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Application of Next — generation Sequencing in Methylmalonic Aciduria and PKU Diagnosis. Gao Zhijie, Jiang Qian, Chen Qian, et al.
Capital Institute of Pediatrics, Beijing 100020, China

Abstract Objective To study the value of second generation sequencing technology in the common inherited metabolic diseases di-
agnosis in pediatrics, and put forward a new strategy of inherited metabolic diseases diagnosis. Methods Next — generation sequencing
was used to detect gene mutation in three patients with methylmalonic aciduria and two patients with PKU. Sanger sequencing were applied
to confirm the results. Results Compound heterozygous mutation in MMACHC gene was detected in three patients with methylmalonic aci-
duria. One patient had ¢.80A > G(P. Q27R) and ¢.609 G > A (P.W203X). One patient had ¢.394C > T(P. R132X) and ¢.567dupT
(P.I190fs). One patient had c.80A > G(P. Q27R) and c.271dupA(P. R91fs). Compound heterozygous mutation in PAH gene was de-
tected in two patients with PKU. One patient had ¢. 158G > A(P. R53H) and ¢. 838G > A(P. E280K). One patient had ¢. 158G > A (P.
R53H) and ¢.1238 G > C (P.R413P), all of which have been reported before. Conclusion Next — generation sequencing technology
is a cost — effective, high throughput and quick diagnostic tool for screening inherited metabolic diseases. We would recommend next —

generation sequencing technology for gene diagnose on common inherited metabolic diseases in pediatrics.

Key words Inherited metabolic diseases; Child; Genetic diagnose; Next — generation sequencing
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2. %5 2 AR ¥ ( next — generation sequencing) ; ] i B ¥ [X.
A AR 7 X 48 At A AR A 06 R IR A 4 1 T A
T - WA T HXHEATRI . (1) SCREME . RS IL L HA
BRI 11 Qiagen 24 1 i1 £ (the QIAamp DNA Blood
Midi Kit, Qiagen, Hilden , Germany ) $2 U5 [K £ DNA ¥ Fi & #6
I & 4 1) 56 K 4 DNA BB HLET I ( Biorupter) , 44k 4 Ji 2 150
~250bp 1) B ;9% J5 A F T4 DNA polymerase \T4 phosphoryla-
ted polynucleotide kinase £l Eseheriehia coli DNA 3 & fiff Klenow
B A AL 5 1 DNA Jr Bt AT R i 48 42, #4856 [ Tlumi-
na A A 5 2 AN PR A AR UL B TR R Be W i b A R IR
JE R W SN b 3 Sk (adaptor) Jf X H#E 4T e Bk 4life . (2) 2¢
22 ComEe Sk alifu 5 AR T S HE AT 4K T PCR 973, 485
# PCR ™9 5 A F I A I ]S A (Roche NimbleGen,
Madison, USA) 7E3& B A& 1 T 4438 20 ~ 24h, tE At H 45 F Bt 8
5 R b RRE G5 G B AR, AR 4% 38 10 B O vk L, e it
SRR BT ES R E R H AR R Be R #EAT 1 AR PCR DL 25 3%
RO A Beiy Kt o (3) Sanger Jl)F I HE : #% B #L Sanger ¥4
Xt B R AR AT — AR P IR E . (4) A=W 15 B2 AT
A S v T B A AR XA 48 A3t AL AR R AR G
B A0 B F KN 3 E 51 24 100bp 5 3 s I ) A8 £ T
Illumina Pipeline ( version 1.8.2) ;=4 J& #A 58 , 25 BRI R & 1Y
By 5 KT BWA (Burrows wheeler aligner) ¢ T# 9" # F 55
N2 4l 2 % 7 51 Lk X (UCSC, hgl9), 43 5 ff H

