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Quality control and clinical application of non - invasive prenatal test for

chromosomal aneuploidy

QU Shoufang', YU Ting', SUN Nan', LI Lili', CHEN Fang®, WU Yingsong®, HUANG Jie'*

(1. National Institutes for Food and Drug Control, Beijing, China, 100050; 2. China National Genebank,
Shenzhen, Guangdong, China, 518083; 3. School of Laboratory Medicine and Biotechnology, Southern
Medical University , Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Non-invasive prenatal testing (NIPT) for fetal aneuploidies by next generation sequencing
of maternal plasma DNA is a developing, innovative technology. This technology is highly sensitive and specific
and has been validated in multiple clinical trials. NIPT has been recommended as the priorities for fetal
aneuploidy by several professional societies. However, in consideration of the complicated workflow and many
influencing factors, quality control throughout the entire process, such as sample collection and transportation,
cfDNA isolation, library construction, sequencing, data analysis, is essential. Likewise, because of complex
reagent ingredients, difficult technical requirements and high social concerns, it is also necessary to define the
product performance criteria. In view of this, the issue of quality control, specifications and the progress of the
clinical application progress of NIPT based on NGS technology will be briefly commented in this paper.

[KEY WORDS] NIPT; NGS; Quality control points; Product specification
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F A% {K (non - invasive prenatal testing, NIPT) ki
ot B S RAEA TS R IR AR H AR
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A INATT TR A )7 I R 22 A 40 & i i L
Ui 5 DNA 77 1ij i 25 5512 W TE (%38 50 h B 4
L BRZETE/INF 12 A Fe A — O A B A s R
W — AN AR R TR AR i
TRT 5 IR LR 75 1 A 3 /s A 25 4 S i e AT
RIS W 5 A7 55 PR 3t % 8 2 0 s sl 3 7 i L e 2B 3
PRI e DXL 5 272 30 6 O e i B DA A B I



BNTFER ST 4E 20174690 45934 4551 T Mol Diagn Ther, September 2017, Vol. 9 No. 5 - 299 -

S 25 RAMERPE R AR IE s X 7 Z6AE A3 1
2 SR RSN A IR | R0 =
PP NIPT'™', Bifi %5 NIPT 76 R _E A9 32 JF
JE& , NIPT 75 7™ | ff £ 5 18 1 AR 3CP™ R 2 iR JL K
Bl 2R 13 8 &2 25 1iF (microdeletion/microduplication
syndrome, MD) FJ Kzl . MD J2& [ 4 € {4 JF 2 A
TR Z AN 55— G RS AR L AR e B 1 3 A% 2 K]
2,2 KH T YA DR 5 (copy number
variation, CNV ) 1fij 2 i B A5 & 22 R R 1Y 25 5 R 1
PRgi . MD B E TR A R )& B A SR
S5k 5% . HETXT MD B T2l 2 RRTEC A
JEAEE 195 191 B B P R A S e ], B AR
ARSI AT i A MD, 38 3 1% G 8 77 i i 2 07 =X
ISR AR L4 200 A9 CNV B & iR LM A 2R R
DS A R T Tz R L . AN
2011 4F 15 il 4% 38 13 I NIPT #E47 MD F 7 i 12 Wi
et A 25 3T NGS £ AR TC AR MD (1) 41
KZ A, X EEMFFEUESE T NIPT H T JL MD
R B T AT P AEFE 2245 H FT NIPT 5 2 30 5 A9 i
L 5 DNA VR BRI e 3R 32, I8 355 2 ) JiE 2% 1
i AN R AT RV F B i PR . 20 BF S E
T P A A v AT P SRAECRE DT AR A R A
T tofe 2R A6 0 Jr s ) 00 P R, T LAAE —E R I
R AR LA o Tk, [ A B NIPT A I 3k
Natera , Sequenom , Verinata Health 55 HL#4 § K T
NIPT K i £ Yi F , JT 4 38 i I IR 52 56 48 ol F
¥ 2= (clinical laboratory improvement amendments,
CLIA ) W IIESZ 50 2 $ A4 MD 119 35 Ml 4G il 55, 31 Bl
FE P & 22q11.2 {6k 2% (DiGeorge ) . Angelman .
Jacovsen , 1p36 fil ikt 2K | Cri-du-chat , Prader- Willi ,
Langer-Giedion £l Wolf-Hirschhorn Z3 & i X JLFh
JRIR A= Y MD ZEEAE . [ P Y A R PR AT DL
Fii A 73 01 T2 T 4% E NIPT A6 I 1) iz 55 v 1]
AL PE AL 2 22q11.2 2% | Angelman 2525 A 1E
PRI EE R o W E R LA o MA gl &
TS E AT . ACOG M ISPD 7E 2015 4F-4F
Xt NIPT Fzil S8 74519 , ACOG fR~F Hufis thi X T
MD (1453 5 1 AR e AR B0 IE , SR B AR S R
A B VIR ; ISPD |78 NIPT 4 35 4G 00 17 >4 FiR
SETEWFIEIE R B MD 2R GBS N, JF /5 45 G
Il AR £ LMW . 2016 4F 7 H ACMG % % f#
7 B X T 2L CNVs, B8 A N 3% 7E K I 2 115 78 43
R 240 NIPT A il i il 25 97 K 2 CNVs, Jf H

