HMW DNA DNA Assembly and Hi-C Manual Genome
Extraction Sequencing Evaluation Curation Analysis
bioRxiv preprint doi: https://doi.org/10.1101/2023.11.01.565049; this version posted December 30, 2023. The copyright holder for this preprint
b (which was not certified by peer review) is the author/funder, who has granted bioRxiv a se to display the pregrint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 Inte nse. 3 —

N
> o > R [33 >
Preparation Cell lysis, Capture beads Transfer the solution Isolation of
of cell pellet ¥ proteins and _/ tocollect the in a collection tube the DNA
RNAs degradation DNA phase
C 98707 108 .
7 .
E s
x
—> —» _TIIIOO0O0OIL,
FEMTO analysis Library
preparetion T
0.001 .1.3 1021 42165,5 Ve 74
Size (kb)
d 700 RPM - 1000 RPM 1500 RPM
] [ho2 ] [El108 ] HTE)
35000 1 7000-|
] 8000- ]
D 25000 ) ] D 6000
L ] o ] o ;
x ] X 6000 x ]
15000: 1 5000-
50005 _/_,/ LN | 4000 i . fw\_,\__._h, 40005
' 0.001 13 1021 421655 i 0.001 13 1021 421655 ' 0.001 13 1021 421655
Size (Kb) Size (Kb) Size (Kb)
PacBio HiFi: [Eh7.2
16000 A
NN/ NV N7 V77 V7 W2 V7 S 12000 A
¢ TN A o [
_’ Y77 N7\ NV N7\ NV7\V/ _) 4 [
WAV AV, SV 8000 [
DNA shearing o . Library preparation ] J -
using Megaruptor : : and size selection 4000
0.001 1.3 1021 42165,5
Size (Kb)
f PacBio Shearing
] 6.3 [Hi7.2
10000- 10000:
E 8000; E 8000:
X | 4
6000+ 60007
40001 4000-
i 0.001 13 10 21 42 1655 i 0.001 13 10 21 42 1655
Size (Kb) Size (Kb)

Supplementary Figure 1


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

a

HMW DNA DNA Assembly and Hi-C Manual Genome
Extraction Sequencing Evaluation Curation Analysis

bIORXIV preprlnt d0| https /[doi. org/lO 1101/2023.11.01.565049; this version posted December 30, 2023 The copyrlght holder for this preprlnt

The DNA passes The current variations
through the motor —) are converted in
protein DNA sequence
AGTCCCTGAATCGA
- J

PacBio HiFi Sequencing:

SOOIV Hi%hg'lﬁity Circularized DNA is
S sequenced in many
+ passages

& RO R Library preparation Polymerase reads are

C a0 0
S
\I\
7

TRIRIDINTRG and DNA Pol binding trimmed to yield subreads
CCS reads are called *
from subreads
HMW DNA DNA Assembly and Hi-C Manual Genome
Extraction Sequencing Evaluation Curation Analysis
. f
k-mer
read-only
u assembly.haplotypel-only
S D assembly.haplotype2-only
20 ——— 5 || shared
> |
o <
)
o
O =
15 ® 3
o
® e
10 T T e
R9 R10 : : . .
. 0 30 60 90
Chemistry

kmer multiplicity

Supplementary Figure 2



https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

1ar asted De. her 2

HMW DNA DNA Assembly and Hi-C Manual Genome
Extraction Sequencing Evaluation Curation Analysis
bioRxiv preprint doi: https://doi.org/10.1101/2023.11.01.,565049;-thi

s-versionpasted-Deecember-30, 2023. The copyright holder for this preprint
- &which was not certified by peer review) is the author/funder, who has glls"amec iRy a license tq display the preprint in perpetuity. It is made
HiFi Reads available undef aCC-BY-NC-ND:4:0 national license. Merqury k-mer completeness
ONT Read Hifiasm € = rﬁ read-only
eads
§ || hep1 asm-only Asmgene Gene completeness
Hi-C Reads Verkko || hap2 asm-only
@ o || shared Gfastas Genome main features
k-mer multiplicity
b Verkko assembly with HiFi and UL-ONT (over 100 kbp) i

SR — N/
\ { / j R ‘
\ / j -~
[\ T
\ \ S h '

C Hifiasm partially-phased assembly

(S (Sl Chrg Ch”O - Chrg ~Chr12, . Chr4 . Chr6 | - Chr2
| M i ) \J \ )
\ / /
J N
Ch 2

