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ARHEL, Fox M BB LIRSS R EDORT ) ALY ILT 7 A b —7 o AFANTH % Post-
Bisulfite Adaptor Tagging (PBADVEDEELZHEDDHZ &, HIZZE D LTHEEL I/ PBAT {EZ A L35
SEER) R A T v — AT SR AR IR OV O EE RS 5 2 LA B L T2, ZD7OIC B R BRI &
OO EAT DOBIFE D A 70 B3, SARALEE DB - 7oA H 72205 B & 2 L 7=,

1) PBAT{ED @ AL & Fiva F T A F v — It 3C8%

PBAT VEIZ, A7 7 A NEHGHE DZEME 1 ARG DNA (ssDNA) 2RI 28D T LT T4 I U 71Tk
STRYT ) LAY N T 7 A "= T (WBS) 74 77 U T 28N TH Y | EEIN G O—HE AL
RAGFE A F v — DRHTIZ 80 1 A BRV 72, PBAT 13— IC R STV D DR 63, fie b IERMEN D/ 1
TANDLIRNT EbME SN D e & HRUERED WGBS Hiffr & L COMNI A ST L=, LAxL7223 6 PBAT 1T,
OI7A4 77 VKA ENENZ & OBMERITREO~ » B Z7HE MR Z & QGC FRDIRWEED 3L v
WENZ L, LWV BOOFENEINTW, ZRHIEFWTIL T X LT TA4 I TICRRT 2,

ZFITHRAT, TFUELTTA I TITRDDH L ssDNA ~DT X7 Z A INEDBRFEICE Y MA TS, Z Of
M E @ ssDNA s#E R AT TACS 7 A 7 —3 = > (TdT-assisted Adenylate Connector-mediated ssDNA ligation)

1



ZBHFE LT=, TACS 7 A 7 —3 a &, ssDNA @ 3" K¥imiZ TdT (Terminal deoxyribonucleotidyl Transferase) %
FIF LT 2-3 IO T F = W2 AN L7212, TS2126 RNA U A —F Z T ssDNA 7 & 7' & L i\ vh s Tl
fET LN TH D, 2FED, TATICKAREN Y AT —V I Lo TSN T 7 =/ liE% RNA U T —EI(
LD RAPEFED T O D ARy 4 —& LTHMTH5DM, TACS T7A 75— a3 Th Y | BHIR72%)3 T ssDNA [A]
ToEFEERTE D,

TOLTBARLIZ TACS 74 7 —3 2 % PBAT ICEATLH720IC, £THLAIIPBAT D 2EIBDT VX LTT
4iV7%Tms546~yayﬁﬁﬁﬁéﬂ%ﬂ@%%’@@ﬁ@ﬁo%@F%\Lﬁmkﬁ®&®®ﬁwm
LT, T—HEBIOT — X WEOUEZER LTz, tPBAT IXE BIZSRICEA I, T X TOEHR-EIC
BWTHTHIO WGBS 7 — Z IfG A =R L, & OB EAMED 5 ﬁéﬂto

—J7, tPBAT CIX LELORA@IFFH S L2 oTe, ZOBEBIXIEIRD T VX LT T4 I 7T RE->T0D
MHETHD, TNEERIIDEGRDST-OIE, NA P77 A MU DNA (12X LT TACS 74 7 — 3 U
BRI o T2 D Th D, TOFEFEF, NA T VT 7 A NEBR)STAE L7z DNA OUIWHE TdT ORI 7
HRVHEEAE L TNWD I L ZRET 5, NA YT 7 A NEBDNA KT D0 U > FR U EE R LB A3 h 5 A 4 L
RSl Z D, UIMHIIKBETH Y VBETHRUMEETH L BN, TDOX O REEEZIRET D
AREMEZ FFORER MG L, TN ERBRER L CAA Y17 7 A4 A DNA I/EH S E72L 2 A, TdT Ik % 3
RIGEERN R P BIZ EAH LT, DF V. ZORIEBRLISIZE > T, ANA Y7 7 A FEHLDNA IZ{EHE TACS 7
AT =2 a T ETEZEMAINTH T LRI ST,

