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1. XC®IC

Myelodysplastic syndromes (MDS) are refractory hematopoietic tumors caused by
clonal abnormalities of hematopoietic cells, and the number of patients is increasing in
Japan as the population ages. Many of the causative genetic abnormalities have been
identified. According to the revised 4th edition of the WHO classification, presence of
SF3B1 mutations is one of the diagnostic criteria for MDS. However, in Japan, there are
only a limited number of laboratories that can test for SF8BI mutations. Therefore, we
developed a kit that can simultaneously test for multiple SF3B1 mutations associated
with MDS.

SF3B1 mutation sites were amplified with fluoresce-labeled primers by multiplex PCR.
The PCR products were hybridized to DNA chips bonded with specific probes for these
wild or mutated sequences in the presence of oligonucleotide blockers. After washing to
remove unhybridized products, the fluorescence intensity of each probe was detected.
Index defined as fluorescence intensity ratio [mutant probe intensity / (wild probe
intensity + mutant probe intensity) ] were used to analyze these mutations.

By optimizing the probe sequence and hybridization conditions, and by suppressing
nonspecific hybridization reactions with oligonucleotide blockers, a detection sensitivity
of 5% was achieved for all SF3BI mutations to be analyzed. In addition, analysis of MDS
patient samples showed that the results of this product were consistent with those of the
existing method, direct sequencing. Thus, our microarray-based assay kit is useful for
identifying SF3BI mutations in patients with suspected MDS.

: myelodysplastic syndromes (MDS) ; SF3B1 mutation; DNA chip analysis

TN EAN OIS & E BRI LR DB T REDZ <
MBS N E 72> T&E Y, WHO 4 HHekET 554 i 12 T

B B 5% Bk E % B (myelodysplastic syndromes,
MDS) i, i& I D 7 0 — MR X > THRIET 5%
BUTH 0, iR 4 & 2Nk R R A O AT 2 R
LT3 B, SRR RAREREDN, ERNFEAE
I <MEEEZWIE E D MKMEREORE 2 Z oI
WiIN5EEHH 5. AFTIEEELICHEW BE R
ML TW3EYESNZHAREOEMEERETH 5.

MDS O EZEICIL, BHMEICL > TEBifiIc s
Tl FLIE bk D T RE FH B K OV B e o Jeta ke TR A
R ZRET DI ENMRETH DY, TEORHEENERL

MDS D #Z WL HEICSF3BI B TARNED AN S 7z
M, THUTHEEWHO M55 i ClE 5 T 5% TER
INBMDS EFRERE TEFR I N DHMDS ITHEIMN X 5
SN, BETERESREEZEEDT S EH S U THEENS
ML TWD, &I, BBIREFERZ L S5MDS 12D T
IEWHO 73 F8555 MUZ TIRREF R K U © SF3BI1 #E1A
FAREOMEENIORFASIND Z & &8> 7z SF3BI
BRTAERL, OR700 ITB T BERTHHK700E O
HENERDEL<, A R2700 Oftl, ZROKRY ARy b

* 1 HABFZEIT BREALELANIITCE 51 701 T2 AFM 7 — T BIETRBWET— LA F— LU =4 —

* 2 FEMER S A T RAEETIN—T

* 3 FANBFFEAT BRLEAN RN 51 71 T2 A 7N —F TV —T ) =5 —
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L L TIOR666,662, 622 KU625 MEINTND
810 % 2 MDS 12 £ 5 & 1 D 15 9% 3% T & S luspatercept
(202441 HA&FR) 13SFSBI #16 TA R % fF DO BRIR gk 3F
BZfE5MDS (MDS-RS) Tl AN mnhEahn s,
U U7y 6, ARHR TIIARE HY ] HE 72 i iR 13 7R i D 3E o
T2 R 72 RS e 7s EICIR 51, SF3B1 Ein AR D
HREIZHICEERFERTHIICHEOL T, k22
FonTHuERWT —ZANENETEENS, 22T, fix
DEETHY—> U 2DNA Fv THTP 2L,
MDS (2B U /= 5 i D SF3B1 & in T AR O H %
FRFR AN PIEZRF v b (BLF, A4 ZBTE L 72, A5
TIRFEKHBREDD O T O— TN T F A1 X4
oML, 70y h—IC X2 EBERHNT TUTA X
B DI DR EHE R, BEEIE & DR E S DA M
DYEREIC DN TCEIRT 5.

