TTICT ) T -
-ETACTAG-CICTICTTT: TECTCATCTTT-
TT TTT TCAAGGECT TCA-CIETCTCAT TTECCT-EEACCATICTICAT
T TTCET TGER: —GEACT TECCT TTCEC
TIGTT TTTCEC CE--GGC —GTACTIG-CICTT TECTT-CETATEEICATCE
TCTTTTT TCET TTE---2GET —GACCTAG TCCET
TeCTCT TECCT-EEEATETCTIT
~GEACTIG-CTETECET: TRECT-
- TECTCT TIGCAT AR---TCACT T T-T-CTTQel CCAGEACCTT -GCATCTE--TITICCTT TETCT-EC
TCCC---TECCCT: TICT TTCETC TG-T: TCCT-C-CCT TR TTCA-CACT: TER--CC
TTTCT: TECET--CECC TTCER TCAHEEC TCT--~CT Te-AGATCAGCCIC
BCEC---TEECCTT TREECT TCET TEEC-T-CCTRTCARECTCTT T TE-ETECCCCT TcTIceCT
aCAC--— TICCT TCCETC TT T-GCTERe CCAEECECTT— —EEACTT2 T TECEA-TARBCACITECTT AR
RTGC---TEECCT CIGCT TCET 2C-T-CTCEeTCAGEECCTC— —GETCTTE-CTEARTECT AC
ACAC---TEECCTT TCTECT - TaT
- & TIATGCT TTCET AR-—-ATAT---ACET— ~ETATTIA-ETECTTCCICT TTGCARET
TCT! T; -EEACTTE-CTECTCT 1 TCAC-TET
AAGC---TEGACT TTATT: TICT. AG---TCTC---TTCA--CECA—— -GEACTIE----TICCCT: TCEEET-EAATCETCTICCT CATTATEE
T TCCT- T TCCCT T T
TIET TEC-T CCCCTACACCCETECET - GEAETCEITCC TECcRa
ATGC--— TCECT TCET ~TETCTE--TGETIAT 1-GEARTCTITE; TEETCAE
RCCC---TEECCTT TGECIC TGCET ——-RTGT---GCCA--AGT-—— CTGTE-CIETICTT TTCCA-CEARTETECICTECTC: T6C---TCITCTGCEE
T TTTTET RR-—-2 TGETETCT
CETC---TEETCT T TCTT T —GEACTIG-CTETICCAG—— -~TTGCAT-GCAATETCCITTETC—
TTCACT TTCET: TAR---ACAT ~TEACTAG-CTATICCCT: TCTCT-CCAR
ACTC---TECCCTT TCCT TT TCE---T TTET TCTCT - -}
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L2a_3end: 343-516 bp

TaTdTETE
BACTRG--ACIGETT

e -
GHCTRECTCRR

TTIGTITATITGATT

CITEICIGCCATTY

TITTATTCICTIITETITACTECTS

ITGCT

CCTEAACCATARTGIGCTAT TGARTC

~TATCATTICTCICICACCTEARCATCTATCTEC

TTECCCACCTCCCTEACTAGAR--~-TATAAGCTCCTCE!

ETC;

TCTGICETT

cT TCTACH
TGE----TTCICCTEICATC:

TAGGTECT

CTCT)

GET-
CCTECTACATAACAGETECC- BBATRERTA-

ATTG

ABACCCATC—-

Teck -—--crafcas
TCTACTAGEA- CTATTITGCACACTGCT c1 TARA-TATITETI-—-BGATGAATGGR
TTCTGTCCCCTCICET TEEECTOOAGEGTEGEECTECC: TIITCTICRAGACT '3
GATACACTACCTGET TATTTEETT TGTTCCECTT TeTACESC TTIGTCICCOTC T1T X 16E GEACETERCTATCC0C—— 22aTABE-TanicacT---cBaTABCTCRa
TGIGTTIACCTGATCETITAT TCCTCT -—cécT 161-6TCIGTIITeCTCCTTECE S ¥
T TaT- TTCH 1 Tacc-IATETaRA--TCAGTCAATCA-
TTCATTICTAGETITCT CT-TET 1288 -TCCTTETT-~-CARGGAMICCA
e CCT-GCCTATTICAGICAC I3 3 2
LTR16C: 29-180 bp
---c1e 971 - -1 TCTE: - - 1T
T 1
T -1cBTaccereT
TaceT -Ezezeccerca-
T 1 1cCTCCCAE . — -
TaTCE c TTTECCACT
126 TeT GTTETECCTATG- T T16TGC TGETAGAGAGTTARTECTC-———
—ezcT60C
TETCTET TCACCTCAGTCCACACT TTaEAT s T-GCTECCE 418 CABEARTICATATCTC-———
TATCETETCACCTET - 1 -EagTccceTT T106CT!
-TCTACTCICTETATIICT TCC-C -
T1TCC: TeECTIT CECETACCCTCA-CCACTAACC-TCAEEE
T T JETCTAGCACC - GEACCTERC-TTTEET
acacTercereeceTIc T -ce
aTaT T - TTCRAATT c 1
TGC-TT T6chC TTCERAE 17
TeTcBEcTTEECAC —CCTATCTCCATEC T CTEEcaccTTECAECER ccTee-
TATCEGTTCAGCAC TTICTE CTECTGECTT-TCACET T TC TeTRAEAT 1
TaT 1c1CT- 1 -CTCAACCCACE-CETCTEAGC-TTCEET -~ T~
17T ToecTCACT -
-1CTHCCTACCA----TACTTC-TCTEEL -
TEETETCAGTACTT T TeTCCC
1 7T T cace-
GTATCCGTC--ACTTTT------ACCATTICAGTGTACACACTACCET GTTCEARGTGETGEGCEARTICARGCTCCAT-
ITECTEECTIGECCT TCACCCACATECTCCAAC 1GCTAGTGAR ATAR TCACTGTC-
GTAGCCECTCAGETCTT TCCTTECRAG- TIccACC ezcTCccTeRC-TERRCCACT T-TCETTCAGATETGGEAGRATIARTG—TC-—
ATATCOCTCCCAGCCTT------ACTGCTETAC-CTETA T 1TET -ETCTEACCTEC----TECTEC-CC GCEREE 1 TTACCTCCTCCTT
1cT - T T 1T -eTCTCACTACC- -TTTECT TCCARICT -—
TACCTICTCACTCCTT - cT--- -
BTCACT: TICTCRE 1~ ~CICTCCRTATT-GEAGCCCT-~TTTEEE ---E1TCATHATAGCA
TATCCETCAGETCTICT  CATTTCCCERAGCCCAR- GEAGCCTRE-TCTACE -
1 71--regTIcce TGETAG-GT

TTEGCCCCTCACCCICA-—

71 ---CTECTGTTITCC-ARAGCTCACTTTTEEE

TRAGTGECAG - ACCTGEAGE

CTTEEETCAGACTC TCACTATECCCC:

TATCIGCTAGECAC TCATTZT o1 T- - TTETETCTATG- TGC-TCRETE CAT TAGARECEETEC
11 TTTTGETECCTATTT TTT-- -CTCTECCCEET-CEAGCCTAT-TCTERE -~ ~TETET
TTTT--TICTATCICTC-CRARCTTCC-TAGETE -
~TCCT: - T T CAT -~ -ETCTCCCCACT-ACAGCTTCC-CCTEEC - -~ ~TCTCTETCCAGTCE -~ - TT TAECACT AC CCEC-AATTAR CACCT
TATT 791 - - -CITIEECTACT-GARRTCTGE T
—gTéTATC T -
TT G- - TICTEGC! TGEEE--TCT chRC
ETATCTTCTIGECATAT-——---GCIGTGTCCTTECARGCTECTTTGACTT -~ ARACCTITTACE TCC—--TICTEG TCAC-TT TGT 1CT
——--ACECTCRECACTC————— TGAT TITTT T3] - -EICTECCTTCT T TTTCCARGRT TG TEREGACT
ac 1 TCTETCCATTACATEC TCCCAT cTC: TGTGECCE TEEG-GIGRATECT—
TATCTETTCACCTTA. TTTCATTECATECC TITC TTT---CICTECETECT-TEAGCCART-TCTART TT
MER49_4D: 193-328 bp
~TRaR R, canaFERTETE 122}
AER
& TcTeTCTTE AT AR cTAGE T A- TR TTEAE CAGTATATIGARGCTTECTC e
-tac TCITECTAACTAGETCATTITIGACCTEETATACGETERCT TC
E CTABACACE
—laap 5
]
TICT
- — TTT
o TcT
TCTEACCCAGTATATIERTT T
B TcacTed cBET TIT TCTTETECCT EfEaE 122G
T GCAGTATGECTT GETCT-TICTRACCCAETATGIIETEECT TeacETCEp:
E ~TITIECTTICACAACTT
E ~TITT c1d
& CTTC-TIT T
B ~TITT TCIGATATAR
- B TEACATAG

Figure S10. Alignments of TE sequences bound by transcription factors. (A—E) ERa, (F-G) FoxAl, (H-J) GATA3, and
(K-N) AP2y. Locations of these binding sites on the consensus sequence show the explicit peaks as in Fig. 2. Blue, light
blue, and grey backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively.

Conserved binding motifs are shown by red bars
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MER41A: 59-234 bp

A CRCCT
HCRCCT
Al

NCTAARCAAGCTCECTA BACCRACAT e
N GT- ARGRAGCTGECT: RACCRAGRTGECGATERGRGTC
e _
ACAAGCCAECTT- RACCA
TT

BACCAACATCE:

TRARRCCR

BACCRAGATGGIGATRRAAGIC
--Ca
ARCTE
ARCCARRNTGECCATCACAGTE:
S GTARAERAGTCEECCE - T
L CTARACARGCCEECTA- ACCCARCATAC TGACCTCTERT
A GEECC— € T TGACCTCTERT -
- CTARACRAGCCGGCTA- I TEC-CCCARATE GAGATGE: TGECCTCTGET -
CECTECATTC - CTARAEARGCCAECCC- RACCE,
COCTECATTRC N ETRAR2ARGCTEECTE - ARCCAACATGETCATCACAGTEACET!
CCCTECATTC NeTaRRERRGE - —BAACTGARAT TGACECT
BECCACGAT TGECCTC
N cTaacrace - RACCE
cTca TEE: ABCCAACATGECARTC
N CTARATAAGETEECTA - —CARGATGE
L CTAA, -
o, TGET
i eTan, i ARCCE
S CTARRCAAGCCEETCE - ARCCARCATGECARTG
S CTARAGRAGCCGECT CCATGAATACTGAGAT
- TTARAECACTCEECTA - RACCE
i eTan, - ARCCE
N cTanncrace T BACCRAGRTGETETC
 CTAARGGAGCTGECT TGCERTGECCETE
CTAA,
GGT: -
CTRAACARCCCCECT RECCA
T
MeTaRA-RRGEC - TERE 2HTECE AB TCECR ATEREETETERT
BaT, REET, ARCCAAGATGATGATGACAGTGACCICTEET
NCTARA-RRGCC AATCA:
2ACT 222 TCACCIT- B TICICATCT TCTT
TACTCIGACCTT-CT - TTATA-E
TTCIGACCTTECCCTCACECTICTCECE TT - TARGTETCCITATCIC
CACTTICAGETC-CC TCTCTES g TTAC =
TTCCIETETIC-TECCCCTETCTETC g TTBCR-C
TCIGACETTCCTCTGABETTCECCEAL TATCCTTATCTIC
- T T3---C

MERS39: 264—404 bp

ABCETI-cTCCCH

AGRA-AABATC

TCTITATCT

CTACA-C

TEACTCT; -2

AETCTI-CIC
---€CITTIC

1GATT)

dacEcceTeeacABETIICICCCCT

GACETI-CIECTGEEATICTICCCC
GACETI-CICTTGEECTICTCCCC

MER4A1: 286460 bp

3 T
lare )
B
3 eI TiC
TECCTATCIC TTGAC
A TcCEeTTATCTTIRE - -ReRCATREEAR TAC
TECECA-TTCICT TCCTTATCCTCABACC----~TRTARRTEE
3 _cereceT-
2

-cTEC-T TAR
T -1 TCTETT TT2R
TATECCAC—CT] T TTECCTITCIC TI2G
TACECTET-TGITECAGACTEAC— T T TETT TTRR
1 T TCACCGITCIC
--—-2BTIGIETTAT-TCTGECATATIEACTA-TTT T
TCucH T-TECCTITCIC
A ITIC
- A TACTCTT ]
TRTA TCCCICT TTATG
CTCARARCATAGCAC-CT; 10
er T TT2R
—CT 18
TCATCTITCICT 18
TCT-TGIGECATATIEACAR-TTTCAGCT Y AGTACH TR
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LTR47A: 38-209 bp

W GATGTTATC. TARG!
=
TACCRTCTTERCETORGET c TETATIETT TGTTATTCT TTEATATARRICCTECOTT
TCTACTETT-— —--LECRTCTAC: TGAT \CATATGCTTGCCRAT TCCTECCTTI
TCTACTEAICTTIGCCTARGACCRATRATAC TICITG
- = 2T TECCATICITE
CTCRTI---CCTIGTGTARGACCAC-CAC nCATCTTATCATT:
G AuSz 128-312bp
'CREGT
'CREGT
'CREGT 1l
Cac caco e coeceecT TEACCTCATCTORAAGE TARA TARAAT
"
H L1Mc3_3end: 1898-2083 bp
ACTCEe --TATCCTCCHRYY TG
- ————CCT-|
-1 'CATTTICTCRACTE: ACREARCCCTR--—-GCC-

| L1PB orf2: 29023055 bp

(=

o

ETETEAC

e e e

--&T 1 GTETCARC

o

TTCATEACC

TACCTICTTIA-ATATES CCTC

ATA-ATATCEET-

o

CACTCACTCCAAGCCETTA

. CTTCAT

Figure S11. Alignments of TE sequences with ERa binding sites from Figures S4 and S5. Blue, light blue, and grey
backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively. Conserved binding

motifs are shown by red bars.
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L2a_3end: 302-442 bp

CCTTCCCCCARTATCCTGCIATCIGICT-GTAGCARGAGTCACEAGTCACCATCTARCACT CTCITETITACTEICTCCCT T, TECATETGART TEAGECAGEGAT TaTGICTTETCEC
I CCACAGCTETC T GERGIGIGEEE TTEACARETEAC TTTECEGC
GecT TECACCT: <
IITT T
TCAT ITTCT TCCTGTCATIAT I TTCECTTA TETCTT TATETRRRCAACE
TETCT TCECAT

TGETTTGCTTICITIAT TITCCCAGACTCTART TTAT T 11 TEEITIGATCAC
TTECCATECTTTATCAGTCITICT TTTAGCATCACTC: 1 TACHEAT TGITARCT ~TTTTIT222TCAC

