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Progress of the applications of next generation sequencing technology in clinical

diagnostics of genetic disorders

YANG Xuexi*

(School of Laboratory Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong,
China, 510515)

[ABSTRACT] DNA sequencing is widely used in biology research, and many biological problems only
can be solved by sequencing technology. In the past 10 years (2005—2015), next - generation sequencing has
developed from a newborn technology to a mainstream technology, and has been gradually applied to clinical
diagnosis. With a simple, fast, high-throughput, and high-resolution feature, next generation sequencing has been
believed to be one of the most potential technology in clinical tests, especially in infectious disease prevention,
noninvasive prenatal diagnosis, genetic disorders identification and diagnosis, cancer early diagnosis and
treatment, and preimplantation genetic screening field. Meanwhile, next- generation sequencing technology is
still growing quickly, new sequencing and data analysis methods are constantly emerging, sequence database
banks and sequencing data are rapidly increasing. Sequencing technology development lead analysis genome,
transcriptome, and protein-protein interaction data more deeply, comprehensively and cheaply. Sequencing will
be a widely used method in the routine lab test and will be a revolutionary change in biomedical research and
clinical diagnosis. The present paper will briefly review the application of next generation sequencing in the field
of noninvasive prenatal diagnosis, genetic disorders diagnosis, preimplantation genetic screening.

[KEY WORDS] Next generation sequencing; Noninvasive prenatal diagnosis of chromosomal

aneuploidies; Genetic disorders diagnosis; Preimplantation genetic screening/diagnosis
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Comparative analysis of the non-invasive prenatal test results among 11 339

pregnant women
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[ABSTRACT] Objective The objective is to explore non-invasive prenatal test for pregnant women in
different age and risk factor groups. Methods Non -invasive prenatal test results from 11 399 pregnant
women were recorded from December 2014 to August 2015, and the incidence rates of trisomy 21/18/13
variations were calculated. The pregnant women were divided into different groups according to age( < 35-years-
old group, 35~39-years-old group, and =40-years-old group), pregnancy history(normal pregnancy history group
and abnormal pregnancy history group) and conception method(natural conception group and IVF group). The
incidence rates of trisomy 21/18/13 syndrome within these groups were compared. Results In 11 339 cases,
82 were found with fetal chromosomal abnormalities, accounting for 7.2%o0 (82/11 339), the trisomy 21
syndrome was the most common with the rate of 67.07% (55/82). The proportion of positive trisomy syndrome
in the =40-years-old group (2.45%) was statistically significantly different (P <0.001) compared with the <35-
years -old group (0.59% ) and 35~39 - years - old group (0.61% ). There was no significant differences of the
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positive trisomy syndrome rate between the pregnancy history and different fertilization ways groups (P >

0.05). Conclusion The advanced age of the pregnant women is an important risk factor in the fetal

chromosomal aneuploidy disease, which should be improved the use of non-invasive prenatal test.

[KEY WORDS] Non-invasive prenatal test; Trisomy syndrome; Advanced maternal age pregnant women
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Table 1 Comparation of fetal trisomy syndrome results in different women age groups

21- =ARZEAAE 18- ZARZEAE 13- ZARZEAAE Bt
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ait 11 339 55(0.49) 24(0.21) 3(0.03) 82(0.72)
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Table 2 Comparation of fetal trisomy syndrome results in different women pregnancy history groups
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Jc 10 343 48(0.46) 20(0.19) 3(0.03) 71(0.69)
H 996 7(0.70) 4(0.40) 0(0.00) 11(1.10)
At 11 339 55(0.49) 24.(0.21) 3(0.03) 82(0.72)
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Table 3 Comparation of fetal trisomy syndrome results in different fertilization ways groups
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Wi AR AR R o b 57 i 2k 4 TG R A

AYIJQY: -} ‘\_\4 &‘
A o A N
WELE AR SR FLBA BFIT LR

(5 Z] BB %1 F —1LI ¥ (next generation sequencing , NGS ) 4% A 1 o Hly 7 i 7% 1l iR i i
ARG AL AR R N . F7ik BEHC2 X o M Pl 3% ML --SEA B2 B3T3 e iR A0 32 K IR IR 15
KI5 1 6 4~ BR R FEAS ] FH 45 56 R 4 97 1% (whole genome amplification , WGA ) B AR | — Al 3 2 R it 47
TR S AT A R 388 4 2 4G I ] R P B85 0 By 24 95,76 ' PCR (gap-PCR) AT AT X HRARIN . &R 24
K7 6 B RG R 7 BE RS FEL A T 18044 2% 12 Wi (preimplantation genetic diagnosis , PGD ) %5 5 4351 47 --SEA/
ao BEJR#EH --SEA/--SEA --SEA/aa LR 5T . --SEA/--SEA . --SEA/ e BV 15 Fl1--SEA/--SEA ; I Jify
HH A I 8t 4% 27 i & (preimplantation genetic screening , PGS ) 45 H43 | & 45, XX, -5 .46, XX .46, XY .47,
XY, +1.46, XX fil 46, XY, +1,-2; Family 1 gap-PCR {5l 45 5 4y 5L #1354 SEA J¢ & F ; E1 B IEH (E2
4 SEA 4li 45 (B3 4 IEH ; Family 2 #0045 58 530 O : 5O BE 8 SEA 2445 1 B4 Ol SEA 4li 5 1 (E5 K
IEH B6 A SEA 4. i S5 M WA NGS AAUAT LUK H 23 %t e a4 i 4% 50, [m] B g i
T HLAN 1 A A7 FE TR 41 (allele drop-out, ADO ) 3 it 114 458 FH P I BA 14 1 JXURS: , B 5L A5 T 5 7 0 I
N I 5%

[REIR] T AUWT; o PG WIRHEARTRIE2I2 W B2 5556 PCR

Successful preimplantation genetic detection for alpha thalassaemia by using

next generation sequencing technology

XIE Meijuan', DENG Quanheng', DENG Honghui', LU Shaoyue', YANG Xuexi’, MA Qiang’*

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Laboratory
Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective To explore the application of next generation sequencing (NGS) for alpha-
thalassemia in preimplantation genetic detection. Methods 2 couples with alpha-thalassemia Southeast Asia
deletion (--SEA deletion) and their embryos cells obtained after embryonic biopsy were selected to test by
whole genome amplification (WGA) and NGS. Gap-PCR was done to all samples as a series of parallel tests.
Results The PGD results were --SEA /aa, --SEA/--SEA, --SEA/aa, --SEA/--SEA,--SEA /o« and --SEA /--
SEA, respectively. And embryos with the abnormal o gene were confirmed from the maternal side according to
genealogical analysis. The PGS results of 6 embryos from 2 families were 45, XX, -5; 46, XX; 46, XY; 47, XY,
+1; 46, XX and 46, XY+1-2. Both husbands and wives of the 2 families gap-PCR results were heterozygotes
with --SEA deletion. The results of gap-PCR were normal in embryos 1, 3 and 5 while --SEA deletion were

E AT A M T AHEGE R R B AR E T R AT E K IR (201400000004-4) 5 7 M T E KA K AR R
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found in embryos 2, 4 and 6 accordingly. Conclusion

NGS not only can detect karyotype of 46

chromosomes but also avoid the risk of false positive and false negative caused by the allele drop-out (ADO)

during the single cell amplification with a huge potential market and wide application prospect.

[KEY WORDS] Next generation sequencing; Alpha thalassaemia; Preimplantation genetic diagnosis;

Gap-PCR

ou- by FRIRE B AL, A2 — 2 DA oc- BB 1B S DR
DR BE A L o-BE /Al o LGB A R REAE A 3
R M M £L R e . TR E R 7o o- IS I
0 s A DX, LA AR ik 8.53 % H P KL AR H
W (--SEA) i 2K B d5c g i DL, R AR AN 72.87%~
82.87% " . o-MiPIEFTIN S T BB A VIC R,
W5t S e ok 1T U0 E B 6 4H 1 B AT, - Hb
PR IR T A R RRIA T ik, E B LTI
Fo PR, SR AR A HIT S VR I 0 A R BH W7 28 LAY
AR E

JVR JH LA I 35 A% 2 A T 3 A 455 IR iR Al A
HIJ 5t 1% 2% 12 W7 (preimplantation genetic diagnosis,
PGD) Fl i Jiis AF A Tl 38t 1% 27 i 2 (preimplantation
genetic screening , PGS )2 J5 il . PGD /& 7E it &
PR Z T RIS E 5 BV G 64T 352 4% 0 o 0 By, e 4%
WA ALY o 5 B R B R AR, AT LA 280 i B
SBJLIY I 2E s PGS 2 18 4 e €0 1A B A5 A 1 IR JIG
FrRe A, e 4 s AR A h 524 - IR IR B A Cin vitro fer-
tilization-embryo transfer , IVF-ET ) £ AR 1) i 2 %

Bt e I 4 T — L EOR BTOT e 57 10 4L
WA B EARAE REE BT R R TR
VT B o et 8 28 )R R B g TR i o), H i, LA
PGD/PGS AU A2 — U4 22 L IE 2 At jx 46
[ DG BER R ™ A, NGS BT Rl i . [ 3l
Ak AR A FOARAE , B 2008 4F LIS , 42 3 IR 20 0 )
2 S H R T B 81453 NGS 7E PGD/PGS Iifi K I
(R A5 B HHE T . A SR NGS X a- b
Hh R B LA T VR G A B AL A A, R NGS
I HI T PGD/PGS ik FRAGEIN B AT A4 o

1 HESHE

1.1 ARG

QIAamp® DNA Mini and QIAamp DNA Blood
Mini Kits , The REPLI-g Single Cell Kit It [ 7 [#
Qiagen A A ; Ion Ampliseq™ library kit 2.0 Ion
PGM™ Template OT2 200 Kit.,Ion PGM™ Sequenc-

ing 200 Kit v2, Ion Personal Genome Machine®

(PGM™) . Qubit®2.0 #1115 | 35 [# Life Technology 7y
) 5 - by AR B I 3 PRSI 5 8 ( gap-PCR ) I
Al K 2 58 2 B8 Ay A3 BR 8 F 5 Nuclease -
Free Water Il H 3¢ [#] Life Technologies 2\ ) ; JG/K
CBECHTai) W A 1 N A=)
1.2 RS

2 AN FR W7 R o- b 30 --SEA B
KA ZR G F R IA ARSI 32K IR G 16 & )5 3 6 4>
JVR ey 4 IR 1 32 57 A0 IR )2 40 G DL Je 9 25 WL Ab
Ja i o
1.3 LI
1.3.1 R[NP 3 FENZH DNA 21

fdi Fil The REPLI-g Single Cell Kit %I 6 /™I i&
R I0] % 57 A IR 2 20 B AT e SR A TR R
H QIAamp® DNA Mini and QIAamp DNA Blood
Mini Kits %} 2 X J 15 4 4 AR AR 547 5L P9 241 DNA
PRI BAREAE D TR S WA 15
1.3.2 F—F

HR A 3 55 B, i ] Ton Ampliseq™ library kit
2.0 #5954 45 1) DNA #J # J8 SC% DNA . PCR 4552
PP H W) R B, 7 DNA B g hn 38 Ay
$%3k , PCR ¥4 SCJ% DNA, #4 Bk 4lifb Je B 4% i ; 2
JE 5 18 F Quibit®2.0 I 72 SCE DNA [ B 5 AR 35 4
AN A0 7 5CH 5 S AR P R R W e SR AT
FEAS BN 10 A 347 8k i 25, 4 Ton PGM™
Template OT2 200 Kit il £ il Fp B4 5 9K J5 i 47 FH
PEB R 1Y & AR B 25 B 4% 5T S 4 488 2% D iy ) A
M ; B¢ J5 i FH Ton PGM™ Sequencing 200 Kit v2 7£
PGM™ I BEA T .
1.3.3 R FEdE i

¥ AL 15 2] A R GG £ 8 R Tor-
rent_Server_5.0 VM #4523 741, 38 1 Tor-
rent Mapping Alignment Program (TMAP) #X 4} It
X} E) N EL K 40 2 2% )7 1) hgl9 I, il i samtools
878 w454, 18 1 GATK calling SNP 3 K] %13
M, i Ja 45 A % & 19 SNP & 41 4 #r , 1 2t
(N
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1.3.4 gap-PCR xRl 6 MTHEBRT—RUFLERLCA
4 2 X FeFERTT A E I HEHC A 3 K 2H DNA P Table 1 Results of 6 embryos detected by NGS
VY 7
Je 6 A IR BG4 LK 40 9 18 5 19 3 [ 41 DNA SR H RE B PGD %t PGS %
ou- Ml HP IR B Al R PR AG: 0 4K 55 & E 4T gap-PCR Mother 1 —SEA/aa -
D, SEE AR S5 R A S UL 5 Father 1 —SEA/ao -
Family 1 El -SEA/aa BEIEHER  45,XX,-5
2 #HR g
E2 --SEA/--SEA 46,XX
21 TF—AfbimFgt E3 --SEA/ac BEJEHEAT 46,XY
YIS W 2 S 0 2 L4 S I Mother 2 ~SEA/an -
G132 A IR TG T K 10 6 420 R 199994 7 A1 IR )2 240 L LA Father 2 —~SEA/oa -
> > T~ ~ ) 1 - - +
Fe 2 A FRIEROT S M3 LR AR kg Famiv2 B N oo
. . NN E5 --SEA/ao BEF AT 46, XX
J¥o F—ARIF R ES HIC SR LR 1, o s
s o E6 --SEA/--SEA 46,XY,+1,-2
P4 I 2205 M E IR M A H AR
%2 Family 1 PGD &8
Table 2 PGD results of family 1
. R Mother 1 Father 1 El E2 E3
AR ASUNYN 7 1,
M1 M2 F1 F2 M1 F2 M1 F1 M1 F2
SNP_1 chrl6 79609 G C G G G G G G €] G
SNP_2 chrl6 81639 A C A A A A A A A A
SNP_3 chrl6 84170 T C T T T T T T T T
SNP_4 chrl6 109665 G G G A G A G G €] A
SNP_5 chrl6 139367 A A A G A G A A A G
SNP_6 chrl6 160001 A A A G A G A A A G
SNP_7 chrl6 192314 A G A G A G A A A G
SNP_8 chrl6 194845 A G A A A A A A A A
SNP_9 chrl6 198093 T C T C T c T T T C
SNP_10 chrl6 201183 C T C C c c c C C c
SNP_11 chrl6 207059 T T T G T G T T T G
SNP_12 chrl6 211105 G T G G G G G G G G
SNP_13 chrl6 212055 C T C C c c C C C c
SNP_14 chrl6 224619 ? T ? C ? c 2 2 ? C
SNP_15 chrl6 234632 ? G ? C ? C 2 ? ? c
SNP_16 chrl6 245079 T C T C T c T T T c
SNP_17 chrl6 247888 A A A G A G A A A G
SNP_18 chrl6 247938 C C C T C T c C C T
SNP_19 chrl6 311853 G A G G G G G G G G
SNP_20 chrl6 311992 A A A C A c A A A c
SNP_21 chrl6 312015 T T T C T c T T T c
SNP_22 chrl6 312253 G A G G G G G G G G
SNP_23 chrl6 312635 T T T c T c T T T c
SNP_24 chrl6 313202 C C C A C A C C C A
SNP_25 chrl6 313406 G A G G G G G G €] G
SNP_26 chrl6 315557 C C C G C G C C C G
SNP_27 chrl6 317393 C C C T C T C C C T
SNP_28 chrl6 318474 G C G G G G G G G G
SNP_29 chrl6 319511 A A A G A G A A A G
SNP_30 chrl6 319725 C T C c C c C C C c
SNP_31 chrl6 764040 G G G A G A G G € A
SNP_32 chrl6 866053 A A A G A G A A A G
SNP_33 chrl6 882990 A G G G A G A G A G
SNP_34 chrl6 883062 C T T T c T c T C T
27 IR I B
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%3 Family 2 PGD & &%
Table 3 PGD results of family 2
. Mother 2 Father 2 E4 E5 E6
AR PSRN (9=

M1 M2 F1 F2 M1 F1 M1 F2 M1 F1
SNP_1 chrl6 79609 G G G C G €] G C G G
SNP_2 chrl6 79811 T C T T T T T T T T
SNP_3 chrl6 134441 A A A C A A A C A A
SNP_4 chrl6 139367 A A A G A A A G A A
SNP_5 chrl6 139636 G G G A G G G A G G
SNP_6 chrl6 193586 G A G G G G G G G G
SNP_7 chrl6 194845 A G A G A A A G A A
SNP_8 chrl6 198093 T T T C T T T c T T
SNP_9 chrl6 199540 A A A G A A A G A A
SNP_10 chrl6 201183 c C C T C C C T C C
SNP_11 chrl6 205035 G A G G G G G G G G
SNP_12 chrl6 207017 C T C C C C C C C C
SNP_13 chrl6 224619 ? T ? C ?2 ?2 C C ? ?
SNP_14 chrl6 234632 ? G ? C 2 2 C C ? ?
SNP_15 chrl6 235579 ? C ? ? 2 2 T T ? ?
SNP_16 chrl6 245079 ? T ? T 2 2 T C ? ?
SNP_17 chrl6 247888 A A A G A A A G A A
SNP_18 chrl6 247938 C T C T C C C T C C
SNP_19 chrl6 248418 T C T C T T T C T T
SNP_20 chrl6 252479 T T T C T T T C T T
SNP_21 chrl6 256278 C C C A C C C A C C
SNP_22 chrl6 261866 A T A T A A A T A A
SNP_23 chrl6 324403 C C C G C C C G C C
SNP_24 chrl6 495662 T C C C T C T C T C
SNP_25 chrl6 514407 A A A C A A A C A A
SNP_26 chrl6 646421 A A A G A A A G A A
SNP_27 chrl6 651517 C C C T C C C T C C
SNP_28 chrl6 858643 T C C C T C T C T C
SNP_29 chrl6 858723 C T T T C T c T c T

IR RIS T

R4 2MBNAEERIEXS

Table 4 The comparison results of PGD and gap-PCR

KA [N EETRES PGD % gap-PCR 45 5
Mother 1 --SEA/aa SEA 25 F
Father 1 --SEA/aa SEA 25T
Family 1 El --SEA/a BEJF AR EH
E2 --SEA/--SEA SEA 45T
E3 --SEA/ax BEJFHERT IEH
Mother 2 --SEA/aa SEA 2441
Father 2 —-SEA/aa SEA 2441
Family 2 k4 --SEA/--SEA SEA 4li&F
E5 --SEA/ax BEF AT EH
E6 --SEA/--SEA SEA 45T
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N K AT 5E 2R 1 SNP 3% 8500 A, b i B A
R AT 25 A0 HIT 6 B IR IIG AR A i PGD 4

4358 B1: --SEA/ac BV HEHT ; E2: --SEA/--SEA 5
E3:--SEA/ao BEJE#ET ; E4: --SEA/--SEA E5: --
SEA/aa £ JF #5475 E6: --SEA/--SEA, 11 UL 3 2.,

%3,

i IVE-ET B iE 28, 194 6 N IR iR 2R 17
PGS il , PGS # I 25 2R 43 73~ E1: 45, XX, -5;
E2: 46, XX; E3:46, XY; E4:47, XY, +1; E5: 46,
XX;E6:46,XY,+1,-2, TEILE 1. K2,

45.XX,-5
chrl chr3 chr5
ax-
3 “'\
z -, - it e A 'y %, o e e N
1 A e
oxi
30 60 90 120 150 180 210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 9 120 150 180 30 60 90 120 150 180
chr7 chr9 chrll
4
3 -
2 _ ~ o -, o
1X]
oxl :
30 60 90 120 150 30 60 90 120 150 30 60 90 120 30 60 90 120 30 60 90 120 30 60 90 120 30 60 90 120
chrl3 1 chrl9. 2 chr21
a4 Y
3X
2 = -~ ™~
1
0Xx
30 60 90 30 60 90 30 60 9 30 60 90 30 60 30 60 30 30 60 30 30 30 60 90 120 150 30
46,XX
chrl 2 chr3 : chr5
4 X -

30 60

©

chr7
4
3X s DY
2x{. '

oxl

0 120 150 180 210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180

chr9

30 60 90 120 150

60 90 120 30 90 120

chrl9

30 60 90 30 60 90 30 60 90 30 60 90 30 60

30 60 30 30 60 30 30 30 60 90 120 150 30

chr3 chr5

30 60 90 120 150 180

210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 18

chr7 chr9

4 -
3x -
2 X2z e L. O & o P A - 20
1X
o :

