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Abstract

PacBioRS, a new platform called “the third generation sequencer”, has several unique features
over other next-generation sequencers(NGS), including extra-long reads(over several kb), robust
base calls for GC-rich or repetitive sequences, and possible applications for the analysis of DNA
modification. However, this technology is still on the progress, and there have been only a limited
number of reports on its application to mammalian genomes and RNA. In this project, we planned
to utilize this unique system for the diabetes research. We tried to perform ‘feasibility studies’ for
assessing the performance of PacBioRS compared with existing technologies using known
sequences, and ‘innovative studies’ towards new applications of this technology to the genomic and

epigenomic studies of diabetes mellitus.

1) In order to assess the performance of PacBioRS, we sequenced lambda phage DNAs. Templates
were prepared from 10kb fragments on average, and run was done by Continuous Long Reads
(CLR) modes. After base calling, data were analyzed on SMRT Portal, and mapped to the reference
sequence using of the lambda phage BLASR (Basic Local Alignment with Successive Refinement)
algorithm.

The read length was extended up to 10~15kb, and most of the subread length was 2~5kb, thus
the striking ‘long read’ feature was confirmed. The average base accuracy was 81.6%, which was
lower than commonly used short-read NGS ; however, since base call errors happened randomly
and were not dependent on chemical or structural features of some specific bases, we think we can

expect reliable base calls if the coverage was reasonably deep.

2) We made discussion several times with scientists from Tomy Digital Biology Ltd., over the
advantages and disadvantages of PacBioRS, and reached a couple of conclusions. Although DNA
enrichment of targeted regions is critical for the success of this technology when we deal with large
genomes such as human, there were no established methods for this step at the beginning of this
project. Quantitative experiments such as tag counting of RNA-Seq would be better performed, at
least for the present, by other short-read NGS due to the overwhelming read counts. DNA
modification of mammalian genomes is more complicated than previously supposed and proves not
to exhibit consistent patterns of inter-pulse duration(IPD) by PacBio sequencing. Therefore, we
modified the whole plan, and started to develop efficient methods for DNA enrichment of targeted

regions.
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There are basically two strategies for DNA enrichment, namely, hybridization-based and
amplicon-based methods. In general, hybridization-based DNA enrichment is more suitable for
long reads and analysis of DNA modification, but most of the enrichment kits available are
optimized only for short-read NGS. A great amount of DNA is also necessary as a starting material.
On the other hand, amplicon-based method has an advantage in sparing DNA, but also has
problems such as PCR errors, and loss of information on DNA modification.

We first tried to modify liquid-phase hybridization method for optimization, but were not
successful enough.

In 2015, a new method based on NimbleGen platform was made available. This method has
several unique features. 1) genome fragmentation is performed by g-TUBE rather than Covaris,
which enabled us to get longer fragments. 2) Selective recovery of long DNA fragments are done
with electrophoresis-based Blue Pippin system rather than AMPure Beads. 3) DNA fragments are
captured by a mixture of NimbleGen probes designed by the specific software (NimbleDesign). 4)
PCR amplification is best optimized after adapter ligation. These features made enrichment of
targeted DNA fragments with the size of 6-7kb possible.

We can even expect to recover long fragments by this method using exon-centric probes, if the
targeted regions don’t have too large introns. Since we concluded this system is the most
promising method of DNA enrichment for PacBioRS, we selected target genomic regions for
verification of this method. We decided to focus on monogenic type of diabetes and regions
containing diabetes susceptibility SNPs. We picked up 13 genes including MODY genes (HNF4A,
GCK, HNF1A, HNF1B, PDX1I etc) and others (INS, INSR, MC4R etc), and about 15 SNP loci
including KCNQ1 and TCF7L2 which confer susceptibility for type 2 diabetes, and are now
designing the probes.

