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Direct detection of hemophilia B F9 gene mutation using
multiplex PCR and conformation sensitive gel electrophoresis

Ki Young Yoo, M.D., Hee Jin Kim, M,D,‘ and Kwang Chul Lee, M,D,Jr

Korea Hemophilia Foundation, Seoul, Department of Laboratory Medicine & Genetics”
Sumsung Medical Center, School of Medicine, Sungkyunkwan University, Seoul

Department of Ped/atr/csf, College of Medicine, Korea University, Seoul, Korea

Purpose : The F9 gene is known to be the causative gene for hemophilia B, but unfortunately the detection rate for re-
striction fragment length polymorphism-based linkage analysis is only 55.6%. Direct DNA sequencing can detect 98% of
mutations, but this alternative procedure is very costly. Here, we conducted multiplex polymerase chain reactions (PCRs)
and conformation sensitive gel electrophoresis (CSGE) to perform a screened DNA sequencing for the F9 gene, and we
compared the results with direct sequencing in terms of accuracy, cost, simplicity, and time consumption.

Methods : A total of 27 unrelated hemophilia B patients were enrolled. Direct DNA seguencing was performed for 27 pa-
tients by a separate institute, and multiplex PCR-CSGE screened sequencing was done in our laboratory. Results of the
direct DNA sequencing were used as a reference, to which the results of the multiplex PCR-CSGE screened sequencing
were compared. For the patients whose mutation was not detected by the 2 methods, multiplex ligation-dependent probe

amplification (MLPA) was conducted.

Results : With direct sequencing, the mutations could be identified from 26 patients (96.3%), whereas for multiplex PCR-
CSGE screened sequencing, the mutations could be detected in 23 (85.2%). One patient’s mutation was identified by
MLPA. A total of 21 different mutations were found among the 27 patients.

Conclusion : Multiplex PCR-CSGE screened DNA sequencing detected 88.9% of mutations and reduced costs by 55.7%
compared with direct DNA sequencing. However, it was more labor-intensive and time-consuming. (Korean J Pediatr

2010:53:397-407)
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o thall PCRE AleHstglch AHE-E AEAl= Table 28 2%k
G71M4 42 ABI Prism 3130 Genetic Analyzer (Applied
biosystems, Carlsbad, CA, USA)e°l4] BigDye Terminator
Cycle Sequencing Ready Reaction kit (Applied biosystems,
Carlsbad, CA, USA)E o|&si3ith e fdae wol=
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Direct detection of hemophilia B 9 gene mutation using multiplex PCR and CSGE

Table 1. Patients' Characteristics

Patient's No. Age (yrs) FIX:C (%) FHx of hemophilia Peak inhibitor titer (BU/mL) RFLP-based linkage analysis
1 14 0.4 familial 0.36 uninformative
2 4 0.6 sporadic 0.10 NT

3 30 0.6 familial 0.42 uninformative
4 9 0.9 sporadic 0.26 NT

5 40 0.3 sporadic 0.24 NT

6 27 0.7 sporadic 0.80" uninformative
7 5 0.8 sporadic 0.06 NT

8 8 0.3 sporadic 0.02 NT

9 20 0.6 sporadic 0.26 NT

10 29 0.4 familial 0.18 NT

11 8 0.4 sporadic 0.24 uninformative
12 28 0.1 sporadic 0.18 NT

13 21 0.9 sporadic 0.18 NT

14 23 0.5 familial 0.16 NT

15 13 0.7 familial 0.44 NT

16 21 0.5 sporadic 0.20 uninformative
17 18 0.8 familial 1.20° NT

18 6 0.3 sporadic 0.16 NT

19 35 0.5 familial 0.34 NT

20 24 0.9 sporadic 0.38 NT

21 23 3.4 sporadic 0.10 NT

22 11 0.6 familial 0.36 NT

23 43 0.3 familial 0.46 NT

24 6 0.0 sporadic 30.00" informative
25 13 0.6 familial 0.30 NT

26 39 0.2 sporadic 0.46 NT

27 18 0.8 sporadic 0.12 NT

“Transient inhibitor; Permanent inhibitor
Abbreviations : yrs, years; FHX, familial history; NT, not tested