TTTTCTACTTAATITITTICCAT TCTEATATCCT i CACTTAATTCCCTECCOCTT TCCAT
T1CT 16T TETCT TCCCAT:
TGCCCTCTTETTITCICTCITICT Tc -G~ 10T
TETTT TECCT TAGCC
| CTTITECTTEATEICTATC
iECC T TCEGICTGTITCC
TTTTCCTECTTERTTTTTCIGETT TTAACCATGATARATCC 12 TCITICITGITTICCEIC TACAGCECCTGE TCT TCECITITCICTC
TTCCTCTT TECTTGCTTCTCTCTACAET TCITIACIGTETETC TACCCCETCAACATETACTCECTEAGEC TCECATTECTIG
TITT
T TCAT cccT TE
TCT TITICT 1GIC TECCTET -
EATCTCTECTTCATTTTTCITCAT TCTGCAAAT T TREARCET
CTCIRGTCTGTTTATAGCTITCCT LCTTAGCACAGCTGCAATT TITICTIICIMACTIGCCTATIATCTGCTT EceTac TCCATGATT,
TTTATGOCTATCTEARRTT TACTATTICTITCIERACRICICTCTEATCTGTCT TAGANTTIGAGE
TCOT T TT T-AATEACTICTCIAMIACTCACCTGATGCTTCTCT T TIATRAAC
T T TAT nATTCATT TECETAT:
TCGEAT, TIATCTT i TCTEET TAG: TCTECE TICCEICTOCAT
ATA, CATTTIATT TECCCTCAT TTTGATET TAT 7 T T
TTCITCAT 1 T-GTTTET 8 CACACGTCT -~ TECLT. T
--caT TCTT TTGET TeERATTICCT THART
12 TTIATCTATIGTETETCT TE TAECCCETGACETE: GBA-TTTGET- CTIECT
CCCACTCCCTTTCGECTTTIGACT TTAGCATEATCCARRATIAT TIGTTTGITT2AT A G- ——ATCTATITCTIETITE TECE: TGEANTAT TCCTGTCTCCTGTTIETCTIGTICAT
TTTGCTTECQUATTIATTARTATCTCAT TAETCIETTCCETT TCAGTCAGGEACTATET TTTTCATITET
ecT T TCCARTCITCTTCTR CTTTTT -~ TS T TETCTITCCE:
TCT. T 1 - TCCCATCICTEMACTIATTA ecT TCTECAGETCTGRACT
11T CAT TCET TCTGACCTCCT \GTCTTETTT TCTAT TAEAC: TCTE
TCTCTATCACTTTIGATCT TICTCTCCCT TCCT TTcTCT TTE TTET TIGT TEACCC: T €
TACT TCTGRRAT TeCACCTE TITETIG---TCTETCT: TECE: - T TaC
CCRGCIGETTTTECTTTCCITCAT TTATCATCATCTARTIRARAT TATGTTIACTI TIEg GTICRATTIAGTC TGCCCCTTT 6T THCIATICRC

LTR9: 267-415 bp

Bicrd

nfSdete

nedulele

CICCT)

BcTcdea

C :rcnc:rccn
CT

|CTGCAGCCTGE TG-ATTGER ' TRECCATEL -TATITCCTA- TG-BCCET-TITCCCACTATEGE-
TT-AT Tj -TCTC-ITTa-
TTTAGECT TT-ATTGRR: TGE
TECEECCTREC: TT-CTTGER ATCATGC-2CATTCCE CTATC-TCTIET 1G-ECTET-TTTTATED TCREEG
--RGGEATTACTRRATGET TCCRGACAGE TT-ETTGET- RECTCCAG-TTTITCCITICGE - ATIGICC— T2-2CTEC-TTTCCTECTTCAGE- -GGCRGRG
m BGCCATEC s - TG-BCTET-TIGCCTECTARRAC
TCAGACET T IE-ECTEC-TITACATCICTAAT-
\CACCTTGEC) CAGCCBTAC—TCATGCCTGT!AG—'I!TlG’ICTI!— 1G-ECTEC-TITCCTACTETARA-
CCRACGEC ATTACC-CCICCICTE

1E-ECTEC-ACIC--TCTRCART-
CAECCACAC-CTATTCACC:

T1C

CCAAGEET

2CCALCCTTRE

IG-ECTEC-
TAACA-BM - TAC-

TCCAGC—-—CTG—

TCAGAGE
GCAGCAGT

CReccanct -TTATTCAT CTACA - TCTIGICTA-

CE-ECTEC-TITTCTACTACAGT-

CETGECA— -CoTCTCeT
- TEEE - IE-ECTEC-CTITACCATTACCA-
CCCACTT- TAC-TCATT -
TETCTCCT TAC-TCATTAGITTAC- - CTTETCTE - TG-2CTC--TITCATECTATART-
CRECCATCC-TCATTCA- TTACA-TATIGICTA- T16-ECTECTIITTCCACT
TC ~TTACTCAITTATA IE-ETIEC-TITCTTTACGERAG -
T cTeCa CBCCC!CEC’ALAAJ T1GE!
TEC: I CECCAACC-TAACTCACTGACE-
ATCCAA-TEGCTT- CEECCATC--CCATTTGICARTA-TATIGICTC-
GCAGGERTCTECAGACTAT—————— TETGECCAGE TTCGGITATE-TATT
TCTGCTIGE CRECCACAC-TCATTTAGTICTA- TATIGICTA-
--AGGE; - CRATCATAC-CTGITTGITTATT-TATEEICTE-
m - T - -
TTEE-CCATTCCITCTCE-TATTGACTA -
TCATACAGITATC-TET:
GeT2RECHRNETAT ECTTC CRECCATAT-CTATTCAT CTACATITIIGICTG-
TAT-- BE- - -

AGECTCCACACATTAC—

TCARTCAITTATC -
G - =

T-CTATTTCITIC

TATTCTCT2—

TTC2ICTCCR-CATTGTCTC

&C
TGC-CCAT AT-ECTEC-TITTACAECATAAC-

ACAGEEC AT
&C.
-TACAGGTTGECAAACTAT

TETCACTE-TECTT
CATTCATCT-CCATTTATACACA-TATITICTC-

r-ECCAC-TITTCTCCTAC-

TCACAC-TCCTTTCITTACA-TATIETCTA -

TE-ECTEC cncnccmcrn—

TETTCE-TTRTTTACTTAAR -TACT

TE-ECTEC ~GI2TERC—

CRECCACAC-CECTTCAITICCATICICAICTA-

IG-ECTEC-TITCCTEET CETGC-

"T--ACACTCRITT

~TATIACC
-T.

TTECABETTE

1C -CE-ECTAE-TIC

T
EECEATCE -CCATTCCITCACA - TCTCATETE - E-ECTEC-TITCACECTACAGA-

TEATGE-TCATTCTICTACR -TACTEICTA

TCATCTACA—

1,
1C-ECTEC-TITCAACTIACARA-

CCCAECCACAT-CCATTCCITTACA-AATICTCTA - -CE-ECTEC-TITTCCACTACAAT-
TETTTGITTY

TTCCT-CATIGICIC-
TRECCATCC -TGAICTAITTACA--GEIGICTG—

IG-ECTEC-TITTCTECTCEAGT-
IG-TGIEC-TITTACACTGCAAC—

C-CEARTCCITT

ACCCATAC -TATT ACAGAC
ATCCACACTAC - - IG-CTICC- TlTAGTGTTaC!AT— -CGCACRC
TC--TGATTTGITICAT-TATCATATE ~GECRECA
\c6eGT TCECAARET TETEECCTE- TEE-CTACTCATIGAC —ATTECETA
TGCAL - -
- CCCACTA- T-TCATTTAICTGTE-TACCAC
cc! - - T
GCACACTITGECAGATART: TTECATETCCRATECA, TATTC TCATTTACA-1CTICTCCATCCCTATE-ECTEA-TITTCTCATACARR -

TECTACCTATC]