3) We also planned to perform genomic (haplotype phasing), epigenomic and transcriptomic (allelic
expression and alternative splicing) analyses in the tissues or cells important for energy
metabolism and decided to use human primary hepatocytes derived from Caucasian donors. In
order to obtain regulatory genomic regions, we performed a ChIP-seq analysis for H3K27ac, a
hallmark of active promoters and enhancers. We used 5xX106~1x107 cells for RNA extraction and
ChIP-seq analysis for H3K27Ac, and identified more than 50,000 active marks for H3K27ac.

We also picked up more than 15,000 disease-associated SNPs from GWAS database for various
diseases including diabetes mellitus, as potential candidates of functional genetic variations.
Among them, ~2200 SNPs were localized in H3K27ac peaks in primary human hepatocytes, which
means susceptibility genes previously reported by various GWASs were significantly enriched in
these regions. These SNPs were related to obesity-related traits, height, blood metabolite levels
(including lipids), platelet counts, and type 2 diabetes.

Some genes exhibited substantial variations in the signal peaks among different samples. We
hypothesized that SNP genotypes and/or haplotypes might have impact on the epigenetic status,
and are now in the process of validating the relationship between the haplotype phase revealed by

target resequencing using long-read NGS and allelic imbalance of expression of the genes.
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4) Recently, the human genome re-annotation using PacBioRS was reported. The reference
Japanese genome sequence was also reported, which could not be achieved without the help of
PacBioRS. There have been increasing applications of the long read NGS to the genomic research
of human health, and it is highly expected that several remaining issues for this unique technology

would be solved in the near future.
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#%. AMPure Beads T72 <. Blue Pippin Z W TESIKHDFH TR A XDT T 7 A
b ZBIRBC BT 5, @7 ¥ 7% —fINt% D PCR IR Tlk, BEESCLUGKH, 1 7 V%
TITA IO EZX TREIET D, D3 RBPKRERE(THY, T XD PacBiokS (2
W L7 6~Tkb Btk D7 T 7 AL "G DLID,

ZOFEOKFED TS, IR ORE Z1T>72, 77 A ~—I% NimbleDesign & H\ T
E N NS TTA =T A U EITH, RIETIE, 77/ LDNA DWT A BARE WD, A
Y hrURN 12k BETHIEX, =T %2 YV UEBRLICTF LTS bRy
EHEANCHRET Y Vo E ST T AL P BELIL, BIEFHEBEEEEIRS I AA—TE 5,
TO/MRELT, LVRERWELROKRI, TR Z AT 72— 77ENR, Miffsh
%o EBEZ ORI TIEFICSEIMEDO R\, onT v X A THEENEEREREZ 2 HLA
TEILOMENTIZ RN LT & OWERH 5,

Z—7y MEEIEL, MODY Ein T & S e —BIn 1R & A 7 OJRIKES 1-3Ek, GWAS T 2
TKE PRIPT (B U 7= SNP BB ORI (AOVQL, TCF7L21F7D>) . 72 & HuiaZ 25 fEl 28R L
o ABREVUCTLLHNWTHRHTETH D,

FREEE LTI, 213V PacBio IZBITD =7 —) O, Vyr—27 T AOHAEF. &
FEIIZ DT> TH2 Y O depth BMETH Y | KT heterozygous 72 SNP DT 1 & A Ffif
Brizi, 500x LENEFE L, @HFOTa— ) —RiZlkRp L 707 L— FE&MBERIIZ
ZMETHD, SHRIORTH XD, HINEFRHRIND,