SOAPsnp #{F il GATK 4 {F 47 SNP Al InDel fy i 4, A< 52
56 rh B A O R 0 S B0 ) R B 24y 80 £ L A AR X w5
K 99% LA b, T 4R BURe M 1 S A, B S % dbSNP #
8 iE .\ Hapmap . T A\ 5k B 41 £ 4 72 &% ESP ( NHLBI Exome Se-
quencing Project) 1E # Xf HE A FEECHE 7, 1 4 % < 0. 05 {948 &7t
Ly Al BE
& R

1.2 2 AR am a0 Py 45 2R i 0] 1 A BT By —
iR PR AE AH G Y 8 AN AR L a9 2 & B R iR
PRAEAHICHY 3 A5 A5 i3 W B 3 K 8L 7 A Ay —
iR R A AH G 578 60 st e 191 4 2 3 2R VAT ) DR A A G
3 ANGRAS R B S R IR TR PR E A OC Y 3 AR
LR TEUL R 1, DHLF € 4 38 /9 30 2872, IE
B R [R) SC5% AR BA UL SCHR i B RS LR AR 3 Al
FHEE TN R RAE HR LA I & B0 3%y MMACHC % A
, 15 c. 80A > G(P. Q27R) il ¢. 609 G > A
(P.W203X)E &G RA;1 HHN c.394C > T(P.
R132X) #1 c. 567dupT (P. 1190fs ) && & 4« & K A% 5 1 i
A c.80A > G (P. Q27R) Al c. 271dupA (P. R91fs) & &
ARG AL 5 2 BTN R PRRE R8O LA I % B PAHL L [H 5
AF AR 1 R ¢. 158G > A(P. R53H) il ¢. 838G > A
(P.E280K) & & 22 & 98785 1 4 Ky ¢. 158G > A (P.
R53H) 1 ¢.1238 G > C (P.R413P) & 24 & 5R7A8,

F1 SHBERLANKERARIRRELR

B SR e ik RS % 5 KA/ MG et A sh ¥ cDNA ¥ 25 RS
R 1 MMACHC Chrl het NM_015506 Exon4 ¢.609G > A p. W203X
MMACHC Chrl het NM_015506 Exonl c.80A >G p. Q27R
MUT Chro Rs1141321 het NM_000255 Exon9 c.1595G > A p. R532H
MUT Chr6 Rs2229384 het NM_000255 Exon3 c. 636G > A p. K212K
MUT Chr6 Rs8589 het NM_000255 Exonl2 c.2011A > G p. 1671V
MMADHC Chr2 Rs11545261 hom NM_015702 Exon5 c.453G > A p. Q151Q
LMBRD1 Chr6 Rs12648 het NM_018368 Exonl4 c. 1407T > A p. D469E
LMBRDI Chr6 Rs185334169 het NM_018368 Exonl3 c.1192T > C p. Y398H
Wt 2 MMACHC Chrl Rs121918241 het NM_015506 Exon3 c.394C>T p. R132X
MMACHC Chrl het NM_015506 Exon4 ¢.567dupT p. 1190fs
MMACHC Chrl Rs2275276 hom NM_015506 Exon3 c.321G>A p. V107V
5 191 3 MMACHC Chrl het NM_015506 Exonl c.80A > G p- Q27R
MMACHC Chrl het NM_015506 Exon2 c.271dupA p. 91fs
MMAB Chrl2 Rs9593 hom NM_052848 Exon9 c.716T > A p. M239K
MMACHC Chrl Rs2275276 het NM_015506 Exon3 c.321G > A p. V107V
MMADHC Chr2 Rs11545261 hom NM_015702 Exon5 c.453G > A p. Q151Q
MUT Chr6 Rs8589 het NM_000255 Exonl2 c.2011A > G p. 1671V
MUT Chr6 Rs2229384 het NM_000255 Exon3 c. 636G > A p. K212K
9 1] 4 PAH Chrl2 Rs62508698 het NM_000277 Exon7 c.838G > A p- E280K
PAH Chrl2 Rs118092776 het NM_000277 Exon2 c. 158G > A p.R53H
PAH Chrl2 het NM_000277 Exon3 ¢.308G > A p. G103D
5 91 5 PAH Chrl2 Rs79931499 het NM_000277 Exonl2 ¢.1238G > C p. R413P
PAH Chrl2 Rs118092776 het NM_000277 Exon2 c. 158G >C p.R53H
QDPR Chr4 Rs3733570 het NM_000320 Exon4 c.345G > A p. S115S
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45966084 @

