Supplementary Table 1. Sequencing and mapping statistics

Flybase
genome
Species release Sex Reads Depth X Depth
D. simulans r2.02 F 29287069 21.21 21.71
M 25243382 19.19 10.21
D. sechelia r1.3 F 26030971 18.26 17.13
M 22024423 14.64 7.43
D. melanogaster r6.03 F 18811547 14.01 14.20
M 18552576 14.85 8.17
D. erecta r1.3 F 20460077 16.56 16.57
M 23801524 19.48 9.84
D. ananassae r1.3 F 15862939 8.73 8.31
M 20852751 12.48 6.47
D. pseudoobscura r3.2 F 21585986 11.54 11.54
M 18561056 11.30 5.94
D. persimilis r1.3 F 17295743 10.38 9.38
M 17555204 12.22 6.85
D. mojavensis r1.3 F 17806801 11.50 10.81
M 18100159 12.22 5.99
D. virilis r1.2 F 20734250 11.73 10.27
M 16986520 10.09 4.57




Supplementary Table 2. Satellites on the Y-chromosome

No. of (%)
Species Y-linked kmers* Y-specific kmers** Y-linked T Y-specific
AATAT, AAGAC, AATATAT, AAGAGG,
AATAC, AAAGAC, AATAGAC, AAGACATGAC, AARAAAC, AARAC, AAAACAT, AAAACATAT,
AATAG, AGATG, AAAAC, AAGACTAGAC, AAAAGAC, AAAATAGAC, AAACAAT, AAAGAC,
AAACAAT, AAAACAT, AAAGAG, AAAT, AAATTACT, AACAG, AACAGAACATGTTCG, 29 20
D. melanogaster AAAATAGAC, AAAAGAG, AAATTACT, AACTTAAT, AAGACAAGACAC, AAGACAAGGAC, 34.9% 69.0%
AAAACATAT, ACATG, AAAAGAC, AAAAAC, AAGACATGAC, AAGACTAGAC, AATAC, AATAGAC, (34.9%) (69.0%)
AAGACAAGGAC, AAGACAAGACAC, AAAT, ACATG
AACAGAACATGTTCG, AAATAT, AACAG,
AACTTAAT
AATAT, AAACAAC, AAGAGAATAG, AAT,
ARTATAT, AACAATC, BGATATAT, BATAGT, ., ,CAAC, AAAAGAG, AAACAAT, AAATAAC
AAGAGAAGAGAG, ABACAAT, BATAGAATGG, o' oo ™/ o i ™ ’ 23 15
D. simulans AAAACAAC, AAGAGAG, AAGAGAAGTG, ’ ’ ’ . )
TaiaTis, MATIAC, BATGS, 86, CHMGIGN MOGMCID Mos, o @STH) (62
AGATG, AATGT, AAAAGAG, AACAATT, ’ 4 ’ 4
AACTTAAT
AATAT, AAT, AATAATAT, AARAAC,
AAATGT, AGATATAT, AATATAT,
AAACATGTTCTGTTC, AAAAT, AACAATT, AAAAC, AAAAT, AAATGT, AACAATT, AACAC, 21 12
D. sechelia AACTTAAT, AATATAATATAT, AACAGAACATGATCG, AAGAC, AAGAT, AATAATAT, 385.0% 57 1%
AACAGAACATGATCG, AATGT, AACATAGAAT, AATATAATATAT, AATGT, ACGAG (35.0%) (57.1%)
ACGAG, AAACTAC, AATAC, AAGAC,
AACAC, AAGAT
AAATAT, AAACTAC, AACATAGAAT, AATAT, 6 1
AAGAC
D. erecta AAGAG, AAGAC (23.1%) (16.7%)
AAAGGT, AACATACAT, AAGACAGAC, 7 4
AACATAGAAT, AAGAC, AAGACAGAC, AAGA
D. ananasae AACATAGAAT, ACTGAG, AAGAG, AAGAC CATAGRAT, RAGAC, ARGACAGRC, ARGAG (18.4%) (57.1%)
Lo 1 0
AAATAC
D. persimilis (5.9%) (0%)
D. pseudoobscura ACGG 1 0
(5.3%) (0%)
. ) AAAAT, AAAAC, ACTGATAT, AAATG, 7 4
AAAAC, AAATG, AACATAGAAT, AAGA
D. mojavensis AAGAG, AACATAGAAT, AAGAC cr Cr RACRTAGEAT, AAGRC (10.3%) (57.1%)
ACAG, AAACTAT, AC, AAAC, AACTATT,
ACACAT, AACAATCC, AATAATAG,
ACAGACAGE, AAGACAGRC, (' BARAC, AARAACARAC, BARAC, ARAC,
AAATCAACAATCCAAC AA%CAATT CRACC, CAC, AARCAGAC, AAACCAT,
ACAGACAGGCAG ACACACAT AAACTAG AAATCAAC, AAATCAACAATCCAAC, AAATCAT,
ACAGGCAG ACAGACCAG AATCTAT ’ AACAATCC, AACACAGACAGAC,
D, viril AAACAAGE, ACAGAGAGACAGE ’ AACACAGACAGACAGAC, AACTATT, AAGACAGAC, 40 32
- VIriis ' 4 AATAATAG, AATAGATT, AATCAATT, AATCTAT, (44.4%) (80.0%)