&
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D MEeRs8A: 1-176 bp

=

—-ACGECTTGECARACTATEECTTACAGECTT: Tea-cTcT-TTReT = Te1CT»EAETECTIRC S TCETAC 22 CTc--TANCAGAEATCA TATEECE CTE - BAREECT
ACAGGGCTCTGCARRTGATGECCTGCAGGCCAR -~~~ ATOCTCCCAG-AITIIGTABATES . GIGCTARCCAGTTACAR - 2GORGAGT. TGATAGAGACTGCATGGCCCAC - ARAAECT
- B ) BeaeTTT- GIGETC- Te1
TCAGGEETIGICAAACTACAGTATCIGAGTCATAT TCT- = BCACCAGCTC——CART- CAGACTCTCTGECE CAT-~CAAGECS
--AcGee 1- - & - —CTTCC T TEECT
TCACGEATCAGTARACTCTGECTEAT; ARTETTTTE-TCACACERTITET = TTECTTHTCCEET CTCERCT CETTC-- TA--TGETTTAC---BAGECT
TCTE-CCETTICET CTCCTIRCACACT 1 GeTREGETAGTIC-~CARTCRRRACCATATEECE TaA - BRRGECT
CTGETGE -CTGICTIeT TTACATATRGCTGCTIRGGCACT EaeTERcTAETCA -~ TeRCE -ABACCATATGECTCTE TTRRAGECT
- -ceT -ATT - GCal N2BCTACT CTC--BRAGCCT
1 c
ITITATHET ETECTIR CTeCCTACACTE NEEA MRERET CoT:
TCAT TaEC-—-CCTIGHC CTECTTRC
TGECTARRT-AT-GEGCATTGE-TIGITIT CTETTTACCCATTACE Tcac
ATGETIG-—CT
-TABGE TEECCC ~TeT TaCT
-cTac- cCT] TACACCAETIC -
~CETAGCACACTACACTCC TecTIcEET CTECTT RECT
R IAT 1-BTRGCTCACTAC-RTTITT £IACTIRTCCACT Hleaciacc
GeG TGEICCCARTCCTGGCECACTGE - TIGTTITRGT CTECTIRTACATIATARCRGONGAA HGRGTGETCA——
ceTe- 5T -
CT
ceeT TCAATTETCTET 1-CCAGEETEETAE-CTATT TECTTRTCCACT
Y TGCTICCCTIGTGTCARGA-GTGACCTGETAG--GTCTTAICT CCTECATCC- TEATACACTEEOE TERIEGETARTCT
cCAGREAT —CCCACETG-CCE- zeraTTifcccacIc TecT:
cﬁcﬂnscm caafeTeaaTy o
TGE-TGCCTCC - oCT o7y

I T C 2R ACRCAC AT
2 T

CCTATGGETCCATECCCTETTACCAY
TH €T %

F  Tigger3a: 164-348 bp FoxA1

P11 CTAACCACACAT IR
aTedicr-—-eaTeca

2Tl eTTTCCAC:
TEATETTTECAC:
TenTaTITECAC:
TERTETITECAC:

TecafacT--
HRACACTCTGEETCTAGETTTETCTAARTAC) E TCACGTEACTEC
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L1ME1_3end: 324-498 bp

aErTTcAde ~TEAEe T ccleTT 16T Spere T € FATETTT T3 A2 HEC A TTETT TCTRAT IT--GEBRBC TATCERRBTATTT.
GETTTCEETTT i1 AR cTTAM TRCETACTT € TIATEICEET TCAETATITIATITATARTAGCCARATACCT TRCGEE
--GCTEEORETTTCT CACACTCTTACICATACACT TEECCAT TARTACETT, Te TAGCAGCTCTACTCATAAT TTACEIECECE
TC: TACC-CH o
2ACT-—
1T T
] . AGET
eTTTC coTaz-—--adiTCTACACT 2T —RRARTT
TRAETCAA-ATAT RAGT C-ARTGTECA
acTCTCEd GTT: TRCACT TGETATTIGRECT TATATECTEACAT TCTEC TITATT TTTATICRIRAC BACT-— 1GICTT
accaTeed CTT: TECACT EATACC TGIETATATCA-A-EATT CTTTTATICAT T-—GGRRATAATTTARRIGCTCA
TTTEET GCTARETATACAACTAC TGEET €T TTIEC TT6TATAGCAGETITATICAC T TGTETT
CETTTCEHETTTTITA TCAA COTAMI TATA TACT €TT
BCATAR-ATE BACT--
TET:
ATARY
T TECT T 61T
—-BTeT T ccTeca
B ) 6T ——CTCARCEAT
L1ME2_3end: 304-484 bp
ETETAAC B, -] TEARCR. -~ ~TCATI
- T ~-CACATET
GCATAAC ) B 2 Ta:
GCT —] --CGTACEET 7 -EadEEc
—cAceeceaeTTceeRHR 1CET-- pacaTaflcTIcETCTG € R CARRTCCATTECT . TCT TEICCTITECTECOTT TACT-ECRRAT
—ACCTCAACTTEEAIA CTEIRTEECACTICETL TACACTECTETECC TERCC THE GATRICAAETTAT T feTcTeTA-THAXECTEET22R2ETATTIT CAT TECEC TARTAGTT T-GCRRAT
GTGCARCCACTT TGEAGTTICTIAT. TACC C 2l CARRTCEGECET ~-EATATE TTETGEAGEARTATI ARTAECACATEI CTET] TCAATCI-EGRAAC
ATETARCCACTTTEE CTGIRTETCATITIAETIC T aacaTadiccTAC TecccalE CARMTTCACTCCT TC TICCAT CATCTETACAACARTCTCCTITE CTABACT-ECACAT
ATACCTC. ot T--GATAAC
ccacaac T
cTACEA: CETCT. a2-1CAR2 T-ECARCT
GTARAAC - T-GGATAC
—-CAREAT e 1GEcARAC
GTETE-— T - cazdc
TTRRACATGORCTIACCATA~ T1GTACAETC TETRAT TTACTAGRAGACTIETGCACARATC TTiRCC —€RARAT
- — Bl cTacTRTE ACECCTTET 1A THARGI TR ARC TT GER TCTA TECT) e Tef caRliTeca TTE CIc ——CATGGE TATTCARGARTCCTCAT TECAGCTICGE 1-GGREA-
GTECAATCACRT M cacdt TTTCTTARACAGC CHECTIMTCTAL
2ACAARCCACTTTAGA TR TE T2 A6 A TATT TCT 22 TAAACT AR AR TAT ACTTTACAC AT CTACTGC TC ATECE TTACCAGRCATETGETE THeT] T TETCICE Ti-EafEEC

L1PB_orf2: 2986-3145 bp

-acd

-21d
-acd

-1cd

o
a
o
%

-271d]

OO0 0000

ceafla-27d

T
T

TTARTTARC:
TRATTRERC

2aafle AT

cealla-acy

ccala:-acq

ceala:-acq

-1cd

ceala:-21q

T

c;
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K L1PREC2 orf2: 3029-3182 bp

TICTGICIAGICATACICCIRTIC,
‘“ET

TICICICTAGTICATALTS

TICICICTAGTICATACTC
S
mccansaafacsnaone

TrcreTeTacTGATACTCCTATIC
ncaﬂzcmmm:inmc

T EercaTacTdliTaTic
TTCT«:TPTAMEA'IAPTP
TTCTGTCTAGTCATACTC
rrererdEAcTeaTACTE
TIGTETCTAGTCATAGTC

c T;
TTPT«:TPT!L‘TP!T!PTP
TTCTETCTAGTCATACTC
TTCTETCTAGTCATACTC
TTCTETCTAGTCATACTC
TTCTETCTAGTCATACTC
TT&T«:T&TA«;T&B'H!&TL

nru1< m«m—a'm T
TTCTETCTAGTCATACTIC
TTCTETCTAGTCATACTC

AACTACTCATASATEC

AACTACICAT:
nacTCICAT:

ECTCTTETITACACTES
GCTCTTETTTACACTEC

-cTTTACAqECTTTCTCRARCGCCE
Gﬂnnrmmmm CRaGC

LacTacteat
acTacTcat
acTactcar
e
BRCTAC T

aacTAgiCAT:
RACTACICAT:

ECTCTTEITTACACTECH o
ceTeTTa T TACR O T A G TTTAC A TETTTR TR AAGC
e rfacacTaTTTICTCE n«,nﬁumm«,ruua i

BRCTAC T TAC .y ¥ lel
LacTacteat o e BB 1 acacTeTTTCToARGTCRTCACAECTAA T
aacTacteat [ B B 1 acacTeTTilficoaaer:

aacTacteat R R ——— -

BACTACICAT:

CT:
'u'm aaun-p_m

cac
mcacauﬂﬂam i
B A TeTTTCTCC AR D CATCACAGLTEATAT
e GTTTACACTGTTTCTCCAAGCCATCACASCT CTCCTEETECTATE

CCTCTTETTTACACTECS
cCTRTTETTTACACTECS

TTCTETCTAGTCATACTC

Figure S12. Alignments of

the TE sequences with FoxA1 binding sites from Figures S4 and S5. Blue, light blue, and grey

backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively. Conserved binding

motifs are shown by red bars.
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MER31A: 104-260 bp

S{EF T Thi T -Feeer
102} 5 -aTeeT
Hee----162 L AGCE TIEEE TIGTEC TCCTGTRAGETCAGTTTACR ERATCCTEC
T T1cC-GET TGICTTT GITCTGIMAGTITECTTIAGE THERA -TTTCC
CATGET A - CCRTTETEECETECETC TCCTETMACETCAGT -Tccee
s 122} 1 -CACTCTACCCCATETTC TCTICTRAGET2CECTTAGSCH ERA -TCCCE
CTC-TATETE - e
TECC - CCTC--CTT
1C T2 eEclera-Tacce
TCATTCATCATATETE - aree--g17-----Bee-- -1 I8 anTwaﬁimA—ncTc
A ecTe
TCCCe T
TCECCETTCATRTETE - TACTETECCCIEACT TCCTGIRANECTCRTTT ERETCCCTT
~TCACCETTGRGATETE - € TCECTEEE TCECETTC TCCTGORAGETCAGT -ceeee
TGEACTGCET: TCCTGTMIGETTEET -fircec
TCECTEACATETE- -~ TGACCCETCT TCCTGTMAGETCACTTTAGSCH ERA -TTTCC
TCCT - TaTee
TACCH TCACT
-EerdieTe -Tecac
—GeTaieTTal TATC -Zeere
L1M4_orf2: 1881-2040 bp
TG 1cET2E2nc2BATY
i}
3. —
AT
TecHaC-—
TTAAGETACE TATEG T
L1M4_orf2: 3046-3199 bp
T1ACHBACTICTET 2 TCTCARACEA TACTATC AR c-BACT CRARTE - -CACCT T1 TCTECTACHACTE NEC T8
' —ETT
ATAAACABATA
- 221c-14 GECTCR
- -2
Naaca-cx
IT 61 16T SaTCe-TH TAECTARGATCTGGEACTTATCAGAT TCTEATARGEE: CTETICCRAC 1 g
CRIT TETGET TC CGAC NCHACERATTATT TCTAGT TCAECAAT T2
L1MC3_3end: 1957-2090 bp
e o
Bat B TC T
T
TTAAC Ay
BT
BraaT 3
TAEcAT T T2 o cCTe TTT
2T T TATETTTAATITETERTE: AT TT
TTACACTCART TACETHOE TR €T IC
TIICTIA--—ETT cTceT T cce
T CTECC
T TIGETCCRATT
TICAT TGECTCAACT
1 T —
T-TIRGAT TR, THTGICGCACETARRRA -~ BCGTGECARBACE
B2 TITC--2CCRT- TCECT
- CRCACAT--CATTICTCE-—CCTAT- T — TTITET THcApecTeeace TIGECACEETC
---CTCAT- T =
T TIC T TCEETEERACT
- CHCTTTCA---ECTCT-
= TITT--2-—CTTAT- b i TGETACRACC
ETT
TAT TTTGCA-—€TICT- 2T TTAC TTTREGTERGAGTEC
- cTARGATAGARATETIT2-~ETTACT TcaEac TT TICGHEGTIEAGAGTETAT

lceTenaTec

TTTTTACAT

ATRCACBATCT.

CACCARE-—
TACCAAC-— -2
CACCAACAAARABAARA
TACCRAAC -2

Figure S13. Alignments of TE sequences with GATA3 binding sites from Figures S4 and S5. Blue, light blue, and grey
backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively. Conserved binding
motifs are shown by red bars.
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L2b_3end: 39-191 bp AP2y

