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A:qubS for AluYb subfamily

Tier 2 (N=4): Subfamily specific base in N of NGG/CCN pam site or the number in reference falls out of a reasonable range

CTTTGGGAGGCCGAGGCGGGTGG 18685+20322 CGAGACCATCCTGGCTAACAAGG 3177+33574 TACAAAAAATTAGCCGGGCGCGG 2649+13105 CCGGCCTGGGCGACAGAGCGAGA 1991+24742

Tier 1 (N=17): Sequence number in reference falls in a reasonable range

CCGCAGTCCGGCCTGGGCGACAG 1848+46
CCATCCTGGCTAACAAGGTGAAA 3798+30

AATTAGCCGGGCGCGGTGGCGGG 2799+343 CCCGGGAAGCGGAGCTTGCAGTG 2626+241 CTGCAGTCCGCAGTCCGGCCTGG 196746
CCGAGGCGGGTGGATCATGAGGT 0+1042 CCGAGATTGCGCCACTGCAGTCC 2403+65
396 0 ARATTAGCCGGGCGCGGTGGCGG 2826+254 AATGGCGTGAACCCGGGAAGCGG 2447+177 196247
GCCGAGGCGGGTGGATCATGAGG 3921+27 CCGGGCGCGGTGGCGGGCGCCTG 25024220 CCACTGCAGTCCGCAGTCCGGCC 196
GGCGGGTGGATCATGAGGTCAGG 5595+92 CCTGGCTAACAAGGTGAAACCCC 3503+19 AAAAAATTAGCCGGGCGCGGTGG 3292+20 CCGGGAAGCGGAGCTTGCAGTGA 2655+327 TGCAGTCCGCAGTCCGGCCTGGG 1989+2

Tier 0 (N=1): Subfamily specific base in GG/CC of NGG/CCN pam site

CGCCACTGCAGTCCGCAGTCCGG 1863+148
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AluYb8 ggccgggcgcggtggectcacgecctgtaatcccagcactttgggaggeccgaggecgggtggatcatgaggtcaggagatcgagaccatcctggctaacaaggtgaaacceccgtctctactaaaaatacaaaaaattageccgggecgecggtggecgggecgectgtagtcccagectactecgggaggectgaggcaggagaatggecgtgaacccgggaagecggagettgcagtgageccgagattgegeccactgcagteccgcagteccggectgggcgacagagcgagactccgtctcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Aluy ggccgggcgcggtggectcacgectgtaatcccagcactttgggaggccgaggcgggecggatcacgaggtcaggagatcgagaccatecctggctaacacggtgaaacceccgtctectactaaaaatacaaaaaattageccgggegtggtggecgggecgectgtagtecccagectactecgggaggctgaggcaggagaatggecgtgaacccgggaggecggagecttgcagtgageccgagatecgegecactgcactecca————-——— gcctgggcgacagagcgagactcecgtectca-———-————m -
AluYas ggccgggcgcggtggectcacgecctgtaatecccagcactttgggaggeccgaggecgggecggatcacgaggtcaggagatcgagaccatcccggctaaaacggtgaaaccccgtctctactaaaaatacaaaaaattageccgggecgtagtggecgggecgectgtagtcccagectacttgggaggctgaggcaggagaatggecgtgaacccgggaggecggagettgcagtgageccgagateccecgeccactgcactecca-—————-— gcctgggcgacagagcgagactccgtctcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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— . . . . . CCGGCTAAAACGGTGAAACCCCG 2594+102 ECCGCCACITGCACTCEA GCCTGG 4336+2019
Tier 0 (N=3): Subfamily specific base in GG/CC of NGG/CCN pam site CCGCCACTGCACTCCA --GCCTGGG 4427+1507
AAATTAGCCGGGCGTAGTGGCGG 3416+236 CCCGCCACTGCACTCCA-—==——=— GCCTGG 4336+51 *
CCATCCCGGCTAAAACGGTGAAA 2685+2 AAAAAATTAGCCGGGCGTAGTGG 3770+42 CCGCCACTGCACTCCA-—————— GCCTGGG 4427+72 *
CCCGGCTAAAACGGTGARACCCC 2614+361 CCGGGCGTAGTGGCGGGCGCCTG 3297+233 CCGAGATCCCGCCACTGCACTCC 3754+284