30 60 90 120 150 30 60 90 120 150 30 60 90 120 30 60 90 120 30 60 90 120 30 60 90 120 30 60 90 120
chrl3 chrl7 chrl9 chr21 22 .chrX
4 -
: =
2X A ¥ - 2

90 30 60 90 30 60 90 30 60 30 60 30 30 60 30 30

WA B AR Y ik, YRR e IR IR 5 3 ARG i S PR R A0 4 - L 1 45, XX, -55 E2:46,XX; E3:46,XY

1 Family 1 PGS &%
Figure 1 PGS results of family 1
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E4 47 XY +1
chrl . 2 chr3 chr5

30 60 90 120 150 180 210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 9 120 150 180 30 60 90 120 150 180
chr7 chr9
4Xx -
X 3
22X} P x PRI 3 »
1X
0xi 3
30 60 90 120 is0 30 60 90 120 150 30 60 90 120 60 %0 120 30 60 90 120 30 60 90 120
chr21 chrX

chrl3 chrl5 chrl7

30 60 90 30 60 30 60 30 30 60 30 30

chr3 ., chr5

30 60 90 120 150 180 210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180

chr7 chr9
4 x| - s -

22X nelee e dey Sy Mia BRI
1]
0xi

30 60 % 120 150 30 60 90 120 150 30 60 90 120 30 60 90 120 30 60 9 120 30 60 9 120 30 60 % 120

chrl9 2 chr21 22 chrX

3|

1x)
0xi

30 60 90 30 60 9% 30 60 90 30 60 90 30 60 30 60 30 30 60 30 30 30 60 90 120 150 30

E6 46,XY,+1,-2
chrl ) - 2 chr3 " ] chr5

30 60 90 120 150 180 210 240 30 60 90 120 150 180 210 240 30 60 90 120 150 180 30 60 9% 120 150 180 30 60 90 120 150 180

chr7 chr9

60 90 120 30 60 90 120 30 60 % 120

30 60 90 30 60 90 30 60 90 30 60 90 30 60 30 60 30 30 60 30 30 30 60 90 120 150 30

BN A A BRI E IR R ; 3 IR IO YL A% R 53 3008 - E4:47, XY, +1;E5:46, XX ;E6:46, XY, +1,-2
2 Family 2 PGS £
Figure 2 PGS results of family 2

2.2 gap-PCR K4k 5 SEA 4li5 - (B3 JJy IE W ; BEI HL vk K45 2R DL 35

N T B UEARAG I 25 R A ERE B 2 N K FR Family 2 K45 55351 - ACREH O SEA 244515
FEAR [F] Bsf 94T gap-PCR (4G, Family 1 K& 255 E4 4 SEA 4[4 T \E5 NIEH E6 4 SEA 44 1
O30 ACEESS Sl SEA Z4 AT Bl RIEHR (B2 BERHLIKEIZE R 4.
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50 bp
DL2 000 E1 E2 E3  Motherl Fatherl Jadder

SCEEYY g SEA Z 5 15 1 S IR IE W I, 2 %5 IR Ji D9 SEA 2§
HF, 3 TR E R G
3 Family 1 gap-PCR &l 45 R
Figure 3 gap-PCR results of family 1

50 bp
DL2 000 Father2 Mother2 E6 E5 E4  ladder

2 000

1500
1000 1000
750
500 | 600
250 | 300
10 150

50

ALEER N SEA 44 F s E4 Jy SEA 4liAF (E5 IEH \E6 i SEA 4
aT
Bl 4 Family 2 gap-PCR #& | 5 R
Figure 4 gap-PCR results of family 2

2.3 2 PP Ty vk A5 AR X

W5 2 FhASIN 7 7 ARG &8 SRR 5 X6 HE 3 L 3
4o GEJL B IRXTT SEA 4l A Bl R FEA 2 Fh o i kG
45— %, M 2835 WGA Y PCR 7= %} SEA #
A ARSI 25 58 TE

3 it

H T o~ b FP V2 1M SEA 2 0 1 460, Sk
iR 38 1) PCR F AR E LR ', {H PCR HRTE
PGD /58K T IIfe 2 — &L [n] &1, 4ndr 44 f 75 A1 ADO
o ADO BV —A™ 4 P9 >k FRUE R 2 4456 55 ]
JUR — 97 338 20 m] 5S04 /K S R BRG , J2: R
PGD #EMfi P R ZH K Z— . ADO kRN
5%~20%'"" . HACEE T REETIGR
12, J& PCR AR FEAT 1 PR 35459 PGD AT SE 12 Wi i)
SN L

AR LI LRI 2 A5 R 4 AN E A
K6 BIRGEEA . PGD 45543 5 8 E1: --SEA/aa
BEJR AT s B2 --SEA/--SEA ; E3 : --SEA /oo B i 42

H# s B4+ --SEA/--SEA; E5 : --SEA /o T HE47 s E6 -
-SEA/--SEA ; Wb A1, 7 il Bl AE i 403k, Y (o A R
IR USURGRINSB Y (N EY DN - RNV GO s
— L0l R SRR R, 2 50% 28 IVE By R IR A7 AR Y
AR, 2 70% 1Y IVF 26 W b Y @ik 5% &
el R R IVE-ET B9 33, % 6 M IRiG
4T PGS K, PGS A5 45 5 4351 4 E1: 45, XX,
-5;E2:46,XX;E3:46,XY;E4:47,XY,+1;E5:46,
XX;E6:46, XY, +1,-2; 555 0 T B b A< YR I 25
SHERA M K 2 DR R FEAR TR I EFT gap-PCR 1)
R, X Ll 2 45 Rk B, % T SEA 4l 4 i e B
AR 2 FOT TR RN 25 S — 3K, T 424 WGA [ PCR =
PIxt SEA #5415 35 WIS 45 0 1E %, 5 PGD #6:1
SR —3; X T RSt T 7E PCR i # rf ADO fit
SFE, MARBEG R FH WGA 454 NGS, i i
AR [ A8 3 TT DAHEWT H Z I iR 2 2% DNA S 1 R U5
T B 28 iff o L2 A5 485 4 0 R I 5 (], g A1
T 110 4 2 R 20 ke 2R AT % 8 (A A TR 1) T 1T
T B 45642 R A LV S0 ik IR (%) R i R A 7 A
A HE T S AR S D 2K R G R % | BELT 1 Hl i 22
MR LB A . ARTFGE 454 WGA 5 NGS 5 A fit
P T REAS R 1 1R) B LA K ADO i B4 418 BH A A
A BA 1 1180 XG5 i EL S AT L2 v T ) D e € A e 3%
i, R MR T — SRR BN e AR 2 W Y
Jry PR AR AR YL A ] L

NGS i & )12 W FHF T8 = wiig W, 4
i 0. 7E PGD/PGS sl v i Y o [l N A1 34 /T 0 %)
NGS i F F PGD/PGS 19 #ft i . - A iz i Fr
PGS AN RE 2 35 32 S A AR NG =R X g 5 5
W10 PGS H A 32 B AT X 70 Y R 3 AT
WA e, Kung 8 R FHTE K 6 106 9% S IR J2 41 G
P 2Bk K LN A A 2R HL AR T NGS R 51 g
F [ 2H 4% 22 (array -comparative genomic hybridiza-
tion,aCGH ) , 5 3 /R , NGS i SR Filgr 53 i 2
S 100% . 1 -F 3] PGD 3= % FH 26 6 JE A7 2= A8
(fluoresence in situ hybridization, FISH) £l PCR %54
A HEAE—E 1R BR 1, Moutou %' i T PCR-
PGD ({112 % N 0.15% , 1lii FISH-PGD %12 % K
0.06% . H ¥ A UL NGS #17T PGD 112 % 1 AH
KA iE . PGD/PGS i £ 7E T3 A —>H 2Ly [ (1) 4+
VU H PR 2 PR, (5 H T S KEEAS
FTAETE BEALXT BEAFSE . JCBI IR iR YL (A 5 25 (non-

invasive chromosome screening , NICS ) v/ iz [fi 4 , i%
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B H AR T e B A R 5 WP A B R 1) DNA, 38
1k B A A0 4 3 R AL B R S R R e 2
AR A 4TI 25, $E VRS I 4R BCA e o 3% A T =Xl
RN FE W T B H DNA YR IE =X, A4 T IR
GREA S PR RN e b (HZ R B I AS B
BIAFAER WA T HIRCRAINT (B3R5 Y 55 )
AL, LI 3 N TG RIS A Rt — 2P R & .
LR T TH N R AW RS T # T NGS /) PGD/
PGS $i K , ‘& 1T LAR A 3 PR 41 ) 4 A5 8, il i R
[v] {4 A 23 BT SR, 52 42 1T g S BB A HI IR
Ji DA A A S AN, 381 A B PR L DR 2 A L 3
K RAFERAZ AR ., [RIRHZ A A AT 2 {1 21 H
b T 1T A I AR 2, 2 TG A AR PR 7 T2 T
HLA Bt Rl e ek 5y 7 15 H FHEH 2 01 X 3 DL KGR
TFYeE 4 A T ) KO RS

Sk
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Noninvasive prenatal testing for aneuploidy by next generation sequencing of
maternal plasma DNA in twin pregnancies and its fetal free DNA fraction

analysis

XU Xuping', XIE Meijuan', GAN Haiyan®, LIANG Rongliang', HAN Erkang’, YANG Xuexi', WU
Yingsong'*

(1. School of Laboratory Medicine and Biotechnology, Southern Medical University, Guangzhou,
Guangdong, China, 510515; 2. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China,
510665)

[ABSTRACT] Objective To investigate the feasibility of screening aneuploidy by next generation
sequencing of maternal plasma DNA in twin pregnancies and analyzing the fetal free DNA fractions.
Methods The data came from 120 cases of twin pregnancies, including 67 natural twin pregnancies, and 47 in
vitro fertilization (IVF) assisted pregnancies as well as 6 vanishing twin syndromes. 68 cases of singleton
pregnancies were also recruited. All cases underwent noninvasive prenatal testing for aneuploidy by next
generation sequencing of maternal plasma DNA. The Z score was calculated to determine aneuploidies for
chromosomes 21, 18 and 13. The fetal free DNA fractions were determined by calculating the proportion of Y
chromosomal unique reads. Results There were 1 case of trisomy 21(one normal and the other trisomy 21)
and 1 case of both trisomy 13 and trisomy 18 (one trisomy 13 and the other trisomy 18) confirmed by

karyotyping among twin pregnancies. The fetal free DNA fractions of natural twin pregnancies were
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significantly higher than IVF assisted pregnancies, vanishing twin pregnancies and singleton pregnancies (P <

0.05). There were no significant differences for fetal free DNA fractions among the latter 3 kinds of

pregnancies. Conclusion It was feasible to screen chromosome aneuploidy by next generation sequencing of

maternal plasma DNA in twin pregnancies, and it needs to take fetal free DNA fraction into account during the

result analysis.

[KEY WORDS] Noninvasive prenatal testing; Twins; Chromosome aneuploidy; Next generation

sequencing; Fetal free DNA fraction
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pregnancies with different conceptions
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Screening of the phenylketonuria of the newborn by the next generation

sequencing

WANG Huifang', YE Qianping', YANG Xu*, LIANG Zhikun', HU Niya®**

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Basic
Medical Science, Southern Medical University, Guangzhou, Guangdong, China, 510515; 3. Department of
Clinical Laboratory, the Hospital of Nanchang University, Nanchang, Jiangxi, China, 330006)

[ABSTRACT] Objective To sequence common pathogenic mutations which are related to
phenylketonuria by using the next generation sequencing method, and evaluating the application value of
Semiconductor sequencing in the field of hereditary disease detection. Methods Target genes were captured
by AmpliSeq technology, which are based on multiple PCR, and the captured fragments were used for
construction of the DNA libraries, which were sequenced by using the Ion Torrent PGM™ sequencing platform.
The mutations were verified by Sanger sequencing. Results There were 57 samples with mutations in 75
samples, and 10 mutations were detected. These mutations included a heterozygous mutation, homozygous
mutation, and compound heterozygous mutations. Conclusion  Semiconductor sequencing can detect the
common mutations of the phenylketonuria accurately, which can be used for mutation detection of these
hereditary diseases and to illuminate of the pathogenesis of these disorders.

[KEY WORDS] Phenylketonuria; Semiconductor sequencing; Ion Torrent PGM™; Gene mutation; PAH

gene

RN R JRJE (phenylketonuria, PKU) f2& o T BOLH A SR A AT, 2 B G 4%
JIE 75 T & iR 7% 1L ¥ (phenylalanine hydroxylase, KA IBGAEREIREY . RKNER FRIE & /D BRI 1
PAH) it = 8 ) —Fp " B st (e 2R SR — R R IR HR T N HIR T B
TR , A G e RBR RGN SRINEAPRAE W AR BT e mT DL sl 2 i R Bk

AR B LM FAHG R B (201504301001493 ) 5 7~ A3 X R B 42 B E 57 BB 413 K5 R (201508020259)
Ve s 1. ) N T AR AEMBE AR ARNE, ) &, M 510665

2.mx EMRFAMESK, S A, M 510515

3. e RFHE—MEEREEAME,LH, ES 330006
* 38 AE BT, E-mail : 364621603@qq.com
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X P T B S P A 0 T 2 A S B = A2
N HAb S Z2 M7k . 9080 % )7 4345 A Guthrie
G B 0 9 66 BE L Bio-Rad il 5L A
Guthrie 4 B 1 il 25 il 2k A28 60 RE VA HU L, 20T
P AR AR R A PBE AR, R
R IR TR B T 38 T RS 000 % T 2 PR vk 32, (EL
HERA I K 2 B2 L RS BAIR, D60 B v A D R
G, H 58 RORE RIS B B B I T A
e VL (H BAASFREACRI B s A AS A T k
A Sk A% g 3L Pk B 1% (nuclear magnetic reso-
nance imaging , MRI) £ 2% | it B, 16T 5 8% X P4k &
PR IIME R B R A I LA R R PR A
WA T R R2 W 5 H At AR A A iy 24
e, HoA #4571 1] N DNA 7K F ARG A, 12
RS IR R B AR — B B, X An] 5 58 2 st
12 I i 20 MR mT AT i2 W, JF HJoA] S 77 H2
AT TERHIR T I ikt s S BT 222 AR .

R 2 Wi b R4 #5746 PCR K HifiT A= He R Jd
H1 X # &2 [ 51 (short tandem repeat, STR ) 73T £ K
PASE R AR . 3t 3 R M e, PCR K Al
HEROR I AT A M S ER RIS R AN RE B
B 6 AR S 1 LR B 5P 0, AR R IX A FE R Y
Z AR . STR J7 ik B2 5 Pk, {H HAY
I& 1T STR A] St 85 B e . Tl P HoR
AR I ) © 1 A7 1, i fig 2 BB Y SNP
A7 45, H Sanger — 18I 7 57 AR W] 5% A 4 B 3 R 7
H ) At o fHE — AR R AR AR & e AR A

®1 1298R

BE R ABORARMEAE L 2R, M 4 ok & R ik 1)
Phots Fe DU A B e 0 £ gl i D e M ARER T
— ARl £ £ K (next generation sequencing , NGS ) fig
PRAN— A AR, AT S IR R A A
AE I . LA Ton Torrent PGM™ (/™ {4 3[R 46 1] J+¢
1) LA K B #5538 #5t 1#) Ton Torrent Proton™ i J3 4
RERAE RN TR AR NS T 2O
Rt B AE A EOR 5 HA T — QP B AR AH L
fAT B PR LU OF H A SRR ek, A
TFF UL R FH v 308 11 2 S AR I 3 5 A X 24 TR ) R
$iE 225 LB 5 A8 s AT R, PR A
PR AR TE S AL o Rl v W FH B T A T4k

1 #RATTE

1.1 X4

S BT A i AR AR 2 75 4], J2 2016 4F 3 H
7630 e i DX ISR (T A L A RS
1.2 DNA 1

% F§ MagPure Blood DNA Mini FTA Kit[ ] JH
FHE W) A= DB A R w1 148 BB afn 366 35 PR 41
DNA , #VE H 050 & U B 3 047, R BE s
1 Qubit® 3.0 %¢ %1t (Life Technologies ) ¥ {il] DNA
W, Bt —20CHRAAT
1.3 SENF
1.3.1 UFEHE

H4fE GeneBank Hf) PAH 741 (GI: 568815586 ) ,
H Life Technologies £ %F B 5 48 55 (£ 1) &5

RERFHAER

Table 1 The details of 12 common mutations

ek BERAKR RBHER HA AL RS 5 MAF & I PR 7 S

Chrl2 PAH c.1238G>C p.Arg413Pro rs79931499 T=0.000 6/3 With Pathogenic allele
Chrl2 PAH c.1199G>A p.Arg400Lys 1s199475658 NA With untested allele
Chrl2 PAH c.1197A>T p.-Val399= 15199475584 NA With Pathogenic allele
Chrl2 PAH c.1068C>A p-Tyr356Ter 1562516095 C=0.000 03/4 With Pathogenic,other allele
Chrl2 PAH c.735G>A p.Val245= rs1042503 T=0.314 9/1577 With untested allele
Chrl2 PAH c.728G>A p-Arg243Gln 1s62508588 T=0.000 4/2 With Pathogenic,untested allele
Chrl2 PAH c.722G>A p-Arg241His rs62508730 T=0.000 10/12 With Pathogenic,untested allele
Chrl2 PAH c.611A>G p-Tyr204Cys 1s62514927 C=0.000 02/2 other

Chrl2 PAH c.442-1G>A — 1s62514907 NA With Pathogenic allele
Chrl2 PAH c.842+2T>A — 1s62514955 NA With Pathogenic allele
Chrl2 PAH c.739G>A p.Gly247Arg 1562508731 NA With untested allele
Chrl2 PAH ¢.809G>A p-Arg270Lys 1562514950 T=0.000 008/1 With Pathogenic allele




- 382 - DTEWSIRITAE 20164511 4584

%564 J Mol Diagn Ther, November 2016, Vol. 8 No. 6

BG4 Panel , 615 2 51 W, 2 45 | 4t 43 I 3
T ZH PCR Y3, ¥ A R O 10 wL, SRz 26 F
M2 99T HIAEE 2 min; 99°CAEE 15 s, 60°CIE K Al
FEA 4 min, 219 DMEIFR; 10CIRIE . P38 =&
FuPa B L5 4, F DNA ¥ 82 R h e S vk ik 7
GEEAE B R Bom , REBR AL S AT — 204 3
KN, e Ji S AL R SR 24k 5 BB KRB/ N
B, 8 7 B R B K /INAE 250 bp A2 A Y FE R SO
Qubit® 3.0 FEGTH XS SRR BEHA T3 5
1.3.2 AFAR I A FIRA i 4R

T SCPE S REIR A A SCE M AUk 2 Oy
200 pmol/L, FH Ion Torrent OT™ 47 FL#& PCR §”
3 % Ton PGM™ Enzyme Mix 50 wL.Ion PGM™
ISPs 100 pL . % B & 1) SCIFE 2 L A1 JC #% g g 7K
248 wL Hill A F] PGM™ Master Mix H , It i A4 FU 3L
1 000 pL, 72 % 250 J5 21 M 22 12 1 A # Ton One-
Touch™ Reaction Filter 1, 343 2 "X IF A 1.7 mL
Ion One Touch™ Reaction Oil , It i3 #2 ik 4 1 A S
Ui, % Ton One Touch™ Reaction Filter %2 %% ¥E Ton
OneTouch™ 2 |+, BEHEAH L FE I A TN o AR il
%% 5E LR FH One Touch™ ES #4745 & 4 .
1.3.3 Ion Torrent PGM™ Il 77

H Ton Torrent PGM™ I - ASCiHE 4700 5 B2 Bz, T
FeiE AT A AR B S Ve FIOK G, SR 5 ) ih Akt A
HEAT W) 4R Ak SR DL R 5 45 A7 B Y pH B 7E 7.45~
7.60 YL F Y, # ES i 45 AR Loading £ 318 ith Jr
b B A A I e ASORE O o7, B TS R A Y
Plan (U3 2) , M40 156 BH 5 15 2 W 13 1) BT 75 1) flow
B L RE S AR S5 BT RS Y SCE F BE RN R
250 bp, I flow £R 500, #4705 6 . T
45 U5 7% Ton Torrent Ij 55 #% L3 47 4 14 43 #7751
FEAS 1Y) 10 B0 071 1 582218 L

#x2 PlanSHIEE
Table 2 The parameter setting of the plan

TEIR eIt

Library kit type Ion Ampliseq library 2.0 kit

Templating kit Ton PGM™ Hi-Q™ OT2 200 kit
Sequence kit Ton PGM™ Sequencing 200 kit
Chip type Ton PGM™ 318 chip
Barcode set Tonxpess
Mark as PCR
. True
dumplicates
Flow 500

1.4 Sanger ¥

1 DNA FEA SAR R B 5| 94T 42 3% 2 A4 TR
Y TR () B A BRZS /] 47 Sanger — AR
Cvalises
1.5 g RHW S Ge it 7k

I 45 R G o M ik FHAT & J7 S8 8, B
AR IR T REOR I Z1UE FEARE AT et
AYHT, TR FH DUAS 2 I R | FH AR R
TR 5 12 B 58 728 s R — A B 2 A B 7 a5
AOREAS , FIME AR R BRI H X 12 D BUR R A2 s
FEAS 2 AR e 25 S F0 Sanger — AR 3 36 1E 45
ST R H Kappa —ZUPEREES:

2 H#R

2.1 R F AR

PSRN 25 S R, 75 SRR AR v A I
57 BIREASEAE B R AL, HB R AL IR 2 48
4 (single nucleotide polymorphisms, SNP) v/ s5. ,
ARG RE g Rm B REGREGRA, H
Z4E RS 1Y Frequency £ 39~56.4 2 1], 4li& 2745 1Y
Frequency 7E 94.7~100 2 [A] , Coverage 7F 30~1 449
Z[8], KI5 AE 200~600 Z [6] , P-4 Coverage
470, BAREEILFE 3,

1M Ak B 2R AR ARG L 12 Fhei UL PAH JE A
o o AB AL
2.2 Sanger | 45

K FH Sanger | 7 32 X5 RGN Y F14) 2 A8 A A 1) 2
AR R T R UE A A DN A o AR T 9 AR 7 R RS
285 5 5 2 R 25 3 o8 4 — 3K
2.3 Giilreortrai R

I S PEA - RO R SRR
Kappa (A5 46315, W3 4,

T R RESE R

REFHE=57/(57+0)x100%=100%

S =18/(0+18) x100%=100%

HERPE=(57+18)/(57+0+0+18) X 100 %=100%

Kappa (8% SPSS 15.0 G2 i #4347 58 1143
Mo Kappa (ERTHEZERAE A 1, 850 RW 2K
WP 4555 Sanger — L7 Bk 45 R 58 42—

3 it

PKU & BB B2 T B0 1 2 1) s A A
Wi Z—, HF H A B A Al R P i S BRI Y



TSR A

2016411 H 8

%564 J Mol Diagn Ther, November 2016, Vol. 8 No. 6 .