Teecrr 11rCTECTORCTT
16cTEGCE B rcccad 116 ThcART Tirécer
to1acd : TeccTACACCTCCTECTICET
TARGCTTCCITCTECeTCT: ICG TCCTCGCTCCCT TCCTCTTCCCCTGGETRAATAGE
TCACT TT T T——CCH 'CEC’ TIGTIT
T TCA
-TCCH TECCCCTCETCT
CTITGCACT: TICAGGAGT CT TGCTGTTCAGART 1T TCCTICH T
B — 1 rr7TT T1CCTEGeT 11 - ThecTa
caTCARGTTGC B p— TACGCTCTAGGGCTCTAGET TTTACARTCCIGEETECTEE TRGEATTCTC crercate
TAATEACH TTTCACCCTTIG -~ GTACATGCCATATTCCOTECTERART - TACACECCCTTECCTETETETERRRTATTC TOOCCTTAGECTAETI-——AEG
TTCCAGC: TTTCATGCCCTCCTCTICTCATGCCCTCCTCTTTEC-TCTTAGTCTCCAGTTCCT! TCECCTTECC TTCCTITTITCTGCATTTACARACAC TCIGCTTGGTG:
TCCTECCT T ICT: CT- TT T TCT
T 1T TCACTTCCIG--CAC T TACT: ARTTCT
cer
GTCCIRC TIT TCTETGTTT -TTRTCTTITCRAGETCGGCTCC
o
cacatceTTCTCCCCTICRT o P — - TCTTTGCACGETCAGTTAT
-TcoACaTEOMICTETGTECETEGCGT TTICTGCACCTEEAGCRRTES
TTAGEACTCCCTCTCATACACCCTRARGECTT TCCTTECTARTC TG---CRCTCACGTTACTCACTCAATAGCE e TCAGTETGAGTATT TETGETTCCCT-TECCTEGARTGTCT - TTCTCCGCCTCTCARAATCC
TecTcaceTer T
ITT TIGE:
AABARGAC T LY
- - reracarc T 1337
1 — et
T1CAT , TcTICCTICAGCT - GGC
CTTCAETICITCCCTACEEETER 7 TTIGCTCTTITACCRAACATG
TTGCCCTCAGEEETCCTACCATARCEGED TITTGEC TGCCTEGEGCTCCTICCT T -CTTATGCIGTITCCCTICTGCC TEGRARTGCTE - TCCTCTTIGTCRARCTT---AGC
TCCTECTCCIG TCT TITARCTTTICT 'CCAGCTCTT!
g PR 10cT
T r Tecc TcTICCCTARGET--CTGC
L2b_3end: 301-466 bp
TG TCTCTCTTCCICACCACTIG-CQ TACT--ACA- A= |CTGAACARATAR
TecTecerr “eTArT
¢ T . c
cacoTeacTCCTERA TCCABCTECTATICAGACEOTEOREETT TCTETCTTETERRCARTTCTA ] T TG TCATETARTACT TATTCARTEACTCARA
T’ TETTTCCCTCTGCCTECTGAGE TC -CCTT 113 T ICGETAR-ATGTITETICACTE T -
T TEECT
ICICTCCITCIAICIC TACTTCTICITECTT TICT: TICATCTICIG-AR -
receTccaT 1-cac
- 1e1e1T3 TG CCCTCAGRSH -
1cacTaTA Qe - CAGTACAGAGE TACACTTGETAA B TA- GACTTAATT
[ETT— B— TCTETCTCTCCCACTAGRAACCTEGCTECT TeTacCTETICACTETCAT A ORI CEEE T .
ITETTTITAT TCTECCTCCTOEARTAGGCTCTEACETET T 1TacTCACTCTIGTTTAITY :
TCCTCT TCCTETT: -TGCT
L2c_3end: 325-475 bp AP2y
—
TATCACAATETACACTACTIETTTETTTICATETCTEC-CTCTEECECA-~6ECE -TaTcaTcTTeATETCTRCACCECT crasea-ceraeT Teane
131 TTIGTTTAT-----ATIGCCCTCC- -AGECTET T ETAGCTGARTEGACA
CTGAGCCACTCAGCCCCTCCCTTCTARTCATCTCICTGCACACCT -CTCCTCCCCC--AGE .C’
=& TCACTTCTAICT —-CACT-CTCCCCACCA--ACCTACTCAG TCICT
TACCACATTGTGTTOI-GOARTCTCTITGCACCTETEA ATCTTTCTTT- ~ACACTITCAG
161036 GTTTARTACGTG---~TTIGCTGATGARA-
-TCTCCCRACH TCAGCICCT -CTGECA-TATRR-AGAT-—CCTCARRCARRATG -CTTACTGARTGARR—
T G —CTICCCAGGCT- -CCAGCC-TCAACTIGCT--GITTARIGCATT - -ARCCRAR--
- - CTTTACRRRTGTCTCTCT-TCTCCAGCGG— \CTTCAT T
TTTGTITARTATCTCTCTTICTCTCTIT-CCCCTTITGCT - TICGTCTTRACTC -TTAGTCCAEGC ——BACCTIC TTTATTIGRAT T.
GTGCCTCTCTGCATCCTCC AATGC--TTTGCA-CTTGGCCARC—~TCTCARRAGA-
rcereer T rererrese- 1At - -CTAAGG- CATGCCAGAT--ATICAMTARATG -~ ~TCTGTG
TCICIGAGC- CCa. GTICACICTIGIRICT CCICCT: ICT- TICCTA-CATACTAGCC--GCTCCATARTTA-- -TCTCTGGARTCARTR
TTITCTCCTIGCTCCCTAC T--GCTCACTARATATTII-CTITTIGARTCARTR
TICATTTTIGTATTIGRACATTRACCT AT’ -TTTGTTRABRGER:

TET-ATTCTCAGCT—

T CTGECA-T,
TTTCCTCETIC TIGICT 1 TEGA- --GCTTARTARACATGA-GTTRATGATGAR
TTTETICACTETCTECCTCCCCACH =
TCECATTCTCATIETITACTICIC TCCTICCCC TCGCATTTC---AGCARTCTTICTATTT CAGTAAGCCTGCTGATEETGARTARATE
TC----CATA--ATGICAATTICAGCGET CTGECA-CACAGTABAC--GTTCEATACETR CRETTGER
TETGTTATAATGGCCCACTTICTTIETCAG- —GCTTCCCACT TECATIC: GTICATITTATICCCT CTGACA-TAGAGTCAGC--ACTCARTGARGE
TT TTATATTACCTGTEICACC
TATAC CACT! CCT---CTCCTCTACT- CTTEA-TTCACICATCACTGTAACTCCTA TRAGCC-CATAGEAGEC--ACCCAGCARATR
T--AC

TTATCACTCTIGETCTATTCTAATCAGCAGCTTTCACETT— TCTCCCATCTECS Y TCTTTACACTCTCCAT TGCAAC CTACT. TCAATCACTE- -CTTCTETEACTE
TCCCCTCT--GGRRTE TCH i TTGECE-CATEECTAGRE——GC TARTTRRRTERR——
T, TCACTGE! TGT TaE -—CCTGRAGTAATT-—---TTGRAGGARTGGATE
TETTGACTIGEE-TTCTGICTCC-—AG, TCTGICTCCTCAE T
TITACTCTGCAGACTACTEC TCCICT TECCCE: TC GCTCATCCTICTICTETT
TCAGAATCCACTECTCTICACTETCATCATCACTTTGCTTAGCTIECTCTECCCTET eCE

TTCTCCTETATCATAGTCATITACTICTGTCA—

TTCCACCACET-EC: TACCCTGAREECATEECCT TITATICTIGITACCATERT

1 ~CTCTIGAGATGTCC: GIGTETTTARTC—
e TEETCAT TECARRECCCTEC TTAC-CCCT - T G TCTEATCTCICT T CTAGCAT. T
1 TECTCCCTEC! ACICA--CTCAIAT ECTCCT
T CCTACACT--TCAC T

TTATIETTGTTTETETARTETTITERT TCTTTCCACA--GCACTET TEEET TAATCGATCIGTTTTGCTICAACACTETCT

TTCCATE; TTEECTGAGEECTEEEACTCCARCTT ATT
TCTATCT ATICATCCCTEIAT
TAAGEC TECATCT TTICTTCAGEGCTCT TET -

TEEECC:

TCEECT TTICACCTEIETCC
TITATTC--TAGCATTAGTCACACTETGIGACAEETECCETICICACTCCACTEAC-AECTCCTCAGES TTTGITICCIGATEETTT

~TGICACATTGTATTATCITGACTTETTTACGGRAC-——~EGTCTCCACA-—ETCTGCTE

TAGCATATCCTATT CATC-

TTCCCCCACT--CEAGGATEIC

-CTTGAA-TAT

1T

TCEETICAGEC TAGAETTGEGATCTT ~CRTECCCAGTETTI—

C--ARGCTAT T

ac TATICT TEC-CTCC CCT TCABGEECE ACACR
TCATCT C--TCT TATCTGIT--TIT TCCACTCCTT TCART--RATCCATACATA----TTIGCTAARTCARIC
TTCCCTGAGEECTEEAARCTTECTEACCCTGCTCAGTETEETATECCCAGTTT TCACCACCR G TTTECTGARTERATE
TGTACTATITET-CTTTCICACTAGCAGACT GTTT TC-GTATCT---TATITETATTICTTECC ~TA--GTTGTTARRTTARTG

TCAG GTAG T TETCT---TATCTATCATCATGTCCCTETTECTT TTGTCA-CR 1T
TITATCTGT -—GCTCRAT. TT TEAAGE
TCATGATGAACT T T ---CTT
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LTR33: 275-459 bp