REE 5 : 255102

WFFERREA o 2BUBEIRISIRSMEEALIZ I T DT F A 7 LR R R A EA R TR B LD RO
W

TAEMIEE A - E

SRRTEE A R PR

F—U—FR D2 BUBEIRYE, Rty —r =Y — ¥—Fy N —r v EREEE
AT, R IESAL. v MRERRAREAT
A FE RS

HE - Byl

7 WU A RFEBEMENT (GWAS) (2L 0, 2 BUBERR I 213 U b & L7z common disease O gz Mt —Ha J
£ (SNP) O 1T 2007 FFEMN M L7223, FEMAEOLHIFEFZ Va7 e LTo 12
V=T A7) A7y R IZBWCHT 7 AOHS) 7 2 BRI B EE A 1 KCNQL D [RIE I
i%Zh L 7= (Nat Genet. 40:1092-1097,2008) , Z 415 SNP DIF & A X3k = — K DNA fEIRICRO b7z
ZEnh, BIRTRBGAEOBIEPNRBIEZEDO A =X L E L TEETHD EHERI NN, FEE
It MESEBRWTZREHZ Lo T, 2 805 RIA & & b BIE DRV TCF7L2 {51 SNP (rs7903146)
FELAD A ) LGES . 7 a<wF UoEOEIZ Lo T oo =GN LT 5 2 & 2R L= HIEH
LM LTz, & ZAT, REBERSZMEEAIZIXEE O cis JHENTES LIZ UISEE L. 2o X ) 25Ehkic
tH SNP BFRO LN LENH D, Lo T T'a XA T % 52 Lz T (Haplotype phasing) .
PR REI N IZ 31 B cis FAEITEA O Tz B E iU, REBKZ O ERZ Th 585 B4 L
Z X0 EREICHE T A Livuy,

By —27 =% — [PacBioRS| X, E\W U — FEFI (FIfE, F¥J~10kbp) ZFFs L, #
R (GCIAT &) OB ITLALZITH 2 LR EERIIRENITETH DL Z LN, 7/ A
TR T, T r XA TRE, 2E mRNABSRRER L, kDT 7 ) ay—ClIR#ETH -7
FENTIZIR ) Z 3 E L oo b D, FRITIZ/Ae Y, b MEEAHIE CHML 45 ) AMENTHER S HE S D
IZZE Y (Nature 517:608-611,2015) . L7 7 L' > A5 ) NIFR ST v v 7RI O 50%LL L3 Hi7-1C
HIFEAHE & 72 o7,

AP T, 2 AUBEIRISIRREREIH O —Bg & L C. GWAS (7 AT A R 12k - T
[ S PR BB MEREIR NI B 1T 2 cis IEITER S, T a X A THEEICZ > TED X 5 Bk b
o EINLONEHLNITAHZEABE LTRWLT,

[5ik]

1. fRATRI G0 2 BUBERIA B TNgER & L Cid, MR E X b BN S 2 BOBEIR IS SNP &
BEEMEN D IF S RN AR TH 5 &% 2 57 (Nat Genet. 45:124-130,2012) , BR{AD AF - 5
BRFIE O M GWAS #5 RO AT 5 b, IS0 CU5 B Caucasian B SR WK%
b M Z Az,

2. HEREMEZH O GWASSNP (Zcis TL A hD~w—H—L b A N AEHINEE /24 ) LFER
CHEBETDHZENZ, AT L7 5x10° ~ 1x107 Ml A 7L OMIK) B iX, 7/ 2 DNA &

=% L RNAIZIIZ T, B A R AERD ChIP (7 m~TF gkl o7 vazEons &
I, OEILTCREZITo72, B A M AERID H3K27ac 1Z 7 7 T 4 7/ mnE—H — - =y
Y—D~—T—L LTHATHY (Nat Genet. 46:136-143,2014) . FRFHEM OFERENE SNP Z 4k
R DIZOITRFEPUAZ AV T ChIP 2470, iRy — 27 =24 — (HiSeq2000, 1 /v X J-tf)
\ZK D7 AHERERIFRRTIC L0 REAIT > 72,

3. HBEx IRERSCIZE D GWAS SNP (NHGRI-EBI Catalog) % UCSC %7/ A7 7 — (hgl9) 7>
5A T m— R L7z (~15,000 fifE) , £ 72, H3K27ac @ ChIP-Seq &'— 7 fEIKIZF1ET 5 GWAS
SNP Z B 5282 Lz,



4. PacBioRS # /e —7 > N =0 v T DI DA AL LT A Y —)L
(NimbleDesign) . X ONEfs 7 I##E 5775 (Roche NimbleGen’s SeqCap EZ > A7 L) A HEid L
77

[#52R]