CNVs £ i 25 5 5 AT A 3 i B A B 1 o (L
WS NIPT & Bl T CNVs, W iZ JE 17 77 1 12 W 56
WENY g5 G H T 0O 9T R R e R,
NIPT A9 77 32: 4600 5 Mb L4 b H 27 % B 6 I
RE X CNV BAT — @ A7, A4 s = K
BT HE P B NV I A A I 54k, - ik e i
ek DA 97 A 7 L o el

5 INESRE

IR SR S A P v 1 2 RE 1 NTPT A ok e £
P A5 A I PR 0 A 1Y 2 B R F B, 2016 4F
NIPT 4 [ A6 K0 24 200 7 AR, 3% K R 10% /8
Ao HARK P IRT 08 R D KT 15%, 36 5
PRAGIE R 3043 e ik L X 28 L 4 402 M1 i
FARREAN KERGAIE, B2, RIENE
2| NIPT 5t H 1935 S A AT B R 723 0], I A 7E
B 0 AN 446 22 b X 1) NTPT A6 00 I 16 A2 5t
G ) 45 A S b X 5 R T, 5 R IR H XA H
I A 22 0E . Bl NIPT #4522 4 F i
A AR XS TAR Ge i R o 0 H im0 A A AT
IbF R K o IF HLH R NIPT #6:30 %% 1 9 A 44
A BESFORRS , %4 E 4 R 250X, LS B 9%
KR @ X B R R B R BE T 7, HoAG I 2% FH
T 5 5, TETCEUR AN I LT, RKEB o FKEE A
it o] T 3E 47 NIPT A . [R] s 4 [ BB 6% JF Ji¢ NIPT
oA 3 5 B 57 LR AT Ak T RO R B B, R
W5 BT ML A2 BT A B 97 N A B R ZEsK 1
AN BE T IR IR T oK o Ut , BUB R T+ R 97 N R
BRI LK 4 v TE A 7 i O A 1 AR AR
JRUAE Yl /D AN TR] i DX ARG 0 7 SF- B9 A 8 1 o B AR
WA B R AR AR AE B K

S % 30k

[1] Driscoll DA, Gross S. Clinical practice, prenatal
screening for aneuploidy [J]. N Engl J Med, 2009,
360(24) : 2556-2562.

[2] Mujezinovic F, Alfirevic Z. Procedure-related compli-
cations of amniocentesis and chorionic villous sam-
pling: a systematic review[J]. Obstet Gynecol, 2007,
110(3) : 687-694.

[3] Pitukkijronnakorn S, Promsonthi P, Panburana P, et
al. Fetal loss associated with second trimester amnio-
centesis [J]. Arch Gynecol Obstet, 2011, 284 (4) :
793-797.



+ 300 -

TSRS

201749 H Ho%

%54

J Mol Diagn Ther, September 2017, Vol. 9 No. 5

[10]

[11]

[12]

[13]

[14]

[15]

Lo YM, Corbetta N, Chamberlain PF, et al. Presence
of fetal DNA in maternal plasma and serum [J].
cet, 1997, 350(9076) : 485-487.

Chiu RW, Chan KC, Gao Y, et al. Noninvasive pre-

natal diagnosis of fetal chromosomal aneuploidy by

Lan-

massively parallel genomic sequencing of DNA in ma-
ternal plasma[] 1. Proc Natl Acad Sci USA, 2008, 105
(51) :20458-20463.

Fan HC, Blumenfeld YJ, Chitkara U, et al. Noninva-
sive diagnosis of fetal aneuploidy by shotgun sequenc-
ing DNA from maternal blood [T]. Proc Natl Acad Sci
USA, 2008, 105(42) :16266-16271.

Chiu RW, Akolekar R, Zheng YW, et al. Non-inva-
sive prenatal assessment of trisomy 21 by multiplexed
maternal plasma DNA sequencing: large scale validity
study[J]. BMJ, 2011, 342:c7401.

American College of Obstetricians and Gynecologists
Committee on Genetics. Committee Opinion No. 545:
Noninvasive prenatal testing for fetal aneuploidy [J].
Obstet Gynecol, 2012, 120(6) : 1532-1534.

Gregg AR, Gross SJ, Best RG, et al. ACMG state-
ment on noninvasive prenatal screening for fetal aneu-
ploidy[J]. Genet Med, 2013, 15(5):395-398.

Benn P, Borell A, Chiu R, et al. Position statement
from the aneuploidy screening committee on behalf of
the board of the international society for prenatal diag-
nosis[J]. Prenat Diagn, 2013, 33(7):622-629.

Gregg AR, Skotko BG, Benkendorf JL., et al. Nonin-
vasive prenatal screening for fetal aneuploidy, 2016 up-
date: a position statement of the American College of
Medical Genetics and Genomics[J]. Genetics in Medi-
cine, 2016, 18(10) :1056-1065.

2 A EFSE R . T AR DNA IR
UG AR AR A ARG X0 J5 42 ) HORPPAN 4 P
(/i@ HE 745 ) [EB/OL . http://www.nicpbp.org.cn/
CL0149/9176.html, 2017-03-15/2017-08-04.