383

K3 TSBIRRRMERR

Table 3 75 cases of sample test result

i DNAWKJ¥ (ng/pL) X (Z? (ng/;LL) Frequency  Coverage J_H’Lh@l I 2 A5 1 5]
1 8.82 4791472 4747382 PAH: 1238G>C 42 BGR \PAH 1197AST 255
2 7.44 1.22 49.8/47.9 272/417 PAH:1238G>C 2445 \PAH: 728G>A 7445
3 11.2 1.82 100 543 PAH:442-1G>A 2l &
4 3.16 0.767 46.7 242 PAH:611A>G 4% 4
5 3.62 0.726 50.9 778 PAH:611A>G 244
6 3.6/5.12 0.865 44.3 318 PAH:611A>G 244
7 3.3 0.865 49.1 786 PAH:611A>G 424
8 5.62/5.42 1.12 95.2 640 PAH:728G>A QLEA
9 4.68 0.182 100 30 PAH : 728G>A 4ii &
10 4.32/4.02 1.02 48.8 371 PAH:728G>A ¢4
11 7.64 1.62 46.9 351 PAH:728G>A 4&4&
12 5.14 0.996 44.9 469 PAH:728G>A 44
13 5.58 1.34 49.5 320 PAH:728G>A 4% &
14 5.7 1.49 48.5 417 PAH:728G>A 44
15 7.24 1.26 51.4/47.5 417/803 PAH:728G>A 7445 \PAH:473G>A 72
16 5.56 1.27 51 497 PAH : 842+2T>A ,%/a
17 7.62 1.71 52.2 1398 PAH:1068C>A Z4 % L.
18 6.2 0.608 50.8 1449 PAH:1068C>A Z4 m I
19 5.22 1.14 50.3 1107 PAH:1068C>A 744
20 5.2 0.75 4.7 514 PAH:1197A>T 4l &
21 14.1 2.08 43.2 345 PAH:1197A>T 2% &
22 7.24 0.225 48.4 33 PAH:1197A>T %%%
23 8.46 1.81 45.1 955 PAH: 1197A>T
24 6.37 0.737 49.2/47  2521/1 418 PAH:1197A>T 4% N 4 \PAH: 611A>G ) :1
25 3.76 0.89 46.1/50.4  1290/1 243 PAH:1197A>T 24 A 4 PAH:722G>A 4 7 ;.
26 16.5 0.899 48.2/57 120/121 PAH:1197A>T 444 . PAH:728G>A 2+ &
27 6.82 1.52 100 781 PAH:1238G>C 4li &3
28 13.2 2.06 49.9 383 PAH:1238G>C 744
29 6.19 1.52 50.5 766 PAH:1238G>C Z4 4
30 26.2 3.95 49.6/53.8 259/673 PAH:1238G>C %245 \PAH:1068C>A 4445
31 8.9 1.2 51.3 430 PAH:442-1G>A ¢4
32 14.7 2.23 46.8 565 PAH:442-1G>A %4
33 6.1 0.165 43.9 394 PAH:442-1G>A %%é
34 12.2 2.26 44.7 385 PAH:611A>G 244
35 9.82 1.27 55.3 189 PAH:611A>G 244
36 11.6 2.24 51.6 1016 PAH:611A>G +%
37 5.2 1.18 50.9 232 PAH:611A>G 284
38 7.56 0.509 100 273 PAH:728G>A é@%
39 4.14 0.177 47.1 85 PAH:728G>A 244
40 9.26 1.65 45 812 PAH:728G>A z%/a
41 6.24 0.377 48.8 663 PAH:728G>A 244
42 9.58 0.207 51.8 194 PAH:728G>A Z& &
43 5.74 1.37 39 77 PAH:728G>A 244
44 8.87 0.994 46 313 PAH:728G>A 244
45 7.27 0.593 52 102 PAH:728G>A m%
46 9.4 0.368 48.9 490 PAH:728G>A 244
47 9.29 1.68 52.9 102 PAH:728G>A Z¢ 4
48 10.3 0.082 56.4 55 PAH:728G>A 244
49 8.14 1.3 47 844 PAH:728G>A 3%%
50 8.72 0.736 47.9 231 PAH:728G>A 244
51 12.7 1.34 48.6 492 PAH:728G>A & &
52 8.92 2.08 46.9/52.3 562/260 PAH:728G>A %’a .PAH: 61 1A>G 445
53 6.52 1.18 48.8/47.1 287/206 PAH:728G>A %% o 4 .PAH:611A>G +{%
54 8.72 1.94 47.5/45.8 597/451 PAH:728G>A Z¢ e & PAH:611A>G 24 &
55 5.68 0.216 45.1/52 50/50 PAH:728G>A 244 \PAH 722G>A Tt
56 3.09 0.131 53.7 164 PAH:739G>C 24 m o
57 12.3 0.262 48.8 43 PAH:809G>A 244
58 9.1 1.68 — — Ligaceitl
59 15.3 2.38 — — Ligackill
60 19.8 2.81 — — Ligaceitl
61 10.8 245 — — Ligaceill
62 9.62 1.76 — — Lisga it
63 5.06 1.12 — — Ligaceitl
64 6.93 0.791 — — Ligaceitl
65 7.04 1.22 — — Ligaceitl
66 2.48/3.36 0.541 — — Liga st
67 8.08 1.67 — — Ligaceitl
68 4.04 0.895 — — Ligaceill
69 7.42 1.11 — — Ligacitl
70 114 0.856 — — Ligaceill
71 6.12 0.963 — — Liga it
72 9.1 1.93 — — Lisgaceitl
73 6.78 1.05 — — Liga st
74 4.38 0.794 — — Ligaceitl
75 3.28 0.785 — — Livga st
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Table 4 The consistency of the testing results of the

2 methods
Sk Sanger — G ik At
FH 4 B 1
W 57 0 =
NP 0
2 R Y il 0 s o
P58 57 18 75

BALRE W IG EAT RA B L B2 BT RA
7 0 BRI PKU SBULBUR R s E R E T, BAA &
K o IR EA Bom SR A 4l & SO E 2 A i &
SRR AT HLIER A5 b X AR O AP R K 22 52

ARSI A IR AT Ton Torrent PGM™ 2 S 44 J7
AT PR R B 3 L T 12 /1 B0 9 20 7 o kA A
M, 75 FVREAS rh ARG 57 BIREAZ7E , Horbr 46 191]
FEA Ry BAANT 5 5878, 11 BIREA Ry 55 2 Fh 58 AR 2 )
G978 LA A 11 FhaEZR, H 728G>A i)
T b DX i e 2R A BRI i A IS A HAth 2R a5
FERS RO BCE I ICI e 22 5 iE— 20 I i
PRI A PR AE 58 A5 S S0P v, 9 JC 46 ) 9% A8 T I
o ARSEEGES 2 — I 5000E , 45 5, esh
A SCHRHRE Ton Torrent = AN 7 7E HAD B 2848
(RSN, 4n ok g 45 1 Ton Torrent = 40 J3 4
AN T N2 A #23% FBN PRI B0 575 5, i
F| 345 FLEEBAER RN 1A LA TE A B0 3
7%, Sanger JUFZE R 5 2 S0 P 45 R 0 42—
25 PGS BB 15 B2 2 R PR U LM
HACEERY AP E Il DNA, v ] Ton Torrent PGM™ 147
ARSI, A I 20 S84 4, 43I 17 Fh e AE  OF
KR p.P22L [T 2878 i, HAZAG 25 5 55 Sanger
BIESE R 3, XA AR P AR
T AL R I () AT IR , 2 B v 2
USU)S 5% NIV Rt sy oalll LI RR e

T 5 52 56 1 (1 [A] B, 3R AT R 3 7 S0 56
B T R AN 2 =2 Ak o AR S BT A5 A A L
A GRAFFEAR Coverage (HFAK , H i KAE5 fe/IME
FHZEEEA, SR 28 i vl M e — A 58
{HHAIL 1Y Coverage fH , & 25 R w1k 71 . o8 H:
JE PR FRATT AT LN S 36 5 SR I b 5 s vl L L R
A% DNA ¥ B QA 24 i 8 P2 v B O IR HL 45 AR
SO e 8 2 R, T A R I W B 22 0, ) i T TR A
(AN 1) e 470 I 235 SR A PR B 1 B AR (] Cov-

erage 72591 Ko BN I 2 ), B AT AT LA LA T L
AT5 AT R P s (1) LA DNA 42 BT i sl B X
AR R PR RE AR T U 538 1) DNA 482 UCR) & 5
(2) 0 F[F] —HHt _EHLREAS | oo B 19 I 7 B R A
IO Fi [ — A N R PR R A 52 A, R /N R 22
(3)FRTHSLH0 N O3 1 SRR B B o

BEAh , FATR R VGRE], T —fU P AR dB R
JE—IRBOA TR I P B A 00 4508, AN
o B P AR T B A D X IR a5 D
4 0 BIL ) B B U0 B B0 2748 i, T HL R 3 2L
HEAT R B A b B AR A & 5 T
VEERASE 1, XHBOR A2 A o

PEREE T — AU B Y 3 K i, FRATT g
{5 T T 1 0 X DT 2 3 20 fige e, R — AR P BER
W A A 5 s o) 45U A 2 T A S A I

5% 3k

(1] FEE, B, MR, % . Hd LRI RAE
A AE T[], KRR 2R, 2012, 6(10):
2-4.

(2] Ak, pedker . s JL2R TN B DR AE 1) 0 25 5 B R
HEGLLT ], R s BE2F 5IE R, 2013, 10(7) : 856—858.

(3] HRFTIE, PHAI IR . RN R PR AE 5 A 4 DU 7 vk 3
[J]. JLBF2h2E2%35, 2007, 13(6) :61-63.

(4] SBEWEIE. RN ERPRAE W58 28 0 (SR K v [l
PAH JER AR5 A (D], BT IR, 2014.

[5] #pasig. 2RV ERJRAE B9 I R A sT e [T ], A B
REZ A, 2012, 14(2):131-132.

(o] akEm, R, MMM, 55 . = R0 ik ik f Hp
10 J5 3% 72 70 A TN B R AE A 2 Wi B L (7).
BRI P24 Jk 7, 2015, 36(6):758-759, 762.

(7] Z=HafE, ¥R . B AR )L 8 D R DR A S 50 vk 2 aE
JE[T]. REDLERESGE, 2011, 19(9) :824-826.

(8]  XIFHF, sk, HAH . FHTE A Ton Torrent PGM Az
kg AT ] Rk EEEZE, 2015, 30(1):52-55.

[9] ZK#e2E . Ion Torrent I @+ ARG T 7w 25 41 4k 58
i R NF1 JEH A5 [ D], Kb hrg ke, 2014.

[10] #XBR,5K%, B F— 0 AR P B AT B A 1
O WU 5> Fi2 Wi g i [T, 4%, 2015, 37(7):
635-644.

[11] pggE, D, XIUE, %% . )i ] TonTorrent 2 -4
PRGN B FLEE A 1 H 2 FBNI R R BUR R 25T ], 31
A BHERE, 2015, 24(3) :201-204.

[12] JEERL, BIR, FE, 45 Ton Torrent PGM™ I 4%
ARG I 4 PR ) PR A S8 JL AR TN R R AR PR 2 AR [T ]
Il PRAG 35275, 2014, 32(12) :898-902.
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PFEANLEBIE A A A B  ACEE PR I R
15 YU A eyt EE

HATR L ERK A AR AR FEHET

(& ZE] B#® X HriEs] AL R 4 4238 H R (array-based comparative genomic hybridiza-
tion, aCGH ) #1158 — R LD 7 55 AR (next generation sequencing , NGS ) 7 i K 41 % D1 075 5 (copy number
variation, CNV) I (1) —Zt , I R CNV 2 EER AT I vk . Fik BRI 15 B ™ 4L 2L R AR
A B FEE 21 DNA, 28 )5 43 3148 F aCGH Fil NGS 2 F 7 i: X% 138 DNA #4780, 4387 %o Lb B A~ HE A 11
CNV % H . %R  aCGH AR CNV EUH 109 4, /Ny BEA 16 kb, Fie K A BEA 34 Mb,
F/NT 200 kb B 20 4>, KT 200 kb /T 1 Mb B 344, KT 1 Mb /T 5 Mb A 26 4, KT 5 Mb
/NT 34 Mb AT 291>, NGS 2:46 1 68 4~ CNV, Ho /T 200 kb 1945 34, 4 H #%4 15.0% ; KT 200 kb
/NT 1 Mb A 224, fr i #%k 64.7% 3 KT 1 Mb /N T 5 Mb YA 20 4, K %k 76.9% ; KT 5 Mb /)
F 34 Mb U4 294 K BN 100.0% . EE18 AT HATAYEE R UL, NGS ZER: 1K F 5 Mb YR A
B CNV LA 3505, 5 aCGH HA — & 19— 3ok, vl DLW H F 3 = 21 CNV BRI . %FF /8 Bt
) CNV A4 ,%?%iiﬁwﬁr“ém%ﬂpw@éﬂﬁgﬁ TR

[SE4iA ] SLPRAPE DUBUE S 58 RILBENT 5 SRS LB 3L R A 2 ss BER

The comparison between array- CGH with next generation sequencing in the

detection of copy number variations

CHEN Xinzhou', WANG Mingzhu’, HE Dan', ZHOU Hui', LIN Fangxin', LI Fenxia®*

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665 ; 2. School of Labora-
tory Medicine and Biotechnology, Southern Medical University , Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective To provide a new method for clinical detection of copy number variants
(CNV) by comparing the consistency between array-based comparative genomic hybridization (aCGH) and next
generation sequencing (NGS) in the genome copy number variation. Methods DNA was extracted from 15
cases of clinical specimens and detected by both aCGH and NGS methods. CNV numbers were analyzed in
each sample. Results The results showed that aCGH identified 109 CNVs, in that the shortest CNV was 16
KB, and the longest CNV was 34 MB. There were 20 CNVs shorter than 200 kb, 34 CNVs between 200 kb and
1 Mb, 26 CNVs between 1 Mb and 5 Mb, and 29 CNVs between 5 Mb and 34 Mb. NGS identified 68 CNVs, of
them 3 were shorter than 200 kb (15%), 22 between 200 kb and 1 Mb (64.7%), 20 between 1 Mb and 5 Mb
(76.9%), 29 between 5 Mb and 34 Mb (100%). Conclusion NGS has good consistency with aCGH in detect-
ing CNVs longer than 5 Mb. Therefor it can be a reliable method to test the CNV. The performance of NGS in
testing the short CNVs, especially the CNVs shorter than 200 kb will have a better result by increasing the read

KRB 7 M FAREE R F AR ) #E K E R (201604020104) 5 ) R A AH A RIREB NSRS
At A1 323X % M (2015A030401040) ; )~ 9 7 & XA =X R B 3R (2014Y2-00220)

Ve s 1 M AIH AR RN AR, ) &, 7 M 510665
2. -5 EMRFEES AR RFR, S &K, M 510515

*BIRAEF B R, E-mail : lifenxial 23@qq.com
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data.