Chr 5 Chr3 Chr 1 B Chr7 Chr15  Chr9

Chr8  Chr1 Chr1 Chr4 Chr 3 \J C C U C (,,,
m / \ \ ] N

ey Chr1 ChE10 Chrit Chri3  Chré  Chri3
o3 chets ohrd ez co oemts (0 < (O )

e N \Qﬂr} Chr4  Chr17  Chr3  ChrX  ChrX_
_ChrX__ Chr15 Chr13 ~ Chr11  Chr17  Chr9 _Chr9 Chr3 Chr10 Chr5 Chr21 Chr18 Chr2 Chr 11

/

= B = -

Supplementary Figure 3


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

HMW DNA
Extraction

DNA
Sequencing

Assembly and
Evaluation

Hi-C Manual
Curation

Genome
Analysis

Chr 1

Chromatin
interaction
between
chromosome X
and

A chromosome 10

) Chr 2 p /// T — e
= Ve
— - 7 ////
/ B \ ///’
Chr4 // [
/ Chr 10
/
Chr7 e “\‘\\\ Chr 8 \“‘
// “ 3 7
// A i //
/N /
/ \\\ . ////,
Chr11 .~ . Acrocentric
\
//
~ chr1e ) Chr 17
Chr 19 /
Chr 18 ) b,
’/ \ - Unassigned
Chr 20

bloRX|v preprlnt d0| https://doi. org/lO 1101/2023 11 01.565049; this version posted December 30 2023. The copyrlght holder for this preprint
granted bioRxiv a license pla

erpetuity. It is made
Chromatin

interaction
between
chromosome 10
and
chromosome X

Supplementary Figure 4


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

HMW DNA DNA Assembly and Hi-C Manual Genome

Extraction Sequencing Evaluation Curation Analysis
bioRxiv preprint doi: https://doi.org/10.1101/2023.11.01.565049; this version posted December 30, 2023. The copyrlght holder for this preprint
b 300@hich was not certified by peer review) is the author/funder, who has granted bioRxiv a licens isplay th rpetuity. It is made

available under aCC-BY-NC-ND 4.0 International figeRRpr.1 Hap1 -HG002 Mat

250 [WWRPE-1 Hap2 EWHG002 Pat

B CHM13 HG38

200

150
100

50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
Chromosomes

C RPE-1 Hap1 RPE-1 Hap2 chromosome 10

Homozygous region
with 58.9 coverage

Heterozygous region
with 38.3 coverage

OO N O B WN —

—
(=2}

50Mb 100Mb 150Mb 200Mb

e Verkko assembly with HiFi and ONT (over > 70 kbp)

Chr 1
r Chr 2 Chr 3

Chr 8

Chr5 ) m Chr7 /
Chr9 Chr 11 Chr 12
chr 10 Chr X \%7

Chr 16

\ / Chr 19
Chr 14 Chr 18 Chr 20
e //QY‘ w

Unassigned
AN\ e o

Chr 4

Chr 13 Chr 21


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

Example 1

46 X,t(X;10)(Xq28;10g21.2) 46 X,t(X;10)(Xq28;10g21.2)

L ¥

C 50

—

40
)23. Thg copyright
play thg preprint in
30

this preprint
. It is made:

20

N of Chromosol

Batch 1 Batch 2

) & '

A LN ]
L
¥

80

60

40

20

% of metaphases with the marker chromosome

T
Batch 1 Batch 2

Supplementary Figure 6


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

Translocation localization
b = Mapq 10-60, supplementary alignments chrX hap!  eoam chr10 Hap2
messssssssssssssms = 3603 bp deletion essessmm——> chrX Hap1

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.01.565049; this version posted December 30, 2023. The copyright holder for this preprint
chr10:61,411\90@ibWvadg hoteertified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
| availahle underaCC=BY-NC-ND 4 0 internationatficense.

41 bp

61,41 1‘,930 bp 61 .411‘.940 bp 61,41 1‘.950 bp

61411960 bp

chrX:154,023,807-154,027,075

3,270 bp
154,024?000 bp 154,0251000 bp ‘ 154,026;000 bp 154,027?000 bp
HiFi
D P
S
ONT
3603 bp
L TUNITTNTTI
1T W T N T A VATV 1 1 T 1 ]
18 1 1TV 1 1

(1] 1 1 [T Wi [ TTITT I ] i i | 1 | W 1 i | - | i

Supplementary Figure 7


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

chr 1 chr 3

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.01.565049; this version posted December 30, 2023. The copyright holder for this preprint
as granted bioRxiv a license to display the preprint in perpetuity. Ibis made

(which was not certified by peer review) is the author/funder,
; available under aCC-BY/-NQD 4.0 International license.

