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DFEYFIEET D BT, JAGEMOT ) LAEFIERITIRAIRTH Y, e REWD T ) ARFIDBRE S
TETWD, KREDYT ) ARSI EZFHICRE T 5 Z LIXFHHLT /) L2BLSINEE (de novo 7 & 7 V) E TN, —
RN LA Fofin Tt b, FIXREH D7 ) I DNA & —r o —TimAERD, JV—RKEMIN5E
W AERFIERE S T21%, A — T > TEHRE SCICEH AR ECERITA DY contig & PRI D EHIA BT 5,
E D%, Mate-Pair 7 & OENIEH % JCIT scaffolding & FEIEALS contig 7 & HIZRE SO EWES %155 T2
BT Dd, LV ESEBNSS 7 ARSI EREET 572012, Mate-Pair 01 > 7'V — R&fE 5 ke Ekkx 72
FUEDRRBE SN TELR, B b AT ICRESNDEWVED IR LESIOBEIZ LY, Pk~ TR -
7257 ) DERET DO L VCORBIRTH D, £z, b "RETMBIREHD S ) ME, B, BENLZENR
FIEENTEHRIAAROBLSI(NT B Z A ) THREIILTEY, ~"Trd A TRIOEWEZE LGEH sk
DT H A T Hhyi THEFET D phasing 179 Z EDNEMETH 578, Yk L~ C phasing #FEH T 52 &
XREECTH 5, DDA Hi-C 15 & 9 ZZMBNTEHE L T 55 LEIRO G HR & MR EUG T & 5 4514
73 scaffolding, phasing (2t &L TV 523, BEFOD Hi-C 7 —# % 7= scaffolding, phasing ' —/LCl%, &
BHIDAEH 72 LISEGHED = < @R R NT 0 Z A TEHEET L0 LWL W IHIERH D, £ T, AT
JETIL Hi-C & FW TR AR L~V D EFREER N T B X A TERET 5 — LV ORFEEZ B & L,

ARFSE T, Hi-C 7 —# % A\ C scaffolding, phasing 2TV AR L~V TENR S TonTa X A T EgES
% —)V GreenHill ZFHLUZEA%E L7z, GreenHill Tix, AJ1& L TEERY — /L THERK L7z contig ZH W CTE 1,
XL DIT contig NOFIEHRDEFIN &%t d HEHN AR L—DICF & 7%, scaffolding 1TV, =7
U — FRHI-C 7 — & & FHW THEIR LT contig 7 %81 5, HA%IT phasing 17\, B2 — RO HI-C &
HAWTHHERE, KBHROESNTIT D Z & TRAKRL NV TEN SToNT 1 Z A T 55T 5, GreenHill
Wi, BEfEY — WZidZeVWillB OfgRE S LT, Hi-C T — #7217 T v 7' ) — ROE# Y scaffolding FFIZ
WOBEHERL HI-C a2 7 b~y 7 a2 We I A - (EERENH Y, Bt @ < ho@igEIc 7 e 2
ATEMETEDHLIITR>TIND,

xR EFE DT — % % AW TR F~—7 4T\, GreenHill DEREZBETEY — /L & Bk L7z, (3 U IZ Hi-
COVIalb—var7—FEZHNTT ATV, REKOSLENEDRZED R OBEEN R A& T T,
GreenHill DFEARMAEZ R LT, F— DR F~v—27 TIIARRD PacBio CLR U — K, FZOXFv—7 T
1333 ¥ a UNZD PacBio HiFi UV — REZHW TR F~v—27 %97y, CLR & HiFi Y — RO EL LB ATID
6 Th, GreenHill SEEAFY —/L 10 bidifethm < @kEERNT n 2 4 TRSIZHETE 5 2 L am L, &K
2Bk & 7oA FE D T — X 12k LC GreenHill Z# A L, T — % TOFMEEZRGEE LIz, F=DXF~v—7
T LFARXBK 3G EREVWTVOERT—HEHNTEY, 7/ LA ANRKENVWET—XThH
GreenHill 23 BV VWEBEZ IR T 5 2 & 2R LTz, BUORF~v—7 TEF I Fa vOERT—XEHNT
AT REREN 147 %@ T a X 4 TRIOEWDRRKE WY 7T GreenHill 3R L~L DT 1
HATHEEETEXDHEER LE, BLONCF~—ITlE, ¥XkAA0a, zuda, aFavFADF
— & & T X 7B TR RN, FEEOANT 0 Z A TES AR TE S 2 L &R L, GreenHill DEEH
HERENZ &R LTz,

KT, Hi-C B2 HWTERE CRAKLNALONT TR A FEEET 2 2 LR TE 5 scaffolding,
phasing > —/V GreenHill ZHHUIBFE L, B2 RAMFEOT — 2 ZH W eXv F~v—7 TEOHRMEEZR LI,
57 BT GreenHill ZTEH T2 2 & T, 2 < OEMFED YA L~V DT 1 2 A TERHIN KV fHEIC S
TEDH LY, ~"Tad A TRIOEELEROMBITPBIRFHBLE DT 72 k% 72 T 2 55T %
ZENBIREND,

i« FSCEE IR, FI3C 2000 T2 & JE3C 300 5% 1 ET fEHT 52, b L <IERIL 800 554 1 HfRH LT 7Z2& W,
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Most higher eukaryotic organisms, including humans, are diploid and possess two copies of homologous chromosomes.
A nucleotide sequence from one chromosome is called a haplotype, and high—quality haplotype-resolved genomes,
constructed by separating homologous chromosomes, are an important resource in molecular biology. However, most
standard de novo assemblers ignore differences between haplotypes and generate mosaic haplotypes that do not exist,
thereby misleading biological interpretation in downstream analysis. Tools for haplotype-resolved genome assembly,
which reconstruct each haplotype from sequencing data, are developed, however they require parental data or reference
genomes and often fail to provide chromosome-level haplotypes.

In this study, I developed Greenhill, a novel scaffolding and phasing tool using Hi-C to generate chromosome-level
haplotypes. GreenHill receives contigs constructed from reads by other assemblers as input. First, the merge haplotype
step is performed to detect contig pairs that consist of the same loci from homologous chromosomes and merge each
contig pair into a single contig as a consensus contig. Second, the consensus scaffolding step is performed to connect
and order contigs at the chromosome—level using long reads and Hi—C. Finally, the phasing step is performed to construct
a chromosome—level haplotype by separating maternal and paternal haplotypes using long reads and Hi—C. Unique
functions of GreenHill include new error correction based on Hi—C contacts and the simultaneous use of Hi—C and long
reads, enabling to build haplotypes with high continuity and accuracy.

The performance of GreenHill on de novo assemblies was evaluated using both simulation data and actual data from a
variety of species. Benchmarks revealed that GreenHill outperforms other existing tools in contiguity and phasing
accuracy. GreenHill, which can construct high—quality chromosome-level haplotypes, is expected to facilitate a large

variety of downstream analyses, such as structural variation analysis or gene analysis between haplotypes.
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