[KEY WORDS] Copy number variation; Next generation sequencing; Array based comparative genomic

hybridization

H #% I 7 (spontaneous abortion, SA ) 7£ 4 Ifz
(1 %A 10%~15%"" o 42 12 J& Z 1 1 O 7= B
R SA . HRl— RO A AR T SE 2 I IR SA
RN RAER . R SA M IR 5 44, 50% L I
14 JVR i 2 f e 600 S o T, % R R A A
Qe A% H S, sk =R AR S5 R
LA R R S AR KR SA I B4R ]
e R S B RT RE TR

# U1 § 7% 5% (copy number variation, CNV ) $§ A
FIER L P T IZAATE R JfA L S s
FAR S B 1 kb Db, ARt i T i iR &
51k (single nucleotide polymorphism, SNP) , #k&
W2 TR ONV 512590 & % DI
R ARV 2B rh s A0 @, Rl 2
E KSR 2GS R TR AT 2 %8R .
Bl BRI R ot R [TES) e BRI 4 4% 58
H7 R (array - based comparative genomic hybridiza-
tion, aCGH) B A% 1 12 22 8 MM S H R (array
single nucleotide polymorphism, SNP array) |t 5§ &
ST JUAF T 2408 — RSN i, At Rt i, A
1 A2 BT R 0 A IR O S g R
DX B TCI AN , 35k A PR ] A B A G (AR A 3
PR T A BB s ARSI R T RE . SR 17T g 38 it
DU 4 A B VR &, A0 e B A T e e R
DU 5 (CNVO) RGN DI e e B I ik, ASBAFAY
H38 3 aCGH I NGS 2 B J5 i %0 77 421 CNV 1Y
K, PRF NGS BEARE BN CNV BRI 775

1 HESHE

1.1 RS

5% 5 15 3 ™ A BUIG IR A
1.2 3

$£ B DNA it H i) QIAamp® DNA Mini Kit i
7 & W [ T % [E QIAGEN /A #l , aCGH it 7 £ 1
F T 3¢ [ Agilent 23 @] , NGS JF I i 2 PR 57) &
A ] 570 &, ) R & 4 3 F 35 | Life
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1.3 U

aCGH its i $14#i1Y SureScan Microarray Scanner

F 3 [ Agilent 22 Rl . NGS 1% 2100 49143
Mr A i 5 [F Agilent 2 &) B il , Ton One Touch 2 I
Ton One Touch™ ES H 3 [H Life 2~ ® W] , DA8600
B PRI P ASC H v L R 2 3k 2 3 TR B4 A PR
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1.4 Jrik
1.4.1 aCGH £l CNV
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Fi I QIAamp® DNA Mini Kit ¢ B 5 3 47
gDNA #£H .
1.4.1.2 aCGH ts i L HLETALHE
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F BACFIBEALY 1S , SR 5 4 ] Cy3 #il Cy5 2 Akt
Fric DNA, I glifb #7125 9 DNA, fifi F NanoDrop
2000 UV-VIS ZOGEE Tk i It 53 i 5 1k
6B, HUA 7 5 F LIS BE AT 5 2K 5 A Re AT T
— WAL BT E K B DNA A SR &
PR A2 se =, B P 2% 28 I A 24 A8 A8 h il
112438
1.4.1.3  _LHLEE

N e A IR 1 o EL W B o
LAY Wash Buffer #E17 7 U6 , 1 U5 14 F SureS-
can Microarray Scanner #4760 7 B34, 940 )5 1Y
B R 2k Sl DU Agilent 23 ] $2 fIE £ Agilent
CytoGenomics Edition X F#E474347 .
1.4.2 NGS Kl CNV
1.4.2.1 gDNA fHEH

it I QIAamp® DNA Mini Kit )¢ B 5 3 77
gDNA #£H,
1.42.2 g EHLCE

4 FE I gDNA Fie BE S A8 8 ) & 0E 17 3¢
JER A . 155 DNA R BEA U O A, R 5 i R
sk, %5 PCR 9744 DNA H Bt ¥ 52 e s
X JUT AR %) SC PR HEAT R, B Quibit A6 DNA ¢
B A 3 A AR e B B
1.4.2.3 DA8600 I HLIMF

BLI T, A LSRR AR AR
TE % . K DA8600 HEATIE L, Je bt 5 PRk A 7K
Uk, 1 VR ST S5 B AR R bR AL IF B B L Plan, o



TR ST 4G 20164611 /] 4584 #5641 T Mol Diagn Ther, November 2016, Vol. 8 No. 6 - 387 -

A L AURT T AT VR U, R SE A BE AT
AL . AL 25 SR AT LLFE DA8600 il 55
AR F R G € AR A RS DU K o B R 5
PEA TR A3 AT, A5 BV RN DU P AEAS 1Y) Z A8 AR IS S
2 A T4 SR

2 HR

2.1 SLEREER

2 P S BG 1) 23% SR m LA a5 K6 1) logoratio fE
(RS /ISR S D e € AR Frg 4 DB S, [T 1 S BB
IS B0 i — AR A 2 5 e fo Rk 2 B g SR X e
K, Kl 1a 2 aCGH 45 2% , &l 1b iy NGS (%) 5 Il 45
o 2GR AR B OR HZ AR 2 5 L AR TR
2q37.1937.3 (232, 612, 296-242, 690, 037) F Bt ikt
g%, QR AT K TR
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o
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2

~ 1
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% 0

=
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B 1 aCGH #1NGS T adE N TR

Figure 1 Comparison of chromosomal copy number variants
analysis by aCGH and NGS

ARWAFEh, aCGH 246 I ] CNV A 109
A B /N R BCOA 16 kb, Fe KRS A BEA 34 Mb, H
Hi/NF 200 kb 19A 20 4, K F 200 kb /M F 1 Mb
A 344, KT 1 Mb /M5 Mb A 26 1, KT
5 Mb A 29 14~, NGS iR A 74 4~ CNV,
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T 1 Mb /T 5 Mb [ 20 4>, K i 8 76.9% 5 K
F 5 Mb /T 34 Mb BUA 29 4~ 46 H R4 100.0%
W1 R,

&1 aCGH 5 NGS WML B & N ERLERIILE
Table 1 Comparison of chromosomal copy number variants
analysis by aCGH and NGS

e Nas Nos
Rs RWE RHE(%)
0~200 kb 20 3 15.0
200 kb~1 Mb 34 22 064.7
1 Mb~5 Mb 26 20 76.9
5 Mb~34 Mb 29 29 100.0
3 itig

AL AR S ARy AT AR A SE AR . A
Ji 35 A% 22K F- &, DNA [ 28 S5 32 3240 475 e (/R 5
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MR FL AR, AT BE S R AR BULAE R N B0 R
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R Y 53 B B A 2 24 28, ot v B P B AR
(RIS A5 e (o PR SRS B R 1 A 4 v
et R E R AR O ATI IR S T IR i 1 2 2 [
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B, 29 5 IR BT A A 0.21%~2.8% 7
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OIS, SH R 60% , 5 LATEHRGE B 55 2K 55%
~66%" Fl 51%" " EEAAARE o 15 B e il b, il
JP R 23S 401, 0 2 BRI BH A 1 5 s B0k
PEARHN, M LSS = PR i, 2 82 B 5
I N AFAE — 78 L, FE SRR e rh A o o
KA — B e B Z AR R, ik —
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AT LUE Y, DA E BT EOE oR U, i il R
AERE e RO vk sk it , /N i B 88 DUEC A I T AN g
SRR, H KT 5 Mb ) 5 BERY RS H R
100% . A FHI IS IR & , N 233k 3 B R 71
PR X — i BRA TS LRSI TIRTE
MXTEAVEZLR POk, 5 8 A 24 R 900
R A8 AR A LG, NGS A7 Hoah 3] 5 48 3, 1
DNA Jfi £ 59 %R |-, NGS X DNA Ay Jif &7 55k A
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S 1T S I 2 Ko 4 i (3 T el
THF RER HEF A

(# ZE] BN SHET RS FEARM T — 0I5 o0 b g 25 i s A4 H 8 RN ER
PRAE FI T 52 PRAZ AR PR 995 FH 5 119 38 A5 DL 50 28 A8 o7 A HEAT 3L R 5, 112 Al 1 B AR FE st A&
W A .  FHiE R AmpliSeq J7 kil if 2 & PCR 3k H 9 5 B, SR )5 #0305, F Ton
Torrent Proton™ Il - AL #E 4710 7 S vy , BRI i Sanger — A0 P sk AT 85 LI IGIE., SR 337k
AR o HEAG I 15 GIREAS AR AR DI RE M i AL A8 S, Hovh HBB: 52A>T 5 5l . HBB: 84_85insC 3 il \HBB: 45_
46insG 2 {4 \HBB:2T>G 1 ffl . GJB3:538C>T 1 il \ATP7B: 2333G>T 1 | . GJB2 : 235delC 1 il \ SLC26A4 .
IVS7-2A>G 1 i, Sanger —fUIMJF 45 5K 5 F — AP 45 R e 42— &k RN e o w6 il
% A PRBALIR UL SR XA AL A F 5 B i A AT — 5 I N FH A L

[X#iR] ST ; F—1C0NJF; Ton Torrent Proton™ ; st f%d ; 3 H 5848

Detection of common mutations in 4 types of genetic disorders by semiconduc-

tor sequencing platform

WANG Huifang', LIANG Zhikun', YE Qianping', YANG Xu**

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Basic
Medical Sciences, Southern Medical University, Guagngzhou, Guangdong, China, 510515)

[ABSTRACT] Objective 38 common pathogenic mutations which are related to thalassemia, deafness,
phenylketonuria and Wilson’s disease were detected by using the next generation sequencing method in order to
evaluate the application value of Semiconductor sequencing in the field of hereditary disease detection.
Methods Target genes were captured by AmpliSeq technology, which mainly based on multiple PCR, and the
captured fragments were used for construction the DNA libraries, which were sequenced by using the Ion
Torrent Proton™ sequencing platform. The mutations were verified by Sanger sequencing.  Results  There
were were 15 samples with mutations in 33 samples, and 8 mutations were detected. Among these mutations, 5
cases were with HBB:52A>T, 3 cases with HBB:84_85insC, 2 cases of HBB:45_46insG, 1 case of HBB:2T>G, 1
case of GJB3:538C>T, 1 case of ATP7B:2333G>T, 1 case of GJB2:235delC, 1 case of SLC26A4: IVS7-2A>G.
The results of Sanger sequencing were the same with the results of the next generation sequencing.
Conclusion Semiconductor sequencing can detect the common mutations of the 4 kinds of hereditary disease
accurately, which can be used for mutation detection of these hereditary disease and to illuminate of the
pathogenesis of these disorders.

[KEY WORDS] Semiconductor sequencing; Next generation sequencing; lon Torrent Proton™; Hereditary

disease; Gene mutation
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iy R B I | 52 AL 1 H L R D R BRRE BT
TORAZ AR VERR Sy [ 4 B WL A s AR ™
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semia) (fRIFR“HLFE ") J& —2H 2Bk 0L 6F 2R
it S5 5 el B K ) B R R s A5 o - LB R
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HBB'™"', 5t A% 1 B 25 02 52 ) N 28 {3 N 3508 1
wOL gt B AL BB RN RN
1%0 ", Horp K2 — ¢ i) H- 3% 5 a5t 1% R A
ST R DG B R 32 2 GJB2 . GIB3 I SLC26A4
4 . ZR TN JR fE (phenylketonuria, PKU ) J& i T
B8 TN &R 72 {L i ( phenylalanine hydroxylase ,
PAH) it = Jir % — Ff ™ 5 19 35t 1% M 2 2 e 1R
B PR, B e R R R s AR e ]
oy b £ Mt B PKU &5 dE 28 it B PKU 2 Ff 28
R RN R DR AE S AR A A — B
5L R 12 W AT DU B2 B, AR B 97 ik AT L
U B R R AR RO AR
(hepatolenticular degeneration , HLD ) j& — Ff j™ &
18 G AR IS 1 3 A s, o el T 0 L P A
RGN A TRV e SNV =R AR
J5 07 A5 250 A 2 e A2 40 A0 Al O T, BUR
RN Ry ATP7B FE[H e

My AR AR e R, A T
HAS S B ik 2 M 28 A 454 Sanger | 715 &
PRI e  WRORE S s 728 M v 8O A 63 43 B
% . MassARRAY 43 T & [ 51 i K . SNaP shot 4%
AR TG PR B v Al e R — AR R R
G, XEEHOR B A DLBR A (H R AT, U
F AT T A I FE R E A AR A Y
SNP {37 i, 38 A ik — 25 & B BT i) SNP A7 8, B
12 T DR A € 5

R 4 BRI 35 AL R ER AT TE A I R R I
A%, 57 S oM v A AR A, DRI R I PR 2 T AR
MEMARAS T 812, AT RE 158 S A 7 I JR] o T 3
JUAT: v 2 JR (8T — AR P AR, AN AT KL A
TP BRI H B R 0 Y 28 A8 67 A, T EL B R
T AR A R BCRAR A L, S BTG
A g RS  SAy i AR A2 W i b 2
PIARAE o A ST AP0 R e it 1 S AR P H R
() B XF 3k 4 st A% 95 22 >0 L 307 28 748 i i AT
R, A 2 T A I e B AR T 38t 1% 9 A i o 1 P
AT ATk

1 #RFAE
1.1 SCEXT4

SIS B FH A 4 1 R 2H DNA REA 3 33 4], 5
H T E R E MR RS BE . 33 BIREAS T 40
fHEIEL,

R1 BAFHER

Table 1 The detailed information of the samples

AT AEHE Ll i RIZ Wi 5 B
1 4% 5 B
2 31 % 5 P A I (R AR
3 25 % 5’y AT
4 40 % “ W WR I Ao A
5 3% A (LS5
6 26 % 5y MR
7 22 % i R 31 4 iR
8 271 % u© FL ML
9 4% 5 B, A/ N2
10 26 % 'y L
11 1% ] Z M Ry
12 29 % “ F .
13 28 % 5y —
14 334 LS —
15 29 % 3 -
16 20 % u LM
17 34 % i AT i
18 91 A e LI,
19 271% = B
20 6% 8 I/ AR A
21 2% % 2 1 % G
22 31% 3 Je
23 4% 310H B FeRMRIE 2
24 26 % i AT i
25 25 % 5’y (LN
26 14 % 5 b e I
27 40 % B LN
28 % % IR
29 22 % 5’8 A
30 83 % ‘e 1 40 1 22 i
31 3% H R SEN ST
32 35 % 5’y N4
33 28 % “ O AT iR

1.2 PSR ik
121 CEM#E
T 5 H H Ampliseq £ AR & X% b g 25000 5t
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PV B 2 TN A PR A SORAZ AR PR 4 Fhisi A%
R UL R AR BTG I, A 3T, 3 45
%%ﬁ%LﬁgimRﬁﬁﬁﬁW%ﬁwuL

25 R 1 99T TIAS 1 2 min; SR )5 99°C AR
@wswﬁﬁkﬂ1@4mn/ﬁmAﬁHﬁ

i 10CIRAT . I 1P~ W12 FuPa Bl 165140, H
DNA & 2 lpF RF S 1 3k P 9 iE e B e Bl
Viig , BEBRAUAK 5 AT — 250 N, d5 e 4 A
TRAlifb LB R e /N e B, M A R B R/
FE 200 bp 247 W FE R SCHE . Qubit® 3.0 ZE G

K2 BIEARETRFHRFR

Table 2 The details of 38 common mutations

@ik JERNARK RAME B HE L RS & MAF { e PR 1 3L
chrl3 GJB2 ¢.299_300delAT p.His100Argfs rs111033204 NA U
chrl3 GJB2 ¢.235delC p-Leu79Cysfs rs80338943 —=0.001 6/8 How
chrl3 GJB2 ¢.176_191dell6 p-Gly59Alafs rs750188782 NA NA
chrl3 GJB2 c.167delT p-Leu56Argfs rs80338942 NA B e
chrl3 GJB2 c.35delG p-Gly12Valfs rs80338939 —=0.002 4/12 R

chrl GJB3 ¢.538C>T p-Argl80Ter rs74315319 T=0.000 2/1 EXES]
chrl GJB3 c.547G>A p-Glul83Lys rs74315318 A=0.001 0/5 How
chr7 SLC26A4 c.281C>T p-Thr94lle — — —
chr7 SLC26A4 ¢.589G>A p-Gly197Arg rs111033380 NA How
chr7 SLC26A4 c.IVS7-2A>G — rs111033313 NA How
chr7 SLC26A4 c.1174A>T p-Asn392Tyr 15201562855 T=0.000 2/1 NA
chr7 SLC26A4 c.1226G>A p-Arg409His rs111033305 NA B3¢
chr7 SLC26A4 ¢.1229C>T p-Thr410Met rs111033220 T=0.000 2/1 e
chr7 SLC26A4 ¢.2162C>T p.Thr721Met 15121908363 NA o
chr7 SLC26A4 c.2168A>G p-His723Arg rs121908362 G=0.000 4/2 o
chrll HBB c.130G>T p-Glud4Ter 1$33922842 NA s
chrll HBB ¢.126_129delCTTT p.Phed2fs rs281864900 —=0.001 0/5 Hom
chrll HBB c.123_124insT p.Phe43Leufs 1$36029927 NA NA
chrll HBB c.113G>A p.Trp38Ter rs33991059 NA other
chrll HBB c.94delC p.Leu32Cysfs 1s63749977 NA NA
chrll HBB ¢.92+5G>C — rs33915217 G=0.001 2/6 o
chrll HBB ¢.92+1G>T — rs33971440 T=0.000 2/1 o
chrll HBB ¢.84._85insC p-Leu29Profs rs35532010 NA EST
chrll HBB c.79G>A p-Glu27Lys rs33950507 T=0.002 8/14 How
chrll HBB c.52A>T p-Lys18Ter rs33986703 A=0.001 2/6 How
chrll HBB c.45_46insG p.Trpl6Valfs 1$35383398 NA HUR
chrll HBB ¢.27_28insG p-Serl0Valfs*14 1535699606 NA HUR
chrll HBB c.25_26delAA p.Lys9Valfs 1$35497102 NA o
chrll HBB c.2T>G p-MetlArg 1533941849 NA Hoiw
chrll HBB c.—11_—8delAAAC — rs34196559 NA NA
chrl6 HBA2 c.427T>C p-Ter143GlIn rs41464951 C=0.000 2/1 How
chrl2 PAH c.842+2T>A — 1562514955 NA o
chrl2 PAH c.728G>A p-Arg243Gln 162508538 T=0.000 4/2 How
chrl2 PAH c.611A>G p.Tyr204Cys 1s62514927 NA other
chrl2 PAH c.442-1G>A — rs62514907 NA o
chrl3 ATP7B ¢.2975C>T p-Pro992Leu rs201038679 NA HUw
chr13 ATP7B ¢.2804C>T p.Thro35Met 1s750019452 NA Al BEEUR
chrl3 ATP7B ¢.2333G>T p-Arg778Leu 1s$28942074 NA o
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SCPEWR BE A T 1
1.2.2 AEAR A AR 4R

B SO AR IR Gl A SO 2R
200 pmol/L, #2455 H I ¥ 1) flow %, F Bt K /NEA
Kot i i Ge DU A B s e AR AR B e B,
Ton Torrent OT™ # 47 FL ¥ PCR ¥ 34 , ¥ Ton PI™
Enzyme Mix 120 wL . Ion PI™ISPs 100 L . Ffi B¢ 4f
{14 SC 2 FC A R 7K 36 400 wL Jin A %] PI™ Master
Mix 7, B AR AE 2 400 pL, 5B % B0 5 43 3 Ik
) 2% 1% 1 A # Ton One Touch™ Reaction Filter
o, 3 A 200 wL Ion One Touch™ Reaction Oil,
et B B e v S U, B Ton One Touch™ Reaction
Filter ZZ %5 7E Ton One Touch™ 2 I, & £E4H W f2)7
HEAT RN o BEAR i %% 5¢ BUS AT One Touch™ ES
T e 4 o
1.2.3 Ion Torrent Proton Jl| ¥

H Ton Torrent Proton™ M J57 43 3#E 470 77 Jsz 1,
BT A AR 1 SR AR, SRS B ) i Ak s
JFHEAT W1 I A BN LAYE T 45450 B Y pH (B AE —
TR N, ES il % BB Loading & PLLE T I,
BB E I P ASCRE I AV, 0 B T S 15 417 Plan
HEAT O F N o ¥ 45 3 Ji5 7 Ton Torrent Al 55
fr BTG AF o A B REAS 1Y 38 AN Eoe A s 1Y
RARNENL o 38 AN H UL B 2 A8 s AR B L
x2,
1.3 Sanger — Rl 7 g5k 5 1%

¥ DNA A K AR N () 5| 4T ALk 2= A4 T4
V) TAR i) e A7 BRA wl 64T Sanger — 4G ¥
Ik
1.4 Gil2#irik

RIS 25 SR Gt o A ik AT & 7 80 , B
AR5 T RE R 1 2 FEA B T gt
3T, FE R A 2 A PR Kl s, PEPEAC R
DU HE 9 25 38 A B0 28728 ;AR A, B AR 3R A
DR 38 A B0 548 sFEA . P SR P45 3
Sanger — X 77 58 UE 45 5 X} H >R FH Kappa — 2
Kz o

I B PEPEA R R S R
Kappa (H5 8 bR 115 .