2.1 #M¥E

JO—7, 754X —, Jay - L THWEAY
d X 7 L % F RDNA lZThermo Fisher Scientific #:
MOBALK. 74~ —D#HHAREFKITIZIC5-OSu
(N-Ethyl-N"-[5- (N”-succinimidyloxycarbonyl)
pentyl]-3,3,3,3"-tetramethyl-2,2"-indodicarbocyanine
iodide, #kXEAERMCALFERIZERT) & W 7z, i A RAS I
k% 7 LDNA dBiochain #1:22 & i A U 7z. PCR 7 3
13FastStart Tag DNA 7R J X 5 —+, dNTPack (Sigma-
Aldrich 1) 2 i/, +1U I X 7 L 7+ F RDNA O il fig
BE (Tm) 5HEITIZIDT 0 i ik 3 5 OligoAnalyzer

Table 1 Detection target mutations in SF3B1 gene.

Target mutation  Target sequence

(https://sg.idtdna.com/calc/analyzer) % Fi 1 7=. DNA
F o OB FERRHR Y ICRRENEEBD &L

2.2 PCRFJ>

SF3B1 BT Dt S (L7 214 BXUT
27) >15) % 2plex PCR 1T & O [A] K5 #0E L 7=. DNA
O—7ENA TUYA XT DD T 541 —D5 Kiiiz
TOHCOETHEH TS Z EITXVDNA 70— TN\
T EA XT BIEEEEY DS A 2 83 TR L /-

PCR Ji395°CTH 77 M, Bk & 15 (L%, 95°C T30
7, 60°C T30, 72°CTI0 BZE40 B 7 ILEVIRL 7=
TD®%, 72°CTI0 R ESIH, 4CTHEL /2. PCR
12 I3 Applied Biosystems Veriti b — < )L ¥ o 7 5 —
(Thermo Fisher Scientific #) 2 f 7z,

2.3 NATVFAXFREFRROK:

PCR RGO FGR & 7 0w 1—= 1Y dDNA Z iR
L 722.25 XSSC, 0.225%SDS # &8\ 7 U &1 XiE ik
WEE21 TRAL NS TVIAL AT T ELE.

NA TUFA XY > T )V TDNA F v F%495CT
30 pRIMEL, MIEEME TO—T 2N TUF1 XL
72.0.1 XSSC, 0.1 %SDS IR THiF LR KIS DY > 7
V2 BRE%, 1 XSSCIAERHFIZTDNA Fv 7 D& X
Ny howHmEERE L 2 Uik E640nm). No
TUF A XIS KO8 B SR T AT 2 1
BIOSHOT HT-32 GRS AH) 2z,

2.4 %

W 12 TR AT 3 BBIOSHOT HT-32 23 i L 72 & &
Ay b O#EATREDN S HEM (Index =2 HAMRH 7
O— JayeskE/ HAERMRE Yo — 7 A RARH T

p.E622D €.1866G>C O— 70O 28U 7z MEREOHE @ T 0% E L
p-E622D ¢.1806G>T Ay N A TN OB A, BREHEEHE L Ay b
p.R625C c.1873C>T ] o )
p.R625H .1874G>A F 7 EIZ5% DERNGEAET HDREZB L AL RETIV
p-R625L c.1874G>T MIRDHEMBDONT DEEZEL, ZEL .
p.H662Q €.1986C>G
p.K666E ¢.1996A>G
p.K666Q c.1996A>C 3. B
p.K666T ¢.1997A>C
p.K666R c.1997A>G 3.1 PEFEFRROBET Y
p.K666M c.1997A>T s . -
0.K666N . 1998G>C W TARERT —& X—2 (COSMIC) IZ TSF3BI
p.K666N .1998G>T BETFEREZRN. 75 X— 2 EOFEELE SR
A0z R dilads 115405 22 TEIC A C DR R R AE 2 e L T
(Table 1).
Table 2 Primer sequences.
: : ) oy Tm Fluorescent Product
Target Primer Primer sequence (5’-3’) °C) label <Tz&[bp)
Fw  GTCTGGCTACTATGATCTCTACCA 55.0 -
Exon 14 240
Rv  TTCTAAGATGTGGCAAGATGGCA 56.6 [e]
Fw TGGGGCATAGTTAAAACCTGTGT 56.6 IC5
Exon 15 321
Rv  AGAGGAATAAGATACCCAATAGCCT 54.9 -
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SF3B1 B TEAIMN S BTN RERN G END T Y
VABIUPLIYY 15 HEBEHIET S T 91 —%
FTNTNERET L7z BIEICH W/ 751 < —%Table 2
IR U 7z, SOt RE S RO 7 o1 v — Rt &
9:1 & L723EFRPCRICT 241 5 2 FHIE 2 [Fl R alE U /=
WIREY 2 BR[IKB L2 25, BIEYZERT B &
<2 fHEkENT AL HEIETHETH D 2 & Z2MER L
7= (Fig.1).