Table 2. Primers for Direct Sequencing of F9 Gene

Primer set Sequence

F9 EaF 5'-CCCATTGAGGGAGATGGAC-3'
F9 EaR 5'-ATTGCTGTCAAATCATGTAATCA-3
F9 Eb-cF 5'-GCTCCATGCCCTAAAGAGAA-3'
F9 Eb-cR 5'-CCCACATAATTCTCATATGTTTCA-3'
F9 EdF 5'-TGGCTTCCAGGTCAGTAGTTT-3'
F9 EdR 5'-TTCAACTTGTTTCAGAGGGAAA-3'
F9 EeF 5'-GCCCCCAATGTATATTTGACC-3'
F9 EeR 5'-TGTAGGTTTGTTAAAATGCTGAAG-3'
F9 _EfF 5'-TGGGCCTCAATCTCAATTTT-3'
F9 EfR 5'-TCACATCCCAATAGGTCTGTCT-3'
F9 _EgF 5'-TGCAAAGCTCACATTTCCAG-3
F9 _EgR 5'-CCTTCTGCCTTTAGCCCAAT-3'
F9 EhF 5'-TTGCCAATTAGGTCAGTGGTC-3'
F9 EhI 5'-TCCTCAAATTTGGATCTGGC-3'
F9 EhR 5'-TCCCCTGTAAAGAGAAAAAGCA-3'

i dbSNP build 1305 =331t} CpG hotspot?h A&+t
A 828 984 UCSC (University of California Santa Cruz;
http://genome.ucsc.edu/) genome browsers ©]-83|] 43}
itk ©A 3-D Fx9] o]Zoi= Swiss—model” g 0]-8513]

3, UCSF chimera program (University of California San
Francisco; http://www.cgl.ucsf.edu/chimera/) & ©]-&38}o] ©
W4 3-D 725 N stk

2) mPCR-CSGE MY %= HI|MY FAH

(1) DNA &

EDTA A2l¥ #xte] Bx¥d 3 mLg AF 5] Wizard
Genomic DNA Purification Extraction kit®Z AMg3le] @z
ol ZZ oA genomic DNAES %31 t)

(2) Multiplex PCR

Multiplex PCR-& Jayandharan 57 ¢ W& whgkth F9
A= promoter, exon, polyadenylation regions ¥&3H= 3
709] multiplex PCR 153 1789 uniplex PCR AEZ U]
ZEAZE s multiplex PCR 1H-> 29 25 593}
AREPCR Ak o] A7) A= o2 242 74 H5S 253t
F el PCR2 PTC—200 Peltier Thermal Cycler (MJ Re-
search, NV, USA) & ©]83}3lth exon hiz h1¥ h22 Y+
=4, 7% hl< uniplex PCR 2EF°2 % FZ¥ 9t} Multiplex
PCRE] x%1 Table 3% #¢kth. PCR ®E3-& master mix
(ABgene, Epsom, UK) & AFH&-31o] ¥ 30 uLg] reaction mix-
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tureZ WHEo] RESSIITE AMEE 2X master mixe FAE
1.25 units Thermoprime Plus DNA Polymerase, 75 mM
Tris—HCl (pH 8.8 at 25C), 20 mM (NH,) 2S04 1.5 mM
MgCle, 0.01% (v/v) Tween 20, 0.2 mM dNTP ©]2it} sl
9] PCR tube®l] ZZ} multiplex PCR I5F¥ & ZF upstream,
downstream A9} 3 genomic DNA 1 uLE dol 3=t
1913 470¢] samples RHESItE PCR RS2 programmable
heat block (MJ Research, Waltham, MA, U.S.A) & AH-33)
ok 7] S 8l 94°C, 5 RESAI § WHAS 938l 94°C,
40z, Zr 25 BY 2%, 40%, A4E A48 72T, 402E 30
3] wEEskgl o, wixjuk AS 72°C, 583 AA] stk He-
teroduplexing PCR& AAIaF7] 913 gk} ohet 44k iz
T2 DNA 1 pLell digix = sdet APdAg 270 shell multi-
plex PCR& Al&3tolth. g CSGE 7]l shiell A & 9l
At 5 AE o]m= | A4 tlZa2 PCR 4AH=©] heterodu-
plexing PCRA] Q3 33} MEC] FHT} Has 5u7t =%
£ 24k B Aol A PCR AHzEo] 30 ulo] o he-
teroduplexing PCRA] 238t 5 pLe] 547} |}