AACACAGACAGACAGAC,
ACAGACAGACAGAGAGAG, AAAAACAAAC,
ACAGACAGAGAG, AAACAC, AACTACT,
AAATCAT, AAAAAC, AAACAGAC,
ACACACAG, AACACAGACAGAC, ACTC,
AAACCAT, AACAGAACATGTTCG, ACTAGAG,
ACAGAGAG, AAAAC

ACACACAG, ACACACAT, ACAGACAGACAGAGAGAG,
ACAGACAGACAGG, ACAGACAGACCAG,
ACAGACAGAGAG, ACAGACAGG, ACAGACAGGCAG,
ACAGACCAG, ACAGAGAG, ACAGGCAG, ACTC

*listed in decreasing order of abundance

** Y-specific kmers are a subset of Y-linked kmers
T % represents the fraction of total number of kmers
T % represents the fraction of Y-linked kmers



Supplementary table 3. Parallel gains and ambiguous simple satellites

Parallel gains Ambiguous both
kmer species kmer species kmer species
AAAAAC mel, vir AAATTAT mel, ere AAAAC mel, sec, moj
AAACAC mel, vir AACAC mel, sec AAAAG mel, sec, moj
ACAGACCAG mel, vir AACAGAG mel, sec AGATG mel, sim, moj
AAAAT sec, moj AAGAGAAGAGAG mel, sim AATACT mel, sec, moj, vir
AAATGT sec, moj AAGAGAG mel, sim
AAACAAC sim, vir AATAC mel, sec
AAAGAC mel, moj AATGT mel, sec
AAAGAG mel, moj ACGAG mel, sec
AAGAGG mel, moj AAACAAT mel, sim, ana
AAGGAG mel, moj AAATAAT mel, ana, moj
ACTG sec, vir AAGAC mel, sec, ana
AACTATT ana, vir AAAT mel, pse, moj, vir
AAGACAGAC ana, vir AAATAT mel, ere, moj, vir
ACAGACAGACAGG ana, vir ACAGACGG ana, per, pse, moj
ACAGACAGG ana, vir ACAT ere, per, moj, vir
ACAGAGAG ana, vir AGATAT mel, ana, per, moj, vir
ACAGAG ana, moj
ACTGAG ana, moj
AAATAC sec, per, pse
AAGTAT ana, moj, vir
ACTCTCT ana, moj, vir
ACTCTAT ana, moj, vir
AAAATAT mel, sim, sec, moj
AGATATAT sim, sec, moj, vir
AATAG mel, sim, sec, ere, vir
AATAGT sim, ere, vir

