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Genome assembly does not yield chromosomes

Contigs Chromosomes

1 D 2

A Susie, reference sample B Long-read assembly (Susie3)
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How do we go from contigs from chromosomes?

Hi-C captures the 3D structure of Chromosomes

Crosslink Fragment Proximity Sequence

Ligation Junctions

coordinate
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How do we go from contigs from chromosomes?

Using Hi-C to assemble chromosome-level scaffolds
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Proximity-guided assembly is a powerful
scaffolding method
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Proximo generates high-quality chromosome-
level scaffolds

2.6 Gb total 2.7 Gb total 2.7 Gb total

3110 contigs 1575 scaffolds 31 clusters/chroms
4.7 Mb N50 22.3 Mb N50 91.7 Mb N50

35.6 Mb max 76.3 Mb max 157.3 Mb max

* after Proximo, used PBJelly to close 840 gaps

Technical Report | OPEN
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Single-molecule sequencing and
chromatin conformation capture enable
de novo reference assembly of the
domestic goat genome

Derek M Bickhart, Benjamin D Rosen [...] Timothy P L Smith
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Proximo generates high-quality chromosome-
level scaffolds

cting highly accurate

2.6 Gb total 2.7 Gb total 2.7 Gb total o developed a new technique for reconstru o goat-a genome we
3110 contigs 1575 scaffolds 31 clusters/chroms -eference genomes and applied |it to t.r]:a?;)r:zam \1. Philliopy, Ph.D-
4.7 Mb N50 22.3 Mb N50 91.7 Mb N50 okingly call the Gféatest Of All Time,

35.6 Mb max 76.3 Mb max 157.3 Mb max Py Yichele Ve | 2 Follow |

* after Proximo, used PBJelly to close 840 gaps Goat genome is the "greatest of all time”

(G.O.A.T...get it?) & @PacBio #genomepuns
genome.gov/27567880/

Technical Report | OPEN

Single-molecule sequencing and
chromatin conformation capture enable
de novo reference assembly of the
domestic goat genome

Derek M Bickhart, Benjamin D Rosen [...] Timothy P L Smith

Nature Genetics 49, 643-650 (2017) Received: 02 August 2016



Proximo has been applied to hundreds of
plant genomes

Polyploid examples:

Ge“‘(’“r,'l‘g)Size S‘(’s:'ff;‘)"s ';i';‘f*g;‘ di: Original N50 Final N50
2,349 32 95.30% 310,769 77,373,286 tetraploid
740 13 93.03% 4,396,129 53,109,290 tetraploid
1,590 13 97.60% 315,162 126,778,945 variable ploidy
1,302 11 95.97% 294,343 115,898,643 variable ploidy
2,985 24 96.55% 22,539 120,321,936 tetraploid
555 29 87.61% 567,465 16,147,505 hexaploid
2,506 20 91.81% 70,775 111,320,837 tetraploid
1,330 18 95.53% 1,658,863 69,372,900 tetraploid
1,885 40 95.65% 477,316 45,420,557 tetraploid
975 35 99.66% 301,128 26,807,938 hexaploid
533 9 96.22% 1,339,543 58,304,087 variable ploidy




-C data is useful for scaffolding tough polyploids

Pentaploid plant genome

Barley genome
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Proximo Alfalfa scaffolds are concordant with the