(3) Multiplex PCR 5%2¢] &l

CSGEE 371 4, 7t PCR AHz 9] T35 gR1sb] 213 mul-
tiplex 182 PCR 4Hz 5 uL9} loading dye 1 pL& £33}
o}, 5% agarose gel®llA] 100 volts, 1A17F A719% 3FglowH,
band®] &1 AL HE o] St w shlTh

Table 3. Conditions for Multiplex PCR of F9 Gene

(4) Heteroduplexing PCR

28 229 54 multiplex PCR 213 DNA 5 pLe} 10
sgahs g4 iz 54 multiplex PCR 1% DNA 5 uLg
T 4lo] 95°C, 83 WA A7 & ohA] 50T, 454 &< HE
S-Al7 heteroduplexed DNAE- WHE21 T}

(5) CSGE

Sequi—-Gen™GT Sequencing Cell (500%380%0.7 mm, Bio—
Rad Laboratories, Hercules, CA, USA)< ©o]&38to 10%
polyacrylamide gel2 TH=31th 0.5X TTE bufferg ©]&3d}o]
750 volts/30% =<t gel¥} buffer?] AEiES 124 s17] 93t
prerune AA]3F3IE ©]3 heteroduplexing PCRZ ¥ PCR
AHE 5 uLE 2 uL9 loading dye$} &3tsle] gelol]l Ax, A&
oA 400 volts/18A13F 217]19% at3ltt. 750l Evd
ethidium bromide stain ¥ Gel—Doc XR (Bio—Rad Labora-
tories, Hercules, CA, USA) 2 bandE #<13}31th
(6) 27194 4 (DNA sequencing)
CSGE’ heteroduplex”} ¥/3%]°] band”} 2712 #2l® 1
=2, wild typeell ®lell 853] W bandE Mol 1E&
o= Adatlth(Fig. 1). AHANVS Fdo2 U TIF9
#gd3sl= Table 39 AGAIE o]&3to] ThA] ¢ sequencing
PCR3F & ABI Prism 3130 Genetic Analyzers ©]43}] ¢4
7G-S AT YA A REE A 319

il

Primer sequence Size (bp) Region amplified Annealing temp. (C)
MPX1 57.0
Ex~bcf 5'-AGAGATGTAAAATTTTCATGATGTT-3' 513 62589-6771
Ex—bcr 5'-GCAGAGAAAAAACCCACATAAT-3
Ex—ef 5'-CATGAGTCAGTAGTTCCATGTACTTT-3 272 17592-17866
Ex—er 5'-TGTAGGTTTGTTAAAATGCTGAAGTT-3'
Ex-h2f 5'-GAAGAGTCTTCCACAAAGGG-3' 397 31053-31449
Ex—h2r 5'-AAGATGGGAAAGTGATTAGTTA-3
MPX2 52.5
Poly Af 5'-AAGAGAACCGTTCGTTTGCA-3' 510 32410-32920
Poly Ar 5'-AGAACTAAAGGAACTAGCAAG-3'
Promotor+Ex—af 5'-GATGGACATTATTTCCCAGA-3' 256 -68~91
Promotor+Ex—ar 5'-GAAGAAGACAGCATCAGATC-3'
Ex—gf 5'-AAGCTCACATTTCCAGAAAC-3' 393 29898-30293
Ex—gr 5'-TGGGTTCTGAAATTATGA-3'
MPX3 62.0
Ex—df 5'-CTGCAGGGGAGGACCGGGCATTCTA-3' 245 10328-10563
Ex—dr 5'-GAATTCAACTTGTTTCAGAGGGAA-3'
Ex—ff 5'-TTTAAATACTGATGGGCCTG-3' 458 20238-20698
Ex—fr 5'-GTTAGTGCTGAAACTTGCCT-3'
Uniplex 50.0
Ex-hlf 5'-TAAGAATGAGATCTTTAACA-3 393 30708-31101
Ex-hir 5'-CTAAGGTACTGAAGAACTAA-3'