AACATAT mel, moj, vir




Supplementary Table 4. Satellites presence and abundance across species

No. of
species

Simple satellites present Species names mel sim sec ere ana pse per moj vir

AAAGGT 1 ana 26 0.0 0.0 1.3 16465.2 29 0.0 0.0 0.0
AAAGGTC 1 ana 0.0 1.5 0.0 0.0 24503.0 24 0.0 0.0 0.0
AAATGCTGTGCGGT 1 ana 0.0 0.0 0.0 1.7 28271 24 0.0 0.0 27
AACATACAT 1 ana 0.0 0.0 0.0 0.0 1488.7 0.0 0.0 0.0 0.0
AAGGTC 1 ana 69.1 38.7 9.9 325 262747.0 36.3 12.9 40.6 31.5
ACAGACAGAG 1 ana 29 0.0 3.0 4.9 29845.8 0.0 0.0 0.0 17.2
ACAGACATG 1 ana 0.0 0.0 0.0 0.0 2282.9 0.0 0.0 0.0 0.0
AAGAGT 1 ere 0.0 0.0 0.0 8454.0 28.1 0.0 0.0 14.3 60.3
AAGT 1 ere 6.0 0.0 0.0 33417.9 28.2 9.8 0.0 4.0 0.0
AAAACAT 1 mel 4966.1 0.0 2.0 171 0.0 0.0 0.0 10.1 4.4
AAAACATAT 1 mel 3260.2 0.0 0.0 20.4 20.6 0.0 0.0 0.0 0.0
AAAAGAC 1 mel 2136.7 1.5 0.0 0.0 5.2 0.0 0.0 9.3 6.3
AAAAGAG 1 mel 6334.8 128.0 7.4 5.1 3.7 0.0 0.0 24 0.0
AAAAGAGAAG 1 mel 5928.6 29 3.5 1.8 0.0 0.0 4.8 0.0 0.0
AAAAGAGAAGAG 1 mel 1164.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AAAAGG 1 mel 7181.9 0.0 1.8 0.0 9.5 4.0 3.8 0.0 10.8
AAAAGGAAAAGGAG 1 mel 2007.7 0.0 22 0.0 0.0 0.0 0.0 3.4 29
AAAATAGAC 1 mel 4455.2 1.9 71 55 5.2 0.0 0.0 11.8 0.0
AAATATAT 1 mel 3584.6 1.2 0.0 23 69.7 24 4.6 0.0 75.6
AAATTACT 1 mel 4319.3 0.0 0.0 21.8 45 0.0 6.3 4.6 8.6
AACATTGAAT 1 mel 982.7 0.0 0.0 21 0.0 0.0 0.0 0.0 0.0
AAGAAGAAGAG 1 mel 1393.7 0.0 3.3 0.0 0.0 0.0 0.0 0.0 5.2
AAGACAAGACAC 1 mel 510.7 0.0 20 1.8 0.0 0.0 0.0 0.0 0.0
AAGACAAGGAC 1 mel 677.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AAGACATGAC 1 mel 15576.5 59.8 54.3 224 33.8 0.0 0.0 41 17.6
AAGACTAGAC 1 mel 84455 13.1 53 26.2 9.1 0.0 0.0 6.1 4.1
AAGAGAAGAGAAGAGAG 1 mel 1258.0 13.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AAGAGAAGAGG 1 mel 950.8 0.0 1.5 0.0 3.5 0.0 0.0 0.0 0.0
AAGAGAAGAT 1 mel 4571.2 0.0 11.0 0.0 4.0 0.0 0.0 0.0 0.0
AAGAGAAGCG 1 mel 989.4 0.0 23 0.0 0.0 0.0 0.0 0.0 4.8
AAGAGATGAG 1 mel 1890.0 120.2 0.0 0.0 0.0 0.0 0.0 4.1 0.0
AAGAT 1 mel 58652.7 10.1 142.8 16.8 8.0 34.8 6.3 18.1 19.3
AAGCAC 1 mel 1045.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.6
AAGGC 1 mel 1920.0 0.0 8.1 0.0 3.0 0.0 8.9 35.2 222
ACACG 1 mel 5588.9 0.0 13.0 1.5 0.0 6.0 0.0 22 26
ACATAG 1 mel 6897.4 1.5 5.6 5.8 4.9 43 0.0 42.0 20.9
ACATG 1 mel 3064.1 6.5 7.5 59 0.0 0.0 29 5.7 0.0
AGAGG 1 mel 23254 1.5 0.0 52 0.0 19.5 18.4 0.0 3.0
AGATGG 1 mel 18662.3 5.7 12.3 18.3 71 0.0 0.0 9.7 39.2
AAAAAGTTATCGAAATCGAT 1 moj 0.0 24 0.0 0.0 0.0 8.1 0.0 1994.0 0.0
AAAGACT 1 moj 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1132.0 0.0
AAATG 1 moj 0.0 2.0 0.0 0.0 0.0 0.0 0.0 938.9 0.0
AAGATAC 1 moj 0.0 0.0 0.0 15 0.0 0.0 0.0 3540.8 4.4
AAGATAT 1 moj 19.3 0.0 4.0 0.0 0.0 7.8 0.0 1291.3 4.5
AATGACT 1 moj 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1862.6 0.0
AATGAGT 1 moj 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1538.7 0.0
ACAGCAT 1 moj 76.5 74.2 26.6 55.9 155.6 130.3 87.1 20118.3 99.7
ACATAGAT 1 moj 3.2 0.0 0.0 1.6 0.0 0.0 0.0 9230.7 159.6
ACCTCT 1 moj 26 0.0 0.0 0.0 0.0 0.0 0.0 1723.7 0.0
ACTATCT 1 moj 0.0 0.0 0.0 0.0 27.8 0.0 0.0 1077.0 0.0
ACTGATAT 1 moj 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21123 0.0
AGGATAT 1 moj 0.0 0.0 343 0.0 114.2 0.0 0.0 1151.7 176.6
AAAACATGTTCGAAC 1 sec 0.0 68.9 1195.2 0.0 0.0 0.0 0.0 0.0 3.4
