2. Phenol chloroform DNA extraction

3. Ethanol precipitation

4. DNA assessment
1. Quality (A260/230 & A260/280)
2. Quantity (Qubit Fluorometer)
3. Integrity (1% w/v agarose gel)

-

1. Prepare DNA library: ONT 1D Ligation Sequencing Kit (SQK-
LSK108) and the “1D gDNA selecting for long reads” protocol

2. Load DNA library on MinION R9.4 SpotON flow cell

3. Sequence via MinKNOW software (v1.7.14)

Library
Preparation
&
Sequencing

-

4. Generate read dataset statistics (NanoPlot v0.20.1)

-

3. Genome completeness (BUSCO v3.0.2)
4. Ploidy (ploidyNGS v3.0)
5. Repetitive content (RepeatMasker v4.0.7)

2. Predict genes (BRAKER v2, gene set correction by PASA)
3. Infer Orthologous groups (Broccoli v1.2)
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Haplotype representation for the hybrid
Canu-Bionano P. tricornutum assembly

number of haplotypes
8 8 & 8 3 3

—
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0

m Missing Bionano haplotypes reconstructed from
unanchored contigs

m Bionano resolved haplotypes*

*each haplotype is represented by a single Canu-Bionano hybrid scaffold
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Characterization of the Bionano-Canu scaffolds

m scaffolds unresolved as
haplotypes

scaffolds that represent
misassembled hybrid-haplotypes

m scaffolds that represent one
partial haplotype

scaffolds that represent two
partial haplotypes

m scaffolds that represent one full-
length haplotype & two partial
haplotype

m scaffolds that represent one full-
length haplotype & one partial
haplotype

scaffolds that represent one full-
length haplotype

m scaffolds that represent two
full-length haplotypes



Super-Scaffold_100002
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Identity
1. Super-Scaffold_100002 (reversed) (bases 267623 to 558286) - Chr28—chr7—chr1 3 hybrld
<_..segdupwithchrZ J (CoDi3... . .
2. chr_7 (bases 220707 to 345428) — contigs are erroneously linked
3. chr_28 (reversed) (bases 248498 to 387581) owing to segmental duplications
between those chromosome pairs
100000 200000 300000 400000 700000 800000 900000 1000000 1100000 1200000 1300000 1400000 1500000 1600000 1700000 1800000 1900000 2000000 2100000 2200000 230000
\\\ | o o P —— 7 -
PR — =
\\,_ l- ) ‘/
Super—Scaffold_lOQOOZ‘(re!ersed) | |— ,/‘/
-1006000 4~ 100000 Y ‘ onei /
\ L : | =
chr_28 (reversed)
00000 -100000 [
— |
|
\
|
|
—f]
e
chr_7 — e .
0000  -1100000 -1000000  -900000  -806000 -500000  -400000  -300000  -200000— —=T08000— — ——0 0 600000 700000 800000
|
! D
iy ; 2000 10900 13000 5000 %0 00 20 2000 5000 2000 g 2000 00 T
i Identity TN T T T TR0
1. Super-Scaffold_100002 (reversed) (bases 1175326 to 1245767) — =5 — E
i .segdupwithchrld .

Supplementary Figure 7A

2. chr_7 (bases 959142 to 1029017)
3. chr_13 (bases 3 to 27942)




Super-Scaffold_100022
chr24-chr29 hybrid

contigs were erroneously linked owing to segmental duplications
between those chromosome pairs

3. chr_29 (bases 3 to 15594)

Supplementary Figure 7B
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1. 1. Super-Scaffold_100022 (bases 461187 to 484578)
2. chr_24 (bases 468198 to 497722)



