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MBI OFTRE T, BEAEMA de novo 7 75 Platanus (Kajitani et al. 2014 Genome Res.)
\ZA &G S OMREZ BN L 72 MetaPlatanus (B i) Z-X—X(2, FNEEL~LDS ) LAESIO
ERERET O BIL, FHRESIOR I DR TLY ®EGEZR de novo 787 ) Y — L ORR %
D=, V=D F~—7 TlL, paired-end B L O matepair 45 TT7 A 77 Vg I,
Mumina ¥ —7 Y —DRAXF ) hay NHUT—HERHRE LTS, BBEINTWDEHDK
BHE Y7 (Hess et al. 2011 Science) % NI LTV 23, insert-size (3 —27 =2 v 7%t
5D DNA Wi &) 7 5kbp £ TO matepair 74 77 VDA LMFELTELT, DNAv—27 T
YOR=Ta b HENEWI G H D HFFERZEFEEICG L7z NS0 £725 100 kbp ML E] &5 H
BEMEREZ T A ICIXE D o7, T 2T, N5 RIFHERESIORE S OETH Y | FHE L VN
EORBELZE TE DFENS., denovo 7 &7 U FEROFTHEIC —ERAICHW LD, AR B IEE
OGN ERD T2, JUNKT: BEEASE EXY, =02 v TEDLDMEDRA 2 ) AT — X
iRt LCHEE, BRIy — A ZEH Lz, %7 —# I insert-size 7% 10 kbp & TOH#ELD mate-
pair 74 77 VaGH, DNAT—7 2 HDOR—=Ua 0 L0 H LV, ZO/RE, BALEZ4DT 7
LFHN AR T 27 ) AER O N0 RI34) 170 kbp, AFFHEITA 360 Mbp & 720 . HARMEAE & Ak
L7o CRER., IRBERIIREFELREICTE), R RBEOAZ T 7 2T 7 VfREE LD
3 (Kuleshov et al. 2016 Nat. Biotech.) %%+ 5 &, JATHISETIiE N50 K1 4.1-49 kbp (HFtE
IX 300-656 Mbp) (ZHFE->THY ., AR TER L NSO RIFENHERE G EHETHTHD, K
FIEIC LY, R ENE U TERE DNA 0 P BIEW Y ) NS L. BT AN RINE =1L,
ShaZ EnirrEnsg,

LB OZR TR, Y TNVCEENDIERDENT 0 Z A TEEET 57 T n—FOT7 VLAY X
LR L, KVBMBEDORmWAZ T ) MEHT OB E LK -7, FIRE LTIX, FEhd 7 e X
A TN 2FHTHH Z EBHALNe 2 REYTEDOT —Z ~DT N TY ALBRENLRME L, 20k
IBRRBT —21F, GENDINT 0 E A TENRPAPOBRO Y — 7 2 TREPRBIR A2 ) L
TR THE, TAITYRLFEBIIFSG THLEBEZ LD, MBRE LT, BEFEOHELEAZRDY
—NV LY ERER AT Y A TR EEET DY NV ERET S LR TERID, AROBETH D
AL ) DO —VBFIIBIT Uiz, 2T A TOREGBHELTZ, denovoT7 B 7 VD
77 FORBIRFEBRER R FE L, AT =X Thd e MNENAXZF ) 2 7B LT, 2164
RAEMTE & [FRRIC BAFRAE R AT 720, B 11 AR ) DAEMTFERFRITTRRERE L. (6
A AZT ) b ay NH T =D ORANT 1S A TESIEEFIEORYE), #IZ, 10x
Genomics f1:® Linked reads & FEFIL S, -+ kbp D% DNA Wik U — Rz N—a— R L FEX
o2 TN 2 FIEDOT —F ~ORE GG L7c, JUNKT: /Mg it %NE 1H
LD FDOBABLOEDOA X7 ) LY TNV EREIAES | Th e YEFEDOZFEY — B AT
L. MROT =2 %155 2 LN TE L, BEMMITEIIRGORMDEH L bDD, N—a— NEHa H