Z ZCARIMERALIRIZIZTACS 74 7 — a Ko TR L 727 # 7 212t 2 /i 7 7 4 ~— 2 T,
INAPINT 7 A NEHDNA O E B LT, 2 20BOT X7 X 20N 25 Fikichatznziz, 22807
KT BN TACS T A 77— a > ZH\\ 2D TACS-TACS £ Tk, RAEONBTR S NS/ AR E b TH—
PR HNR—F DT ENFHRRIZR o7z, L LR G, TACS-TACS ¥EIXT7 A 7 F UV IEDS tPBAT (2 &IXT, F£7=
TAT T VM EOR R HMESRLTN-oT-, £ 2 THMISHARIZHWS DNA R Y 27— Ot 2D 5
EFRIFFIZ, 2 OBHO7 X7 ZAHNNZ T4 DNA U T —8 % % TACS-T4 {EDBIR 1778 > 72,

2) TACS 74 7 — a3 VDI H

TACS A 7 —3 a3 % ssDNA fEIE L L CiE, BEFFIEZ ENCEET 503 4" Lz, & 2T PBAT BIShod
Fex B~ DISHZBRET 528 L Uiz, /L7 U —DNA (cfDNA) [ZIEREWD AL F~—h—L LT
HIfTEh, i%ﬂ/#w74/71%cmmmw%%méﬂé Do Tz, BURIEN T L2 cfDNA fRHTIF
(2 ssDNA 74 77 VERIEZFIAT 2 & @EDOITRR TH L X 7 LAY — L% A XD DNA MR L0 & AT
R S, £ 6 PEEGR TGN 7 E OB FREGIEBEMOEHRZ 726 LT Z En@liE i
7oo T TEHAIITACS 74 7 —a % of DNAFRITICIGH 5 2 & & L7, ZAUCEEL T ofDNA D251 4 iz
T D1 DICE LM AR 2i0fE T4 (X, AR 50 IR D ssDNA 38X 7 LAY — K4 A X &[]
FREOHTHTHEELTHDICHEL LT, A= 7 —7 of DNA BEEE TP SN2 WO A% L ST
-2 EERH LT, ZDDNA % cell-free short single—stranded (3S) DNA, B L T C3D &% L. C3D b EHE
ANZIENN C& 2 J5iE TRl L 72 ofDNA % LGE0 TACS-T4{ETT A 77 UL L CTRT 21T o 7=, C3DIX, 7/ Al
vy BT L EE =7 BT HEM 3D LA LAaVWER C3DT Iz KBS D Z EVHIBA LT, %A
LARTZHRE SV TW 2R G R F-#E 55070 & OFIEIBEEUI A Y LT\ e, —J7, Al 1% G-quadruplex (G4) T%Ja
O (i-motif) IZETe &\ ) RN e M E 2 2 7o &< H LW T AD cfDNA THh D Z LR LT, 5%,
Z DA ARSI AR BRI B R IR S R e B
3) FFPE 5£l7> 5 D PBAT

ZEAYNT 4 T TIEARAS Y CEENT T 4 W (FFPE) 30 D & O 2 LT D 2D 72 < 72
272, FFPE 5UEF26 0 DNA BT &I HEIZ BTt E P < b D TR ZIDE& IR T D @M & 78 > T
oo Bxld, —FBORMENRMI a2V I DAT v 1T bH EEZT, ~UAFO FFPE BEARZ ET VAL A
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TILTE RADR Dy —Td 5 tris(hydroxymethyl) aminomethane DB « pH « S FRFRIZEA3 . DNA BV & -
[E14 DNA [T & « PCR $V3R5EIT 5 2 2 8 4 BRI IGT LTz, £ ORR. WIRE Tris Z #8754 THW S
HiTE 2 BT DICE -7,

HiTE V£ % FZEROIRIEAR (B2 R Z R Ic e FOZNE Y o/ EilEAR) (CEH L& 2 A, 3RB Lol »
NECROEO L holobd (BUF, 6k L LT, FIEN 3fFICm B35 2 LB Lz, HIZ,
HiTE ¥ L EAIE TR S L2 DNA Z [l —EHWC, &5 ) Ay —F vy v 774 T 7 VERER LTI L 2 A, Fik
OFBERIIBREDOZN LY B SHBE N BT, LN -T, HIiTE #EEHWD Z L2k » T, B
FFPE Bt H 72 VK L0 FEDONCS 74 77 VAR TE D2 LW oo Te, IS, HITE B CTHHS L 72 DNA 72 6
B LT T AT T Vs —r o ALel 2A, BEAEROBRMMRBITERIELRETH L Z LB ERINT, £
T BRI A EE L v TS L D ER T MERIEL Vb7 ) 22 L0 2 N—T& 5 Z E B LT,
LA &0 HITE ¥£1% FFPE 3Bt O 2 E = O W CXET 2 ETHFITHENRGETH D Z LA LT,