Abbreviations: MPX, multiplex PCR group; Ex, exon
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Fig. 1. Gel photograph of conformation sensitive gel electrophoresis (CSGE) results in multi-
plex (groups 1-3) and uniplex (exon hl) PCRs. MPXI1 (exon b, e, and h2), MPX2 (poly
A, promotor +exon a, and exon g), MPX3 (exon d and exon f), and uniplex (exon hl) are
grouped on the CSGE gel. The CSGE profiles for all 9 PCR fragments in a 10% polyacry-
lamide gel are labeled. A given fragment was presumed to have a mutation if it resulted in
an abnormal CSGE pattern in comparison with the normal control (N) PCR loaded on the
gel. Each patient’'s CSGE results are shown and the corresponding mutation data are de-

noted below each column.

3) MLPA

MLPA% Salsa MLPA kit P207 Factor IX (MRC—Holland
bv, Amsterdam, Netherlands)E ©]&3}%t) P207 kitoll&=
F9 §72F2] 871 exonell Hl&ll 10702] 222 A}(exon a¥} exon
hell 22t 5= 78] &222xh 7} Qlar, F8 f-3xke] thall 5712] 42
A7} EgtE o] ok Adstazt s Ak AEY A4
AZ9] genomic DNAE ¢F 100—250 ng
ko] FH]EII T 0] genomic DNAS 98 CellA 5#71
A2 ¥ F9—MLPA probe mix?} &33te] 60CellA 164]
w543} (hybridization) AlZlEE o]o] F3tshd AAAE li-
gase—65 mix®} Z Egato] 54CollA 1587+ <4 (ligation)
A7l & AHES PCR A4, ANTPs, SALSA PCR buffer$}
SALSA polymeraseZ #7}5to] PCR W& $=3)319ic}. 22+
9] AR} FEAE 2 uLE 0.5 uLe Genescan™M-500 ROX™
Size Standard (Applied Biosystems, Warrington, UK) £} 8.5
uLe] HiDi Formamide (Applied Biosystems, Warrington,
UK) 9} Z3tato] 94TCeA 533 ¥ A)Z1 $ ABI 3130
Genetic AnalyzerE &3 #7]%9% 3F%] GeneMapper v.3.7
software (Applied Biosystems, Warrington, UK) & &3 &
2319 h A4 tZ2T9] copy number: AlE gk 19 AR E
Rol=d], A4 gz 8491 ZF exon' =olE M]3
708 w7t 22 ASE AMeR B, A dxary o
A8 e A¢-E AEo R 5T

(e}
AR 22 5%
7

e L

a

A3 A7 Bl gsiA 275l 267 (96.3%) el A]
= 213 4= 919tk mPCR—-CSGE®
o] 7s e Sxe 279% 239 (85.2%)©)
SIthH(Table 4). 249 g2} 190l = PCR S30] ¢kxo] FH
A7IMG EHE AT § §lox] MLPAS A3l 1
A7} exon al] WS AT 5 ATt o] FA= multiplex
PCR MPX29A & Z-Zo] 9t=|o] wild type DNAS} $k4-¢] DNA
< heteroduplexing PCRE & 7% homoduplex® WER}7]

wpe] Eeimo] Aol RStk A @7IMG A
MLPAZ Alaisto] 273 9) Aol A% thet 21719 Eito]

E 3AT = QITh 21718 EddelF 71E AWl (known
mutation) += 1971 §low, 8H 3} 23¥ Atoa= AEL =
o] (novel mutation) 7} A AT},
21708 =Ade] Fele 12719 #e
mutation), 370¢] F2]n] <M o] (nonsense mutation), 3712
mRNA #717] E4Wo] (mRNA splicing mutation), 271¢] 4
A4 =¢o] (small deletion mutation), 1718 tjAAd AW
o] (large deletion mutation) 7} ATt 2702 MZEF E<AH|
S 44 149 #e Fddo)el AEa Edvo] glon, &AF
A Zodol= Bols 59Wo| (frame shift mutation) & 4O
k.