45966000

AGTTTATCCC
AGTTTATCCC
TTCGAGGTTTACCCCT
TTCGAGGTTTACCCCT
TTC CCC

5552 AR P& 5 — 20, LUR 1 11 c. 80A > G i
(K1),

E1 #2RMWFRXMAREZRIL DNA R A Sanger fll FF 1 iE
ABJLHS 2 AR P 5 Sk BER 9 R X5 B. Sanger I 33 TIE ¢. 80A > G

o #

AR (4 LR A HLRR R R B2
S [ 12 45 T A 2 AR B B I, R AR B i
HALHIE R R R R, R S 4 R BE I
FEFE, % PR R RL G55, b iF 25
T LA R AR, L) L ST ARk B A R A
20 R A T 2y H 2 R, AR B R e 12
FrRE R A T E ORI, KR R T IR RS i -
1AL WF — W21 WE — S I8 W (A oF I R T
R IO R IR AT A A, G R0 2 R A
7o HRT, X T 22 8 1% P ) 6 R 3808 97 7 i
FUREZS T L B 32 HR 6 RE VA ST, B4 S T 13 B A
S B0 A T B T PR L T
A% PR R T B T B G, (EL P RTS T B0 S vk 4
112 W 0 S 0IE 25 10032 W, XS S 2 1 TR 18 B A
T, H RIS EE,

% 2 A0 & i i I 5 R (next — generation se-
quencing technology ) H. 47 e 38 1k i | A% WG AR 19 115 A,
A [6) I oF 4% B 8 2 AR SEAT R I . A B R T
2 AR P T R A4 WA LS 32 A8 B LT T 4 e
T LT R IR AR LR AT R s . PR A R
A 2 AU 7 B AR X Alport £3 44 fiF 5B L HE47 3£ K 2
W, XRS5 ST 2 AR R 1 AR o i B A L
B BB E TR, 25 R R A 2 AR
Pl BLA IR AR | 3 v SRR LA % AT I A

A T IURHIG R WLt & YE g ik I . B RTE
IR SRR TN R R () T A B0 B AL HE MUT ]
MMAA 3 (cblA) . MMAB 3K ( ¢blB) \MMACHC
FA (cblC) . MMADHC #: 4 (cblD), LMBRDI 2
Kl (cbIF) 2 MCEE 2 A 5 8 P9 B IR G A 5 A B A
B, 05 PAH JE[H  PTS & [ | GCH1 £ [H QDPR X
Kl & PCBD1 L[, Ah B 780 H e K H Io 58 8 1, R
FHAL 58 PCR ¥ J5 ¥ 6 D 5 A5 A 2% K 2t 9 Bsf ] AT
1o 5 2 AR P F AR AT AE [A] — 3K 08 b o S R R
1o 7 i A AR T O SRR Y AR A S DX, R T
FIHI S 2 AR P 42 e B B O 2 1 S AR
I, R RS 2 AR B AR X FE R T R JRRE L 2R T
PRORE [R) B #E 47 55 DRI2 W, L AR G () PCR T 35 B8
SEH