Super-Scaffold_100015

chr23-chr19 hybrid
contigs were erroneously linked owing to CoDi2.1 repetitive elements
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2. chr_23 (bases 507706 to 512608) . . S S S
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Super -S caffold_ 100016 Reference chr17 and chr27 blasted against Super-Scaffold_100016
.
Chr 1 7 _— Chr27 h brld Description Max Score Total Score 1 E value Per. Ident Acc. Len A i
v - v Cover - v = ccession
v
chr17 1.904e+05 1.224e+06 54% 0.0 98.90% 703943 Query_59208
chr27 95960 2.698e+05 12% 0.0 99.28% 404298 Query_59209
S 515] 500 BEOH0] RG] E] EG00] eAT000] Vil LT 1] 0] iG] E ] ] O] oG] 6] D] HGT00H0] G50 50800 100000 150000 200000 250000 300000 350000 400000 450000 500000 550000 600000 650000 700000 750000 800000 850000 900000 950000 1008000 1055000 1108000
: T i | il
E A
v —_— = —— — —
— ‘Super-Scaffold_100016 e e — = —_————
e 505000 -850000 806000 750000 706000 656000 -600000 556000 506000 -450000 406000 356000 -300000 256000 -200000 156000 100000 50000 0 50000_~" 10
Super-Scaffold_100016 T S
50600 100000 150000 200000 250000 300000 35000 400000 450000 500000 550000 600000 650000 7099777777,,,——7”"'7 S
-
R
L v
R
: |
hr_17 A I
50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000 550,000 600,000 650,000 700,000 750,000 800,000 850,000 500,000 950,000 1,000,000 1,050,000 1,100,000 1,138,666
‘-TELO CoDi2.1_overlooked Gap region

CoDi3.1_novel-{ CoDi3.2_noyel-(g CoDi5.3_novel-[il

COD||5.1_REF

Portions of Canu contig2816 blasts with high query coverage to chr17. The small sequence
that aligns to chr27 is part of the CoDi3.2 locus.

Description Max Score Total Score G E value Per. Ident Acc. Len Accession
v v v Cover - L 4 v
v
| chr17 1.904e+05 1.207e+06 95% 0.0 98.90% 703943 Query_65036
| chr27 4948 57095 5% 0.0 98.44% 404298 Query_65037

500000

600000
e e e I . ey tp—"

1 100000 200000 300000 400000

Supplementary Figure 8A

@ CoDi42 REF ([

CoDi2.3_overlooked

Almost the entirety of Canu contig2803 blasts strongly to chr27

Description  Max Score Total Score Query Cover
> v b, S v

E value Per. Ident Acc. Len Accession
b, & i ) £
chr27 95960 2.127e+05 97% 0.0 99.28% 404298 Query_47591
‘ chri7 2302 16455 1% 0.0 95.86% 703943 Query_47590 ‘