AP2y

—
5 I ars TarTceTaGE roact TR :
i rra-TaaiaceTecerT ccTanced TG TCACTAGE TGGAGAACTGTT TGCCeaTAGECT TARAACTT STcrcTeaiacicrect
TercEiTe T ATeeTeTeTs - -ToTRT 1ABAGECTA-CTCTAACATCRAT 1ACTCEATTETTCCTE CTRGTITE0CTARBECTT
ChSCCTCTAGGRAGAG acrcca aicaoTecoTe TEGETESTATAGECT - COOTAETECT! I TTEOACAA TCOCCTATIGCATTTTCTAABTCCCAS TORGACCTTTE TARATAT TG TG TATTCAATICRCTT
TATCTCTCTCTCTT- -1CTCTGECMTCCTETA - Mo CGETETCCE --ECCECTEG TCCAGE TICCCTCCCIGCTETTACCTE TTCAGCACCGCCCTETIGECTTCCCERE T( TGCTGEGRCTICTTRAR
CAC TCT ——- — = T CCTT
TGECTCTCAATATCCA--CCTALCT- T T
ccccercers 4 TeeTar cecrr ce
TaTeTIes TrTeATCTGECCECTaCEET
CCATCITGATTATAG—COOTETE- B recTeaTTd CTAGGE TTAGGCACTAGRTTATANTAT CTARTETCCCTACRTCCT TTcoaTTATAARCTETCOTT

MERS8A: 1-153 bp

AP2y

exeirecdPacTaca e
CCEGEEET TEACREACCATGEEAG! e TGTTICTGT. B GCEE - Ta ecTTATC AR TTTCT 7 1€ TCCTEE: TTEAECACTICTARREC:
TIRT: TGCTITITCTTACTT-ATAGCTTA TP CHECAT GECE TICATICECARE-TCATETACABCTECTTITCATECTACAACTEL TTEAGTAGCICT
TCAGEEE: TICTET.
CECTEA - 2T CATITATCTA-TT CT¢ cATEECTECTTI CATACT TTGAECAGCTRTGAT
-11 CA-TTC
- - TCAT-
-21 - CCATETAT
-----TITATCIC-TIETCT GECAGACTCCT
{CATA-TTETCTAGEGCTECTITCATE TIATGATCAC TEAGTAGTIC.
CCT2-T1CE-TCATACA-TIET- TTECTTITATECT2ACAATCECART TIGRETCATIC
CEATATATACATCTCRA - TTTETITATGTIA - CIETET ACEECTECTITCACACTATACAGEC TCARETACT
—c: ---TGCACET
—c1 X
-C; ~TTGICT
TITCTICATATA-TIETCITIEECCOCTCT
C ~TTGTCA.
C2BCE TACACACATOCA T2 TITAC -T2 -TICCET GTEACT CECTTTGARTI GEACTCE T TTEAECAGTIAT
2B TRCACCCA TCETCA - TTGETTTACATA - TTET 1T CTEECT ACTCICAREET AARACACE TIARETCACTECT,
CRERCATCCATCTCAR - TTCACTGACCEA-TCATETATEGCTER — TECTGETACAAL TEAGTAGTIC
-11 -TTAACTCTEECTCT:
CA- ~TICTTT
A QIARCACCCARCEOCA - T TCCCTATGER - TTETCT GTEGCCECTITTGTECT GCARAGAC TTEACTAGTITAGECAR—
TITGTITATCIA-TIETCTCTEGECECTTIC——CaTACARCAECT: TIEAETTET

MER77: 69-216 bp

8 CACTCTT--ACACATTH

CA

2B CCAERT 2

-TEE

TCETG
CCIGCREH

€;

CCICAR2M

TTTTCAGC2E
CTICCAEGES
CTICCA-TCA

TCAGEC
6T

TCAGH

CICCRETEE

CAEATE

TEE

e

TCCTECCT

CCT: "
CECRLAACACH WCACCCTITCCARTGCC
ccra--1rcecTEcET i TCATAGRATCAT:
ccee--17060 2
cecerifiacedl- vl cocacaT AR TR - cCITEARRT AT
crq@TETCTE- -Ectci e A CeTcA TORA A CBCCTRARGTCICH
Tigger3b: 279-456 bp
LAL; ARTT
rrcact
TACTETACTETACTTCH TATCATTAT T TERCT AT ATE T TAC Tt rranc]
ACETACCTATITT Trr717TRACH
e TGTTAGAGTCTACTEETACTTATITTT
TACTATACTATATACTIT-TCATTATTITAGACTCTACTEATCTCOTIATT TeTTAzC
TACTAT TTTTTATITTAGAGTICTACTCCITCTACTT: TTGACT]
TGIGARM
o

~GECTAGICTTEE:

--GTECCCEATCTEETETECTTTECATETCTETATGETTT

TATGRAAR

T

TCTGETT
TcTCCACH:
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MERG1-int: 1652—-1847 bp

BT o fcecifEcacTiaceacaccatcdta IR
GETTCT TGCTR-TTTGGETTITGAG lelelen:
TTATECANETTACA TCTAENETTTECCRE GTETT T GRGETTAT TGO -TTGEGETET iCC T
TARTECAGETCACATCCARGETTTECTARGTCTTTIGRGETTAC TGCTH-TTTEGETTT lelelen:
A TC
. TCCTR - Teleles:
AT] Tleleles
. T3 iee T
ETTATET--—TC: T 2} IATT,
MLT1C2: 210-339 bp
TCEEAGTCCTCE - i B¢ -- -CTACACC-MITTCCAGECACEAT -
ARag! EECATCE:
BRI —TEC--T: T ---CTAGREG-CTT-
CRCGTER. ¢ REECCE CT ACGRCCT TTGCCAE: -
CECRTEECTT RRER TBERRRCT T TCTECE T
TGHETERCCACE RECTCT B TETCRC--—CTRGREC-TITT:
CATET---GRT2RTE ! TTITEC---ETAECEC-CC T
= T TC! T ---CCATACC-
CAcaTe: T ---CTCETAC-CITTAR
CACCTEAT —
1 o
---ETAGRGC-TT
CECATEATEAT TRCTAGACT GATGE - AEC TCE TTTI2E
CATETE TECTEITATEC TEACRECT TCEICTC---CTAGAAT-2TT
gcTe TEEACTTTICE B
CATCTER. --CTCAT: --ATC T
Ecre: TTCCATCTAT
CTTETEE. TET ACCCAA AARECT: TTE--~
caceTe:. - 1
--RECTET 1
C2TCTERAGCCATAGGERRE - - EGCTEEARTTTICE - TECCAC: C; AC2TEC:
TGEAGEET
CETE TC T} T
TACARACT
TCTETEA: T
cite: (TCHE
caTE: TGERREET
CaTeTe:: 1L --TETT: 1 TceTcee—
TTEEAG2CATET -~ GEETET- AREG CEETTIGECCETARCACETECRAERT TE---TBRGEAGEETGTCICET
CETE TEGE: TECT TCETCEH
TETA TCCECETCATET i T TCTIGEC-
TEA, B -
CoTecEs. T -
TGTEIAE: L - -
cite: 1 -
GATE: - ee-
TTGECATABIGO--ATCTAT 2ned i TCETCEE—
CEcETeACT TECCARE T, TE--C. ITCICEC—-
CATETECT TET. BCTE i TTETICEC
--T: TCCEC-
B TCT--
TCEAAT AR T -
- TGERBERT
[EETETE:: T 1 TET
CETRTGRAG: TTEEAGITACAC -~ TETCAC: T TEWSTGACECTAC ACRRCCT
CE2ETERREE TEGACTTACECTE TR TCECEET. B

THE1D-int: 590-763 bp

LTR8C : 189-380 bp

T TRAC——
GREACAE: TCTITECTIACGEATTACR -~ CCATETTTET CTGERECEIT
TIC TCCART---CTECCTICACAG-—CTAACARATTAGCTA]
TTCTTECE TGCECATETACCACTAR TAARTTAGCTGE
—cazaz ATAACT,
CTICTTECC: CARATTAGCTAG
TTICTTECE CACATTAGCTCH
TICCTECCTEAGE GETAS CT
AnRACCH TTICCTECCTEAGECETAGE - —— CTECCTTTECACGACTARCAARTTAGCTAT)
—BBAATA; 2
TICTIETC ICTGCTECCTITECAGEACTRACARAT TAGCTA
TICT I---CTGCCTITECAGEACTRACARATTAGCTAY
TCCCTICTTECE T---CTACCTITECTGCACTRACARATTACCTAG