genetic map

Linkage groups vs Proximo

Proximo 32 chromosomes

o
o~
« e wn +
?. n 3 N
oy ~ 00 rm
i 1 ) Y +
©
. - (a9
O
- wv
o [ +
- | ~
ly “h
D — 1 p——t — SN S s e [ T S e W
- . L o ~ g . N
“ < o
- un
? | ;. ~ 9 &
" . - O T +
I F ~ O 00
W 9! » K ©
o - | }
3 1 A
- " v v v -
— o ,
@
—
Q v - v v =
[ . ’
w L [ —
: . .
n | 0N
“ ¢ LR . o
N .
3 .0.
A— | . e’ N m
V) B "2,
o L. - n O o
£ o | ) (G
. ? g - S +
0 ol v
.~ o, E un
3 ke =
_— v . -~
: : . )
LIS
o ~ 3
O "
" IV P
d .
?
c
f . ¢
)
['J d | ﬂ
w .
S clb: A A A A
0 - s+
- K ’ o N
o h = N o
v ! o | 1 1 w + N
o : ] | & o +
) ¥ -l N
X I~ LA
£ : - )
- N o
a 8 L -~ O -
\ —
o 3
E ol |
ot
-
< 5
-
— oo I\ __ m 4
()] N+ +
g v 3§ ~
4 v
o o
c
x . g
c " L »n
ol A - T
f\. G) O un
M p e ., bl
d - =
. a +
ENY 2 3
b . ’ W v O
| A - Il <+ ——
.
v%s. —
“al 5 w
L - O
4 - _
................. OO NUVLUINTMHMAN—"T OO MNOL N < O N ()
ONe v v e~ v v o o= ™ o _
(qIN) Ajqwiasse papind-Alwixold = ¥od Q\|
| | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 } 1 1 1 1 1 o
[ | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 o
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IO
[ 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <t
~ T L - oeiies e R R T R R R T R R R Z e i S AR ire R e e S e e A T N e e S e RS R R e — T T T
bl g | - et T 1 i e iRt ey s e ) B TR s o Bk o e Pl H B s eyl bay ol S el T ol w G e S T ey i Sl o i o e e L= R o et e s T ol e
_,__an__ 1 { 1 1 1 1 1 1 1 1 1 I 1 1 1 1 _ 1 1 1 1 1 1 1 1
el R i o s PR i ek | el e T ] et e el i el Mo oG ettt pib Sl st et e e R G il (o) oty Lol b ol el el ity Moty Pt ey e et il MG Sy o o i b b g ===
IIII-I—I_l..-n._&W.JI+I_IITII_I|J.I_I|1I|_II—III_.IIJIII.TI14I||_|IIITII+IIl.4.IIIT|||—I|I|.|IIT||I-I|II|.TIll|4 IIIII | |
111 LI et | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
lllI_l.—l_l.—Jlruu.,l...__.l_lI._...|I_ll4I—|lﬂll_ll_lll_llJlllq|llJIII_III..._IIIA.IIIJ.Ill_llln_.llIJIII—.III_IIIII.—.IIIIJ. IIIII r=—=-=-1
IIII_I_I_II.I_II_uHu»_I_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tt oy ) e e o o pe 'l it ot vl g bt o ety ek Sl i Fioadly B il p S i = ity i il il
IIII-I_I_I1—|_I-—.I+.I_."IITII_II+ITITI|_IITII_III_IIITIIL.III_IIIITII.—.III+|IIT|I|.|II|.IIITIIITIIIITIIII+ IIIII —————
Ll ok | | 1 1 Bl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- o L o S R SRR sl o i e e RO L S R e e T ene i e s e s e i i Rginten e |
| I | 11 1 1 1 _&M« 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 ) 1 1 1 1 1
| I I | 1 1 1 1 it 57 F | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
IIII-I_I_ILLIn_.l.rl_lIfIH.rII...I_lI.fII_II_III_IILIIITII-—III_IIIITII._.III...IIIfIILIIILIIIfIII_IIIIIfIIII.r IIIII b= - -
[ | [ | 1 1 1 __.H_,“ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S 1 2 Pt O e - S T TR R PSS e R o T TR o B T o e DT s T e T e
i 1 1 | FEae ) 1 1 .._.. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _ 1 T
IIII_I_I_IL.LI|_.I._.I_II._1II_II._.I_..,I._rII_II_III_IILIII_III|_.III_IIII_|II._.III._.III_| s BeE Aol B S PP Sl o) R et Lo i = o SR A e _IIIIIO
[ | [ | 1 | | 1 1 1 _..v.._ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
ey et L | i g1 o T e s (L i Fop (e vl Yoo Forest o e Ntk o e o o e oy | et e e e Ly tesaptng s o () e | L ou v et ABe s gl g e =
LI | 11 1 1 1 } 1 [} 15500210 1 1 1 1 1 1 1 1 1 1 1 1 [} 1 [} 1 1 mM
rii { §E et | [ | 1 1 1 1 fonete ol 1 1 e 1 1 { Pt 1 I 1 1 1 1 1 1 I i 1 1
IIIITT_|$|.|+I+|_IITIl_ll+lTI.T1M._IIT||_|Il_lI.lTll#III_IIIITII+Ill+IIIT U e o e e e e e e i e e e e i Lo |
111 {Jo° 1 1 1 1 1 1 1 1 _Mﬁ_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
IIII—IT_IL.l_In—.I+I_IITII_I|+ITIfI|_I,Iaﬂ,|I_III.IIITII#III_IIIIT|I+|II+IIIT R BN BRI R R RN R R R R R R R R ] -
[ | [ | 1 bl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
 Joid 121 | 11 1 1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
el e = T2 g e ol ) e el e? [ MR ok kb b 71 P i ] oot Ty 7 e ol il o sty e | i it (ol Lol b e o ) | P oty ke e ==
| I I | 11 1 1 1 1 1 1 1 1 1 1 =% Nl 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I = okl By o el BT, e B L s Do o T VR U R T R G e Sy S TR i £ g e W e I
| I | 11 1 1 1 1 1 1 1 1 1 1 1 _...\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I | | I | 1 1 1 1 1 1 1 1 1 1 1 _.w.,wv_ 1 1 1 1 1 1 1 I 1 1 1 1 1
[ I | [ | 1 | PR | 1 1 1 1 1 1 1 1 1 .rwA_ 1 1 1 [} ] 1 1 1 1 1 1 1 1
R ol o LR B BN RN R R R E e BT R Rl Ll R R B R R e e L R R Rl R B RO R i S e . el s e [ i S o e o e e -