HTFHARTA:

R PE=A/(A+C)x100%

R 5 #:=D/(B+D)x100%

HERf M= (A+D )/ ( A+B+C+D) X100 %

F3 2 HERNE R —BUEITFRR

Table 3 The consistency of the testing results of the

2 methods
Sanger — {3 KiiE
Jrik i
WM Bt i
[H: A B A+B
N A ‘T“
SR 1 c D C+D
B A+C B+D  A+B+C+D

Kappa {8 % F] SPSS 15.0 G i1 ¥4 3t 17 42 i1
T

2 #R

2.1 R F AR

A S PRI P 25 TR R 33 AN FRAR H L AG I H
15 BREASETE S 78 A1 5% A% 1T R 2 A5 7k (single
nucleotide polymorphisms, SNP )/ i, i A H BE )
8 gy, Hirh HBB: 52A>T 5 1] . HBB: 84_85insC
319 \HBB:45_46insG 2 14| \HBB:2T>G 1§ .GJB3:
538C>T 1 1l LATP7B:2333G>T 1 il . GJB2:235delC
1 5] . SLC26A4 : IVST-2A>G 1 5] , & Il iy 551 Bk
A7 15 B Coverage TE 390~400, Hirf 13 1] 46 1 28
AR 42.5%~52.8% ) R 24 57 RUBEAS | 46 0
RAR N R 100% 1 Ry 216 AR RIREA . 5845 K
AR 25 5 2% 4
2.2 Sanger — Q¥ Sk 25 R

K FH Sanger 1| 7 32 X3 A6 HH F4) 2 A8 A A 1) 2
A AT IR, 25 R 52 AR P A5 R e — B
2.3 Giilrartrai R

M3 46 45 45 %0, A=15, B=0, C=0, D=18,
RAEHE B PE METITE  Kappa (R E45 558 N
1, 85 R 2 AR 7 45 R 5 Sanger — A 7
BUEZE R 58 22,

3 it

B A B30 38 1 0 7 3 2 P RY  R N 23%0 ~
25%o , fELHT TN FEBOR, AL R 2, AR
T N B 2 AR R IR A, X TGI8 2 X 5K g i 2
X Ak 2R T ™ R Y 22 B AR AR AR HL gt
eI 7 35 A% I PR 1 #0 B AT ey B e bk, L
Az e BV RGN H R A R A E A o dL AR MEVR
I, BT TR o i A JL A B B4 gt A2 g 5% DR 4G )
A ML= AR I AR, Sk (8 2 el S R BRI



TR ST 4G 20164611 /] 4584 #5641 T Mol Diagn Ther, November 2016, Vol. 8 No. 6 - 393 -

Fa 15HRTHERENER

Table 4 The test results of 15 mutational samples

FEA T G T ) oAy coverage frequency
1 HBB:52A>T HFx 400 42.5
2 HBB:45_46insG 7T 398 49.2
3 HBB:45_46insG 3T 391 48.6
4 SLC26A4:IVST-2A>G WL 398 49
5 HBB:52A>T 3% 397 49.1
6 HBB:52A>T 3% 399 46.9
7 HBB:52A>T H7x 400 46
8 HBB:84_85insC 3% 395 48.6
9 HBB:84_85insC M7 395 48.1
10 HBB:84_85insC 7 396 47.2
11 HBB:52A>T %% 400 52.8
12 HBB:2T>G 3% 398 49
13 GJB3:538C>T SUig L e 399 50.6

14 ATP7B:2333G>T JHF SRR 399 100
15 GJB2:235delC UL AR 397 100

FRMEAEF RS, SRS F IR TR, v A
R 1k B G LAY A, O AT R G AR A TSR
IEH WIIRIRAE A, TTHEA: R iR L

S PRI 2 3 A% A ) 1) 2 B F- Bt , Sanger —
AR 742 AR A 43 A HE R 910 A 4 b ofe  fELD
PR 9% FH v AR X B K 4 D DR AR M 7 62 4
T3 A 28 BS54 B s R A8 R D
RE BT — AP B AR B R — A7 AN
SPGB LA I Y . LA Ton Torrent
PGM™ DL M B /5 1 & 1% Ton Torrent Proton™ M 754X
WSRAVESTIOR S5 X0 NTNS 25 3 NI W N B o il I 3
PR PRIC IS A AR, 5 H Al — AR H AR A L
BT AL PR LR R O HLEAA SR R

ASZEGHH IR AT Ton Torrent Proton™ 22 {4l
JFASOXT 1l A TR B 0L 35t A% 1k EE R R P IR PR AE A
JF S ARAZ S PG 1 DL 1Y) 38 250 2 AR s R A T ARG
W, 33 A HEAS Hp AR AG 0 15 B AR AS 58 48 Horp
HBB:52A>T 5 f| . HBB: 84_85insC 3 {§i] . HBB: 45_
46insG 2 | \HBB:2T>G 1 il .GJB3:538C>T 1 4] ,
ATP7B:2333G>T 11| .GJB2:235delC 1 #1| SLC26A4
IVS7-2A>G 1 4], #2554 5 Sanger — X 5 451
iR 5t 45, % ™ W H TonTorrent 2 {4
DU Rz T By FLER A AiE 8 FBNT 3 PR B0 58 48
LRI E 3 A H MLEEBIER R AL A H LR

RO EOR FE R 2848 |, 95 Sanger B ESS R —2, JH
PREE S B 15 12 R 22 3R PKU S8 LB
ACEE 1 A0 JE 1 DNA, i B TonTorrent PGM™ i 17
DU e A, A ) 29 4S5 748 55, 43 @ 17 Fh 542
Jf A& B p.P202L WY B 2 4% A, HaZ R 45 R/ 5
Sanger JuiE45 R — 2, X EEWFTAE o S AR 7
Fe AR DY H T a5t A% o A i s A 7 e ZR B
T 2 S A e B AR I T 38 A% e A i) T
bk

AR AR T B A 1 20 AR TRAT
W RN B B A R A A g I iR 22
L5 80 5 R H R DS A AR A AR T R, S B iR
B 7 A, s a2 BT — A0 i i 2 m)
Jir VAT Az i (%) 2 A A7 553 B 2E A7 — A0 5
U AR UL, AH 2 T AR I B A 7 52 4% 95 Az DU
J7 1 BN R R EAF R R, 2 SR 7
Fe AR A 35 A% 55 K D g T T I A — S Pk AR, R
MAELLE O . (1) ZHOs e s AL AL & 2y, 5t
1 S Bk Ve, R RE S B A AR A DR R I SR AR
AHRF . (2) C B B BUR A SRR R 2 HXT B
i A s R v, 2D 43 19 A T 2 Y T R R — SR
FIE MR 56 110 A R 9 A8 a1, 3k 6 5 AR o B0 1 1 AT F
B, A Ae] o B 5% A8 S A Y R A A DG 2
H AT 2 ) X —XET, XTI S ] BT, 23 A
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% H Amplicon SRR 76 sl 6% i 1y 2% PRSI
INEAEY R AR MMER Bk REW By I

(8 E] BR  dF—5 508 30H M P 20 0 09 & 5 12 3 ELEE ST — 0BT A 56 = 3 2 0T 1 3
P2 K73, F 9 o/ B b rP i 23 1 38 PR A 2 28 28 RO A i . 3% SR Amplicon SCEAM EE L,
F 3l &, X 219 B T R A A AR T EALIE S8R . BR A 219 4
by R B I A, A 14 Fh S AR 2SR 4% CD122 .CD125.CD142 3 AR G e Y o- M 77 58 7%
J% IVS-T1-654 .CDA41-42 .CD17 % 11 Fivi UL B- M AT 2848 M 51 o e b, il ad 28 (5 8 2# AR B 4 #r, 0
A ot o 3B oMb, RIS ARSI oEE T T R R A S S W
W, #ESr T—45 Amplicon SCEEF AL, BEVERG LA U H T2 W o/ B b FP % a3 DAY B 5 AR 28
RS BRI AS, LA 0 R i A5 6508, b7 11200 TRE /B LA A S A 2 Y

[REIA] AP FTI0L; FEPIKEI ; Amplicon SCEF AL ; B-28748 5 a-HLK

Gene diagnostic of thalassemia by the method of constructing amplicon

libraries

SUN Yuting', FAN Dongmei’, YE Qianping', YANG Linyan', LIANG Zhikun', YANG Xuexi**

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Laboratory
Medicine and Biotechnology, Southren Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective To further improve the existing diagnostic methods of thalassemia, establish
a new method for gene diagnosis base on next generation sequencing and research the mutation type and
distribution of alpha/beta thalassemia gene. Methods 219 cases of the whole blood samples with
thalassemia have been sequenced and analyzed using the method of constructing amplicon libraries, which is
based on next generation sequencing platform. Results There were total of 14 mutation types detected,
including 3 non-deletion of CD122, CD125 and CD142 in alpha thalassemia, 11 kinds of common mutation of
IVS-1I-654, CD41-42, CD17 and other in beta thalassemia in these 219 cases of the thalassemia patients. In
addition, through graphing analysis by Bioinformatics software, 3 type of alpha deletion of --***, -a*" and -a**
have been screened out. Conclusion This study have further improved the gene diagnostic method base on
next generation sequencing technology and set up a method of constructing amplicon libraries that can be used
for diagnosing the deletion and mutation types of alpha/beta thalassemia gene accurately and effectively. It has
a great significance in population screening, genetic counseling of prenatal and postnatal care, disease
preventing for newborn with severe mediterranean anemia, etc.

[KEY WORDS] Thalassemia; Genetic diagnostic; Constructing amplicon libraries; Beta mutation; Alpha

deletion
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Hby P E 22 1ML (thalassemia , R FR“HBZL ) J&—F
THE S BB PN R DL 1 B 5 PR st A2 I YR, F R
1 AR DR A e 2 5 A2 T S BB AR 1 I S
fig, WAL E AP «-EREE A S B-EER R A
B B LG ) % A 1240 W 5 o 08 e ) — A 1k AT
PR MRS Im

I IR - =0 A o-BE PR R 1 b A i A B-
BELRER 1 RS I 2 RIS, T B A R R A3 il o7
T 16 S YL O K5 (16p13.3) 5 11 5 Y (a4 J
(11p1.2)"',

TEFRE KV LLRS ) KBB4 48 X 35 2k Hb 32 1Y
R IK o ANHEH o- ML BT S B-Hb 2% 56 PR 485 47 2 53 )
N 2.64 %,2%~3% " o HH a-HIZT LI AR
VLY DU S5 X 22 DL, R 38 530 R 3k 14.95% |
411% .2.60% .1.92% " . B-HL BT LA P4 Hb X Ry H
WL, KGR 2 6.43%" A X AN F s .~ FE
WA =ik 6% ",

M T Hb BT B = A 80R YT O ik 8 i A
Ar St 7 712 W DABH 1 F EE £ L AR S TR AR
LA AR 2 Wr R R 7 2 H A R 1 B
Tt o IR B I = 3R 4 43 M S M 3% R PR 45 v 3
i A W A, B IR LA I HE bR [ Q021 40 Y (red
blood cell, RBC) i1 %% | Ifil £ #£ A (hemoglobin,
HGB) . ZL 4 Jitd Fb %5 (hematocrit, HCT)  £1 41 i -4
& (mean corpuscular volume , MCV ) 13- 21 41
JIEIML 21 75 1 7% & (mean corpuscular hemoglobin con-
centration, MCH ) 4§ | %3l 2 R Il 1 88 (1 53 A (G0 45
SR LT RN  Hb AL A HBF 5 il 52 ) , Ht 7
RAEAE A AN REHERR A9 S DA, Al 1 2% i (/)4
AR ZAE ) A BE L 2% Hb (HbAL T ) , thANRER
B 1 A Hb I A 0 (-0 - oS AR T
) WO IE S B 2 #T 25 T DNA
ST R 73 A PCR £ & HETH T5rF12 8
(YA 2%, (H B R ERAE S R R AR, XHHRAE
FHARIKZOR S MELAA T RAFEA B i A, A
W7 T —%& Amplicon SCZER L | 3 o il 1w
DT -6 6 H 3% LR A T A 51207, B 7 3t
RS Wt — Pl B S5 B, R R
P4 S DRI 7 v o

1 MREFE

1.1 x4
2014 4F 7 H 2 2015 4% 7 AWk A #E 2 =R

R 25 B Ja b R B B M b 1 R B U o — R B 1A
7K K a2 1) b 30 A o ], XA i it
219 il b 2% £ 35 A0 JE 4 AR AS AT A WE 5 7 i Y
SRR . Hoh 2otk 125 44, B 04 44 4RI TE 0~
80 %, F-HAEIE Ty 26 % .

1.2 {5

T 2P R A% (B B ER A R A 7)) 5 Veri-
ti®96-Well Thermal Cycler (Life Technologies /A H] ,
FEE ) ; Qubit® 3.0 ¥¢ )11 (Life Technologies 23 Al ,
FE ) s DAB600 P 7 A8 (i L R 27 3k 22 kP e £
A B2 F ) ; DNA £ B 7] & : DNeasy Blood
&Tissue Kit(50) (Qiagen 23 F , [ ) 5 SCJF #4 8
7 &5 : Ion Plus Fragment Library Kit 5 % 3k i 5
% : Ton Plus Fragment Library Adapters (Life Tech-
nologies A 7 , 9 & ) ; PCR i | : Hi-Fi Hotstart
Ready Mix (KAPA BIOSYSTEMS /A 7, 3£ [H ) ; E-
Gel 9 ] B g 4 #2E Je HL UK 3R 48 < E-Gel iBase and E-
Gel Safe Imager Combo Kit (Invitrogen 2\ Al , 3
)o
1.3 Jrik
1.3.1 DNA [H#2HL

iz R DNA 2 I 5] & B 45 SR 48 ICEE
41 DNA, 73 2| ) DNA % i 25K 0D260/280 24 1.6~
1.8 Z[f], DNA AT E T (-2025) CIRAF .

1.3.2 SUEMHFE &

SR SCEEAR) iR i A T SO R A . QD
PRALFE X S MUY DNA 43 5l #E4T o/B-H13% PCR , %
PCR ¥R & J5 I AAT Wil & T 37C e i L
JIA stop buffer 2 1k W, #2465 A F4& 5 i XoF
DNA J Boift A R 52 . i e k0 & L A
P1 33k 5 R MR Sk AT 3 2 S, SRS FH DNA
aifb i Bk AT A

K JH E-Gel i il 35t i W B I i Uk 2R e e 61
Ml 330 bp K/ H 9 R B, #4851 PCR 157 iF
179738 , 555 1 DNA ZiAb g 2k xf 7= Wy A7 At A 15
FAT T 09 3CPE DNA

f F Qubit® 3.0 DI AT SO . U
AR Qubit ¥ B S5 4R A, P Qubit® 3.0 92061t
HEAT RE L AR LT 2 B IR A SCRE MR E] 100
pM B B = (U EX107) / (660X330) ¢
1.3.3 it &

FLW PCR K SC 12 DNA A8 76—~ 43
BT AT O YT — A o A A —
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DNA 70T, 9 B4 5 35 i 0T 0% 224, i HL 1 i)
ISP WEEREHEH A BT 74~ 3C% DNA
1.3.4  LHLF

i AT FLIR PCR 4 1 1) SCIEAEAR , 2833 & 46 [
W, bR T R O R L E e Y
DNA &} iE i — B, i S B — A 7, F3k
Jaiil pH AR 4L, B AL AR A pH AR 4k, Ik Ak 2
F S A A DO AT LSS R S
SR1GEE DNA F BRI IEFF 1) .
1.3.5 LR RUA

P& Coverage Analysis Al Variant Caller ffi {4,
e 2 % 51 hgl9 Ml B 5 X 38 chrl6: 215000-
236000 5 chrl1 : 5246400-5248600 V£ %% 43 H1i%
DX %) 2 55 RO e R B M 2 AR 1 L o Cover-
age Analysis ffifFiz 745 /e S Bl — P E H R
(On Target Rare ) F1il J3 %% & ( Sequencing Depth )
() SCAF , BE B 35 R AE 95% L) |, DNA I ¥ 35 i
7E 500% LA A A W 7y 25 SR W A5 5 Variant Caller 4
PFB TS, B A FE AR AR B — A B xIs 4% 201
PR G B RM, FE Tk, &&B AN H
hotspot 3 & , 1 55 B A i I R ASE AL . X T
A GEAR Y REAS W] AR 4 e A% b ) 28 A% 551 3 ( Fre-
quency ) I Wi Sy 2l & 5 AL ik 2 A% 9 7% , Frequen-
cy 1HTE 40%~60% Rl 2 2% 5 5%, 90%~100% I J&
aifRA,

ia A5 B A4 53 B EE 4T chrl6: 215000-
236000 X 8 B4~ 0 75 55 B 1% O, 4R &1 9 B ik 2
Al - AT BB, A5 7E chrl6: 221913-221936 Fil
chrl6: 223631-223612 {1 [l Py A A6 g, HLH:Ath {37
WA R, D o- M B O K 47 7E chrl6:
219303-219327 Fl chrl6: 225173-225148 i1 6l N A
o 0, L JFC At 57 VA A RS 0, U 4.2 4l i
Je 5 FAE chrl6: 221913-221936 F chrl6 : 227726-
227702 1 [l PN A R 0, . ECAth 457 B 08 A ARG T 0
I 3.7 4li A3 B 5 45 HE chrl6: 235908-235888 Fl
chrl6: 215284-215308 3t Bl P A3 A6 0 0, L3 Ath o7
BB K0 U Sea AL A BRI FFER T B
AU R A7 B A R, 7E chrl6: 221913-221936 Al
chr16: 223631-223612 31 [Fl P9t A K6 I 0 | D] 2 4%
Bk RAL,

W R 1.3.1 HXt 219 {51 1 7% g A1 4 af AR
ARHEEUIT A B DNA 55 40047 — AR (4 A vl
7)), it — 20 B UE AR S0 25 S R 1

2 #R

2.1 o/B-HB BT I A (A I 2

219 {5 1 %% £8 4 ML REAS v SRR 14 F g
AR LR 2R 4055 CD122 .CD125 K2 CD142 3 ff a-
BT ZE A8, 11 A B-HZT 57, 43 5] Ry TVS-11-654
CD41-42 .CD17.-28 .CD27/28 .CD71-72 .CD14-15 .
CD26 . Initiation codon .IVS-I-1,CD43, H i, %75
FHI Sy IVS-11-654 Z= A ek th 39 491, Lol e s, o
17.81% , H:¥k iy CD41-42 24 .CD122 44 .CD17
A4 CD142 2+ 4, B i LB B4R I R 10.50%
8.68% .5.94% .5.48% , AR5 H WK 1, i H4EW
5 SRR AT, S AG 5 A e B -3 FE .

F1 21900 o/p-H R E F SRI LBV B LE
Table 1 Mutation types of o/3- thalassemia gene

and composition ratio in 219 cases

AR AL n HBI(%)
IVS-TI-654 445 C>T 39 17.81
CDA41-42 245 delCTTT 23 10.50
CD122 2+ Cc>G 19 8.68
CDI17 424 A>T 13 5.94
CD142 44 T>C 12 5.48
CDI125 244 T>C 8 3.65
28 2 A>G 7 3.20
CD27/28 =43 insC 6 2.74
CD142 4l T>C 5 2.28
CD71-72 34 insA 3 1.37
CD125 4l T>C 2 0.91
CD14-15 Z&4 insG 2 0.91
CD26 7245 G>A 2 0.91
CDA41-42 4li45 delCTTT 2 0.91
Initiation codon %4 >G 2 0.91
IVS-I-1 224 G>T 2 0.91
CD17 224 /CD122 224 AST/C>G 2 0.91
CD122 4l C>G 1 0.46
CD43 2445 G>T 1 0.46
CDA41-42 Z44/CD122 445 delCTTL/ 1 0.46
C>G
CD71-72 2445 /-28 245 insA/A>G 1 0.46

CD71-72 244 /CD122 444 insA/C>G 1 0.46
IVS-II-654 2% 4&/CD142 4l C>T/T>C 1 0.46
C>T/
IVS-II-654 224 /CD41-42 244 1 0.46
delCTTT

IVS-1I-654 424 /CD71-72 244 C>T/insA 1 0.46
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SN RVl /e O/ Wl A A B = A )
22.83% , T 50 4], -7 AR R R B -5 -0 B
BRI, 4RI 10 61 .6 B, BT B 4.57% |
2.74% , ARG B E 2. 740, Kb 12 fpE & AL
RAF G R, BARME R ILER 3. e trifEF
ISAIE, 219 b 2% 2 # DNA BEAS B A6 45 5, H o/
B - b 7% 35 R it 2 8 22 AR 1) B3 5 AR5 BT ARG 1 4%
151] KB B4 b % 3 PR 8 AR A — — X B, 4 B KGR
100% .,

F2 2190 o- M EFEERK LK BT A EL
Table 2 Deletion types of a- thalassemia gene and

composition ratio in 219 cases

Byl n L1 (%)
Sea 74 A 50 22.83
3T4E 10 4.57
3.7&Sea 2+ & 6 2.74
4.2 345 4 1.83
4.2&Sea JE 4 1.83
37405 3 1.37
Sea 4ii & 2 0.91

x3 2190 o/p-HRAERFEES A BIRT/ERIKLBIFIMI B L
Table 3 Compound mutation/deletion types of o/

thalassemia gene and composition ratio in 219 casesz

GRAZIEHY g o HBil(%)
CD142 4i &5 Sea &ty 4 1.83
CD125 4i & Sea 8 fy 2 0.91
IVS-1-654 72 & Sea & 2 0.91
CD122 4li & SeaZify 1 0.46
CD142 4i & 427G 1 0.46
28 744 3744 1 0.46
CD17 244 SeaZ&fy 1 0.46
CD41-42 244 SeaZed 1 0.46
CD41-42 244 /CD122 44 3744 1 0.46
CD71-72 2445 SeaZ:fy 1 0.46
CD71-72 2445 /-28 224 SeaZ#fy 1 0.46
IVS-II-654 424 /CD142 4l Sea 4%y 1 0.46

2.2 o-HFTERR AR R BT

iz A B 223 4y B X chrl6: 215000~
236000 DX 38 B4~ 7 5 1 B 55 B, IF A 1B 4 B sk ok
T o= 2% F 5 1), 7E 219 151 b 7% 5 3 4 il AR A o
it 5 Fh iR A - M BT ARG 3.7 (4512 5)

Bk 4.2 Ze Gk Sea( Sl A /144E ) Bk (3.7&Sea
Ze A Bl 1 4.2&Sea 2% A B e, B 04 & DL 1K
1~8.
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Figure 1 Detection and analysis of 3.7 homozygous deletion
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Figure 2 Detection and analysis of 3.7 heterozygous deletion
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Figure 3 Detection and analysis of 4.2 heterozygous deletion
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Figure 4 Detection and analysis of Sea homozygous deletion
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Figure 5 Detection and analysis of Sea heterozygous deletion
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Based on the next generation sequencing platform for detection colorectal

KRAS gene

LI Lijuan', LUO Wanshan', ZHANG Jiabin', WANG Qing', WU Yingsong**

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of
Laboratory Medicine Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective Based on next generation sequencing technology, to detect and analyze of
KRAS gene mutations in colorectal cancer, and to assess the feasibility of its application in clinical molecular
diagnosis. Methods KRAS gene mutation was detected in paraffin embedded tissue samples from 108 cases
of colorectal cancer by Ion Proton semiconductor sequencer. The results were compared with the results from
Sanger sequencing which is the gold standard. Results The results of the next generation sequencing were
consistent with the results of gold standard, with the accuracy rate of 94% and sensitivity up to 100% .
Conclusion  Through the detection and analysis of 108 cases of clinical samples, this next generation
sequencing method is valid for detection of KRAS gene mutation in colorectal cancer.