Hap1

O AL A : i
1 O Iy
20 LT T I Il [ I [l Il
L LT L AT Il ]
I T A T T 1| i | L1 [
= e N . . oo . T T NG
Hap2

chr 8 chr9 chr 12 chr13 chr 15

Lo M I\ Y 5
11— i)
\ I

=
Il e
%5}" e W \V

chr20 chr 21 chr 22

- / S
[ | NN TR TR

v

q

1=LHOR organization in Super Families (SF0-3)
2=Specific variants for each haplotype

85-90% 90-95% 95-97% 97-98% 99-100% 100%

Supplementary Figure 8


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

d IHORs Coverage

Chromosome 1 Chromosome 2 Chromosome 4 Chromosome 5

bi v p int doi: https://doi.org/lO.llOl/lz?QS.ﬁ 01.565049; this version E;d D@ber 30, 2023. The copyright h%er gm&-t.his preprint
is'the author/funder, who has granted bioRxiv a licentse to display the preprintin perpetuity. ItTs made

40 (which was notcertified by peer review) i é 1

R TR T VW dyailablesunde; aCC-BY-NC-ND 4.0 Internationalficense. | |
40

233 § i “ I . ‘ .

40
N T I L + L4

20

0 3 A‘..A~..L..LM.M

o e N Ty

Chromosome 16

== /==

b hisoictbios WIS I
[T RO [P s
MM

Chromosome 6 Chromosome 9 Chromosome 11

....__...uul Lo "

— ” —
|

b Sequence ldentity

Labea b 20

.‘ml‘...m...._

chr1
84% IDENTITY 95% IDENTITY 96% IDENTITY

128 2 ° o ‘ ce .
L .
127 93.5 eege0 4o oo
Tz wrw«mam) B2 n-n"" % g - Vs
= o o

—
s &
s o 925 o'ﬁ,:.:.'l(o .. Ry >
Pt
2 B - 2 92 .‘:,;.\Q i -, Fo,
s ok 3.8 | PR . K .
T 123 ~ - 1.5 2 tOER B
O L1 g abl 91 At LA
- ” o N -
121 . 90.5 -
L o s
120 . 90 (g8 «
120 121 122 123 124 125 126 127 128 120 121 122 123 124 125 126 127 128 90 905 91 915 92 925 93 935 94 90 905 91 915 92 925 93 94 935
I T O A TN NV AT LAY 1 VITITARNTT [ [

RPE-1 Hap1 (Mb) RPE-1 Hap2 (Mb)

chr4
89% IDENTITY 93% IDENTITY

54 . . . °
__ 52 L XX <3 A 4
51
o,

50 Yy 4 o e00’e o - e

) ¢ . o me o0&
49
48
47 hid

47 48 49 50 51 52 53 54 47 48 49 50 51 52 53 54
I I [V LT

chr6

A
\

96% IDENTITY 83% IDENTITY

63 °
> /
61 . .
60 ] o

. . LY ° o
59 o .t Pee® o

o 0w ey o> o
58 /
57
57 58

97% IDENTITY

56
® / :
54 ~‘.’“o (2 © °g. B, ¥
%"3‘ S A ’} N
53 P i IS, -
.

L4 e o
. o %0 o sad
52| o ‘g .
. A
1 v LN, ot
.o
50 -

ERPE- o |
RPEAHD! | oRs stvs S|
IWNRPE-1 Hap2 comparison 75

ECHM13

RPE-1

chrb
95% IDENTITY 90% IDENTITY

51
49 w L] ° %‘:’. a'
L

X3
o

.*‘;’

K\l 'o‘; &
.8 q - . Vo'
“ e iasa” ¢ S
47 St oy & P R o
46
45
45 46 47 48 49 50 51 45 46 47 48 49 50 51
LTI T | IR0 T