CGAGACCATCCCGGCTAAAACGG 2579+158 AATTAGCCGGGCGTAGTGGCGGG 3390+234

Tier 1 (N=10): Sequence number in reference falls in a reasonable range

— TCAGGAGATCGAGACCATCCCGG 3420+49038
CGCCTGTAGTCCCAGCTACTTGG 13941+28468

CCAGCTACTTGGGAGGCTGAGGC 79804+1266
CCTGTAGTCCCAGCTACTTGGGA 40543+792
TGTAGTCCCAGCTACTTGGGAGG 40413+999
GCTACTTGGGAGGCTGAGGCAGG 71599+2792
CCCAGCTACTTGGGAGGCTGAGG 87090+5587
CCCAGCTACTTGGGAGGCTGAGG 87090+1770 *

Tier 2 (N=9): Subfamily specific base in N of NGG/CCN pam site or the number in reference falls out of a reasonable range GCCTCTAGTCCCAGCTACTTCCE 28188+1669

. CGCCACTGCAGTCCGCAGTCCGG 1863+148
AIUYaS for AIUYa su bfa mi Iy Guide RNA sequence + pam site red highlighted

+ number counted in the reference genome for exact sequence
+ number counted in the reference genome for other three nucleotides in NGG site
* means redundant guide RNA sequence with different NGG/CCN site on the other end

Supplementary Fig.1: Guide RNA design for AluYb and AluYa element.
Consensus sequences are aligned and showed for AluYb, AluYa, and AluY in the middle. The candidate guide RNAs are distributed based on different tiers (see Methods). The final list is highlighted by yellow.