WIREE R MR 0> H3K27ac ChIP-Seq i SO FEMEIZ Y 7V TRIFTH D KREHK 5 T D cis
FAEEEA P E STz, K91 5 5 THEEHD GWAS SNP @ 9 5, ) 2,200 FREEH D SNP 28 9 EE 2% AT#E i
? H3K27ac FEIRNIZ L S 4L, BEREME SNP Toh 2 FIREMEN B 2 b, Z4uh SNP 2 fEE 5 -
AL UTIBEEIRC “IEmBEEEE” . ‘R . “MPREEm Ly FRCIEE) T L “ivh
BT | 2 BUHEIRIR” 72 EERO HAL, IHROAFHMERIPE LW EB 2 bz,

BT VRITH H3K27ac B — 7 D NV E G D &L BIRFIC Ko TUINR Y R&E R Z R
THLONBESNTE (NU—RA o F&BR) , H3K27ac = VU v F A > k& mRNA FEEOMH A EIX
H3K27ac fEI N DR SR NRE T 5 Ll ST 5 A% (Nature 518:350-354,2015) | #IfGEE 28 A
oz W ARETCH . H3K27ac ARk & < Z{L L TV A Y P T EEFAUCE L TH % < 08
FTCRR->TND Z EAVHIL, RO OFEMRMRFHIE L T\ 5 EE X b, TR T
Da—F 47 SNP IZ~T 0 A RAFRD Hd ¥ 71Tk, Haplotype phasing (2 & - CT7 LVl
(2 H3K27ac fEIE O in+ T OE W 6 2T 5 2M2 L7z BT, mRNA B X O H3K27ac @ allelic
imbalance DBIZE A 1T 213, PR MEIZE G % SNP DM /R MBI FTRE & 72 57212, PacBioRS
kB E—Fy N =T T ORI EITS T 5,

[&%]

By — 7 = =X OBIGLREERII T —~ AT L D2H Y 100Mbp £ TH S
J AP A ZTHIUL, FIFROERBIRIC D578 7Y RNARE L o TWnWh, ~"Tra XA FERS
Ik SN T AEIEL R OIEfE 7R 1L, BRFRROREBEZIEOBEMIZ AR THDH Z LN L e
720 -22% v (Nat Genet. 47:921-925, 2015) | #iw > 7' U — RNIC K D HEEFSNDE DR B Z B8O T
Wl G2 54 %) MIZEETH D,

ARG THOW - REEEIMIIL, &Y TV OBRFZRE—FUETITIT) 2ENARTHDLTZHIT,
FRIZEBEFERRERFEITITLE L T D B 2 bivTz, STl > T, 2 MBERIFNES RN O 7 7 A v~
VU7 RSN D X 912720 (Nat Genet. 47:1415-1425, 2015) . N esdin) 7 o~ F M & oo B
PG, JREEICEE 5T 2 EEORIEN BEMRIL LooH 5, F R —27 = —% -8k & 22l
ROFEM2BFHC L > TH O D FRIE, Fie AR ORE.R CIR#HZICH b EfFCE 5 TH A
9o HATESDBAR DO AN— R EHEFFTE UL, FEFEDNICE N7 20T B 7 U RAREE 8D U —
FEMNERSNS EWVWIRE L HH)Y (doi: hitp://dx.doi.org/10.1101/048603) . B K72 % H DOEN &
RS e HERERIIRECH D, Z DR 5iE, SeqCapEZ v AT LAx W4 —7 v v v—r =
> 27 (BMC Genomics 16:214,2015) OAZMFINITMEENFETH, £72, WE A A—a—T 47
2 2 (Nat Biotechnol. 34:303-311, 2016) ° DNA 7 2 A Y > 7 & A A N_XT{EE LA Y- FiE
(Genome Res 26:342-350, 2016) 72 EDILTRIZE - T, Ya— U — Ko —27 U AEEHAT 5 HEX
OB DNA EDO RN S E WA AMENIFFCE %, LivL, BIZIEWR T ) 2787V %479
WZIXZE LT =z 20a 7)) — NMe) DMiIFIC bR 0872 SBROFEMBRIZITKRE
RHRERTFE LTV D,
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