92% IDENTITY 98% IDENTITY

© . .
59 . . o0 o, °
o LAY

| Ui

TR s 3
47 S Rl
awl % . .{‘f}‘“"u" s
5 L e RS 77

L

.
°

o

44

4 45 46 47 48 49 50 44 45 46 47 48 49 50
(A AT T [T TR ORI 1

chr16

95% IDENTITY

85% IDENTITY

36 365 37 375 38 385
IR |

Supplementary Figure 9


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

b

Chromosomes

Supplementary Figure 10

WGS HiFi WGS lllumina .
it Color Legend:
500 7 i 2.5 | | B RPE-1
bioRxiv preprint doi: https://doi.org/ld.1101/2023.11.01.565049; this version|posted-Pecember-3p;-2023. The_copyright holder forHt?n?sl,ogyggri;llt
400vRich was|not certified by peer review) is the author/funder, who has graptdd bioRx|v a license tp display the¢ preprint in pgrpetuRPR-i$ made
available under aCC-BY-NC-ND 4,0 Internjational licengse. Haplotype 2
- [0}
S 300 2 15 Bl CcHm13
g >
=
= _ -
S 200 pd 1
100 0.5
0 - 0 -
RPE-1 RPE-1 CHM13 RPE-1 RPE-1 CHM13
Hap1 Hap2 Hap1 Hap2
*hkk d
80 807
*hkk
2 60 =
cg T 60
& &
=3 o
c
‘5 40 g_ 40 —
Q o
o ®
= =
20 20 —
0 - 0
RPE-1 RPE-1 CHM13 RPE-1 RPE-1 CHM13
Hap1 Hap2 Hap1 Hap2
Mapping quality illumina for each chromosome
60—
[ ] [ ] [ ® RPE-1Hap1
s ‘ [ ] [ ] = | [ ] ’ . - - - - . : p
> . - ol 0 = RPE-1 Hap2
3 40 e
3 A CHM13
o
g °®
g
o 20—
=
0 I I I I T I T I | I I I I I I I I I I l l I I
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

Haplotype 1 Haplotype 2

chr2:89,065,436-95,408,253 chr5:46,035,678-51,366,299

6,342 kb 5,330 kb

90,000 kb 91,000 kb ) 92,096 kb ) 93,000kb 94,000 kb 95,000 kb 47,000 kb ) 48,000 kb ) 49,000 kb ) 50,000 kb ) 51,000 kb
1. [ [T = e e Y 1 O (I I WO OO0 (O OO OO TR OO —— ‘
e w0 el it —ws okt P OO0 T e G s 1SS MG 10 S0 TN THNG 20 00 55 @5 we FmG 760
2. w 2. umem i E—
SiCIMIe SICIILA SIAL2 SIINLA SIMILA SN SICIILZ  SCWMSZ S Ka On Na Ga Ga Gs SICSHDD SICUSOHILS SICISIOHILY SICUSHOMILS SICUSHOHILI SICUSMOWILS SICUSAOHILS SICISHOHILY  SSCIHGa) R SSCIHGa2 SSCIbGd! G

3. - [ "

1 L ] 3.
o = bioRxiv prépririt doi: https://doi.org/10.1101/2023.11.01:565049; this version posted December 30, 2023. The copyright holder for this preprint
s (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
«ss gvailable under aCC-BY-NC-ND 4.0 International license.