AAAAGAAAAGAATAG 1 sec 0.0 1.6 1521.9 0.0 0.0 0.0 0.0 0.0 0.0
AAAAGAATAG 1 sec 3.6 0.0 19415.4 0.0 7.8 0.0 0.0 7.3 3.2
AAAAGAATAGAATAG 1 sec 0.0 0.0 1338.4 0.0 0.0 0.0 35 0.0 0.0
AAACAGAACATGTTC 1 sec 0.0 32.3 3429.3 0.0 0.0 0.0 31 0.0 0.0
AACAAGTTCTGTTCG 1 sec 0.0 0.0 1281.3 0.0 0.0 0.0 0.0 0.0 2.7
AACAATT 1 sec 0.0 116.7 562.8 0.0 0.0 0.0 0.0 0.0 58.2
AACACAGAACAGAACAG 1 sec 0.0 0.0 1782.0 0.0 0.0 0.0 0.0 0.0 0.0
AACAGAACATGATCG 1 sec 0.0 3.0 637.2 0.0 0.0 0.0 0.0 0.0 0.0
AACAGAACATGTTCC 1 sec 0.0 1.7 2304.0 0.0 0.0 0.0 0.0 0.0 0.0
AACAGAACATGTTCGAATAG 1 sec 23 0.0 1345.1 0.0 0.0 0.0 0.0 0.0 0.0
AACAGAACCG 1 sec 0.0 0.0 2486.9 0.0 0.0 0.0 0.0 0.0 4.1
AACAGATCATGTTCG 1 sec 0.0 0.0 1053.6 0.0 0.0 0.0 0.0 0.0 0.0
AACATGTTCGTACAG 1 sec 76 4.9 17796.7 6.2 0.0 3.2 6.3 25 14.3
AACCAG 1 sec 0.0 0.0 862.6 0.0 0.0 0.0 0.0 26 0.0
AATATAATATAT 1 sec 97.9 714 545.3 6.0 0.0 0.0 0.0 0.0 0.0
AAAACAAC 1 sim 0.0 2266.4 14.1 0.0 0.0 0.0 0.0 0.0 0.0
AAATAAC 1 sim 4.2 875.6 0.0 24 0.0 0.0 0.0 0.0 16.3
AACAATC 1 sim 0.0 9308.4 25 0.0 0.0 0.0 0.0 3.4 18.8
AACAGAACATAATCG 1 sim 0.0 1900.1 145.8 0.0 0.0 0.0 0.0 0.0 29
AAGAGAAGTG 1 sim 117.2 952.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1
AAGAGAATAG 1 sim 16.4 32479.6 0.0 0.0 0.0 8.4 0.0 3.3 10.4
AATAGAATCG 1 sim 24 1416.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AATAGAATGG 1 sim 0.0 2509.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Supplementary Figure 1. Correction for GC bias for different library
preparations.A. Heatmap of kmer log-abundances in base pairs, before (top) and
after (bottom) correction for GC bias. B. Change in pairwise Spearman correlation
coefficient among replicates for each library preparations after to GC correction.
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Supplementary Figure 2. Correction for GC bias across species samples and sequencings. The colors in the heatmap represent the
over/under-representation of each GC bins (5% bins) of each sequenced sample (column). For each sample, there are three
sequences: single end sequencing (R0), paired-end sequencing (R1 and R2).
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Supplementary Figure 3. Heatmap of
all 207 simple satellites. The heat map
in Figure 2A contains satellites that are
over 10kb in at least one species. Here
the full list is provided which includes
all satellites over 1kb in at least on
speices and is used for all subsequent
analyses unless stated otherwise.
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Supplementary Figure 4. Abundance of simple satellites present in all species.
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Supplementary Figure 5. Distribution of simple satellite presence among species
with lower absence cutoff of <6x copy number.
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Supplementary Figure 6. Male-biased transposable elements. Y-linked TEs are
those that are significantly more abundant in males than females by 1.5x
(Fisher's Exact Test p < 0.005). These TEs are plotted in blue dots and the
number of them is labeled on the bottom right of each plot.
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Supplementary Figure 7. Phylogeny inferred from kmer abundance. A. Neighbor-