GTGGAATAGAAAGGCGGGAAGGG 124+303
GGTTTTGTGGAATAGAAAGGCGG 158+431

Tier 2 (N=3): Subfamily specific base in N of NGG/CCN pam site or number out of a reasonable range CCTTOGCCTCOCA-AAGAGECES 44300
I
CCACGCCTGACTGGTTTTCGTTT 86+0
CCTGACTGGTTTTCGTTTTTTTT 91+0
GACTGGTTTTCGTTTTTTTTICG 51+0 CCTGCCTTGGCCTCCCA-AAGAGC 280+128
CGTTTTTTTTTGGTGGAGACGGG 36+2
TCGTTTTTTTTTGGTGGAGACGG 36+14 ATAGAAAGGCGGGAAGGGTGGGG 124+0
CCCCGTCTGGGAGGTGTACCCAG 37+0
AATAGAAAGGCGGGAAGGGTGGG 124+0 CCCTAATCTTAAGTACCCAGGGA 134+1
- ormrrmTnegres aave MTGECCCATGATGACAATGRCGE 16847 ¢y 1GAAAGGCGGGAAGGETGG 12440 TCCCTAATCTTAAGTACCCAGGG 134+0
CCTCTGATGCCGAGCCAAAGCTG 142424 TGGTTTTCGTTTTTTTTTGGTGG 52+0 CCAGCGGCTCATTGGGGATGGGC 116+0 GTTTTGTGGAATAG! GGCGGG 166+5
CTCCCTAATCTTAAGTACCCAGG 134+0
CTCTGATGCCGAGCCAAAGCTGG 142+0 CCCAGCGGCTCATTGGGGATGGG 116+0 * . TGAGAAATCGE 10840 TGTGTGGATAGAAGTAGACATGG 109+0 1
ARRAAR ARA CCTAATCTTAAGTACCCAGGGAC 4+1
CCCTCTGATGCCGAGCCAAAGCT 141+0 CCCAGCGGCTCATTGGGGATGGG 116+3 GTGTGGATAC GTAGACATGGG 108+0 CCTTATCCCCAACCCTGTGCTCT 132+1
GGACGGTACTGCTGCCATCTCGG 123+2 GAAAAAATTGAGAAATCGGATGG 108+0 oan
C TC GC 37+4
CCAAAGCTGGACGGTACTGCTGC 70+37 TGGGCCATGATGACAATGG 12640 CRCTCRC RO EACAAGEA. 2401 CCTGTTGATCTGTGACCTTATCE 12640 CCACTCCCTAATCTTAAGTACCC 136+0
~——
GGATGGTTGCCGGGTCTGTGTGG 91+0
TGAGAAATCGGATGGTTGCCGGG 101+1
CCGAGCCAAAGCTGGACGGTACT 65+1
GATGCCGAGCCAAAGCTGGACGG 52+2 TGTGGAATAGARAGGCGGGAAGG 126+0 TTGAGAAATCGGATGGTTGCCGG 101+15
[T . e P . PR, . o exrnn
SVA_E
SVA_D 91
g
SVA—F ERkk kKKK * ok * * * * ok kkkk kK Kk Kk * kkk K
CCGGTCTCCAGCCCCTAACCGCG 129+7
+
CCCTAACCGCGAGTGATCCGCCA 134+1 CAGCTCATTGAGAACGGGCCAGG 372+44 e asee s it CCATGACCCTGCCAAATCCCCCT 309+4
TCCACGGTCTCCCTCTCATGCGG 29+1
CCCCTAACCGCGAGTGATCCGCC 134+1
Tier 0 (N=7): Subfamily specific base in GG/CC of NGG/CCN pam site
TGACTGGTT———===—=—=-"' ‘TTGGTGGAGACGGG 164+19
GGCTTTGTGGAATAGAAAGGCGG 243+61
CCAACCTCGGCCTCCCGAGGTGC 90+16 CCTCCACTATTGTCCCATGACCC 312+0
CCGCCACGCCTGACTGRTT. TTGG 152415 GAATAGAAAGGCGGGAAAGGTGG 292+18 TAAGAAAAATTCCTCTGCCTIGCG 215+0 CCCAAGAATTATCAAT: 20501
CCGGGCCGGTCTCCAGCCCCTAA 125+37
41 * GGCGGCTTTGTGGAATAGARAGG 304+5
CCOCCACGCCTGRCTGGTT TIGE 15241 CCGCGAGTGATCCGCCAACCTCG 78+4 CCCTCCACTATTGTCCCATGACC 312+0
CCACGGTCTCCCTCTCATGCGGA 122+0 ABGAARRATTCCTCTGCCTTGGG 214+0
TCCCTAATCTCAAGTAATCAGGG 279+0
CTCACTGCT! T GG 166+7 GCTTTGTGGAATAGARAGGCGGG 257+26 CCAAGAATTATCAATAARARARA 3040
CCGAGTGCCTGCGATTGCAGGCA 130+17
CTCTCATGCGGAGCCGAAGCTGG 125+0 CCGCCARCCTCGGCCTCCCGAGE 80+3
GACTGGTT -~ TTGGTGGAGACGGGG 163+1 CCACTATTGTCCCATGACCCTGC 309+0
GGATGACAATGGCGGCTTTGTGG 320+5
CCGCCAACCTCGGCCTCCCGAGG 80+0 * CCTCTGTGAGAAACACCCAAGAA 628+1
CCTCTCATGCGGAGCCGAAGCTG 125+0 CCTAACCGCGAGTGATCCGCCAA 80+0 CCANTCCCTANTCTCARGIARTC 225+2
— CCTGACTGGT" TGGTGGAGACG 167+0 CCAGGATGACAATGGCGGCTTTG 319+5
ATCCCTAATCTCAAGTAATCAGG 229+0 CCTTCCCTCCACTATTGICCCAT 310+0
CCTGCGATTGCAGGCACGCGCCG 138+1
CCTCTTTCCACGGTCTCCCTCTC 20+14 ACGGGCCAGGATGACAATGGCGG 334+10
CCAGCCCCTAACCGCGAGIGATC 157+0 CCCTCTGTGAGARACACCCAAGA 622+5
CCACGCCTGACTGGTT - - == == ===== TTGGTGG 171+0 AATCAGGGACACAAACACTGCGG
CCACGCH TGGTT- TGG 17140 * AGAACGGGCCAGGATGACAATGG 367+1 AATAGARAGGCGGGARAGGTEEG 29240 CCCCTCTGTGAGARACACCCAAG 622+17
CCCTCTCATGCGGAGCCGRAGCT 125+0 CCTACACCTCCCAGCCGCCTGCC 141+1
CGCGAGTGATCCGCCAACCTCGG 76+1
CCAAATCCCCCTCTGTGAGAAAC 608+0
CACGCGCCGCCACGCCTGACTGG 185+2 ATAGAAAGGCGGGAAAGGTGGGG 290+0
ACCTCGGCCTCCCGAGGTGCCGG 89+10 CCCCCTCTGTGAGARACACCCAR 617+6
CCGCCACGCCTGACTGETT: TGG 152+1
cc TGACTGET 16G 152415 * CCTGCCAAATCCCCCTCTGTGAG 601+5
Tie r 1 (N =59) CCACGCCTGRACTGGTT—~~~=—=~=—~" TTGETGG 171+1 CCCTGCCAAATCCCCCTCTGTGA 598+4
CCACGCCTGACTGGTT- ~-TTGGTGG 171+0 *
— TTTCGCTGTGITGGCCGEECCEE 139+699 GTGGAATAGAAAGGCGGGARAGG 303+124 ng::gﬁ:gﬁg:gﬁg‘ég?ﬂ%“ CCCATGACCCTGCCARATCCCCC 309+1204