B E BRIMVAT, R BATHEZRIAIT .
KT SR  PARASE FH 8 RN e A DG 7™ it R A A B Y
WA, B2 W WA (2014) 25 5 [EB/OL]. http://
www.sda.gov.cn/WS01/CL0845/96853.html, 2014-02-
09/2017-08-04.

ER D& AY . ER AT EZR AL R T =i
WAL TT J v 3 2k L D0 1 7 i 7 A 15 12 B i PR
o R AR RS A, [ P4l T 86 (2015)4 %5
[EB/OL]. http://d.dxy.cn/preview/7635345, 2015-01-
15/2017-08-04.

o B 2 R E B B . A AR R AR A X

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

FR BT AT S U [EB/OL |, http://www.
nicpbp.org.cn/CL0149/8495.html, 2016-08-08/2017-08-
04.

ER DAETHERIAIT . RTHA PR A5
JE LG LT 5 DNA 7 i £ 52 W T A 038 A [ EB/
OL]. http://www.nhfpc.gov.cn/, 2016-10-27/2018-08-
04.

Wapner RJ, Martin CL, Levy B, et al. Chromosomal
microarray versus karyotyping for prenatal diagnosis
[J]. N EnglJ Med, 2012, 367(23):2175-2184.
Wapner RJ, Babiarz JE, Levy B, et al. Expanding the
scope of noninvasive prenatal testing: detection of fetal
microdeletion syndrome [J]. Am J Obstet Gynecol,
2015, 212(3):332.e1-9.

Miller DT, Adam MP, Aradhya S, et al. Consensus
statement: chromosomal microarray is a first-tier clini-
cal diagnostic test for individuals with developmental
disabilities or congenital anomalies [J]. Am J Hum
Genet, 2010, 86(5):749-764.

Redon R, Ishikawa S, Fitch KR, et al. Global varia-
tion in copy number in the human genome[J]. Nature,
2006, 444(7118) :444-454.

Yatsenko SA, Peters DG, Saller DN, et al. Maternal
cell-free DNA -based screening for fetal microdeletion
and the importance of careful diagnostic follow-up [J].
Genet Med, 2015, 17(10) :836-838.

Peters D, Chu T, Yatsenko SA, et al. Noninvasive pre-
natal diagnosis of a fetal microdeletion syndrome [T].
New England Journal of Medicine, 2011, 365 (19) :
1847-1848.

Jensen TJ, Dzakula Z, Deciu C, et al. Detection of mi-
crodeletion 22q11.2 in a fetus by next - generation se-
quencing of maternal plasma[J]. Clin Chem, 2012, 58
(7):1148-1151.

Srinivasan A, Bianchi DW, Huang H, et al. Noninva-
sive detection of fetal subchromosome abnormalities
via deep sequencing of maternal plasma[J]. American
Journal of Human Genetics, 2013, 92(2):167-176.

Yu SC, Jiang P, Choy KW, et al. Noninvasive prena-
tal molecular karyotyping from maternal plasma [J].
Plos One, 2013, 8(4) :e60968.

Chen S, Lau TK, Zhang C, et al. A method for nonin-
vasive detection of fetal large deletions/duplications by
low coverage massively parallel sequencing[J]. Prenat
Diagn, 2013, 33(6) :584-590.

Zhao C, Tynan J, Ehrich M, et al. Detection of fetal

subchromosomal abnormalities by (T 454 324 W)



W S5IRITaE 20174E9H ok s TMol Diagn Ther, September 2017, Vol. 9 No. 5

- 301

AN S B SO e 1 2 46 1V 9 S I B W
i R LEER

X 4k kA FEW MG

[ E] BR Hei A1 0 ) SCRE R a0 X 22 4 B AH o6 3 R A R DU AR
Fik X6y 28 F bR A (4G — K LAl & 28 SEARAS ) 20 5 R AT 42 4h 8 74l AR ol R H AR df 3k 2 Fl
771757 SCF  Tlumina HiSeq 2000 (Y25 £z X0 a1y . 458 UL PKDI .PKD2 M PKHDI 3 3L 1E K
HART A1, S8 1) 38 75 Y0 P R B2 Sk 190 435, 5 A5 A I3 TR 5 4808 AU 5111 85.59% , 18 IX 4k 7 75
FF 95% VA I, {8 PKDI %5 —4h B FAT5 A 200~300 bp KIS GEE 55 ; 44 BTl 2892 - 2900 R E 4 28.34
5,5 5 DL 0 7 3R BE o 4 A 8O 9 B 55.35% , B bR X 8 55 R A%, PKDI AM 1B 36 BN T
40% .  S5I& WO SOOI T i B R 0 SUSE ERA A, BRI A PRD JETRAR S WA I (H RS
H PR AT PKDT JERK A A A 2 2 4k

[XEER] 2R Wik, £ 0r

Comparison of the application of whole exome capture sequencing and targeted

capture sequencing methods in gene diagnosis of polycystic kidney disease

LIU Weigiang, ZHANG Huimin, LI Haoxian, SUN Xiaofang*

(Key Laboratory for Reproduction and Genetics of Guangdong Higher Education Institutes, Key Laboratory for
Major Obstetric Diseases of Guangdong Province, Third Affiliated Hospital of Guangzhou Medical University,
Guangzhou, Guangdong, China, 510150)