Mol (missense

ba
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Table 4. Mutations Detected with Direct Sequencing and with mPCR-CSGE Screened Sequencing

No. Location  Nucleotide™ change Amino acid’ change mPCR-CSGE  Hot spot CpG  Conservation score’
1 exon h c.1045G>T Gly303X (Gly349X) HeD No 0.12
2 exon e c.464G>T Cys109Phe (Cys155Phe) HeD No 1.00
3 exon h c.1135C>T Arg333X (Arg379X) HeD Arg333X Yes 0.97
4 exon a c.71T)C Leu-23Pro (Leu24Pro) HeD No 1.00
5 exon b c.223C>T Arg29X (Arg75X) HeD Arg29X Yes 0.99
6 exon b c.172G>C Glyl12Arg (Gly58Arg) HeD No 0.99
7 exon b c.128G>T Arg—4Leu (Arg43Leu) HeD Arg-4Leu  No 0.25
8 exon h ¢.1100delT Leu321X (Leu367X) HeD - 0.00
9 Intronl, AS c.89-6T>G - HeD - 0.72
10 exon h c.1150C>T Arg338X (Arg384X) HoD Arg338X Yes 0.74
11 Intron4, DS c.391+1G>T - HeD - 1.00
12 exon b c.228A5C Glu30Asp (Glu76Asp) HeD No 1.00
13 exon h c.1295G>A Gly386Asp (Gly432Asp) HoD No 1.00
14 exon h c.1219T>C Cys361Arg (Cys407Arg) HeD No 0.99
15 exon h c.1219T>C Cys361Arg (Cys407Arg) HeD No 0.99
16 exon g c.781T>C Trp215Arg (Trp261Arg) HeD No 1.00
17 Intron3, AS c.278-3A>G - HeD - 0.99
18 exon h c.1150C>T Arg338X (Arg384X) HoD Arg338X  Yes 0.74
19 exon h c.1294G>A Gly386Ser (Gly432Ser) HeD No 1.00
20 exon e c.427COA GIn97Lys (GIn143Lys) HeD No 1.00
21 exon f c.572GyC Argl45Pro (Argl91Pro) HeD No 0.92
22 exon h c.1045G>T Gly303X (Gly349X) HeD No 0.12
23 exon g ¢.752_767del Phe205SerfsX8 (Phe251SerfsX8) HeD - 0.73
24 exon a Del exon 1 - - - -
25 exon b c.128G>T Arg—4Leu (Arg43Leu) HeD Arg-4Leu  No 0.25
26 exon h c.1325GYA Gly396Glu (Gly442Glu) HeD No 1.00
27 exon h c.1135C>T Arg333X (Arg379X) HeD Arg333X Yes 0.97

"Numbered based on the cDNA sequence with A of ATG translation initiation codon as +1 (GenBank accession: NM_000133.3); '
Number primarily according to Yoshitake et al., followed by first Met as +1 (per the Human Gene Variation Society guidelines) in
parentheses; 'Evolutionary conservation of amino acid residue as defined by Bottema et al. Novel mutations are shown in Bold
Abbreviations : HeD, Heteroduplexed; HoD, Homoduplexed; AS, acceptor site; DS, donor site

Hemophilia B Mutation Database®l] 51 o4 @Ag 7o
2 238 F9 £742<] hotspotellA] HaE EdRlol= 771(3
W, 59, 79, 109, 18W, 25W, 273 gkxb) glom, o]7ke-d
CpG dinucleotidelA= 571 (3¥, 5%, 104, 184, 2794 3
ZH 7} WAE T} 5 dbSNP build 1300 2Jahd F9 5=}
o= 19471 SNP7}F BaL wof gl=d], 7]E2] Balg SNPel
giz=st A3 12 Aol TdE 971449 Wolel= SNP7} et
T gtk AR A4S B FQdvio]&8 B 0.729]
conservation score® 7H1 Q714G 2AYSHAT) Conser-
vation score 0.95 ©]4+9] highly conserved sequence®lA] %
st FAo) 7t 169 9] Aol Al HEE QT MLPAR XId¢
149 #x+= mPCR—-CSGE% multiplex PCROIA exon a%t
FFo| HA] oo} Ao o] st (Fig. 2).