1 20000 40000 60000 80000 100000
=
= s -




Super -SC&ffOld_100007 Reference chr22 and chr7 blasted against Super-Scaffold_100007
Chr7 —_— Chr22 hybrid Description Max Score Total Score Query Cover E value Per. Ident Acc. Len Accession
v v v v w» A d v
chr22 1.510e+05 1.114e+06 29% 0.0 99.41% 591336 Query_3346
chr? 1.102e+05 6.799e+05 18% 0.0 99.58% 1029019 Query_3347
100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000 1100000 1200000 1300000 1400000 1500000 1600000 1700000 1800000 1900000
To0b00 200000 300000 400000 500000  6a0bG0 700600 800000 900000 1006000 1100000 1206000 1306000 1400000 1500000 1606000 1703000 1800000 1906000 -
| A TA iy OAH
A 2
. ‘ : m ‘ ‘
" - \ |
Super-Scaffold_100007 Super-Scaffold_100007 - — ‘\'
106000 4 100000 20000 -1300000 -1200000 -1100000 -1000000 -906000  -806000  -706000  -608000  -508000  -400000  -300000  -206000  -10600 204000300000 400000 500001
|l A
R ‘ R
[ v
chr_7 (reversed)
chr_22
1 1003030 100__000 BOO,IOC)O JOOHOOO SOO,‘O’.)D BOO_IO'.)I) 70’.)_[02)0 800__000 EOO,IOOO 1.009009 1_109_0’.)3 1,10?_000 1,30’.?.000 1 40(_)_07.) 1 50(_),000 1_60?,000 1_709,000 1_80?_000 1,9()(')_000 1‘978,15?
CoDi2.2_REF-fi Gap TeEIQMbi2.2 novel-[ Gap region CoDi4.1_REF-Jj Eap reglo'lli Gap region CoDi5.1_novel-|  JR ll-CoDi2.4_novel l- CoDi2.4_novel TELO-)
CoDi4.2_novel CoDi4.4_novel
Description Total Score Query Cover Per. Ident Acc. Len 0 . . .
s v v v v Descpion T oore QueryCover e et Aoc.Len Almost the entirety of Canu contig336 is homologous to
v - v v v
chr? 98817 25% 99.99% 1029019
dhr? 1283405 445 %87% 1029019 chr22.
chr22 21159 6% 95.28% 591336
v chr22 1703 0% 89.62% 591336 Description Max Score Total Score Query Cover  E value Per. Ident Acc. Len Accession
v v v v v v v
Description Total Score Query Cover Per. Ident Acc. Len w2z ek fakcd e 00 bt i Query_30794
v v v v v chr? 7101 42091 5% 0.0 93.55% 1029019 Query_30795
chr? 1.731e+05 95% 99.42% 1029019
chr22 1169 2% 76.06% 591336
\ 4
Description Total Score Query Cover Per. [dent Acc. Len 1 100000 200000 300000 400000 500000
v v v v b
.
chr?. 2.370e+05 91% 99.58% 1029019
chr22 26125 10% 95.30% 591336
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Super-Scaffold_100014

Reference chr27 and chrl7 blasted against Super-Scaffold_100014

Chr27 — Chr 1 7 hybrld Description Total Score Query Cover E value Per. Ident Acc. Len
v v v v v v

chr27 7.802e+05 37% 0.0 99.03% 404298

chr17 6.373e+05 28% 0.0 99.42% 703943
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Canu contig377 and contig 376 have 99% identity to chr27 with a
gcov against chr2 of 88% and 80%, respectively. Contig377 has a Canu contig157 blasts to chr17 along its entire length. Canu contig2804 blasts to chr17 along the
gcov to chrl7 of 3% while the qcov to chrl7 for contig 376 is 23%. majority of its length.
Contig377 I Desciplian I Total Ewre QueryvCover Per. Eem Acc.J_en uescrvlpnon 1otal 3oore uueryvuover rer. Eeﬂl Acc.vl.en ‘

1 55000 110000 165000 220000 275000 e e e peyrees ey T Py pn prmer e |

chr27 3552 2% 82.54% 404298 s 20688 g bk goioee |

Contig376
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Super-Scaffold_100006

Reference chr4 and chrl5 blasted against Super-Scaffold_100006

ChI‘l 5 _ ChI‘4 hybrld Descrviption Max gcore Total gcore
chrd 4.301e+05 2.358e+06
chr15 2.161e+05 1.316e+06

Query Cover E value Per. |dent Acc. Len ’
v v v v
53% 0.0 99.34% 1360148
30% 0.0 99.15% 814910
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A
{ | r
1 100i000 100,'000 300,'000 400}000 500,.000 600,'000 ?00,'000 800,|000 900,'000 1,009‘000 1, 10('),000 1‘10('),000 1_30('),000 1,40(‘),000 150(.),000 1,609‘000 1,?0-9,000 1,809,000 1,9'0(').000 100'9,000 21 09000 2,200,000 23551 8§
ap regl ap region
1 ll-CoDi4.3_novel  CoDit.1a_novel-[] il ; H-CODm.ib,no-..-B 81 i3.1_novel-lj cODia.Lno-,fel-H@ [-copis.1_novel  [l-CoDi4.4_novel CoDi1.1_novel-[] P gCoDiS,tnovel-ﬂ
CoDi2.2_novel CoDi4.2_novel CoDi4.4 novel CoDi2.2_novel
CaNiA 2 nAval