[ABSTRACT] Objective To evaluate the efficiency of the whole exome capture sequencing method
and the targeted libraries capture sequencing method for improving the efficiency of molecular diagnosis of
polycystic kidney disease. Methods The libraries of 6 tested samples (including 1 sample with low ratio
mosaic mutation) were prepared by whole exome capture method and targeted capture method, respectively.
[lumina HiSeq2000 was used for sequencing. Results The selected target sequence were PKDI, PKD2 and
PKHDI. The average depth in targeted capture method and whole exome sequencing method is 190 and 28.34,
respectively. The ratio of region of target sequence with 5x coverage is 85.59% and 55.35% in targeted capture
method and whole exome sequencing method, respectively. Coverage analysis indicated that the average
coverage of whole exome sequencing method is less than 40%, which is significantly lower than that of targeted
capture method (95% ); however, 200~300 base pair of the first exon of PKDI uncovered yet using targeted
capture method. Conclusion Targeted capture method is more suitable for PKD gene-based diagnostic using
high - throughput sequencing. However, the uncovered region still needs conventional Sanger sequencing for
complement.

[KEY WORDS] Polycystic kidney disease; Targeted capture; Whole exome
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Wi ABEFEXT PKD (82 bn A W HT 2240 5 Al
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W A 2 [ Covaris 23 F] , 2N FHiJFNHE H AR{HIR
2 o SCEE 57 7 vk 4y il ik 95 [ Agilent 8 R Y
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Figure 1 Comparison of NGS data between the whole exome capture sequencing and the targeted gene capture

sequencing methods
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Figure 2 Evaluation the capture efficiency of PKDI gene between the 2 methods
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Figure 3 Evaluation of the capture efficiency of PKDZ2 gene between the 2 methods
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Analysis of molecular diagnosis in DMD/BMD patients using high throughput

detection technique

LU Jing', YAO Ruen'* , ZHU lJiayi', WANG Jiwen’, WANG Jian'

(1. Molecular Diagnostic Laboratory, Shanghai Children’s Medical Center Affiliated to Shanghai Jiaotong
University School of Medicine, Shanghai, China, 200126; 2. Department of Neurology, Shanghai Children’s
Medical Center Affiliated to Shanghai Jiaotong University School of Medicine, Shanghai, China, 200126)

[ABSTRACT] Objective To perform molecular diagnosis for patients suspected with dystrophinopathy,
and to detect pathogenic variants on DMD gene with the aim of evaluation of molecular diagnosis in those
patients. Method CNVplex® technology and targeted capture combined with high throughput sequencing
were used to detect variants of exon level and single nucleotide level respectively in 106 suspected
dystrophinopathy patients. Results 85 pathogenic variants were detected through combined detection,
including 62 exon deletion/duplication, 9 nucleotide insertion/deletion, 8 nonsense variants, 2 missense variants
and 2 splicing variants. Conclusion  Molecular diagnosis is important for patients suspected with
dystrophinopathy and combined testing strategy manifested better efficiency. The accurate results of molecular
diagnosis offers great help in both clinical diagnosis and family genetic counseling.

[KEY WORDS] High throughput sequencing; Molecular diagnosis; Genetic variants
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DMD chrX:31,137.345-33,229.673 (GRCh37/hg19)
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Figure 1 Eron level variants of DMD gene in 62 patients
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Table 1  Single nucleotide level variants of DMD gene in

2] patients
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Table 2 Validation of variants of DMD gene in 14 pedigrees
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unit, pfu) , 1fii INFB & 10~100 pfu. B4 T i TR 11 I RER AR g5 R 55O m i Al st R A
JiH4% 2 V7 (reverse transcriptase-polymerase chain reaction, RT-PCR) &l 5 ik U5 IR —8, 4 A%
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Development of a method for detecting type influenza virus A and B based on

liquid-phase gene chip technology

CHEN Jinlong', LV Gang'?, ZHANG You', FU Ruijia', YIN Feifei' **

(1. Department of Microbiology, Hainan Medical University, Haikou, Hainan, China, 571199; 2. Key
Laboratory of Translation Medicine Tropical Diseases, Hainan Medical University, Haikou, Hainan, China,
571199)

[ABSTRACT] Objective To develop a microbead-based liquid assay for rapid and high throughput
detection and the typing of influenza virus A and B (INFA, INFB). Methods Representative sequences has
been downloaded from the GenBank database and aligned with BioEdit software. Specific primers and probes
have been designed based on conserved sequences. The specificity of the primers and probes has been tested by
blast of them with all the gene sequences in the GenBank database. The microbead - based liquid assay was
developed by covalent linkage of the probes and microbeads. Results Specific signals of mean fluorescent
intensity have been observed in all of the tested samples. Very low signals have been obtain for non-specific

samples. Mixture of both influenza virus A and B can obtain their positive signal respectively. The sensitivity
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of the method for INFA is 1~10 pfu and 10~100 pfu for INFB. 11 clinical samples were detected using this

method and the results were consistent with the detection results of real time reverse transcriptase-polymerase

chain reaction (RT-PCR). Conclusion

The microbead-based liquid assay developed in this study for the

typing of influenza virus A and B can be used for the detection and typing of influenza viruses. The assay

provides a new method for the detection of the viruses.