111 11 1 1 1 1 1 1 1 1 1 1 1 1 (e 1 1 1 1 1 1 1 1 1 1 1 1 1
111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 4_ 1 1 1 1 1 1 1 1 1 1 1 1
IIII-I—I_ILLILIPI_IIPII_IIFI_IIFII_II-III_1ILIIlrllx,.r,ll.l_llll—lll.rIIIL.III_l RS [ [P S KRR SIS P (NI Ry | pr——
[ | [ | 1 s} I 1 1 1 1 1 1 1 1 1 _..gL | 1 1 1 1 1 1 1 1 1 1 1
| I I | | gt | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o L o L i e e N S AR M i SO S NI R AL B e A e it D B e . | o
[ | [ | 1 [ | 1 1 1 1 1 1 1 1 1 1 1 1" 1 1 I 1 1 1 1 1 1 1 1 o
LI I | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Qu 1 1 1 1 1 1 1 1 1 1 1 .IO
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 zﬁm.\— 1 1 1 1 1 1 | 1 1 1 o
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _l._.w._ 1 1 1 1 1 1 1 1 1 1
R R o T il ot sl ol P et R 3 B ki e e vt et ot 7 R gt E el bl Bl B o e el e o el Ty Bl FrEsE
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 S| 1 1 1 1 1 1 1 1 1 1 1 1
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 s 1 1 1 1 1 1 1 1 1 1
IIII-I_I_I4|_I4I._-I_II1II_II.—.I_II._-II_II_III_III_III_lII4III_IIII_III~#.III4III_| Y KAl N il 8 e e ¢ ey et s e (el S | ik
[ | [ | 1 [ | 1. 1 1 1 1 1 1 1 1 1 1 1 1 13 1 1 1 1 1 1 1 1 1
[ | [ | 1 [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =) 1 1 | 1 1 1 1 1
111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .nuA_ 1 1 1 1 1 1 1 1
IIII-I_I_I.J.I_Iu_.I._-I_II._|II_II4I_II._|II_II_III_III_III_|II|__III_IIII_III._.III.._...¢|III_| SRl e e S RS S PP R T e T e T ST AT T 0 e T s e e e r=—-=-°
[ | [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1
| I | { Doy | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o | 1 1 1 1 1 1 1
T T T it e iy sy S e e et e e S e ey e e ey e S T s vty e i TG o e s e i e e e T T T T
{ Pt D | [ | 1 [} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (R 1 1 1 1 1 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
IIII_I—I_I.__JI4I.—.l_lI._|II_II4I_|I._|II_II_III_IIJIII—IIIJIII_IIII_III.—.IIIJ.III_|Ilhw.w|II|_III—-III_IIIII.—.IIIIJ. IIIII = == 9
[ I | [ | 1 | P | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =& 1 1 1 1 1 1
[ | [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1
111 | Joad 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _,....__ 1 1 1 1 1 o
e M = 1 U ) i T R e i g e e e e e el i i e o e e e sy Ao Pt o 17~ p U o e ) e Ry T i s
LI | [ | 1 | P | 1 1 1 1 1 1 1 g2 1 1 1 1 1 1 1 1 1 _9. 1 I 1 1 1 IO
[ | [ | 1 { et | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o..._ 1 1 1 1 —
= = L o crrid el Sali e i sk GRS aRdiES R RS T S TR i e 1l ] S i - R e e [ e a0 Gl TR ol b g B Loom o
[ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ =1 1 1 1 1
[ | [ | 1 [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _.Tﬂ 1 1 1 1
LI I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 e} 1 1 1
IIII-I_I_ILI.IL.I.—.I_IIfII_||-—.I_IIfl|_II—III_III.III_lIIu—|II_||II.—III.r|II-—.|II—l|ILIIILIIITII.I?,-HIIIITIIII& IIIII b —-— -
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _.p.\..ﬁ.; 1 1 1
[ | [ | 1 { i | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =] 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i 1221 L] (e el I |- T Kol NS 1 S0 0 L i Byt DRG] Seese il R e | EATIR Wihele Sl (el of ISl e el Bl ] Sl Va5 S0 | et Sl sl 2 el I i, i Ly ILIIILIIIFIII_IIIII.,._..IIPI._. IIIII | ool
[ | [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 _q.o,, 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _,u#. 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i .mm. 1 1
[ | [ | 1 Ll 1 1 1 1 1 1 1 1 1 1 1 1 1 [} 1 1 1 1 1 1 1 n._ 1
PR Y L i Pty LA Bl b oo Bl | P Wyt s by T wen g G Pt Lo gaill TR S o 05 S LG Il ol T L AV ) WS o T ety A DIV N 0 (el B ey ) ol s il ol B il e 1 s B S Re St syl e I BN B B L1 e iy | IR
| | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 _UTL 1
111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _u 1
[ I | [ | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [} 1 1 1 1 1 1 1 1 o 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ..:_
i M i b e e e T e e L i i | b | e e T i o o | e P e i e o e o e e I rFr----—0
[ | [ | 1 [} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I | 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| I 1 1 | - L 1 1 1 1 1 1 | 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1
T T T T 1
o o o o o
o o o o
o o o o
< m ~ —