Supplementary Fig.2: Guide RNA design for SVA_F and SVA_E element.

CGCCACTGCAGTCCGCAGTCCGG 1863+148

Guide RNA sequence + pam site red highlighted

+ number counted in the reference genome for exact sequence

+ number counted in the reference genome for other three nucleotides in NGG site

* means redundant guide RNA sequence with different NGG/CCN site on the other end

Consensus sequences are aligned and showed for SVA_F, SVA_E, and SVA_D in the middle. The candidate guide RNAs are distributed based on different tiers (see Methods). The final list is highlighted by yellow.



30000

n
8
8

Number of nanapore reads
8
8

200

Number of nanopara raads

-200

Number of nancpare raads

-200

g

Number of nancpore reads

Number of nancpors reads

-10

L1Hs

ZZZImNGGS456789w

<~ |

AluYb —

222120191817161514131211109 8 7 6 5 4 3 2 1 N 6345678910

e

AluYa

__I______---__ il -_-.__ _
2

21 20MSENTHETSHANSH2NTN0 O aNZNENEN4NEN2ZM NG G 3 456 7 8 910

SVA_F

— e — _- -
22 21 20MSHSNTAESHANSI2MIM0IONBNZNENEIANa 20 N GG 3 4 56 7 8 910

- - n
- f
SVA_E

22 21 20MSNBNTHENSIANSH2NIN0IONENTNEISI4NaI2II NG G 3 456 7 8 910



Supplementary Fig.3: Distributions of guide RNA cleavage-site for five MEI subfamilies

a, Cleavage-site distribution of L1Hs guide RNA. X-axis shows the position where the read ends
or begins with the number indicating the distance from the ‘N’ of the PAM site (NGG). The PAM
site (NGG) was colored red and guide RNA bases were highlighted by red background. Y-axis is
the number of nanopore reads counted. The upper blue bar represents the reads with forward
strand sequencing outward the 3’ end of guide RNA and the lower yellow bar represents the reads
with reverse strand sequencing outward the 5’ end of guide RNA. b, Cleavage-site distribution of
AluYb guide RNA. c, Cleavage-site distribution of AluYa guide RNA. d, Cleavage-site distribution
of SVA_F guide RNA. e, Cut-site distribution of SVA_E guide RNA.
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Supplementary Fig.4: Read length distributions for MEI categories (L1Hs, AluY, and SVA).