3.2 JO-TJOFHF
ETORPIRER I TRBICNA 7 YA XK

SF3SB1i# a7 OB AR B L UL RAE SN S TNZEND
MM TO—72&3 L7z 7 Oo—Jhid%ZTable 312
RUZ. ZNBZEDNAF v 7 EICARY b LU, flH AR
I3k 7 ADNA B X UK700E £ 5 243 5MDS
BEHNRT / LDNA 2 L7z. DNA Fv T LA 7
N, B 5§ 2 Fig.2 ISR Uz, W % ARy b TRE
IR EERE R L 7z

Table 3 Probe sequences.

3 )
BRI ST 5720, Tm (O) AE &7 5 & 5 B2 _rrose _Probeseduence 52 m (o
B X OERBMEZRET D007 0—T 2% L7, E622D (G>T) ACATGGATGATTATGTCCG 49.4
E622D (G>C) TAACATGGATGACTATGTCCG 51.7
R625-W AGTATGTCCGTAACACAACAG 52.2
(bp) R625C TGAGTATGTCTGTAACACAAC 49.8
495 4 R625H GTATGTCCATAACACAACAGC 51.5
331 < R625L ATGTCCTTAACACAACAGCT 51.8
242 H662-W AGCGAGACACACTGGTA 52.7
190 - H662Q AGCGAGACAGACTGG 50.5
147 J K666-W ACACTGGTATTAAGATTGTACA 49.0
110 - K666E ACTGGTATTGAGATTGTAC 46.2
K666Q ACTGGTATTCAGATTGTAC 46.2
K666T ACTGGTATTACGATTGTACAA 48.9
67 4 K666R ACACTGGTATTAGGATTGT 47.7
K666M ACTGGTATTATGATTGTACAA 46.5
34 K666N (G>C) CTGGTATTAACATTGTACAACA 48.4
K666N (G>T) ACACTGGTATTAATATTGTACAA 47.5
Fig.1 PCR amplification of SF8B1 gene exonl4 and exonlb5. K700-W IAACTTTCTGCTGCTCAT 49.7
Left lane; molecular size marker, Middle lane; water K700E IAACTTCCTGCTGCTCAT 52.0
(negative control) , Right lane; genome DNA.
A) ® ® No. Probe No. Probe
OOOR®®O® 1 R625-W 1 K666N (G>C)
010100191000} IS
OOOVOOOOO| , R625L 14 H662Q
@@@@@@ 5 K666-W 15 K700-W
DOB®| K666E 16 K700E
OO\ ; K666Q 17 E622-W
® ®| s K666T 18 E622D (G>T)
9 K666R 19 E622D (G>C)
K666M P Position control

10
| .

Fig.2 SF3BI chip analysis.

A) Spotting layout of SF8BI chip. B) Scanning image of SF3BI chip after hybridization. Left panel;
Wildtype genome DNA sample from healthy donor. Right panel; K700E mutation genome DNA sample

from a patient affected with MDS.
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3.3 FA-TWFICEENBSNPORE

F—F RX—Z LOBLETEINI L ZE 5D 5 RENR
LA Tad 0, ZDWAEEINIIMEANEDLD D GEIZ TS
B) ZEMBHIONTWS, B TEEIC K 2 ARSI O
EWICED TO—TORKISEITZRE N AU, BB ERS
RICHETLURENENH S, = 2T, —HHLH (Single
Nucleotide Polymorphism, SNP), 1 ~ %k 3 o &,
BA/RE RIEEOBEREEN LT —F X=X
(dbSNP ;https://www.ncbinlmnih.gov/snp/) 12 T~
FTAX— KT O—TERAMHEICHFEET 2 BB T2 %E
FAEL7=E A, KT00E ZREICSNP (rs16865307,
COA, HANEF DOHHFEIZRI0.3%) D80 517z,

SNP OEEZHRRD 0, Y%SNP B~ 1 F—7
LIVTHBIABLUTHEZH T2 ANTERLETEE-L
TO—=TENA TVYA ARG LT &5, FFERMBH
Jo—7, BRMEE O — T & HITHEEHRENKREL
A U7z (Fig3,B). AY v —7 L)L (CC) LISt DELF
TIEYFSNP A O —T EDI ARy FNE U7z
HEZEZLN. T T, 70— TDYESNP EHic1=
IN—TIERE L THIONDTAF 1 /2 2 BHAA
& (Fig.3,A), S A v FOfRHEE RS-, T DIER, T
FFA v EAMANE T O—T T RIBREEN
D 5N, MBI T eatmE x5z (Fig3, 0. &%
DI RD D 6 i B FEABE O WKT700E 285 T,
TO—TJHODSNP BT A F A ) aFEMATSZ
ETRANZED D HSNP D8 % FRE/RR 0O HEFR U T
MAJRE &> 7z,