2



WTC denovo 72T VRED T T 7 DSy ISAEE 2 fifR S D BERED FEIZIFAT RV AR DB DA & 7
J LT —=RIIxT BT A RNTIEANT v XA TESIO NSO Fix 95 kbp & 7o 72, YR TR T
WX, B RO 41T lumina TruSeq synthetic long read & FEIIND T4 77 U iREIEIC S b
DONME—TH o720, Jei7# L (Kuleshov et al. 2016 Nat. Biotech.) T Xi7= 19 kbp ® N50 £
ZREL LEIAEZERT S22 ENTELLEEZXTND,
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In the former half of this period, I developed a novel de novo assembler that could merge intra-
species variations in metagenomic data and generate highly contiguous assembled sequences. The
development was based on MetaPlatanus (beta version), which was the modified version of Platanus
genome assembler (Kajitani et al. 2014 Genome Res.) In benchmarks, whole-metagenome shotgun
data from Illumina sequencers were input as paired-end and mate-pair libraries. At first, I used the
published bovine-rumen metagenomic data (Hess et al. 2011 Science). Due to the limited insert-sizes
(mean size of targeted DNA fragments) that were smaller than 5 kbp and relatively old version of a
DNA sequencer, a targeted performance (N50 length >100 kbp) was not achieved. Note that “N50
length” is an indicator of contiguity of assembled sequences and a summed length of sequences longer
than N50 length correspond to 50% of entire total length. Compared to mean length, it can effectively
exclude outliers. To investigate a condition to achieve the performance above, I was offered a bovine
hoof metagenomic sample, which had been sequenced previously, from Dr. Yasuhiro Gotoh (Kyushu
University). The sample had been prepared as mate-pairs of long insert-sizes (3—10 kbp) and
sequenced by newer version of Illumina facilities. As a result, the developed assembler recorded N50
length of 170 kbp and total size of 360 Mbp (bovine genomic sequences were excluded), exceeding the
targeted performance (under preparation for publication). In a reference of a comparison of existing
methods (Kuleshov et al. 2016 Nat. Biotech.), N50 lengths remained 4.1-49 kbp (total sizes, 300—-656
Mbp), and my method overwhelmed these ones. Applying my method to environmental DNA samples
directly, it is expected that analysis of microbial genomes are substantially accelerated skipping
culture processes.

In the latter half of the period, I developed an algorithm to construct whole haplotypes in
metagenomic data, aiming at high-resolution analysis of intra-species variations. As the first step,
data from diploid organisms, which were relatively simple in terms of the limited number of
haplotypes, were targeted. Note that metagenomic data may contain more than two haplotypes
(strains) for each species and relative abundances are unknown in advance. After development of a
haplotype assembler for diploid organisms that performed high accuracy and contiguity compared to
existing tools, I shifted to an original plan for metagenome analysis. Consequently, functions to search
paths in graph structures used in de novo assembly of genomic data with many haplotypes were
implemented, and a benchmark using published human gut data indicated contiguous resultant
haplotypes. The method and results were reported in 11th annual conference of Society of Genome
Microbiology (title, “Development of an assembly method to construct strain haplotypes from
metagenomic shotgun data”). In addition, I started to deal with the data of 10x Genomics technology,

called Linked reads. In this protocol, a short tag sequence (“barcode”) is attached to reads from each
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DNA fragment whose length ranges 10—200 kbp. I offered DNA samples of bovine hoof and gut from
Dr. Yoshitoshi Ogura and Dr. Yasuhiro Gotoh (Kyushu University), and obtained Linked reads data
of those metagenomic samples through a commercial service. Although there were not widely used
metrics to measure accuracy of assembled haplotypes in metagenomes, I measured N50 length of
haplotype sequences from the developed tool, resulting in 95 kbp (bovine hoof sample). At the time of
the end of this period, the one and only competing method was based on the “Illumina TruSeq
synthetic long read” protocol (Kuleshov et al. 2016 Nat. Biotech.). In that article, N50 length of
haplotype sequences was reported as 19 kbp, and I supposed that my method significantly surpassed

the existing one in terms of contiguity.
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