[KEY WORDS] Next generation sequencing; Colorectal cancer; KRAS
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Table 1 The information of reagents

IESiE i "%
PR s 1) 004TL001-8 TN RS AR ) H AR A BRA ]
QIAamp DNA FFPE Tissue KIT(50) 56404 Qiagen 2~ Al (2% )
Qubit dsDNA HS Assay Kit Q32854 Thermo Fisher Scientific 23 & (3 [F )

Nuclease-Free Water AM9932 Thermo Fisher Scientific 2~ & (32 [F )

Ton AmpliSeq™ Library Kit 2.0 4480441 Thermo Fisher Scientific 23 & (32 )
Ton PI"™ Hi-Q™ OT2 Reagents 200 kit A26434 Thermo Fisher Scientific 23 & (32 [F )
Ton PI™ Hi-Q™ Sequencing 200 Kit A26433 Thermo Fisher Scientific 2> &) (Z5FE )

®2 UFEEFEEX

Table 2 The information of instruments

24 PR Viess "%
ABI 3500 DX F A 43 Hr % 4406019 Thermo Fisher Scientific 2\ ] (3¢ [H )
/NI g T L 5430 Eppendorf /] ({4 [ )
Veriti PCR 1% 4375786 Thermo Fisher Scientific 2> &) GEr il )
Qubit®3.0 D& E T Y Q33216 Thermo Fisher Scientific 23 &] ( 53k 5 ¥

YOLE T PCR X ABI7500 Thermo Fisher Scientific 2 ) GEr 3% )

Ion One Touch™ 2.0 System 4474779 Thermo Fisher Scientific 2> &) (Z£ )

Ion Proton™ System 4476610 Thermo Fisher Scientific 23 7] (3&[# )

122 FEAUR

A AT F A DL 3R 2,
1.3 Kl gy ik
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SR FH I LR 50 s 00 0 Ay P MR 2 SR A 1A O
I b B, 4% B QIAamp DNA FFPE Tissue KIT (50)
Vi L HUREAS 1Y DNA , FH Qubit®3.0 %6 % & X

FEH
1.3.2 SO HEFIGE H
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Table 3 The information of mutations

ST COSMIC ID  RAEXMFR  WAEEK A7 AR P I A 1Ay 51

COSM516 Gl12C 34G>T TGT
COSM517 G128 34G>A AGT
COSM518 GI2R 34G>C CGT

2 COSM520 G12v 35G>T AGTTGGAGCT GTT
COSM521 G12D 35G>A GAT
COSM522 GI2A 35G>C GCT
COSM532 G13D 38G>A GGTGAC

1.5 Gt
K H SPSS 20.0 Gt 153 B 544, % 45 it i1 —
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By AR, FEZR NBE069 T — )P 45 A 7.4% 1)
Gly12Cys ZE75 , X 7 (18— R0 0eg P S By A 7R
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Table 4 The results of next generation sequencing

FEA 4 B COSMICID  AEK(%) EHIE
NBE004 COSM522 35.9 3972
NBE005 COSMS532 33.0 3996
NBE010 COSM532 272 3992
NBE014 COSM521 12.7 3988
NBE018 COSM521 21.7 3986
NBEO2S COSM521 17.2 3026

COSM516 24.4 3998
NBE026 COSM521 19.3 3980
NBE028 COSM520 36.4 3990
NBE030 COSM516 35.2 3996
NBE035 COSM518 23.6 3996
NBE036 COSM521 21.0 3968
NBE038 COSM521 28.8 3974
NBE039 COSM521 27.0 3978
NBE043 COSM521 17.9 3980
NBE045 COSM516 12.7 3996
NBE052 COSM532 35.7 3998
NBE054 COSM521 21.2 3994
NBE056 COSM521 432 3972
NBE063 COSM517 54.7 3996
NBE064 COSM521 275 3970
NBE073 COSM521 26.3 3976
NBE078 COSM516 15.7 3998
NBE079 COSM516 14.9 3998
NBE082 COSM520 11.2 3990
NBE083 COSM532 17.5 3982
NBE085 COSM521 26.9 3976
NBE086 COSM521 23.9 3966
NBE091 COSM521 79.1 3968
NBE092 COSM518 26.3 3992
NBE093 COSM521 14.4 3982
NBE095 COSM516 43.8 3992
NBE097 COSM522 28.7 3978
NBE098 COSM520 23.4 3994
NBE099 COSM521 25.8 3978
NBE100 COSM532 54.5 3996
NBE104 COSM516 36.3 3998
NBE106 COSM520 35.6 3988

3 iTig

E R &b v B — AN 7 75K H Sanger ¥ [
H 4 RO Y R BRIC Y dANTP, £33 §15] ) PCR
JR, % B4 UK H AR SE B H vy i B B
B L 7 5 BRI o DAMERR L nT SE RE LTS

x5 T—RUFELMER

Table 5 The results of next generation sequencing

FEA 2 ik COSMIC ID  RAFR(%) HHiHE
NBE020 COSM521 5.3 3992
NBE059 COSM520 6.7 4000
NBE069 COSM516 7.4 3998
NBEO71 COSM532 9.4 3992
NBE074 COSM532 7.4 4000
NBE077 COSM532 5.0 3992

®6 MEHERILE

Table 6 The comparision of sequencing results

—fRy —fRay
FH Bk
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BT A SR B s R R S
FFUR 5 min P EPFF 4G A5 2000 5 500 | B as 17 RERT
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[ s ARG T 1 22 ol A [ f1 5 738 50 1) SR
AW 5T XF 108 61 45 11 9 s R FE AR KRAS 3
PRGN 248 R s, — AR e 245 SR 37 31 PH M (28728
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39.8%) ,2 P T iEAF AR N 94% . 5 N AME R
AR Ao 37 B — AR P BRI REAFE T — AR 7
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Figure 1 The results of Sanger sequencing
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Establishment of a gene mutation database in deafness from 200 health

individuals in Guangdong area

ZOU Jun', YANG Linyan®, LUO Junming®, LIANG Zhikun’, YANG Xu’, ZHANG Lihong'*

(1. Pediatric Surgery of Jiangxi Provincial Children’s Hospital, Nanchang, Jiangxi China, 330006; 2. Guangzhou
Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 3. School of Basic Medical Science,
Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective To get deafness related gene mutation detection database and preliminarily
remove the positive allele mutations, 200 cases of normal people in the Guangdong area were screened, in
order to reduce the time of data analysis and increase the ability to predict the risk when detecting the mutation
of deafness gene in the population of the Guangdong area. Methods Peripheral blood DNA was extracted
from 200 normal samples collected in the Guangdong area (male to female ratio of 1:1). Gene library was
constructed by using Ampliseq amplification technology and primer pool of deafness genetic testing (Life
Technologies), and then next generation sequencing was done. Results The experimental system of gene
library was established using Life Technologies primer pools of deafness gene detection. Through data
comparison, mutation rate between 80% and 100% of 200 samples was selected. Conclusion By analysing
the sequencing results, deafness gene mutations which were benign and had high mutation rate of population in
Guangdong but not pathogenic were removed. That greatly reduced the time of data analysis, increased the
ability to predict the results of the risk, which would provide reference for deafness gene mutation screening of
Guangdong population in the future.

[KEY WORDS] Deafness; Next generation sequencing; Benign allele
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) DNA ¥ & FI 4G B2 o i 2 e 20~50 ng/uL, 46
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1 FHI 200 A AS v 4 R 42 1ffL ik X 2H DNA 3k
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Table 1  Genes in deafness panel

7 o HE A

ACTGI1,CCDC50,CDH23, CEACAM16,CLDNI14,COCH,COLI11A2,CRYM ,DFNAS5,DIAPHI ,ESPN, ESRRB , EYA4, GIPC3,
GJB2, GJB3, GJB6, GPSM2 , GRHL2 , GRXCRI , HGF , ILDRI1 , KCNQ4, LHFPL5, LOXHDI1 , LRTOMT , MARVELD?2 , MSRB3,
MYHI14,MYH9 ,MYOI15A ,MYOIA ,MYO3A ,MYO6 ,MYO7A,OTOA, OTOF ,PCDHI15,DFNB59, POU4F3, PTPRQ ,RDX, SER-
PINB6 ,SLC17A8,SLC26A4 ,SLC26A5,SMAC ,STRC ,TECTA ,TJP2,TMC1 ,TMIE , TMPRSS3 , TPRN ,TRIOBP , USHIC , WFS1 ,

WHRN ,POU3F4 ,PRPS1 ,SMPX , USH2A , MIRN96

1.3 AR & Rl 5

W BEAFEAS 9 5 R 20 SCE A B 22 100 pmol/L,
A F B I 1 S B 40 A FE IR A )5, FH Ton PI™
Ion Sphere™ Particles (ISPs )i i One Touch™ 2.0 1%
1T FLW PCR AL AR 21T 45 )1 )5 , #5 H Ton One-
Touch™ ES %4 ISPs k., & £ )5 1) ISPs Tk %%
#| Ton PI™ Chip v3 JllJ7.¢s i [, 8 1] Ton PI™ Hi-Q™
Sequencing 200 Kit (Life Technologies, 3 [&] ) i 7
7t Ton Proton M 74X F #4707 .
1.4 BdRsr bk

W F 58 W5, R N 38 92 4 5% 40 % IR 55 o
S V00T A F i A I 55 e 3 R A A A
AT H Ak AN A3 By, DUISE o e D A 3 AR )
13RI REA B BE 2 7 91 e B N IR A 2%
B3 |, 43 B AE 4~ DNA J7 918 5 31 5258 A OGP
(A6 B DX, S8 A A6 B A B T A U L
TR RERAE,

2 HR

2.1 H AR S ARSI SCPE ) A 2R

7E3X 5 & Ton AmpliSeq™ Library Kit 2.0 $#2{it
) et FH 156 B 15 1 el TR SO A A ) A R
HEAT T ARAL , BN RS SCEE AL 1 S B DNA #3243
419 ng.20 ng.21 ng, & J& B & B AEA SCEY
A R DNA i 2=/ 20 ng (KT 20 ng i Fy
B SCE R FE AR T 0.2 ng/pL, 117 SCPER 45K T 0.2

ng/pL, AR ARBI M P 255 ) . R H B AL AR
W panel A 2 593t , HANFEA 2 451 93t
g3 ) g A, B R 8 O R 9 A G I 5 | A el A T
H B 7 By 1% (PCR) I, N A B FEA DNA 4 2 /0
10 ngo A SCEE LUk BE 4 AT 3E 2] 0.5 ng/pL LA
Fo IR R RE RN 2 3R 3 R,

&2 DNABIHEMMLUL
Table 2 Optimization of initial dosage of DNA

14 SRR (L)
Tl ik 2 Jiik3
T B3R 5 2 2 2
1Pt 1/11) 5 5 5
DNA 2.5(19ng) 2.520ng)  2.5(21 ng)
TR K 0.5 0.5 0.5
Total 10 10 10

FEAFEAR IS0 T, 519030 12350 3647 2 A~ R

2.2 fuilizh

ol FH H 5 56 PR 28 A8 6 I panel #4) 8 3 PR SC %
J& e BT A B B L 1% panel JUr B 5 19 63 S H-
FEARICHEDR (LR 1) 3B, 8 35 3K 100% .

200 {7 1E FAEAS X B2 AH O R i A 7 58 AR
R, e 509% Db FE PR A i L 35 A, AR 5
H 80% ~100% 1) ¥ A HRAF TR 58 A8 v s HE A 25 4>
(W2 4),

R3 XEREXL

Table 3 Comparison of library concentration

Jrik Tk Jrik2 k3
i 1 2 3 5 6 7 8 9
e (ng/pL) 0.152 0.180 0.162 0.553 0.537 0.610 0.766 0.832 0.815
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Table 4 Mutation information of gene site which mutation frequency in the range of 80%~100%

s ERARK REMKAE dbSNPID AL RAVERT  RAERAKHA RAELE
1 COLI1A2 chr6 1s2229785 ¢.2700T>C Benign 200 100%
2 DFNA5 chr7 rs876305 c.447A>G Benign 200 100%
3 DFNB31 chr9 rs6478078 ¢.2256G>C Benign 200 100%
4 ESRRB chrl4 1s2361293 ¢.885T>C Benign 200 100%
5 MYHI14 chr19 rs3745509 c.5430G>A Benign 200 100%
6 MYH9 chr22 rs710181 ¢.3429T>G Benign 200 100%
7 MYOI15A chrl?7 1s2955379 c.7185T>C Benign 200 100%
8 OTOF chr2 rs4335905 ¢.2736G>C Benign 200 100%
9 TECTA chrll rs526433 c.5171G>A Benign 200 100%
10 TRIOBP chr22 rs8140958 c.4129T>C Benign 200 100%
11 WFSI chrd rs1801212 c.997G>A Benign 200 100%
12 ILDRI chr3 rs2877561 c.1545T>G Benign 199 100%
13 CCDC50 chr3 rs188384 ¢.50-4C>G Benign 198 99%
14 ACTGI chrl? rs1139405 c.918C>T Benign 197 99%
15 PCDHI15 chrl0 rs4935502 c.1304A>C Benign 197 99%
16 TJP2 chr9 rs2309428 c.1446C>A Benign 197 99%
17 USH2A chrl rs10864219 ¢.6506T>C Benign 197 99%
18 CDH23 chrl0 rs3802720 ¢.366T>C Benign 196 98%
19 HGF chr7 rs1800793 c.1272-4A>G Benign 194 97%
20 POU3F4 chrX rs5921978 c.708G= Benign 190 95%
21 LOXHDI1 chrl8 rs1377016 c.6107C>T Benign 189 95%
22 MYO3A chrl0 rs1999240 c.3937C>A Benign 179 90%
23 USHIC chrll 1s2240487 c.1188A>G Benign 175 88%
24, TMIE chr3 rs10578999 c.391_393delAAG Benign 172 86%
25 TMPRSS3 chr2l 1s13047838 c.*2G>A Benign”"” 160 80%

2.3 Bl AT A RS 3 Wi

T S UEFR AT A N7 AR R Y B R DR R AR A
PERA B0PE X 50 51 28 R 5 kAT B L R e AR
K, 42 BR 3K 77) 4 Ton AmpliSeq™ Library Kit 2.0 ()
Y A5 A e DR A SO O HL R AT AR ) A A |
B, 20 B B WL , e OCH b 1 1) 5 3% R s
ATE R 5 AR i T BR T A A AT A 25 R S R
AR S5 R 5 o AT B ) 2 SR R AT R L N 3R
5. 6. Zead X nT DUE W S B I R Ab
PRCHE B AT DL R PR Y 58 AR AL T R A
1S s FRAT 7 2 0 B0 ) 2 A8 AL s fE B,
T 35 UE 1 - 75 DN 28 A0 B8 R i A AR X R
R KW AT TAER, I HATE T 84 5 i
B[] o

SH MR IR L, m H e 5 i
5, (0K Z50CH B 02 h D BULA IR R AR 2 8
R 3 I PR T R B 5 2 W B i 2 B 4
BET R HARER . HATSS &7 aris W, B
PR 2R ARG I B H AR B A - B ANEE Bk L
DL R4y W 31 N . B A LT g i h oA
A Y — 5B 43 HEHF GIB2 . SLC26A4 H: K 58 7% a4k ki
A DNA 2278 iy JLEE R BN T 4 IE %, (H B 47 i
B, W ) BN B, BN IR K R W
AR PR X AT AT R PR S AR A T, BB A AT AR
| Ry IS (] 07 AN e e O O i =10 | W { U R e
FRACF HA B L,
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R5 BEZERNER (81

Table 5 Detection results of deafness patient (before )

*o BEEZERVER(F)

Table 6 Detection results of deafness patient (after)

FEA AL U AR )y
AR 5
P o3 W 44 (%) W
COL11A2:2700T>C 50 485
DFNAS5:447A>G 100 2417
DFNB31:2256G>C 98.5 2518
ESRRB:885T>C 0 1649
MYH14:5430G>A 99.9 1211
MYHO9:3429T>G 100 1847
MYO15A:7185T>C 50 1168
OTOF:2736G>C 100 1759
TECTA:5171G>A 52.3 1494
TRIOBP:4129T>C 100 1313
WFS1:997G>A 55.2 1377
ILDR1:1545T>G 48.9 1762
CCDC50:50-4C>G 97 700
ACTG1:918C>T 0 333
PCDH15:1304A>C 100 1161
TIP2:1446C>A 56 1318
USH2A:6506T>C 0 735
CDH23:366T>C 100 1813
HGF:1272-4A>G 50 2484
POU3F4:708G= 48.9 1830
LOXHD1:6107C>T 49 1677
R MYO3A:3937C>A 0 371
AR B USHIC:1188A>G 100 1925
R ET TMIE:391_393delAAG 53 2224
TMPRSS3:%2G>A 98 466
GIB3:538C>T 50.5 605
GIB3:547G>A 0 600
SLC26A4:281C>T 0 788
SLC26A4 : 589G>A 0 537
SLC26A4 : IVS7-2A>G 0 690
SLC26A4: 1174A>T 0 2183
SLC26A4 : 1226G>A 0 2194
SLC26A4 : 1229C>T 0 2139
SLC26A4:1VS15+5G>A 0 130
SLC26A4 :1975G>C 0 1057
SLC26A4: 2027T>A 0 1018
SLC26A4 : 2162C>T 0 2617
SLC26A4 : 2168A>G 0 2625
GIB2:299_300del AT 0 1222
GJB2:235delC 0 1223
GJB2:176_191del16 0 1216
GJB2:167delT 0 1220
GIB2:35delG 0 854
12S_m.1494C>T 0 780
12S_m.1555A>G 0 138