A)
K700 wild probe (deoxyinosine-free)

K700E mutant probe (deoxyinosine-free)

K700 wild probe (deoxyinosine containing)

K700E mutant probe (deoxyinosine containing)

=
[N]

H
|
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0 o

CcC A

C)

3.4 JOvH—DEE

N TIVFA ZRIMCBWT, BREIEVRATIZ
5 A= R B H1 R O SETEREYI S K ERGr 2 G D D 7o, Bp A
T Sk D YEE RE W 3 AR EAAR T 0 — T A FERF RAYITN
ATV A X LERBREZHT 5560 H 5. C 2T, N
ATV A AR T Oy 1 — (FFAETIE S & AT
724 ) X7 LA F RDNA) 20 U B4 Rl ) &
D2 AHE % JHRL & &, B A T ISR e D28 BRI 7 o —
TNOIRERINA T F A X2 5 Z & ThrHik
Eom LERs .

SF3B1 #14F T3, MDS Bl##E £ T4 RIFE622D &
R625L DX D ITIHFBICHERET 2 0 DNHMESIN TN D,
ek, TOw H— I3 REEEEY & DI ATy FIEE
MHYRIZ/E 5 X DI F L Tz M, E622D ER625L
DEDIWCEBICHEET AR EY -y NETHT 0Oy
A—=IZHEERLAED 2ENTRINE.

T T, RO A EEFRRICAERBESEDI AT Y
FHHENFREL S K DICEE22 ER625 DA R &5 —
Ty hELTENETNRICHF LizT Oy h—&,
HOBEEMERMTHN—FT2 T 0y h—%2&aL
(Fig.4, A), MEAEZ Fb#: U /2. E622D, R625L ZE L & &
W2, ZNTNOERDOBZESY —5 MU TRED %
THREL270y H—T, BAEMBRE To— 7, 28R
BT O—7&EbI27 0y H—EEIEWHE[IEN R
LEzb0oo#tmENKE <P L L (Figd, B, D).
—J, =D T HFDOLEREN & IN—F 2 KDHFL 7=
70w J1—Tld, E622D, R625L 28R &bz 70w h—

rs16865307  K700E
< <

C G AACTT T CTGCTGCT

C G AACTT C CTGCTGCT
I AACTT T CTGCTGCTCAT
I AACTT C CTGCTGCTCAT

I
[N]

.-»
|

0.8 —
0.6
0.4
0.2 H
0

CcC T

Stabilized fluorescence intensity

I

AA

Fig.3 Correlation between fluorescence intensity and rs16865307 genotype.
A) Probe sequences for K700E mutation. SNP (rs16865307) position is indicated. B) Deoxyinosine-
free probes at SNP position base. C) Deoxyinosine containing probes at SNP position base. Open bar
represents stabilized fluorescence intensity detected by wildtype probe,shaded bar represents
stabilized fluorescence intensity detected by mutant probe.Model samples were used which containing
(CC) or (TT) or (AA) at SNP position, and also 5% SF3B1 gene K700E mutant allele.
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BREY—7 vy NMILETOy I—T%
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AL’CE)

E622D

B U 7= SF3B1 E{n A RMAEF v b O

3.5 Ay hFT7EORL
ZIKnDODEW*ﬁtH@JE 1% 5%

R625L

< <
ATAACATGGATGA G TATGTCC GTAACACAACAG
CATGGATGA G TATGTCCG
A G TATGTCCGTAACACAACAG

Blocker for E622D and R625L mutation GGATGA G TATGTCC GTAA
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Fig.4 Relationship of fluorescence intensity and index to blocker sequences and concentrations.
A) E622D fluorescence intensity and index to blocker for E622D mutation, B) E622D fluorescence intensity
and index to blocker for E622D and R625L mutation, C) R625L fluorescence intensity and index to blocker
for R625L mutation, D) R625L fluorescence intensity and index to blocker for E622D and R625L mutation.
Open bar represents stabilized fluorescence intensity (FI) detected by wildtype probe, shaded bar represents
stabilized fluorescence intensity detected by mutant probe, filled circle represents index. Index were calculated

as follows: (FI of mutant prove) / (sum of Fls of both proves)

wild type and blocker oligonucleotides.

Table 4 Blocker sequences.