) . } Almost the entirety of Canu contig2820 blasts to chr4 with low
Almost the entirety of Canu contig2806 blasts to chr15 with low query coverage to chr4. y g
query coverage to chrl5.
. ‘ 7 Description 7 Total Score Query Cover Per. Ident Acc. Len ‘
i Description Max Score Total Score Query Cover Per. Ident Acc. Len [ i X = = =
| v v v v v v | chr4 2.054e+06 92% 99.34% 1360148
‘ chris 2.161e+05 1.251e+06 87% 99.15% 814910 1 chr15 44505 1% 82.47% 814910
chr4 2892 39615 3% 80.67% 1360148
‘ A
Almost the entirety of Canu contigl17 blasts to chr4 with low query
coverage to chrl5.
1 150000 300000 450000 600000 750000 o=
Description Total Score Query Cover Per. Ident Acc. Len
. chrd 2.645e+05 87% 98.96% 1360148
chr15 20733 7% 82.79% 814910
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Super -SC&ffOld_lOOOOS Reference chr13 and chr18 blasted against Super-Scaffold_100008
chr13—chr18 hybrid g 2 D

Len
v

chrid 2.100e+05 1.545e+06 50% 0.0 99.33% 887524 Query 10986
hr

[<J<]

chri8 69653  1.037e+06 33% 0.0 98.98% 702471 Query_10987
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chr_18 (reversed)
chr_13 (reversed)
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CoDi4.4_novel -H

CoDi4.3_novel

Portions of Canu contig358 blast to chr13 and chr18. Raw

Canu contig357 blasts to chr13 along almost its entire length read mapplng does not support Contig3 58 as a misassembled
[ Description Max Score Total Score Query Cover V E value Per. Ident Acc. Len 1 . . .
1 = 5 - & Z 2 ' contig. The majority of Canu contigl24 blasts strongly to
| chr13Rx 1.340e+05 2.780e+05 92% 0.0 99.07% 887524 . .
T o 2108 m 0 e o S Maxscore T8 Quey E  Per  Ac chrl8 and aligns to only to the CoDi4 .4 locus of chrl3
v v Score Cover value Ident Len
v v v v v
1 30000 60000 90000 120000 150000 chr13 2.100e+05 1.159e+06 62% 0.0 99.33% 887524 Query_59720 Description ‘mName ‘ Max Total  Query E Per. | Acc. .
chri8 69653  5.924e+05 31% 0.0 98.98% 702471 Query 59721 v F———000 oo Coieivelus  Fcent iRt Gl
A 4 i chr18 58637 4.145e+05 87% 0.0 98.80% 702471 Query_759
Canu contig356 strongly identifies a portion of the contig to chr13 1 150000 300000 450000 600000 750000 900000 8 s S IR 00 ShEN SR QT
with the rest of the contig not well resolved to another reference -
chromosome
Desciption Max Eoore Totalgcore Qusryvcover E v:l\m Per.bjent Acc;Len 1 45000 90000 135000 180000 225000
chri3Rx = b:;"g‘;:cwe 89450 45% 0.0 98.51% 887524 R
chri8Rx 8257 28322 14% 0.0 98.47% 702471
1 20000 40000 60000 80000 100000
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Super-Scaffold_100005 | Reference chr2 and chri2 blasted against Super-Scaffold_100005
. o Query
Chrz P Chrl 2 hybrld Description Max Score Total Score E value Per. Ident Acc. Len Accession
Cover
v v v v v v
v
chr2 2.607e+05 2.718e+06 58% 0.0 99.53% 1497954 Query_29820
chr12 2.274e+05 1.654e+06 32% 0.0 99.37% 901853 Query_29821
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T—CODH .1_overlooked, CoDi5.3_overlooked

Canu contig320 and contig321
have 99% identity to chr2 with
a qcov against chr2 of 91% and

Query

Portions of Canu contig322 blast to chr2 and chr12 but raw read mapping
does not indicate contig322 as a misassembled contig and does not support
splitting this contig.