joining distance tree. B. Maximum parsimony tree.
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Supplementary Figure 8. Gain and losses within the melanogaster subgroup. 11
simple satellites are present in D. melanogaster but absent in either D. simulans
or D. sechellia. Because they can either be parallel gains or gains in the branches
leading up to the group followed by losses in either D. simulans or D. sechellia,
they were classified as ambiguous and excluded from the tree in A (same as in
the main text). In B, these satellites are counted as gains followed by losses.
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Supplementary Figure 9. Losses and gains inference with different presence
cutoffs. A. Same analysis as with Figure 4A but satellites = 1000 bp were deemed
present. B. Same but, satellites with copy number = 5 were deemed present. For
both A and B, ambiguities were resolved in favor of losses instead of multiple
gains.
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Supplementary Figure 10. kmer
network. Same as Figure 6B. For
each species, satellites >4bp are
plotted in nodes. The size and
color of the nodes correspond to
the abundance of the kmer. kmers
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Supplementary Figure 11. Length and dinucleotide distribution of satellites. A. The
distribution of kmer length is plotted for each species. Gray bars depict the
average across the species. B. For each of the species of the melanogaster
subgroup, the AA-dinucleotide frequency is plotted across 150bp which is roughly
the length of DNA wrapping around a single nucleosome. Gray dotted lines mark
every 10bp. Only kmer greater than 10kb are used to calculate the dinucleotide
frequency as to capture satellites that have expanded. C. Same as B, but for D.
ananassae, D. virilis, and D. mojavensis.