FHBE TN R PRARE J2& — R UL B S R AR HLIR AR
W, 25 kAR R ARGE AN R], 36 [ Dl 1748000, H A4
1/50000 , 5 [€ 34 1/169000, & K F K 1/61775 , 3% =
A5 N 1/85000, 3k [ K bl & 1 LA TET T A
9% 3 B 1 2 DL 45 2 AAI0)F DL & San-
ger LIS UEHJUESE S MMACHC HE K 2278, H. 3 7 (8 L
RANMBHBIHCMBUR R, B R E SR EGRE, 4
Gl PRAIE S kg FBE T R DR E G O ] AL 2 e 20 1R 1l
SiE o RN R BRE G T [A] 28 2 e U R I A e R
FHRE TN R R AE AR 3 1) E AR A R A [ Y A A H
FEN IR BRAE B E h 60% ~80% Sy W LY — R IR AiE
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& OF ARk B & RR i e, eblC R BHOED
MMACHC 3 PR 28 A5 2 3 30 L 79 1R PR AE & 9 7] 72
2P B AR MUGE A9 = ZERE R A R B i IR i R AR
PR R PR 2L 2006 4E WA T MMACHC %A
GAR B cbIC BRFE AN R o LA T 1p34.1,
M4 DA E AR, LI 2K 2 10. 8kb, 4 i By 282
IR AL LT cblC 8 1, #F MMACHC S P 58 2% |
S5 cbIC 2K (YRR BRBA , HLAR P9 T 3 T R B[] Y
e R R E OB, A MR RE s
MMACHC 3 [H %8 45 ¥ 5 [# 41 4] i 4 ff A [, Liu
S na st 79 ) b cbICo B B AR AT 40T, o
609G > A (p. W203X) 545 ) % 7k KB 5 (48.1% ),
HK K c. 658 ~660del AAG ., 3% 452" %t 12 45 B
BT R RARE A I [R) Y 2 e 42 8 afi o 8 L AT B 9T
Hoh 7 fI7E4F MMACHC 3£ [H ¢. 609G > A 4li & %45 .
ARHFFE R 3 Fl L 2 i JLAELE . 80A > G 77,
1 FIFAE ¢. 609G > A 2745 , 5 [# YR IE [ c. 609G > A
P GARRAE A R T A 4L 5 0 0 B it et
Ec

PR TN B PRAE (PKU ) J2& — Ffr s DL A% 56 R 1 28 2 12
R, H & A R AE LR 1/10000 2245, v [ 1 &
MRSy 1/11188 [ P 45 i 1 % 7 R A AR AL AR
s A TR], 7T LA 43 F 7K SF B PKU 43 R 2K T 44
B2 ¥% 4k i ( phenylalanine hydroxylase, PAH ) §kt = i
PKU 1 PY & 4= #) 1 04 (tetrahydrobiopterin, BH4 ) it =
# PKU,98% ~99% () PKU %5 J& B T JE 41 s PAH
Bl = B T UG X A, PAHL 3 PR A1 28 A8 26 0 5 3 4
FER RV ER R AR B 1% ~2% 1) PKU J& H
F PAH {946 Bh [N 7 BH4 {5l = & 5l , 6 Fk y BH4 =
A PKU, A4 2 LR PAH JER RS, 8 &
BRARAE BN C BB R A, PAH 3K T Y
ik 12¢23. 2, g% X AL 5 13 AN Ah TR 12 S
T by 452 AN SRR R R Y L sk
RRAFR R L, DL SR A N £ WA KA B &
T B 5 TR [ 45 b X R AR R — o [E N Z 5L
VL PR B A Tl 2R/ RS H B 2 A5 P43 T L DNA T 31
BT s e A R PAH JE P 3R A 8 7 KA T - N
A X PG N 22 E O 4 A OR SX HR AT
(MLPA) ¥ BEAT R I 2 L ol TG I R A B 19 R
BRE, T4 D2 2 A8 AN BEA 5 2 A AR )
] ) R i A 5 A DA R B AR A R R T AR
B ARBESE T 2 B L AFEAE . 158G > A
(P. R53H) 275, 5 [ Py 4 3 19 % 0L 28 48 R2430Q
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