FEA 1 B A U RAE T
AL

e s R (%) TR

GJB3:538C>T 50.5 605

GIB3:547G>A 0 600

SLC26A4:281C>T 0 788

SLC26A4 : 589G>A 0 537

SLC26A4:1VS7-2A>G 0 690

SLC26A4: 1174A>T 0 2183

SLC26A4:1226G>A 0 2194

SLC26A4:1229C>T 0 2139

N SLC26A4:1IVS15+5G>A 0 130

%;%;;? SLC26A4:1975G>C 0 1057

B SLC26A4:2027T>A 0 1018

SLC26A4:2162C>T 0 2617

SLC26A4:2168A>G 0 2625

GJB2:299_300delAT 0 1222

GJB2:235delC 0 1223

GJB2:176_191dell6 0 1216

GJB2:167delT 0 1220

GJB2:35delG 0 3854

12S_m.1494C>T 0 780

12S_m.1555A>G 0 138

B 5 N2 W B AR s & i, HA A
SRR NS R Kyl R S (R N AW DR 53
AR ILIZ AR, T2 B AEAR R B I 5] P9 fE 68 52 BT
B ACA BB AT I B R, — Ut AT LA
SEJLT T L E J7 % DNA 50 F 1781, Xk /2 T
A JEL I [i) pAY X6 2 DA 2 0E A7 0 0 R R ) 2
SRV B HE A SC S N B Ui ARSI, H AT
FH R 22 09 77 % 2 i DRI e B AR R Sl 2 3 4 R
JRE SR 1) vl I P R, B T H 3%
FE IR SR O A2 Wb o 7R AT ooy e e ) i P
Jy e A 2 SR AR A A R R AT R U
B 9 A BB — AN A AL TR R (L i T 2R
GEAS BAT I 3 v BEALIE AN e M SRR TR
Py ik e P AN g e 2 A R 9 AR H AR S A
BRI ok, R R A S5 2% m A I 45 2R PR Y
3 B G B A RET K JE PR S A7 i R T2
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W 3 fe s NAE AT BE DI AGIN , 45 5 25 6 A 24—
o3 HEZRAH S BE DN 728 07 i 2 A AR ik #8541 A 22
ASLEL, AR AR H i S8 5 B 00 A R A o 22
AR O B AT AN A E B TAR U, 5 —T5
T, A FR 5 3 DR AR ARG TN 7 1, AT A A 9 2 s =
SEIR A WY AR E SR B X A R DL A HE 2R R D %R
ARAE A AT ARSI , 7 Ak PRSI 25 SR, AN Al A
B — D RBBE T SRR, L TR AR . [
I 1 T AMERRE LA B N ] 14 25 5 A DL AT
—SE I DL SO 14k PR 5 A 37 s i SR A
TERY T LB A 1) 98 A8 i AR AN W ot 1 B, AT I
Xt — SO AN W S DA A9 B0, FAT DA 0 2 UL O 07
AR TR, AR AT oo BEHEA T A i B A P AR IR . T
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NI S U L - IR EA I DNA

xR ERE RE

[# ZE] 75 M DNA (circulating tumor DNA , ctDNA ) +2& 1 [J 88 41 ifd B ik ) 1 3 A6 3 2R 48 7 1Y
DNA, ‘& i 1E A Z R IE B A Y23 i o ctDNA BRI LA S 1 ) o Rt oA 4 5 0 vy A
ZEFAE , AR — R0 7 (next-generation sequencing , NGS ) $ Ay K fith Y ctDNA 4387 77 2% nl i i 58 A8 RS
J5 W fe g 5 DR LA 5, 7 TR 1 AT 5 BSR4 4 B S AP, AT DR — A e SR AE VR T T
2o CtDNA VE A5 2 i YR AR AS ™ SE AR , B vl A6 I P 7 57 R 0 o B 7 1) St o AR SO 1
CtDNA 75 2 Fffg i (FLIRA i A28 B ) PP A e AR AR S [ L ctDNA 119 858 K6 45 K T ctDNA 1
Il R A2 e 97 R4 M 42 B 30 4 W v 9 R BFASCR , DAAE S NGSS AR S JE Al 9 ctDNA S J7 V6 7 Il IR B2 27
R

[X#IA] DNA; TR B WA £

ctDNA: a specific and sensitive biomarker for human cancers

WU Long', WANG Suihai®, LIANG Zhikun'*

(1. Guangzhou darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Laboratory
Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Circulating tumor DNA (ctDNA) is a kind of circulating DNA fragments carrying tumor
specific sequence alterations and are found in blood. It can be used as a variety of cancer biomarkers. ctDNA
can be detected simply, rapidly, non -invasively, with high specificity and sensitivity. The analysis method
based on next-generation sequencing (NGS) technologies detecting ctDNA can reflect tumor genomic informa-
tion by mutation status, and plays an important role in research and clinical application of cancer treatment, and
treatment decision-making. As a new "liquid biopsy" target, ctDNA has broad application prospects and will fa-
cilitate the implementation of precise care. This article outlines high frequency mutations in the gene of ctDNA
in cancers (breast cancer, lung cancer and colorectal cancer), the latest detection technologies of ctDNA, the
good effect of tumor diagnosis, prognosis and efficacy monitoring by detecting ctDNA. It can promote the ap-
plication of NGS technologies by detecting ctDNA in clinical medicine.

[KEY WORDS] ctDNA; Next-generation sequencing; Tumor; Liquid biopsy

HEUH KA AR W W RNRITIOR R AR 2R BHE R B 22 m B B RRYT . i E
TR HAAOC NG R HL AR A AR AR RS A 1% 3 i f Mo R ) 1 AR Ry
M . R EIRA RSN BAURER —A SR T RA M, T X — s, A
A7 B I ) R IR A ﬁ@TEU?“ﬁ%‘/\% T I -3 4 B MR A= W aE 9, Nk 1 b i
Yy, 006 25 i 98 40 Jid A7) B4 )i 95 DNA (circulating tu-

e i 98 15 0 B HCE AR S e TR D B G 4 2 m
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mor DNA, ctDNA) %5, i JLAF , b 55 R W e i &
ctDNA #5417 ) iR 2 15 B S PR LR A R
G — e, e R IR 2R DNA 518 1T A8
e K . Newman 55 & B B9 & BURE tDNA
SE R I R TR A A TR R I 3 A O 12
(cancer personalized profiling by deep sequencing,
CAPP-Seq) , ffi 13 ctDNA [k A T 58 iy ik 25,
AT A A 00 ot 8t R ARG i B2 tDNA BCA 7l BE
HETT RE S R MR 1) & SRR o AR ST ctDNA 1
Z Tl 1277 N A B0 K AR R B2 W
R M W e T A U A5 7 D A T R A T RE AT A
41, IHES) T — 4RI ¥ (next generation sequencing,
NGS) 7 Ay FE A ) ctDNA K 7 12 76 1 PR 25 2%
RN .

1 CctDNA B4 14

PGS 9% DNA (ctDNA ) 45 Ft 2 rh it 2 20 it B
2 1 996 FR 2R GE i DNA 1 20 I %5 DNA
(cell free DNA, cfDNA ), 5l # 1Y Ifil ¢ Jif# 25 DNA , &
5 1ML W B AELE Y DNA, EATAE R A TIEH
YA, A K F TS5 0 Can P 4 ) |, 38 A3
3K H T ARSI (s 8 DNA) o 1IE# cfDNA
5 ctDNA 1 X G 7E T2 R AATER AL o (R4 2=
AR B i 200 0 T A ) R TR 4 R R R
B 2 X6 AR, HVAS S A A T[] — AR 19 1E % 4t
i) DNA " 3XFEA REARIIE ctDNA VE M4 Sk i A
Ybric

2 PhyEEEHAE ctDNA

7E 20 22 40 A S 2 — IRAE AR TG 24
J WL S 1Y) DNA, B 5 78 20 22 70 454055 25
TR R SR I B . SR, otDNA A Y K
JEA M 208 L B V%5 TP A2 M. ctDNA Tl
(B R G 45 7 6 A8 S, HL I Y ctDNA ¥R B 48
I R R E LB R | X LG T8 i PR R A
PR NN )7 S P S ey TP RN [ BriE e IEN
4 RBR VLRGN T 05 1 i 20 AR i T sk S i
CtDNA [, — gl IR Ry 1 2R FL IR 1 (beads
emulsion amplification and magnetics , BEAMing ) f%)
TR, T RE A I 0] 5 R L 1 5 L DX 4 AR K
B R B R IL 0.01% ' . XAERSHER R
D RE 7 5 6 58 N D1 BB A5 PR otDNA (19 1 PR 3 ]
P, X RE AT 5 B A

2.1 FLERE B E T atDNA

R 1 L IR T BT R i B A AT W
DABA 22 XA YT B RN, I H 8638 B0 AR P b s
Y. Dawson %5 '8 i X PIK3CA Fl TP53 1Y &5 %
AR PEATAIN , % B0 30 i kAT 20 1 (97 % ) g 4
21 it 35 PR 2 e A 2 T ARG D B tDNA, 3%
KA SR, I HLE 2 5 e s 2 80
FHREME . SR, ctDNA B9 T R 15-3
(CA15-3) FVHIE FA il Jea 4 i i) A I EL A B8 v 119 R A
& . Heidary X% % #% 2| g 9 AH OC %&£ [N (PCDH20,
OR4X1, ALK, DNPEP, SH3TC2, DDR2, MLL3,
PIK3CA) BRI, [ #E & B ctDNA 7K V- 3R 81 3¢
KW sh ™ . BAE, 40% FL IR A A7 1
PIK3CA (1 25 5 Wk LB -3- 33 i ( PISKO) f# b W 35 )
FR A4 4 it 28 7% | T PIK3CA 2 5 PI3K {5 5 4%
ST, T A% COSMIC %4 g 4 46 2% [ A ]
L% BLFL IR B 1Y PIK3CA F1 TP53 1% 2 &
PR R AR S8 AR SE R, o BE ], 6 LI 12
, ctDNA B A B B U PE 15-3 (CA15-3)
VA A Jie 922 200 60 5% Ry BT 1 B9 A= A =5 4, i xof
PIK3CA F1 TP53 AT R W) o] LAAR G- 52 1o 2L i s
R
2.2 Jififs B E T otDNA

Maheswaran 5 ' 7 fiffi ¥ 41 it A U 21 EGFR
H1 KRAS JE R 9878 , 46 TF T Jili s #8151 YA 7 1 1T g
AR o Yung S5O FH R R A WA IOV (digital
polymerase chain reaction, dPCR) 4% A 7€ 4E /)N 41 ity
Jili 3% (non-small-cell lung cancer, NSCLC ) H 74 A9 IfiL
I ctDNA s I 1) 3% Jz AE 4 ] 52 44 (epidermal
growth factor receptor, EGFR) %78 , HL/h i} 1 19 Hkt
J% F L858R 58 AR M A 43 5l Ky 17% F 26% , 5 Mg
FEA I e 28 AR HL g, IR AR A o EGFR 5878 1Y
RO RN S 4 ) A 92% F1 100% , [ B, 58748
J 81 114 K5 E I PR W 28 52 AH OC 2 & o Punnoose
AE s L B AE I P otDNA W EGFR 5875 iR
255 FH R 1 B e A AU g — 30, X R A T
PLf# FH ctDNA SERF PP 2R AR R4S . Wang 61 &
PRAE AR /N0 e fii 96 22 2 102K ctDNA 7, KRAS 2878
FRUAH I i 92 2H 27 522 R G OGR4 I S8 R g v
KRAS Z75 [{)— BN 76.7% . S5 K25 10%AE /)
20 i it 9 ER 2RI 35 %o IR /DN 20 O i 9 R
EGFR 7 "™ HE /NI it it i £ %, EGFR .
KRAS 1 ALK JL-F & e /E Ty, R — A8 8
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R 57— A~ AR HR 2 5 W 0 AT RO . BRI
XF ctDNA 119 945 15 JE 47 Wi o] DAAR G- 2FAl i bk
A, BN IR A kA S kA SR AR RS Bl o
2.3 45 HnE B T ctDNA

X 25 W 9 ot AR O R R I, 7E R
i 90 S8 00 B K AR AT ARG I ) R 2
KRAS I FE A TP53 FI APC Ry JE R 98 2851 R
i 9 5 40 3 5 7 P DN HR o — A 58 531 Ay gt
AR R B ) KRAS (5878 o K280 IR I SC
TEHEO FHARCABEST , E2A LU LA R
A TR 5L TR KRAS 878 18 K W i i e (2
50% ) g H b & R W R, B R AR
S By B, JRU X KRAS 28 75 J2: B B0 8 AL ik
AR K2 80 % 1K i A5 s BE R SR IR KRAS
AR WG AR/ 8 H AR 12, /R E S
13, DEUTESE 61 L 3RS 710 Tl ad S5 7 5 R R
S G Y B R A B RN R X KRAS 5 2 41
W7 A % R (Gl2V, Gl12A, G12D, G128,
G12C, G12R 11 G13D) 1 BRAF 5 15 4} i T 5 %
A5 (V6OOE) #4740 #r , 45 5 W 7R 7F KRAS 1) 7456
AN F 98748 Fl BRAF V60OE 28 78 [l 1 2 43 1]
} 92% F1 100% > . %t COSMIC % i J2E 46 2 7T LA
KIL, X 7T A A Z ) KRAS R7% |5 KRAS B R7F
1 90% , BRAF V60OE % 7% (5 It &5 BRAF 2 7% 1Y)
98% . ctDNA W KRAS JE R % A= 58 AR of s, 1 — 2K
PR, AR T AR R g i A= b B .

3 CctDNA# M AR

ctDNA 7E Ifil A 24 e JEAR AR B LARE Fr 4k 2
B, XS ctDNA R il 1) = EE Pk . H A, KA o
BT ctDNA [ 5 AR 2 S AEA 55 ) SC Ay
BORTEA N4 . Z 01 KR ZH05 1Y R 5% HS Ik
I%, % ctDNA )& J& FE R Bt 25 | il s 3L
v R BCRE BRI . AR B B R RN Y
(tagged-amplicon deep sequencing , TAM-Seq) . £ 5
B4 W4% K 4% A (digital PCR) .BEAMing . & i
R 1 1k 1) 2 & [ v (pyrophosphorolysis - activated
polymerization , PAP ) Fll CAPP-Seq %5 i) tH B #f K4
= TR ctDNA PBUSME . (i R0 3R A Bl
ks ARl R: N RN YN RS N R
FLARIE S5 1 ctDNA Kt %0158 75% L B i
CAPP-Seq J7 2 XF AF /Iy 240 i it 98 5 1 A7 A6 I 22 28
AN 5 F B, KT 95% B Jed v omT LA I 31 2%

A SF T ctDNA 78 11-1IV 1 9 NSCLC H &, fifak
PEKF) 100% , T W] NSCLC H 3 i1 80Uk ik 5]
50% , 1% )7 P K Wl EGFR F1 KRAS ' i 3% &5 T
0.1% 5748 I, K 2R R 100% , R 551N 99%
I Al WL, CAPP-Seq 1] i 7 Ja) &0 0 39 a5 5% 7% 1k
NSCLC ## B AER AME IR 3L 735, ctDNA )
IRV e PR R G S AR O, T T3 A 3 AR S
Y7 A B v R 2 AR E s AT AL, B ECR AR
or A TC 1% T Aff 4 W b 978 2 A5 AEAE , T X ctDNA /Y
R 45 S AT LK T Jeb o AR R A . R, ctDNA 7K
- 55 1 R 105 22 8] B AH D&M LT P T AR 2F K
A, IR T PR Y B N PEAR . FRATTIREAR, X ctD-
NA ARSI AT DL E RN FH T I AR AG: 0 R0 A i 22 e
G IS AR T T T

4 ctDNA Wl KRz A

B A A PR P R 1) %, ctDNA A6 i
FEAR AT LB R i 28 A 0 38 ik geg i Y 5 TR 2R
AW IR TR AT A Y T B, e R s
BFELLT 34~ .

4.1 e R N2 S R 5

AR TR AR AR A A A A S AT,
B ERLE AR 25 W E VAl 5 o 7™ o A B8 Ty T B 3 o
BAER, I CA19-9 . CA-125 . B JIf 2 14 (alphafeto-
protein , AFP ) i 51 i 45 57 P $1 it (prostatic spe-
cific antigen, PSA) . SR TMIAR Z 1) 84 Igd A 2
SRR AR IC W, RV AR A A S
P L WA AT AR B Ry e = R S TG R A
WA, 228000 A 0 AR P b A P A L R A B v A
S ARG, AR ERUR] A VPl ) 75 2 4 25
JE BB 5 T ctDNA B 1 (292 h) , W] 3l
BIPAEAE TS Lo T3 A1, cDNA B I A 7 55
H. ctDNA 7K -5 Jifgg 19 R /N 22 [A) AH DG AR B2 vy, AR
HiE ctDNA 192875 1 (¥ #EA T W 0 ] DAAR G- DF-A Jie e
ARZS, HEAT L2 W A M 0 0
4.2 R T ROTA

ctDNA AJ 1 N 22 4] SERY ST Al HR bR o i
Jed FB A R I PRIA T o B R B 2 A 2 B
A E A RN 259 2k 230 7 /E T, H R A
T RE A Ak PR Al A P9 g R AR U
i, SRR R 25 L R A LK R Y NRAS Fl KRAS
DNA Ji BURANFAAE 16 85 R 78, ] EG-
FR BHAEFNGIT 5, P SR 3 T, R
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ALK 22 46% . BESE R B, K 29— it &
I R e RN T R R e AN Rk R R 2 I
K EGFR ) DNA & TT90M 57482, FE 4%
LA X BT EGFR 1 %5 e o 1A v 2 7 bt
FAJE BT RIS 5 KRAS R AE 88 MET %
R e PR, K ctDNA #6473 K 40 M
A By 25 W DU 245 0y 1 A8 ) A7 5 S ke AR R B 3
W IR AR YT 7 48 R AT AUk A I PR T 245 117 SR B
AR 24 W 1k BRE o it 25 B R, b e TERLR YT T
WD 25 7 A I IR
4.3 KK WA S ) W

IR IRk G , A K 3] otDNA 5 3% g &2
FARICHE . UAb, 45 Rh IS () i 30 g e 0 A 32
ctDNA FUTEAE . 2007 4F, BEAMing 4" 9% () 7 &
55 [ 2 4 W K2 Vogelstein 1 Kinzler Xif
18 2 i B 1Y ofDNA JEFT T BRI . BF9T SR,
AIGAIREA I ] ctDNA [ ¥ JeA AR B T
2R, ARG RKF] tDNA 182, 7 L E
K I 45 R A oDNA BB JE B R E X T
AR B RLEAG B o A9 e A e A 2] T 25
ShAL LRGP SR LR DL ROk B A RS )
S, LU AR RIVE Be e BBk T RN Sk

55908 A b g8 40 e BIORH L, ctDNA 7 iR
S % A ) T ) W T B S ) AR
PR 7E B U AR /DN 20 B s RR I 9 4 R R
B, 76 5 DR 98 A8 A6 7 T ctDNA 7% H 880 0 R
R TR S 5 22 AH DG TC b 98 ) 2 A8 R ZS G I
Ifil , ctDNA 1 7~ H 38 1) — 8™ . ctDNA if
HFF ARG 6~8 JE VAT, LAFRAS 5 A 1Y o
KR, R, XTI ctDNA JE 4746 ] LA
IR AT BB P TS AR AR AR, TR A b AR A Y
2RI

5 NG

5 25 1) 2H 23 A A R A EL A WA TR
RSB0 B RIS 7RG K, otDNA
B At 11 b 98 B 0 EL A R M e I e A
R# . HR oDNA 5 H bR YA H A 350 &2
{HJ2& ctDNA [WF 52 AT 40 F /i 0 o B, th B —
(R M . o, ctDNA JUREAS AR | A B 45 3R 1
BRI R, S LR EZ A2
fili I ctDNA 347 8 43 19 e DR 3 % &2 Jk i
I, 27 I 1 TCRRUERY ctDNA AR K o5 i 1

B IE 2R H = i I NGS #E4T ctDNA £ I 5
ARG HE 20 oA I T i DA R A A A5
R,

ZE L TIR , cDNA K I H7 A S — B 4 faj i
P TCRY | SRR R S B YRR A
A Al HIZ B AR KT ctDNA FE 1746 10 fiE % 28 1tk Jir 92
S R BR ] AT S At R ALE R, HA T
A I VRGP0 0 R S 1 28 AR AT IR 2 W
Y7 RO I K TS P AE . PRI ctDNA K 25 HOR ik
2 () FH T IR 0 B LA A RAR IR 9T B FF R A
TN PR v 2 7 1 S

S 30k
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BN i 2H 240 ALK ROSI. RET & IR
W5y be s

FRIH ! RE R

(48 2] A /N0 A A e G g b B R R RIE T R R s e, P E A — A A I TR
[, SEEAT B S0 ) 24 R S 3 A /N A0 A A B A A T, R L) R A S AR S R 1 HE
R AR EE, H mIE R LA AR /N R £ ALK \ROS T (RET fil 5 FE K 1 25 22 v AR 9 e
2258 R REM LU 2 G S T A % B 100 DA BT 4R B R — R, (H X 4 ROy kLB A . AR
SCIE AL HEG TR UL ARSI 77 v | S il BE DR RS 7 vk s R AR 5 %

[£giR] AR/ NS ; ALK/ROSIRET @A FH 5 5N AS s B —40I 5

Comparison of detection methods of ALK/ROS1/RET fusion gene in non-small

cell lung cancer tissue

GUO Wenjing', ZHU Anna', WU Yingsong™*

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665; 2. School of Labratory
Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] The morbidity and mortality of non-small lung cancer is the top rate of malignant tumor.
And it’ s one of the important public health problems in China. In recent years, molecular targeted drugs can
significantly improve the quality of life of patients with non-small cell lung cancer. Therefore, it’ s important to
detect mutation accurately. Nowadays there are fluorescence in sifu hybridization, immunohistochemistry,
reverse transcription-polymerase chain reaction as well as next-generation sequencing to detect non-small lung
cancer. This article compares the common methods used in clinical, in order to provide references for the choice
of fusion gene detection.