[KEY WORDS] Influenza virus A; Influenza virus B; Microbead-based liquid assay; Virus typing
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Table 1 The primers and probes used for the typing of INFA and INFB

G AR 52 K (bp) &t
INFA-F1 GATGAGTCTTCTAACCGAGGTC 22

INFA-R1 CTTGTATAGTTTAACTGCTCTATC 24 5’ Biotin

INFA-P1 CAGAGACTGGAAAGTGTCTTTGCA 24 5" Amino Modifier C,
INFA-F2 CTCATGGAATGGCTAAAGACAAG 23

INFA-R2 GACCGATGCTGTGAATCAGCAATC 24 5’ Biotin

INFA-P2 GAATGGGGACCCGAACAACATGGA 24 5" Amino Modifier Ci,
INFB-F1 GGAGACACAATTGCCTACCTGC 22

INFB-R1 TGCTTGTTTCTCGCACAAAGCAC 23 5’ Biotin

INFB-P1 GCTTAACTGATATACAGAAAGCAC 5" Amino Modifier Ci,
INFB-F2 AATGTGTGAGCTTCCATGAAG 21

INFB-R2 GTTCTTCTGCCAGTTTTTGGAC 22 5’ Biotin

INFB-P2 GCTTTGTGCGAGAAACAAGCATCA 24 5" Amino Modifier Ci,

2.2 UR[RIVBAHFE PR B A R R 1

A3 A4 51 P AR EE E 4T PCR R AH 58 (]
ORI B ASEAN [) A YRORH 5 DL A 1 i 4
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HEAT PCR I P ST INFA-P1 45 AR BE L8 46
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890 1 785, AL A 2, B i J8 B V-3 9L (H

150, B X HEL 25 52 28 3 151 90 4 INFA-F2/IN-
FA-R2 #E1T PCR J 45T INFA-P2 il 45 0k
SR RSN, BHPEREAS HINT F H3N2 (95 22 6 (H
35124 1800 Fl 1 980, A PEAE AR 2, 750 3 s % F
HBEGAE Jy 08, B PEXT BRSSOy 43, 2 Bl AR Sk
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INFA-P2 fil g BOAHIE L A O Bk A S19)
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5| ¥ %} INFA-F1/INFA-R1 (1# 7547 ) , INFA-F2/INFA-R2 (24 %%
47 ), INFB-F1/INFB-R1 (3#5%7 ) Fl INFB-F2/INFB-R2 (4# 5% 17 ) 43
41 H 304 bp, 359 bp, 453 bp Fl 300 bp 145 1 44 LG &
e A 4 . M S D2000 43T i Marker
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Figure 1 The specificity test of the primers
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Table 2 The comparison of the median fluorescence

intensity of different microbead-based liquid assay
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FEA
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Figure 2 Evaluation of the sensitivity of the assay
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Figure 3 Results of the specificity and reproducibility test of

the microbead-based liquid assay
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Figure 4 The results of the detection of mixed viruses
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Table 3 The results of clinical samples

TBORHE DRLES 3 LA

AR R 2%
INFA-P2 INFB-P1

1 3518.5 27 INFA
2 2 662.5 33 INFA
3 3149 33 INFA
4 3113.5 19 INFA
5 3 434 35 INFA
6 30 2672 INFB
7 3314 32 INFA
8 2700 25.5 INFA
9 3424 50 INFA
10 3573 20.5 INFA
11 3518.5 62 INFA
HIN1 1 800 91 INFA
H3N2 2 800 65 INFA
INFB 98 1 540 INFB
[SEREROpi 43 59 T aE

FH T HRURT & B 3 8 75 19 0 A, 28 A i 4
JIF e A VBRORE R BRLES R B AR A ) A PR AR S
PEo 38 S R AT B AE A R A S ek |,
N2 AT IR R | AT AE — > S b [R] B2 Wy R
H1 2P G s B, R DU 96 A AR T 75 B ] 2 5.5
h, MR AE 21 A BRI 3R A5 45 2 °] DLAE — RN 58
B, T A% 8 1) I J s B 3 15 1% 9 5 6 3~5 K I
(] o YORE L PR R A 3R E 8 O ) g A 1 sk
Fa B, g Fh sk AR A BT X H A R X B
WE 7, 5 A i 4> TR 4L ) £ B PCR
N Py A7 2 28, Bk i Luminex #5143,
e I 235 SR o D AR L, AR R R A
BEX H By A% H TR B AR ST BT SUE f kA I R S
PE o BT DAASHIF 9 37 1) 55 T3R5 PRES 7 ek
993 B 23 ARSI 5 1 B T - O AR G2 I g 1Y)
JRR B e HEK 4 928 W BT 7 (enzyme-linked immuno-
sorbent assay , ELISA ) # il 77 ¥ , A &kt 2 1 Pt i
PR SO T4 RS T 90 A 5 RS

XoF Ut B B 43 T A S AR A R o I 2 A8, R
DY LAl 2 PCR 729 FAR & 2 18] 19 B AR FE , T
H AR 45 R - Y562 100 Sk F iy
DEICAE - FME, AH 25T 100 U S0 - 34 45 3L
R A5 SR T e, IEAERIRZ L s A T
PR 75 0 B ) 22§56 RT-PCR J7 i, H i
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Bz T B R R o R RIFRCR £
1 PCR FIYRAH RO i BRAHSE G 17 6, s Ik
T ZH BRI 7 2 B ME R G B fE— Ik
S 7 R [ B Xt FR R 2, 0 SR 1 A T 40 B AG:
DU, A7 0 s 5 T PR 6 N2 T