TeTECCOEE R TCTC 2l TC
CREECC

afacBereeTraca -

AcTlECTTEETECA -
ACTEC-TTCTETA-

AT 2ECACEETETCT

TEECACTETETE~

ATCTCACCTGETC-

AcﬁCTGTCTGTa -

sccpiceaci
i BaCH

A2TTE R
1CCTETREY



HERV17: 3112-3279 bp

BATCCRAT
BATTCAAT
RATCCRAT

Th¥I TCTCARE GEAATCACTGEAAG

TG
ceaaTCHRTGERAG
GERATCACTEGRAG

B8 TaTCA NS GEAATCACTGERAG:

L1ME1_3end: 640-795 bp

TCTEACTCAGRAGC

ACTARCCACA
cag

TCCTCTEACTCAGRAGCCAT

—
CARATCCCCACATCC-A-TCIGATC--CCR T’
---ACCRATCTATACIC-TATCATI-— TCTCTRAT TIACRAR
TATCTR T. T CTCAREG
—ICIGATI RRA
TIA-TATCATI-- -CTEC
CCRARAGCCTETETATIC-TATGATT-—-CTATTTIAACIG GETCTGTT CTTEECAGEET TEAC TEECC TTGE TRACLERARR
—TATCATI-—
—TACLATI-- T =
—-ARACRARAACTACTIC-TATCATI--CCATITATATARACICTACRA' iCf ALCA: 2. T
P LiME4b_3end: 684-853 bp AP2y
il
T. -TECTCAIC AT-ATCCCIA —-CRATICIC
'CTCCACC-! TECTC 2
T — T CTCA GC G—€T -—JATATTCICCRETACTIAMTEGRAT ———
TRATCATETEIGTA-CCEAT TAEGAT-CTE GTCTAGTEGCEGTTE TGAGCTEEECCACGE TETCITIIC

Figure S14. Alignments of TE sequences with AP2y binding sites
backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively. Conserved binding

motifs are shown by red bars.
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A

chromosome 12

102,800,000 102,850,000 102,900,000 102,950,000
1 1 1 1
- H 4 u
IGF1 L2_igfl
102,941,500 102,942,500 102,943,500 .
| | I —
- ERa A —
0.) — ——— Kk
0 FoxA1 >
= >
= | GATA3 B 2
O| AP2y - S 4
Conservation h | J d ﬂ MW I 4
| M u 1 ) —
‘_40_3 3
TEs L2y G
I [ =]
v 2
C =
S
— — o
| £’
AMATAGAGAGETOA < TCAOCTTGAC AGAACA
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Figure S15. Enhancer function of an ERa-binding L2 element. (A) Location of the L2 locus (red) upstream
of Igf1 in human chromosome 12. (B) ChIP-seq peaks for ERa and the three pioneer factors (7-9) (min=0,
max=150) as well as phastCons evolutionary conservation (from the UCSC Genome Browser; min=0,
max=1.0). (C) Conservation of the ERa binding motif (bold) among eutherians in the L2 sequence denoted by
an arrowhead in (B). (D) Relative luciferase activity of the human, marmoset, and elephant L2 sequences in
MCF-7 cells. Human_mut represents the human sequence with a mutation in the ERa binding site. Data are
shown as the mean + SD (n = 3). Two-tailed t-test: *p < 0.05, **p < 0.01, ***p <0.001. NC, negative control.
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Figure S16. TEs bound by ERa in the mouse mammary gland tissue. (A) Percentage of TEs among the number of
ERa-binding events. Proportions of TEs in the mouse genome (mml0, excluding chromosome Y) (Genome),
conserved non-coding elements (CNEs), and protein-coding sequences (CDSs) are shown. SINE, short interspersed
element; LINE, long interspersed element; LTR, long terminal repeat retrotransposon; DNA, DNA transposons. (B)
Alignment of mouse RLTR14 RN sequences bound by ERa in the mammary gland tissue. Blue, light blue, and grey
backgrounds represent >90%, >75%, and >60% shared nucleotides among the sequences, respectively. The conserved
ERo-binding motif (logo) is shown below.
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Browser. The nearest gene and the distance are shown in parenthesis.
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FoxA1-binding sites, respectively. PhyloP (blue) and phastCons (green) conservation data were retrieved from the UCSC
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Genome Browser. The nearest gene and the distance are shown in parenthesis.
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Figure S20. Representative TE-derived conserved regions bound by AP2y. Bars and arrowheads indicate TEs and the

AP2y-binding sites, respectively. PhyloP (blue) and phastCons (green) conservation data were retrieved from the UCSC
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Table S1.

Ten genes with known functions related to mammary gland development or breast cancer located

within the region of highest TE density in human chromosome 20.

Gene

Location in human (hg19)

Function related to mammary gland or breast cancer

ZMYNDS

NCOA3

SULF2

PREX]

STAUI

ZNFXI

SNAII

CEBPB

PTPNI

BCAS4

chr20:45837858-45985633

chr20:46130600-46285621

chr20:46286149-46414808

chr20:47240792-47444420

chr20:47729875-47804907

chr20:47862438-47894756

chr20:48599512-48605420

chr20:48807119-48809227

chr20:49126857-49201300

chr20:49411430-49493714

ZMYNDS forms a complex with ERa and is involved in estrogen-induced
transcriptional activation (10).

Ncoa3, also known as Src-3, is required for female reproductive function
and normal mammary gland development, as revealed from the knockout
mouse analysis (11). Human Ncoa3 is associated with breast cancer risk

(12).

Upregulated expression in mammary gland tumours (13).

High-frequency mutations are found in PREX] from human breast cancers
(14).

Nuclear interactome analysis suggests a possible preeminent role for
STAUTI in the ERa network (15).

Zfasl, an antisense long non-coding RNA to Znfx1, plays an important role
in alveolar development and epithelial cell differentiation in the mammary
gland (16).

Snail, also known as Snaill, is involved in branching morphogenesis of
mammary epithelial tissues (17).

Cebpb is essential for ductal morphogenesis and epithelial cell proliferation
during mammary gland development (18-20).

Ptpnl is involved in the regulation of mammary alveologenesis and the
expression of milk proteins (21), as well as mammary tumourigenesis (22).

BCAS4 is overexpressed in breast cancers (23) and forms a fusion transcript
with BCAS3 (24).
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Table S2. NCBI SRA accession numbers used in this study.

Transcription factor ChIP Control (input) Ref.

ERa SRR1635445, SRR1635446 SRR1635437, 7
SRR1635438

FoxAl SRR1635461, SRR1635462 SRR1635437, 7
SRR1635438

GATA3 SRR540196, SRR540198, SRR540220 8

SRR540200, SRR540202,
SRR540204

AP2y SRR039385 SRR039386 9

p300 SRR577809, SRR577810 SRR577916, 25
SRR577917,
SRR577918,
SRR577919

H3K4mel SRR1275469, SRR1275470 SRR1275475, 26
SRR1275476

H3K4me3 SRR1275471, SRR1275472 SRR1275475, 26
SRR1275476

H3K27ac SRR1275473, SRR1275474 SRR1275475, 26
SRR1275476

CTCF SRR357511, SRR357512 SRR357466 27

ERa (mouse) SRR647493 SRR647494 28
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