[KEY WORDS] Non - small cell lung cancer; ALK/ROSI/RET fusion gene; Fluorescence in situ

hybridization; Next generation sequencing
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HHT, EEMIEIT X FAR AT BT .
P2 i o T T Ig o ML RN 43 A 2 1) S DT g
ARG, 15 UL Al k5 56 A1 1 800 1) 24 D A S
PR B AN BB N B 0 2 i ik AN A7 A
ALK (ROSI @l JE R 1 i J 78 25 A i DR v e FH
o, 8 JE (crizotinib ) B9 97 & L 00 b Ab, DL
NGy T S TR VR O 3R R AR SR A 1) 25 2
A0 Tl RIS, H A < 198 JE (cabozantinib)
1A 97 A7 1€ RET Bl 4 PH % () NSCLC 1Y 3£ 5
(NCT01639508) . ZF Al AR50 11 1, 8 ) 245
() BLHES T NSCLC JRYT O & i . Rt , %o ili g
B A SE R B R AR R T
YRR S E AT R S =R /DN 4 e Al i 2R
H ALK \ROSI .RET il &5 B: X 1) 32 2 07 A 905
PEZ2AE G RE L U2 3057 S5 3R A il o I A R
S RLE N — AR (X 4 Bl i e 4
AR SCHE 3 FE X U H UL ARSI v R il 3
PRGN Jy 2 e PR AR I 2 %

1 ALK.ROS1,RETHEft & R i KR L
FHIE

ALK J2& — Pl 25 5 A7 4 1) i 0 PR DG , I T fik
R ZRZE N . ALK F 2505 P s A G 2R
I (echinoderm microtubule associated protein - like
4,EMLA) %t Bl 4, EMLA 25 v () N A S il ik
X 5 B I8 B ¢ . EMLA-ALK @il &2 oA 2
Y A R & AR B, B EMLA 1) N- K i il
A BN ALK SRS X fls /5 19 EMLA ) 3
7] LK 3l EMLA- ALK #% 5 36 b Rkl & & 1,
ALK I fb 2 S 3B . © ARG Jr
XA 10 250, Hoh DL VI(EMLA 1 13 50 585 2Y)
V3 AR (EMLA 1) 6 50 5 I 24 5 WL,
UL AR LR 1, ALK PHE NSCLC J2: fili# iy —
ANRERE T T BY W LT R, 29,5 2 NSCLC
M) 5%, 2 UL T4 AN W B /0 o W A Y AR
F I IR L 2 AR S Sl B 41 76 YT EMLA-
ALK fil & 85, e i 5 e K AR, TP E R B
24 i W B 45 B 2 JR) (China Food and Drug Adminis-
tration , CFDA ) & 4lb #E s e B J& F iR YT ALK @l &
PRI BHAE: 2

ROSI 52— s LA, 67 T 6 S P lk &
TR I 3R 32 AR G ) — ol it B s 2 IR VA Tl L L 4
MIAMX Ik 6 DNHE PV, S i A

A 1 BE IRV UEAE | T A A T A AR M B A
FEAEH . 78 NSCLC H ROSI 3 H 5 SLC34A2 .
CD74 RBFEE T 50% ™, TEEHR T 6 54
R A B, H LA L3R 2, ROST 3 &4
R % % 2 M A0 DX, £ B B BSR40 G ) 7 2
PR TR IR IX Jak , 2 2 & AR HE ROST R 1) 32~36 4M i
T, ROSI Fl& RN AE NSCLC H & H: 2 1y 1% ~
2% HALK AL, & UL TR R IR A i /0 2 i
KR %) B i FR A e

RET 2 —F i 28 R G52 A4, P P It 2 R 20 B
VA EH L A7 DX B R DX A4 A i 2 A FH 7 24
X2 A%, A7 T 10 5 42 e f& , DNA 44Kk 60 kb,
FA 21 NANEF L RET S 50 sg M afks
YT R AR RS A . BT 10 5 Y R & A R (]
BT, S EOM KIFSB R ASEH LA, W 0L 5 RET
fll A 5L R L% 3., KIF5B-RET il 4 0 & B ik
2 P Sk RN KIFSB A4 45 ] L5 235 44 duk, 3 1o 255 il 428
JE S5 I — RACAE R, il A 3 Y RET Bi$ &
R VAt 05 P T S R O Ak, DT A2 A i Y R A
KIF5B-RET fil £ 3 [H#E NSCLC & 4R Z 1%
~2% 7 (AR O TN WA £ i e R R
Il R b5 FH /N3 B 2l TR B 4 1 R0 iR A 73R 97
Al PR s il i vh 4 RET RG]
+ 1% JE . vandetanib ( FLEEAMLE )5 — &I 750

2 Wil ALK.ROS1,RETEE R &/ T %
Y54 A

BEXF ALK \ROSI \RET B:H il 5 19 (8.3, I IR
WA DU 5 A8 96 I A A% 52 (fuorescence in
situ hybridization , FISH) . %% 20 21 {k. 2% (immuno-
histochemistry , IHC) . i¥f 5% 5% 2 4 Mg 5% S 1 (re-
verse transcription - polymerase chain reaction, RT -
PCR) DL K7 2% 8 1) T — 480 ¥ (next- generation
sequencing ,NGS ) ,

2.1 FOLIAIAA (FISH)

FISH (1 B A J5U 32K DNA (5 RNA) #8411
FEIR R H TR 73 TR0 , SR 5 B AR BT i IR B 2k
AU S e 4 5 A U Y BB A IR L AT
VAT Z2 38 3 Y fo AR ok DNA £ 401 F |, B 5 79¢
JCER T TR Y B e BEHUAR SR 0 74 S M 4
B R AG I DNA 7575 9% (/K 5 DNA £F 4501 v |
R M AL A E BT O ARG S R R A
Filt-, AT LA A 7 W SRS T i A (] 2 1Y
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Table 1 Common genes fuse with ALK and the location of the exons

UL ALK Fili 5 N B O 7

EMIA-ALK VI EMIA4-ALK _V3b EMIA-ALK V5a EMIA-ALK V6 ALK p.C1156Y
(E13; A20) (E6b; A20) (E2; A20) (E13; ins69A20) (c.G4374A)

EMIA-ALK V2 EMIA-ALK V4 EMIA-ALK_V5b EMIA-ALK V7 ALK p.L1196M
(E20; A20) (E14; ins11del49A20) (E2; ins117A20) (E14; del12A20) (c.C4493A)

EMIA-ALK V3a EMIA-ALK V4alt EMIA-ALK V5alt KIF5B-ALK KIF5B-ALK
(E6a; A20) (E15del19; del20A20) (E18; A20) (K17; A20) (K24; A20)

X2 BEREROSIMENERRMEFAE

Table 2 Common genes fuse with ROS1 and the location of the exons

UL 5 ROST Rl B SE IR KA 8107 B

CD74-ROS|1 SDC4-ROS1 LRIG3-ROSI
(C6-R32) (S2-R32) (L16-R35)
CD74-ROS|1 SDC4-ROS1 TPM3-ROS]1
(C6-R34) (S4-R32) (T8-R35)
EZR-ROS1 SDC4-ROSI SLC34A2-ROS1
(E10-R34) (S4-R34) (S4-R32)

SLC34A2-ROS1 FIG(GOPC)-ROS1(S)

(S4-R34) (F3-R36)
SLC34A2-ROS1 FIG(GOPC)-ROSI (L)
(S13 568bp-R32) (F7-R35)

SLC34A2-ROS1
(S13 568bp-R34 )

®3 ERSRETHANMERRIBEFMHE

Table 3 Common genes fuse with RET and the location of the exons

W UL RET Rt B HE N SN 107

KIF5B-RET (K15; R12)
KIF5B-RET (K16; R12)

KIF5B-RET (K22; R12)
KIF5B-RET (K23; R12)

KIF5B-RET (K24 ; R11)
CCDC6-RET (C1; R12)

PRET 78 R A W 24 fl 4 i 2 B, 2 bt 6 i A
FHE. 3B T A A W 24l 1) 240 i 0 =9 30
hy 2 R S R

FISH J2 H iy A6 I fii 488 filt 5 i DA A9 e ™
B 2 30 A P BTG AS TN ALK 3RIAFR PR R R
filG 2020 i A ALK S HERY OCHE™ . BT WL
#7437 & A Cytocell ) ROS1 Dual Color
Break Apart Probe, f [§ ZytoVision [ /= iy Zyto-
Light® SPEC RET Dual Color Break Apart Probe,
25 CFDA L HE IR0 & A 1 35 4 W HOR By A BR
23 WY ALK e R R U R & . BOK FISH %
b P 5 TR — YR S 56 AN BE X 43 AN [R] 26 R Y il
AR, HICHK I RNA 4065 F1 N & 1 5 5 14
Bl TESS 7 M BN DUHEAT A, A A&
N FISH K 45 5 Ry R (B AE 25 W36 97 7 T 4R

3 R A7 R, T FISH 2 76 40 i )2 i L it
AT B2 19 23 B, (ELE 0 NSCLC /8 % H g4 ik
N B R L 2 3 O DA R IR A R 08 4 i
AT PAMESS SR r e
2.2 e 2ifea=(1HC)

G e A AU AR BT RN P R 2 [ i 25 5 2L
A B IR S ERRAE O BB RR LR R, L
AR R HR T AG: 2AT 41 Jif m 2H 2 PN (%) AH I B0 DL, T 54
WG TS, MPURPUARE GYh PR
Z U RGN IR IS 2 & — 2 B Pt T
AT DA A2 T e 7 B B . H TR AL AR
) ALK THC %% & 9 T {& 3= 247 D5F3 . 5A4° &
T T 5 3 T« Py A0 TC AT A e £, B
Jieb 988 41 e L R A, HL B AT S e, 55 BH
P 5 iy 200 L S A e, BE A 5 iR 0 22 A €, e
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B 22 56 & i 2 5 W 45 PR (Food and
Drug Administration, FDA) fit #fE I 7 19 3 77 &
VENTANA ALK (D5F3) CDx Assay 5% il T fa i
vEREDUIARE I ALK BE Rl o THC W fE 5 17,
% bt FISH {8 ‘B, # A J5 ik sl ™, IR A I R
W E R IR A 05 0k e S Rk = 1 S B ]
R D7 8 R AT /N AS TR A 20 LR A I, {H T
THC B AR AN GE— , AN BE AU I 4 35 A 2R
1, 2 B A R 5 DR R AT PR eh o T AKX
F PR (9 B A 26 45 4853 FISH . RT-PCR 3¢ NGS H?
1) 2 /b Horh— R AT A

2.3 Wik R G HEE N (RT-PCR)

100 SR A5 W BE SV 2 S RNA S S oy
cDNA, SR J5 LA cDNA MY 31 G 1l 5 0 B, 45
BURICHRICHY 7%, 7 PCR AR R i Ao Gk
, M ZCAE 5 SR W B4~ PCR 2, fi%
Ji 38 3 o I 0T AR ISR A T 1 A BT 1 i
RN ERE PR — U e — e , ey Sy i th 2k, 15
B Ce{E, T 2 A AR (1 4% D1 %%, CFDA EiA
TEJ ) 34 Py B 25 BHEA PR W] ) N2 EMLA-
ALK il 5 56 RS IR 5, AH ke 3aA70) 5 F 94 % PCR
e H eI BULR C S ALK RilG i 3E R 2R
X E 50 T RT-PCR 7R I PR LA I i i F o
RT-PCR J5 3 2 b FISH \THC 5 Ay 0/ it — il 16
JriEPY AR BT R L2 RNA iR oK &, 75 2 2
% K5 1 P 20 LR i PITs A  BT A il DL, i EL
A BEAFAE R VAR 19 3 R R TGy R =, T
PCR A 8 P BARRE P 1 18 B B 45 L,
WA A P8 o 0 e vk A T e
2.4 T (NGS)

NGS & —FpHext JL+ 73 2 JLH 77 % DNA )
F AT KRBT T AR o AR SR W%
TR T 9 09 77 1k 32 BAR 5 H 30y 15, B Sanger
D3, JHC AR RSO A% 1 19 2R i 2% 1B 3 174 D 3
SERL T X AL 4H 7 50 1 I 42 , {5 Sanger I
L TC A I AL A w5 PR 4 DL A2 b A L PR g AR 2%
HY e D) 58 B0 A WA B0 B R A B R AR 98
A R A, ELAFTE A 1y R, g T T
W NFEFE A py 8 A T s @ 5 R
KR ARBAZE PRI NGS BR >,

NGS % KV G e & PR w5 I8
A7 B ) RN e JE 3 1 4% 5 . HETA illumina 1 So-
lexa, ABI [ Solid #1 Life Technologies [ Ion Tor-

rent -5 . NGS £ AR F LT 3 Kyl « £ X B9
(14 B [ 5 DRI, 4 A J 00 R A R PR A
JF, NGS HiR E 2R B A AR,
DNA/RNA {9 $2 1, 55T 2 5 PCR J5 ¥k H) SO
#, By By ag KOE 4, B LT S o
Fro 4 FISH FI THC 45 8 5 5 I, NGS B g {hi [] ]
FHEATBRAHHIN o BfE ARSI AR AR R
i 98 DNA (circulating tumor DNA , ctDNA ) , i i3
NGS SEAT AR TEAE ™, TeA T A A 1 30T 5
J7 1), WA A T o 0 F B2 W, 8 m] DL
N i Jeg 1) et ki, B R IR YT ik . BT
ThermoFisher f*) 7~ it oncomine fusion panel & 315
CE-IVD iAdiE, [A] i} & 7 i A #9350 & ArcherDx
Ay fusionplex™ ALK .RET.ROSI V2 panel, X 2 i
TR G0 nT A S ALK . ROST \RET 3 /™l & ik
o NGS 7EA I J5 T fir 75 RNA # /> % 10 ng, £
— YR S5 rh R ) AR H A R B AT A 5
1534, ELTERA B2 & 5 76 8080 23 B J5 T, NGS 38
S, e BRI T, AT DL BH A A5 il 3 DR g T AR
FRRIY A Fr A Sk, I 0T LU A SRR I
A Ry A DB R A AT O L2 R S I Y ] R
SRS R MER T . 4 RO IE A EEZ N NGS
1A KR A NSCLC F il & 3£ A

3 RE

i S8 1) % A 2 FE b R B L IR BREE  J—
HE MR BT B e /N> 1% 2 R % i
HFI X4 ALK .ROSI .RET 4 % A ) NSCLC
BEAFFER AL BB A2 T KR I K R
HEAEW, o TR AR YT WA 455 TR AT L TBUT
EIRIT T TR — T B R A 58 AN B 56 i Y 3
o e UK 8 58 A2 KL Hl EGFR . KRAS . BRAF %5
P A TR A /DN 240 i o £, SRR — v UK
R SRR I ALK \ROST \RET Rl 5 R 19 7 122 i
A3 B NGS E R — Bl 2458 BRI 5 A
R[] st e AR 7 2 AR X ek A 1 R I, R AR
YA B2 B 2N 15 73 S A I R W S B 1)
fl A 4y PSR T AT LA T It PR AE B A4 36 97 st
ST R AH I 1) 43 1) 2540, [R) S R 3kE 25 5 it A7
(290, A AH X Ge e IR A7 R4 7 R0 1 7 7 NGS
555 22 Hts KRB B I R BG I o 5 AR 5 AR B
FH Tl PRAS I , 3 %F NSCLC 3% 19 H 3112 W A
I7 KT B e AN
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P53 PSRN i O 55
kil T

[ ZE] p535:HZ M % A P53 (tumor protein p53 ) k) 4 i Ik [A , 78 4 357 5k [N 4 e L IR 4 4l it
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phism, RFLP) | B4 #4 {5 £ %5 P (single-stranded conformation polymorphism , SSCP) %5 8 2SS 55 5 i #il 3k
IR 2 A5 Ay N 4 W B 1 B v 4 25 1) 4667 R TR D) B 43 7 4% K (separation of gene function analysis in yeast, FA-
SAY) , AR B 24 IR AR LG A W (B IR S L R 2 FER R Il 2 (high resolution melting, HRM) , J&¢
T —ARWF A, LU Ay 4 1 b R s 04> p53 M P53 58 AR R il (1) 4E A 0, Ry p53 ol HAth 56 PR 58 AR A
TR ALK TT 42

[REIA]  ps3 B =R, Ty

Evolution and trends of the detection methods for p53 gene mutation

ZHANG Yanxia', YANG Xuexi**

(1. Guangzhou Darui Biotechnology Co., Ltd., Guangzhou, Guangdong, China, 510665 ; 2. School of Labora-
tory Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] p53 gene is the tumor protein P53-coding-gene. Tumor protein P53 plays important roles
in keeping genomic stability, regulating and controlling cell cycle and cell apoptosis as well as suppressing an-
giogenesis of tumors. p53 gene mutation information can provide great reference value for molecular screening
or diagnosis, prognosis of tumors and optimal choices in drugs or treatments, etc. By analyzing or introducing
p53 gene and protein P53 and the importance of their mutation detection, development status of methods for
their mutation detection, such as 8 categories of traditional and conventional laboratory methods including
DNA sequencing, restriction fragment length polymorphism (RFLP), single-stranded conformation polymor-
phism (SSCP) and separation of gene function analysis in yeast (FASAY ), and emerging technologies includ-
ing bio-sensor chip, high resolution melting (HRM) and the next generation sequencing technology. This re-
view may help readers quickly learn the overall situation of mutation detection of p53 and P53 and provide in-
vestigators with useful reference on the p53 and other gene mutation detection methods.

[KEY WORDS] p53 gene; Mutation detection ; Next generation sequencing
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FHT p53 S8k ) J7 3 Ho A 7, A SCHicd:
A S I} 8] S8 5 25 03 28, MR GE T i I Aok
BB BORALEE A WAL A O R PR
ith £& (high resolution melting , HRM) , % = 3 &
P AL 3 KA RE AT A
21 LGy ik

1858 R 77 vk e IR BEASTR] 25, 5 DNA Il
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ERRAS A A i DX R, A 0 K AR ps3
FERF I 0 A ) TAE &L 7 p53 B M9 AR I Ko A
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DT B L BRI Y p53 FER Y Ok



- 426 - DTEWSIRITAE 20164511 4584

%564 J Mol Diagn Ther, November 2016, Vol. 8 No. 6

i, (HARTE P53 B9 S ME ST KERT , 32 MR b
U A7 A5 PR RVERR SR DL 1A S5 19 52 i 25 o 1 BB
PE R A UL I o 40 Takami 55 LA
FEVR I B JGUIR h p53 ik PR 5 A8 F a2 AR Y 0%

AR P53 55 20 Ak 2 mh R RBURR RN ) B R S 1Y
P53 B AR (IR N PERRIE o #5148 58 )7 IR 7E p53
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Table 1 Overview of traditional p53 mutation detection methods
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