AT 5T XA 51 9 AR EL 8 ) £ PCR 4%
P e se SR AT Z2 Ak, 58 BRCBH P A e R
65 I € 6 (E 25 57 d5c B S L ARG N0 2R A R T A v )
2R 3T UL BRI B 0 TR VRORE S DRES B 6 A o
IR BE A 1103 I DR AR (R 4G D 25 28, BRI R AT %
7 (1S 34 56 S A4 KT 1000, 1 B P 3 41 A BA 1
Xof BEOUE I 1 - 34 2 A 3/ F 100, ¢ H i R H
B2 0K KT FIPEXT B9 1) 2 5V A BH
PR 45 JE I W AR 4l TE S WA L A Ty A T R
R 1~100 pfu, 15 Beck 55" 38 1 1] FH 56 6 72
RT-PCR 73 B 7 2 UM AR Y

NS IS VA S I R B T B =l | i
RT-PCR 73 FUJ5 A L, RN 25 SR 5 - B A 3 m 19
— St B v Ay T B B R B
AT ST 365 25 14 1 PR A A S 6 A DU P9 I DR A A 28 ot
D ARG BT R A 5 R % S 56 AT HE
PEATPEAY o 2% VRAH 56 RES 7 A I vk 1) 4 ST, %
IR 7 I AR I2 Wt 43 TR0 R AT SR B %) 90 42
HA—EME L.

S0k
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LT =59 PCR-TBYNAE MLk 100 FMR1 FE M 5¢
AR A AT S HAE A e Wr- i v

A MERAE CHER Bt BE It

(# ZE] BH XTAMESRE FMRI 3EH 5 4455 X CGG 5 & ¥ 1 K 2 Bl A4, #E R AG
WIRetE X 2 GAEH . FiE M =I5t PCR-E A1 HL KL (Qseql00™ 4 [ A% R 4317 &
SR )Xo 111 9] [ PATRE £ 5 AT 07 A, A G FMRT JE IR 57 AR 4% X CGG ¥ 31 , 14 CGG & & %L, 7f
55 ABI 3500Dx #& 0 A B 404 VP i AT 25 R LB TE . E5R 110 Blw R 1 FAE
B FEA TR A5 2 By FMRI Hi 28 A8 #5417 &, — 4 S v (] 78, 55 3500Dx B 40 A L vk )T 45 R —
H, e —FWYOE PCR- TN UKL BENS FHRAIN FMRI JEIA 5" AE 4t X CGG EE J¥ 4, 7Efi
M X ZEG R R B B R RS A7 25 0 25 T AT HL AT — 5 1) o, AR

[E83R ] [AMIAE; FMRI D Itk X 25510 s = 514966 PCR-TB 40748 Hi ik

Development of FMR1 gene mutation detection based on tri-primer fluorescence
PCR - capillary electrophoresis and its application in auxiliary diagnosis of

autism

SUN Li', YANG Linyan®, YE Qianping®, YANG Xu’, YANG Xuexi**

(1. Laboratory of North China Petroleum Administration Bureau General Hospital, Renqiu, Hebei, China,
062552; 2. Guangzhou Darui Biotechnology Co., Ltd, Guangzhou, Guangdong, China, 510665; 3. School of
Basic Medicine, Southern Medical University, Guangzhou, Guangdong, China, 510515; 4. School of Laboratory
Medicine and Biotechnology, Southern Medical University, Guangzhou, Guangdong, China, 510515)

[ABSTRACT] Objective To detect the repetition of CGG repeats and repeat numbers of 5'non-coding
regions of FMRI gene in autistic patients, and to explore a new method for detecting fragile X syndrome.
Method A total of 111 autistic patients were screened by tri - primer fluorescence PCR and capillary
electrophoresis (Qseq100™ automatic nucleic acid analysis system). The FMRI gene 5 non-coding region CGG
sequence was detected and the CGG repeats were calculated. The results were verified by ABI 3500Dx capillary
electrophoresis sequencing. Results Among the 111 cases of autistic samples, 2 cases were FMRI pre -
mutation carriers and 1 case was intermediate. This result is consistent with the results of 3500Dx capillary
electrophoresis sequencing. Conclusion Tri-primer fluorescence PCR-capillary electrophoresis can be used
to detect the CGG repeats of 5’ non - coding regions of FMRI gene. It is of great value to study on the
pathogenesis and crowd screening of fragile X syndrome.