All reads were identified into three categories: reads with on-target reference MEI signals, ones
with on-target non-reference MEI signals, and ones with no signals (off-target). The read length
(mean * standard deviation) are shown above the boxplots. For L1Hs experiments, n=442,674
reads have no signal, n=244,643 reads have signal on one end, and n=44,059 reads have signals
on both ends. For AluY experiments, n=84,970 reads have no signal, n=30,778 reads have signal
on one end, and n=4,460 reads have signals on both ends. For SVA experiments, n=122,585
reads have no signal, n=4,083 reads have signal on one end, and n=148 reads have signals on
both ends. And the P-values (student’s T-test, two-tailed), <10%°, <1.5x10%, and <1.1x10%*, are
shown between one-end reads and two-end reads in the L1Hs, AluY, and SVA experiments,
respectively. Error bars range from Q1-1.5IQR to Q3+1.51QR (IQR, interquartile range).
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Supplementary Fig.5: Number of supporting reads for three categories of non-reference
MEI from the Cas9 targeted nanopore sequencing and the whole-genome nanopore
sequencing by Ewing et al. 2020.

a, Number of supporting reads for non-reference L1Hs, AluY, and SVA in the whole-genome
nanopore sequencing (from five PromethlON flow cells) and the Cas9 targeted nanopore
sequencing (L1Hs from 11 MinlON/Flongle flow cells, AluY from four from 4 MinlON/Flongle flow
cells, and SVA from 4 MinlON/Flongle flow cells). b, Number of supporting reads of non-reference
MEIs normalized by the total yield base pairs from flow cells in two studies. For whole-genome
Ewing et al., there are 20.35 + 13.26 (mean * standard deviation) supporting reads and 0.087 +
0.057 supporting reads per Gbp obtained for non-reference L1Hs (n=311), 17.52 + 12.01
supporting reads and 0.075 + 0.051 supporting reads per Gbp obtained for non-reference AluY
(n=2359), and 21.43 £ 11.85 supporting reads and 0.092 £+ 0.051 supporting reads per Gbp
obtained for non-reference SVA (n=108). For Cas9 targeted enrichment experiments, there are
49.24 + 31.25 supporting reads and 5.41 + 3.43 supporting reads per Ghp obtained for non-
reference L1Hs (n=194), 3.59 + 3.29 supporting reads and 1.38 + 1.26 supporting reads per Gbp
obtained for non-reference AluY (n=606), and 4.88 + 3.79 supporting reads and 1.88 + 1.46
supporting reads per Gbp obtained for non-reference SVA (n=49). The error bars of boxplot range
from Q1-1.5I1QR to Q3+1.51QR (IQR, interquartile range).
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Supplementary Fig.6: Venn diagram of the PALMER callset and the PAV callset for non-
reference MEIs in NA12878 genomes.

PALMER callset (red circle) is from PacBio raw sub-reads, and PAV (the Phased Assembly
Variant caller, https://github.com/EichlerLab/pav, see Methods) callset (blue circle) is from
PacBio assembly-based pipeline. The circles are depicted by the scale of the numbers showed
inside. The union of two sets is generated as ‘PacBio-MEI’ to be the gold standard set to compare
with the calls from nanopore data.



https://github.com/EichlerLab/pav

a Reference_L1Hs. Reference_L1PA Other_reference_L1 Non_reference_L1Ta1 ~ Non_reference_L1Ta0  Non_reference_L1Ta  Non_reference_L1PreTa Non_reference_L1Ambig

1.00
0.75
0.50 . Non-captured
. Captured
0.25
0.00
g N

Reforence_L1Hs Non_reference_L1Tat Non_reference_L1Ta0 Non_reference_L1Ta Non_reference_L1PreTa Non_reference_L1Ambig

o
S

~
a

a
S

o
o

0

Number of reads per captured site o~

c Reference_AluYb Reference_AluYa Other_reference_AluY Other_reference_Alu Non_reference_AluYb Non_reference_AluYa Other_non_reference_AluY Other_non_reference_Alu
1.00
0.75
0.50
025
0.00
© © © P © $» © © © P o $»
PP oo SFP oo S 0 6 Lo o PFPoo Lo o L oo FLF oo
ST G E P S @Q@h@, S G E P EFE PG E G P E
F FFF FFES FF FFFF FFFF FFFF FFFF FFFS
qET T FEFE FEFCE FEFE FEET S FEFE FEEr
% Reference_AluYb Reference_AluYa Other_reference_AluY Other_reference_Alu Non_reference_AluYb Non_reference_AluYa Other_non_reference_AluY Other_non_reference_Alu
2 !
<
E
2 I
8 20 :
° :
[} .
2 H
8 :
5 :
210 : :
K é : IR : . é
3 H ) [ LI - ) ! [
2, = ol ﬁ________é J R — I I —
3
z PP oo L0 o Lo o L0 b L0 oo L0 b O 0D
P @ N N S O P O P P S RO oo
FFFF FFFF FFFF FFFF ST FF FSFSF FSFSF F & FE
R FE T FREFTE P PP P Fy L ©
e
Reference_SVA_F Reference_SVA_E Reference_SVA_D Other_reference_SVA Non_reference_SVA_F Non_reference_SVA_E Non_reference_SVA_D Other_non_reference_SVA