AZL EAHo] T 8 el Al Az o] EdAMol=
W2 Y (template) o] BF A Qlo] @A 3-D 3 of|S0]
7Fs8tk(Fig. 3). Fn] Eddol= Q1gk deld 3-D 29
HE2 3o FAdolZ gt 1A (Fig. 4) Kot A& Ak v
Akt

.]
g E | d BAHS vl weld Table 59 2t} mPCR-
CSGE A ¥ 714 7 24 d7|E 2498 £
TAQ oz vwshd Al 2lo] mPCR—CSGE A¥ 3 7]
Ad BARe AH A71MD Bl nls) g2 199 AL 1)
£(Q7An], 7] Aol 57.7%) Exad o), A9
e oF U o delar, 28 Hg A E multiplex PCR}
CSGES A3l @7 71802 o HQ33ith(Table 6).
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Fig. 2. Deletion of exon a of the F9 gene in patient No. 24. (A) M, 123 DNA ladder marker, and multi-
plex PCR group 2 of normal control male and patient No. 24. In the normal control male, exon a (ex-
pected amplicon size, 256 bp) and exon g (expected amplicon size, 393 bp) were identified. However, in
patient No. 24, the band of exon a was not seen. (B) Results from MLPA P207 kit in the patient (lower)
and the normal control male (upper). The patient’s exon a (left and right) is deleted (left: F9 probe
6788-16380, right: F9 probe 6789-L6381 for exon a).

Fig. 3. Homology model of wild type and nonsense mutation (No. 8 patient) of factor IX. Template is
IrfnA, with a residue range of 227 to 416, identity of 100%, and RMSD of 2.80A. (A) A 3D structure
of wild type sequence (amino acids 227 to 416). (B) Conformational change took place because of a non-
sense mutation at residue 367 in the patient. Hydrophilic domain is shown in blue and hydrophobic in red.

Fig. 4. Homology model of wild type and missense mutation (patient No. 15) of factor IX. Template is
IrfnA, with a residue range of 227 to 416, identity of 100%, and RMSD of 2.80A. (A) A 3D structure
of wild type sequence (amino acids 227 to 416). (B) Conformational change took place because of a mis-
sense mutation (Cys407Arg) at residue 407 in the patient. Hydrophilic domain is shown in blue and hydro-
phobic in red.
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Table 5. Comparison of Linkage Analysis, Direct Sequencing, and mPCR-CSGE Screened Sequencing

Linkage analysis

Direct sequencing

mPCR-CSGE screened sequencing

Detection rate 55.6% 96.3% 88.9%
Hhal: 25.5%
Msel: 49.7%
Cost' 23,468 KRW 83,978 KRW 48,462 KRW
for 1 person’
Time 5 hrs +o/n 14 hrs 19 hrs+o/n
PCR-3 hrs PCR-3 hrs multiplex PCR-3 hrs
incubation—o/n EP-1hr EP-1 hrs
EP-2 hrs purification—1 hr CSGE-8hrs and o/n
sequencing PCR-3 hrs stain—2 hrs

purification—1 hr
sequencing=5 hr

sequencing PCR-3 hrs
purification—1 hr
sequencing—1 hr

“Informativeness; 'Labor cost and depreciation expense are excluded; TTotal cost comes from multipling cost by the number of

subjected family members.

Abbreviations: KRW, Korean won; EP, eletrophoresis; o/n, overnight; hr, hour

Table 6. Detailed Cost Comparison between Direct Sequencing and mPCR-CSGE Screened Sequencing

mPCR-CSGE screened sequencing

Direct sequencing

Steps Repeat Cost’ Steps Repeat or Cost”
or No. of samples (KRW) No. of samples  (KRW)

DNA extracton 2 15,738 DNA extraction 2 15,738

Multiplex PCR 4 13,647 Primer for PCR & sequencing PCR 1 7,736

(primer conc. : 10 pmole) (primer conc. : 50 pmole)

Electrophoresis (1.5% agarose) 1 2,962 PCR excluding primers 10,458

Heteroduplexing PCR & CSGE 1 8,937 Electrophoresis 1 2,962

(6 pts+control) (1.5% agarose)

PCR purification 1 309 PCR purification 7 2,163

Sequencing PCR 1 1,313 Sequencing PCR 15 3,251

Sequencing purification 1,810 Sequencing purification 15 13,575

Sequencing (1:8 dilution) 1 for upstream 3,746 Sequencing (1:8dilution) 15 28,095

1 for downstream

Total cost 48,462 Total cost 83,978

"Labor cost and depreciation expense are excluded

Abbreviations : KRW, Korean won; pts, patients
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