[KEY WORDS] Autism; FMRI gene; Fragile X syndrome; Tri- primer fluorescence PCR- capillary

electrophoresis
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i X 25 A fF 2 XOE B 08 4 B M AR
W R W B SRR — K
HURFEA A FMRI (fragile X mental retardation 1),
B F X Pt ik b Xq27.3" %K FEEH T
FMRI1 SR 5" AR 4t X 1) CGG & 791 sl A5 58748
FH MRYE CGG HE BRI AT LI 43y 4 R AL
4 R7E (>200 4> CGG H & ) , 1l 58 722 (55~200
CGG &) , P HI 5845 (45~54 4 CGG H ) FIE
(<451 CGGHEE )" . CGG KA
FRAG I A] K AE B AR RAS , AT RS Y A4
GRS B N 3 PR A DX v B3 AR R 1k
mRNA G 5, H= U AR 8 196 i BT, 1%
HAXIRILM G LT M4 88 i dE # T2,
IR ZZE 2R B SR . 28 20% R
HRAFRY MMk X LR B Lo 3 e oy e A e
P X &N RN 47, TR 43 1y 28 48 AU fife 14
X LRAAE 5 AT 5 T HE AR N &) e A Tt X
HHCRE -5 R LR BAE , BT AR A 1 ) —
AR AR [ VAR 1S R -2 > RIE S, L P
RAFRET H P2 15%~30% 52 H PAE B &, T 5 1
H PHE B L 6% A MatE X 2B 1iE . A
R 3 RAN Z —F BRI VE Ry FMRI 5 R 98 4%
o7 IR TR A A . Witk X 2GR R 2N
2 1/2 500, B4 1/1 2507, £E 3R EE KT A
HHPEREL63% "

Witk X G AGIEERRABES S ERE
Mo HFLDREADERRERER KT, HMEE
AR IG I 1A IR Y A, oA I PR SR R
PRIEZS, G, 8 E AR LUS RS0,
WEBERRN D) 2o R BUE A
AR SEIME T R BT, K MEtE X 25 A
TEBH AR EIZ . Mtk X LR G E 83 L
HERKET, REHR RIR)T BT IAE W s
AL, AT 3 A B2t 7 iy 35 4% 745 360, Jik 5 5
R IRV A R el — A PR 28
e AR T3 AT 9 AR F 4 AR T A, PR T2
W 2 LT il B2 W st A7 LU 179 A

Wtk X 25 G 1A L2 75 25 IR DK i 17
K, B AT F e X 28 A F 14 52 50 = kI 7 vk
FEALFE B N 20 DNA K5 PEBG YT 9 CIRET 12
Z R AT R (multiplex ligation depen-
dent probe amplification, MLPA) . Southern blot 7%
S5 X BERORAFEARRAE X B v A FE I B A

AR o APPSR =515t PCR-B 4
HLUK I 64T FMRI B CGG & MR, %08
B TR METE X Z8 5 0B PIEEA R 7 %

1 MeFnAEx

1.1 X%

S I A 4 AR AR 3R 110 ], 2 e R O R B
T 2016 4 9 A Gy 76T M b X W 45 19 B FE B3
FEAR
1.2 ik
1.2.1  HRHEH

K FHAZ 18 2 Bl 4 A0 3500 (7 N Tl 3k 3 A= 4
FR B A R w]) $2 R A BL F 20 DNA |, J™ 4% 4%
HRR) & i Ul I R AT A L SR IGSE S, TPk
FE 72 (Qubit® 3.0 286 % 1 1Y , Life Technologies ,
K ) AT E R, LA DNA ¥, #2HLAY DNA
T=20CI-1F o
1.2.2 5|Yixit

%7 1 BN R 2 b g A M X 2R AR
FMRI A1 5" 3t 4E $HPE X (CGG) n R ¥ 51 K
PG HE X 5, A X (CGG) n 8 42 7 41 X Bk it
3K S . CGG & ¥ 8 /Y i s 3
TP 1 Hbr A B (& CGG HE X )59 F.R,
1E 18 51 % F 5% 4 . 5'-GCTCAGCTCCGTTTCG-
GTTTCACTTCCGGT-3', 5" it 1#f FAM % 5 52 [1]
51 R FH K .5 - AGCCCCGCACTTCCACCAC-
CAGCTCCTCCA-3' ; £ CGG # & X% it T4
HCGG EHEIFHMGI Y Mo M IWJF I Ny 5 -
AGCGTCTACTGTCTCGGCACTTGCCCGCCGCC-
GCCG-3',,
1.2.3 %1 PCR- 418 HL Uk & 3500Dx 418 H
VK

Pt PCR N R 28 D « Ko BERE AR 1 37 46 B A
) PCR J W 1 22 i AR5 8 20 wL, Hop 54 80
ng B DNA, 10 pL ) 2xGC Buffer I (TaKa-
Ra, HA<),0.4 pL () ANTPs (10 mmol/L ) (TaKaRa,
HZ),5.2 wL i PCR 3458 7, 0.3 L 1Y BS54 F
(10 pwmol/L) , 0.3 wL Y T #4514 R(10 wmol/L) ,
0.3 pL [ DNA R4 (5 U/pL) , JCAZ PR K 4 2
% 20 pL, %% PCR [ W A& 2R Q) X REAEAS Fil 57
G FE A 1) PCR BN A4 3R 1R FR 5 2 20 pL, o
£ H 80 ng BRI DNA, 10 wL ) 2XGC Buffer [
(TaKaRa, H 4% ), 0.4 wL (% dNTPs (10 mmol/L)
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(TaKaRa, H 4) ,5.2 pL (% PCR 338 %), 0.3 pL 119
L5 F(10 pmol/L) , 0.3 wL #Y R iiF 514 M(10
pmol/L), 0.3 wL Y DNA R4 (5 U/pL) , A% R
KDL 28 20 plo RRVGIR AT, BRI B0 5 75 A
PCR ¥ 4 { ', PCR J B 2% 7 2k« 98°C il A% 4
10 min Ji7 , #4730 14 W AEFR : 97C 35 5, 62C
35 5,68C 4 min; /5 68°C LAEH 10 min,