Z ZTCTHITEVED A F v — MMENTIZ BT 2 A A2 BET 272012, HITE{ETHE L 72 DNA 226 tPBAT (24 %
WGBS 74 77 Vil a1T o 7= & 2 A, FEFEEMARD HEUL L7z DNA 22 bl L7354 L RSO EZ 5D 2 &
(2B L. WGBS ~DIGH b HETH D Z L AVR ST,

The primary goal of this project is to improve post-bisulfite adaptor tagging (PBAT), which we
developed as the most sensitive and accurate whole—genome bisulfite sequencing (WGBS) method, and to
provide BINDS users with more advanced methylome analysis. We also pursued related technologies and
their applications, according to requests from BINDS users.

1) Improved PBAT and its application to methylome analysis support

PBAT uses two rounds of random priming on denatured bisulfite—converted DNA (BS-DNA) to generate WGBS
library. PBAT has not only realized single—cell methylome analysis but demonstrated its unsurpassed
accuracy. Nevertheless, PBAT has three drawbacks, namely 1) short insert size, 2) low mapping rate
at ultra—low input analysis, and 3) compromised coverage of GC—poor regions. As all these drawbacks
likely stem from the random priming steps, we intended to develop a novel adaptor tagging method for
single—stranded DNA (ssDNA) to enable random priming—free PBAT. Consequently, we developed TACS
ligation (TdT-assisted Adenylate Connector-mediated ssDNA ligation), in which TdT first attaches a
couple of adenylates to the 3'-end of target ssDNA and then TS2126 RNA ligase connects ssDNA adaptor
to the attached adenylates with high efficiency. By replacing the second random priming step of PBAT
with TACS ligation, we developed tPBAT and successfully overcame the drawbacks 1) and 2). We thus
introduced tPBAT to the support of methylome analysis and succeeded in all the projects. For further
improvement, the drawback 3) should be overcome via elimination of the first random priming step by
directly ligating the first ssDNA adaptor to BS-DNA. For this purpose, we developed an enzymatic
method to end—polish the 3'-end of BS—cleaved DNA so that it can accept TACS ligation. Indeed, WGBS
library prepared from end-polished BS-DNA via two rounds of TACS ligation achieved an unsurpassed
evenness in terms of genome coverage albeit a compromised efficiency in library yield compared to
tPBAT. We also develop a TACS-T4 method, which uses T4 DNA ligase to attach the second double—stranded
adaptor.

2) Application of TACS ligation to cell-free DNA analysis

We applied TACS ligation to cell-free DNA (cfDNA) analysis because ssDNA library preparation was
reported to uncover short cfDNA fragments derived from transcription factor-binding sites. During the
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course of this study, we unexpectedly revealed that human plasma contains a plenty of ssDNAs of ~50
nucleotides, which cannot be recovered by popular column—based DNA isolation methods. We termed these
cell-free short ssDNA (3S) DNA as C3D and applied TACS-T4 to sequence cfDNAs isolated using a method
that does not miss C3D. Subsequent data analyses revealed that C3D is composed of two subgroups,
C3D°'f and C3D°". The former does not form peaks upon genome mapping and corresponds to the previously
reported fraction enriched with regulatory regions, whereas the latter forms peaks and represents a
totally novel cfDNA class enriched with the antisense strand of G-quadruplex (G4) structure

Biogenesis and pathophysiological significance of the latter is of particular interest in the future.
3) Methylome analysis of FFPE samples

Based on the requests from the users, we tried to improve DNA isolation from Formalin-Fixed Paraffin-—
Embedded (FFPE) samples. We developed a novel method termed HiTE, which improves both quantity and
quality of recovered DNA. The amount of whole—genome sequencing (WGS) library DNA prepared from a
single FFPE slice with HiTE is 10-fold larger than those with conventional methods. We successfully
applied tPBAT to HiTE-prepared DNA and enabled WGBS from FFPE samples. HiTE will thus accelerate
WGS/WGBS from precious FFPE samples.