chr3:90,179,071-97,428,262 chr6:58,306,058-63,321,562

7,249 kb
94,000kb 95,000 kb

5,330 kb

91,000kb 92,000 kb 93,000kb 96,000 kb 97,000 kb . 59,000 kb . 60,000 kb . 61,000 kb . 62,000 kb . 63,000 kb
! e s S oo ol e e TR s wh Y
2. LEE U T | 2 l . -
g T e s s s s s L e s g N SCSLE SCHILL SICHILL SCHLT SICHILI SCHL SICRILI SCHIL SIGEILE CHIL S St 6 o Rz N
4. = 4
5. [l 5.
chr6:57,563,940-61,723,861 chr7:56,662,972-67,563,700
4,159 kb 10 mb
58,000 kb . 59,000 kb . 60,000 kb . 61,000 kb . 58 mb ) 60 mb ) 62 mb ) 64 mb 66 mb
! s ldhood W SRR B ke e ! ks B
2. L} —— 2 (1] - e 1 1
. Mo SOICOHILA4 SOICOHILIE SOICGHILE SOICOHILAE SOICOHILA  SOICOHILG SOICOAILD SOICOMILIS SOICOMILS SOICOHILY SOICOMILIB SOICMIGZ RY  Ea s o GO SN SIS SCTLS ST SIS S & o
. . Wewr  Hsaz wew s Hsaz sy
5. 5.
chr8:42,542,490-46,817,149 chr8:42,619,295-45,642,623
4,274 kb 3,023 kb
43,000 kb . 44,000 kb . 45,000 kb . 46,000 kb . 43,000 kb . 44,000 kb . 45,000 kb
R & B . ! B I T
2. e o I u 2 —— = - - "
. Ca Ca Ca Ca Ca SICHWILS SICAMILS SICBWILS SIBMILI SXCBMILY SKCGMILZ SXBHILS SIXCOHMIL2 SXAHILS SXCGMILT Ga 8 Ba  Ba Ba 8 8 . o Ca Ca Ca Co Ca R2 SICHMILS SICOMILY SICOHIL2 SICOWLS SICOMLS SICOMILZ SICBWILY SICOILS SICOILT SXCAWILD SXCOMILA SCBNL2 Sa  Ba  Ba B2 Ba Ba
4. 4
5. 5.
chr10:38,393,857-44,275,367 5881 kb chr10:38,255,840-43,037,350 4781 kb
) 39,000 kb 40,000 kb ) 41,000 kb ) 42,000 kb ) 43,000 kb ) 44,000 kb . 39,000 kb . 40,000 kb " 41,000 kb . 42,000 kb . 43,000 kb
) B L T v ! i S e ah e
2 1 2 |1 — Ll [
B M SO SCINLE SISO SIS SN S S o st s — L SO e G S S S SN S SO S S 1o o
P Hea2 Hsan Hea2 Hsaa . - Wz s Hsa [
5. 1 5.
chr11:48,457,377-55,245,992 88 Kb chr12:33,805,222-38,165,424 4781 kb
7 3
. 49000kb  ~ 50000kb 51,000kb  ~ 52,000kb  ~ 53000kb 54,000kb 55,000 kb 34,000 kb ) 35,000 kb ) 36,000 kb ) 37,000 kb 38,000 kb
! “ ! ) i ! B T e e S R T R A
2. l— [ W L INTTTTIEY ) 2 1 - L ]
. o e R Ca CooNe Ne R SICHHILA SIGHMILI SICHHILI SICIHILS SICHHILA SICUHILA SICIHILS  We  Ca Na Os Ha s B Ka N K Ka SICIMILS SICINLE SICIMILA SICIMILT SICIMILG SICIMILE SICIMILZ SICIMILZ SICIMILS SICMLS R R g K2 R2 Ha Ka Ka Ca
4. 4
5. ! 5. |
avtrsiiariss a2 pagzissiaizen
chr12:33,225,176-39,522,726 chr16:34,293,114-47,028,275
s 12 mb
34,000 kb 35,000 kb . 36,000 kb ) 37,000 kb 38,000 kb 39,000 kb ) 36 mb ) 38 mb 40 mb ) 42 mb ) 44 mb 46 mb
T B R R N AN e ! i T W 'O lhe
2. 1 B —— 2 wo e N N
N I Ka Na Ka SICIHILS SICIMILE SICIMILZ SICIMILE SICIMILT SICIMILI SICIMLZ R2 Ja Ga Ga Ka Ca o . © " S ST SerEe Seee L s ‘
. . Hsa wsa waz waz ez
5. 5.
chrX:57,364,998-61,046,800 chr18:15,244,267-18,068,098
3,681 kb 2,823 kb
| T — ] — ' 16,000 kb 17,000 kb 18,000 kb
T PR—— [r—— st s an ! s T .lu
2. I LT T 2 [
gt S SIS SIS SOULS SO SO BRILE ST SEUILL ST SEUILE SO SUUILS SIS SN G 6 s s . Ga Ga SICIHIAG SICIHOA1 SICISHILI SICISHILE SICIHILT SICIHIL SICIEHILT SICIGHILY SICIOHIL? SICIOHILY SICISHILD SICIBHILT SICIBHILE SICIBHILS SICIHILS SICIEHILA
4. 4
5. 5.

chr19:23,766,461-31,672,098

7,905 kb
28,000 kb

24,000kb  25000kb 26,000kb  27,000kb _ 29,000kb ~ 30,000kb  ~ 31,000kb
11 ] s e !
o s "
2 o i
o Ka SOHIHARI R2 SICED SICUSIHILS SICUSIHILS SICUSTSHILS SICUSAMILS SICISISHILS SICUSHHILS SICISHOHILS SICUSISHILS Ha Ke b
3
a
5.

. . . . chrX:56,891,582-61,421,226
Higly Diverged Region annotation 4,529 kb

. . . 57,000 kb 58,000 kb 59,000 kb 60,000 kb
Live High Order Repeat annotation — : e ‘ : e ‘
Human satellite annotation 200 =1 m —
Assembly regional errors 3

Assembly regional hetorozygous loci 4
5.

61,000 kb

arwON =~

Supplementary Figure 11


https://doi.org/10.1101/2023.11.01.565049
http://creativecommons.org/licenses/by-nc-nd/4.0/