Maria Monteros, Noble Research Institute, Speaking Saturday



Open Source Scaffolding tools for HiC

SALSA2: 3D-DNA:

Jay Ghurye Olga Dudchenko



Empowering the Hi-C community

e Hi-C is becoming a common tool for genome scaffolding
e Phase Genomics is committed to making Hi-C more accessible

Here’s how we are doing It:

Georg Jander

Open source software Dependable services Faster sample preparation
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https://github.com/phasegenomics/polar_star

Polar Star - a tool for breaking chimeric contigs /

Polar Star Chimeric contig
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https://github.com/phasegenomics/polar_star

e After running Polar Star

e Majority of chimeric contigs broken

e No truncated chromosomes
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https://github.com/phasegenomics/polar_star

Filtering repeats

Post Matlock
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Matlock - a multi-tool for working with Hi-C data

Matlock 18 e Advanced Hi-C filtering

* Restriction site counting
 Matrix normalization

e Supports BAM, SAM, and CRAM data
e Written in C for speed

https://github.com/phasegenomics/matiock o Compatible Proximo pipeline
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https://github.com/phasegenomics/matlock

Using Matlock to partition Hi-C data
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e Fast (1 day)
e Easy to use
e Affordable
e Simple sample requirements
e No HMW DNA
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e Fast (1 day)
e Easy to use
e Affordable
e Simple sample requirements
e No HMW DNA

19



Summary

Hi-C scaffolding creates chromosome scale genomes
Tease apart polyploidy and large structural changes
Does not require high molecular weight DNA

Both services and open access software are available

Now in an easy to use Kit!
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