84% s respeCtlvely‘ BOth Contlgs ‘ Description Max Score Total Score i E value Per. Ident Acc. Len Accession
have <10% qcov to chrl2 ‘ *
chr2 2.607e+05 1.614e+06 58% 0.0 99.53% 1497954 Query_53562
chr12 2.274e+05 1.187e+06 38% 0.0 99.37% 901853 Query_53563
1 300000 600000 900000 1200000 1500000
weweor Sk + +
—

along
Description

chr12

chr

[

Canu contig272 does not align to chr2 but does show strong identity

its entire length to chr12.

Query

Max Score Total Score E value Per. Ident Acc. Len Accession
= v Cover v v v
v
1.096e+05 3.577e+05 94% 0.0 99.33% 901853 Query_21987
1164 6143 1% 0.0 96.85% 1497954 Query_21986
40000 80000 120000 160000 200000
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haplotype tig94
haplotype tig92
NCBI reference  chr_3

tig94
tig92
chr_3

tig94
tig92
chr_3

tigo4
tig92
chr_3

Reference consensus is a mixture of haplotypes

ATACAATTCTTGTITTCGGATAGAGAGAGICGAAAGTGCCGGATACGCTTTCGITTTTCG
ATACAATTCTTGTCTTCGGATAGAGAGAGACGAAAGTGCCGGATACGCTTTCGATTTTCG

ATACAATTCTTGTITTCGGATAGAGAGAdICGAAAGTGCCGGATACGCTTTCGITTTTCG
Khkhhhkkhhhhhk Khhkkhhhkhkhhhkhhhk *hkhhkkhrkkhhrkkhhhkkhhkdhd *hhkkk*

Example 1
AAACCCCCAATGGACAACGGGTGTAAT———-TGTATGTATGTCTGTATGTGTGCGTTCCT

MCCCCC22|§GACMCGGGTGTM TGTATGTATG%ITGTATGTGTGCGTTCCT

AAACCCCC GACAACGGGTGTAA TGTATGTATGTRTGTATGTGTGCGTTCCT
Khkkkhkkhkh KhhRkhhkkkhkkhhx* Khkkkhhkkhhhkk hhkkhhkkhrkkkhrkkkkx*

GTGTACGAAAGGGACCGTATTCCTGCGTTGCCTACTCTAGCGGAAATATTGGTAACGGCA

GTGTACGAAAGGGACCGTATTCCTGCGTTGCEI;CTCTAGCGGiiITATTGGTAACGGCA

GTGTACGAAAGGGACCGTATTCCTGCGTTGC CTCTAGCGG TATTGGTAACGGCA
khkhkhhkhhhhhhhhhhhkhhhkhkhhhkhhhkFhhh *hhkhhhkhhhkdd *kkhhkkhhhkkhhhdk

ACGTACCCTCCCGTACTAACGTCGCGTGGATCGTICTCCTGCCGTGGCGAGAGCGCGTGC
ACGTACCCTCCCGTACTAACGTCGCGTGGATCGTGCTCCTGCCGTGGCGAGAGCGCGTGC

ACGTACCCTCCCGTACTAACGTCGCGTGGATCGT!CTCCTGCCGTGGCGAGAGCGCGTGC
R i T X

Reads consistently contain all snps

Supplementary Figure 9



Reference consensus is a mixture of haplotypes

IGV visual multiple alignment of Illumina reads —example 1
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30 reads with haplotype 2
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Supplementary Figure 11