Target

Blocker sequence (5'-3')

Tm (°C)

E622-R625
H662-K666
K700

TGAGTATGTCCGTAACAC
CACACTGGTATTAAGATTG
AACTTTCTGCTGCT

48.4
45.3
43.5
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HE AT = R AEFig5 IR L /2, 25 Ok
Jen & HIE M O il R OREE R 2 2 FH L, W@ N
FVFEBE L TAROEREHET D200y b
TEEBRE U RE LRy b 7 E & B AR D
HEEONTYFIZEE LN &M S, BARM
K2 A S RHIE T D I & n < R OA BHE A A BE
EEZ5N5. MDS BEOEENM S SN/ A
DNA ZHWTHMEZERLZEZA RELET Y b
TELL DR EMENRE SN, 25 OB TIESF3BI &
R EHES N,

3.6 P& Lok

AIIEDOMDS BEMEZ A WA RIC L DL ROA E
HEDKRZE, BB TERBITETHLIT 1L
DR 0 ZFEORER Ll U7z, fE B &= Table 5 12
AU BEEBICREEZFEML 2T X TOMKTER
PRI N 2, B S NAERIIAN EEFET—
U7z LA EOKEED &, AFIBEFIE & IR A B
MARETCTH B T &R L /-,

4. %bHyYIC

MDS (2B LU /=SF3B1 Bia AR OHEZ Y E T 5
Fv hEBFE L SF3BI B FIZIZTZ Y > 15 @700
RLDIEA, T7 ) 14 ITHLET %620 ~666 f1DY X/
I B A BB BRNME SN T WD, A5 TIN5
& U722 DOEBE O FIRHENE, DNA F v JI2HE# L =&
ARAMH T O — T Ol E T 0y H—1T XD IERR
INA T U A XSO L D14 FEOE R TE
B O[ERFEEAT 2 Al HE & Uiz, £z, RO BT R a1
BEROD B IEAEBEOEWKT00E 48 2 TIHE AT
Ko THEERTEANCZED & DSNP R ICHEET 5
M, 7O0—THDSNPESNZTAF 1 /2R
% Z & TSNP OB 2 W He/aBR 0 HERR L THE AT RE &
o7,

AREEDOVEREIC D WWT, SF3BI i AR OBRE HiEE
U TR BETH DAL T b= AR & g
L7 & 25, miEOMTis R o2 T T8 L.
AV b= 2 ZEFRE LTI —ty FD
HPHNICHEET 2L R THIUIFEHIIZED L S BE
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R625H |@
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Fig.5 Distribution of determination value.

H662Q ®

K666E |®

K666M |®
K700E |®

K666R |®
K666N(G>C) ®

KeeeQ ®
Ke66T @

K666N(G>T) ®

Filled circles represent genome DNA from healthy donors. Open circles
represent mutant model sample containing 5% mutant allele. Gray triangles
represent genome DNA from MDS patients. Bars are threshold values for

each mutations.

Table 5 Correlation between SF3BI gene mutation analysis results
from our DNA chip and conventional assay.

=2
[e]

Our DNA chip

Sanger sequencing

K700E mutation
K700E mutation
K700E mutation
K700E mutation

K700E mutation
K700E mutation
K666T mutation

W 00 N O U~ W N R

K666N (G>C) mutation
K666N (G>C) mutation

K700E mutation
K700E mutation
K700E mutation
K700E mutation
K666N (G>C) mutation
K666N (G>C) mutation
K700E mutation
K700E mutation
K666T mutation
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HBHEMHTE20, HEEIZI0% 3N, L L TE
IRENTENHEFITEEIC K DWRENBETH S, £z,
I 14 ET ) 15 ZRIFFICHENTT 5 Z &3 TE
B, —, ASEERGF L4 BEOERR To— T
fREAT S R ERIZES5ND H O D, Mk E1Z5% DL L% %
RLTHBO, 7Y 14 ET 7 215 1 REFICHRE A
AHETH S, £z, EHY 7 MK D EROHENHEL
INTHBY, HEROMRPEG E VDR END S, LU En
5, AT BEE 5 & R 25 DL D R AR T4 B R sk o it
BT ARORIRFFENT N EETH D, HEDHEMLIZER
TORERFEAWMOIED NAN T T —ZFGIEL, &
ERF O EMEICTH 5T 5 EE 2 50D, BUE, RIS
AL U THRZIEREICHHIN TWS,

B
AROMRIC B0 ELT, IWORFRERE LR
GORHI BT I 7 2 TR SR LA 2 K T Y
EWHBHEBD E LR, CCIEMNELET, £ W
LT 2 1 U0 L 1A S i B R e
DEHRI B N E TR E L2 &, Bk L LT
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