=3
=3

o
3
a

@
S

o
IS
a

1.
0.00
© $H
‘ol

Reference SVA_F Reference_SVA_E Reference_SVA_D Other_reference_SVA Non_reference_SVA_F Non_reference_SVA_E Non_reference_SVA_D Other_non_reference_SVA

10

J

Number of reads per captured site =

o $ $» o $p e P o o © o $» o $»
WO P orzig’ Q,&\rb &P ofb‘*% Qy’\(b =y @"90'5‘3(9 qu“'b & & 0@" q‘;\q’ & & Ofb‘g’ WO OQ’CX, Q’& & P oég’ q,ta’\(b Q@Q é”qo(b‘so
F P &S F FFS F S & & F S &F S F S & F P& F P &S (QSNOINONK)
ARANER S o FF T Y FF T FTF T FETFEFEEETF Y ETIFEEEEEER



Supplementary Fig.7: Summary of recovered known reference and non-reference MEls.

a, Known L1Hs in GM12878 recovered by Cas9 targeted enrichment from the individual MinlON flow cell
(FAL11389), pooled-MEI MinION flow cell (FAO84736), and individual Flongle flow cell (ABB607),
displayed in a way of proportion of the upper-bound known reference L1Hs, L1Pa, and other L1 as well as
non-reference (non-ref.) subfamilies (L1Tal, L1Ta0, L1Ta, L1PreTa, and L1Hs with ambiguous subfamilies)
of L1Hs from PacBio-MEI set. b, The number of supporting reads in each captured L1 in the context of a.
¢, Known AluY elements in GM12878 recovered by Cas9 enrichment in two pooled MinlON flow cells
(FAO84736 and FAO08905), one individual AluYb Flongle flow cell (ACK645), and one individual AluYa
Flongle flow cell (ACK655). d, The number of supporting reads in each captured Alu element in the context
of c. e, Known SVA elements in GM12878 recovered by Cas9 enrichment in two pooled MinlON flow cells
(FAO84736 and FAO08905), one individual SVA_F Flongle flow cell (ACK629), and one individual SVA_E
Flongle flow cell (ACK395). f, The number of supporting reads in each captured Alu element in the context
of e. In b, d, f, the numbers of captured MEI subfamily in the boxplots can be found in Supplementary
Data 6 with information of mean and standard deviation; The error bars of boxplot range from Q1-1.5IQR to
Q3+1.5I0QR (IQR, interquartile range).
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Supplementary Fig.8: MEI distributions in various number of flow cells.

The number of MEIs (L1HSs, yellow; AluY, blue; SVA, green) can be captured by nanopore Cas9
enrichment regarding different numbers of flow cells and cutoffs of supporting reads.
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Supplementary Fig.9: Trio transmission of 194 non-reference L1Hs captured by nanopore
in GM12878 sample.

The intersections with ‘PacBio-MEI’ were shown by red and the nanopore-specific non-reference
L1Hs that were missed by ‘PacBio-MEI' were shown by green.



— - o
o
=
[4)
€
©
- ro =
=3
o
C
[ ! ! I 1 [
25 20 15 10 5 10

Length of TSDs (bp)

Supplementary Fig.10: Seventeen nanopore-specific
retrotransposition consistent with bona fide insertions.
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Supplementary Fig.11: Examing CpG methylation of captured L1Hs reads.

a, L1Hs methylation profile over consensus L1 sequence in reference (blue) and non-reference
elements (magenta). b, An example of methylation profile at chr3:151430755 non-reference
L1Hs (black arrow 3’->5’ orientation). Individual reads with methylation profiles are shown (top)

along with their aggregate methylation profile (bottom).
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