PCR L W 45 0I5 , BL 1 wL PCR #3872 4, il
TCALTR Tl 7K B 10 455 )5, >R FH Qseq100™ 4> H 3l #%
R 53 BT R e EAT B A0S R UK A T 5 [R) AP B 1 L
PCR ¥ #47=%), in 8.5 pL Hi-Di™ Formamide fi1 0.5
L GeneScan 600 LIZ® size standard, i 2] J5 98°C
A5 5 min, 37 B 7K F 2 min, | ABI 3500Dx 1%
7B 408 Pk 4G I . 3 2 3500Dx B 41 4E

70

VI3 3, XL 235 S 1] v 37 S 06 v ] 119 /)N [T o
fE R I AGG 1l AKL
1.2.4 FEA CGG TR BT E

HR A 1E 5 55 o X IR AR 1) CGG H &2 %k, R H
BUF AR R R4S 2 K CGG # & $ Me AGG i A

2

ﬁ;m\o

2 #R

X 11T i RE A T — 1 1E 7 55 M X B A R
Qseql00™ 4= [ A% IR 5 T R Ge AT B 408 HR UK A
W, B A &5 5 (E D), A FEAS CGG HE R
T 21~62, 48 KH A FEAS J8 T 1E 5 AL (<45 4
CGG HE & ), H i D1609187 . D1609192 . D1609168
3 FIREAR CGG AR T 45,

60

50

40

30

20

oébq’ FPFS O @ op‘g I IFIPIT P FEE
y © © & @ © @& @ @ & @ & Q& &
S O P P T P P 0 T P I T P T T T P P & T
TP T T PT P TP TP T PP OT TS TS
BEAR AR R REA RS, YA A5 CGG B & 4K
B 111 BRSNS RE

Figurel Test result of 111 samples

ks ARSI T 5 55 PEFEAS , Qseq100 & 408 HLIK
R 3 B i R B B R 420 bp(E 2) , 1HRS
HH CGG F & %M 30, 31 H A Qseql00 414 H,
KRG I 45 PR — B0 2« 3500Dx T 4145 FL Tk 45
8 R (B 3A)1E 420 bp AbAA K , I H L%
FEAS () X G A 3% e v () A 2 b /N M (1]
3B), il CGG EE )P HITHHA T 24 AGG, 111
) ) PAE B8 AR AR D1609187, Qseql00 L 41 45
FL KRN 2 4% X e ik L 8 09 H i B
5394 430 bp F1 516 bp (K 2B) , 115 H CGG R
ok 33 Fil 62, FI Wk A G RUHT R AR HE A
3500Dx B 41 4 HL yk i 445 2R i R (18] 3C) 7E 430

bp 1 516 bp Ab A4 # il I , X F1 Qseql00 & 21 4 HL
YRR 485 S — B0, IF WA — 28 X et
T S A 2 4 /NUTRG (] 3D) , d FHIZ e
ik CGG EE ¥ HI i AT 24~ AGG, 1 75— 4%
X YLtk I i g v ) I B A MG, R % X G
Ok CGG EE ¥ %A AGG #fi A ; Qseql00 &
A48 L VKA T REZR D1609192 2 55 X Ye (o i 14 11y
H 1 = B B2 5351 4 434 bp F1 508 bp (& 2C) , 3T
B CGG TR HT I 34 F 59, FI Wi ok 2 A #
HT AR HEAT &, 3500Dx B 404 Lyl 3 &5 21 R
(& 3E) 7F 434 bp F1 508 bp Ab A I 15 , X FI
Qseql00 & 241 4 HL UK AN 25 SR — 3, I OWEGZAE
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68.2

420 bp
o
gﬁé 35.7
s |
3.2 N
2 3 4 5
R[]
434 bp
26.1
508 bp
e
gﬁé 15.7
3
5.2
2 3
JEFE AT

RE I o R

R R

430 bp
28.4 L
516 bp

168 l/

5.1

2 3 4
AEASI ] B
486 by

162 l/ p
1.2

6.3 =

2 3

R

A EH BER Qseql00 B A4 HL VKK 45 5 5 B : HEA D1609187 1Y Qseq100 T 2145 Ha Yk K 45 5% 5 C . BEAX D1609192 1Y Qseq100 E 4145

HLPK A 45 5 3 D FEAR D1609168 1) Qseql00 B 44 HL Fk A 45
2 QseqlO0 BAEHEKERE

Figure 2 The results of Qseql00 capillary electrophoresis

= - ;/;;2 e = = =  i—
= g v
<a =
= _ d ll - Mﬁ
A B
430bp 516 bp
l/ / v
) | -
C D
434 bp
/ 508 bp
& - mm A
Fl
E F
- _ rar: o p=—— = - . T - -
G H

A .C.E.G /o 5IZRmnmIEH J 1% . D1609187 .D1609192 . D1609168 £4:51 4 F . R ¥ 44 5 , PCR F= ¥ ¥ 3500Dx B 24145 HL vkl 2 45 S &, T DA se
HAREA ) CGG A %L ; B.D.F.H M MIE % 51 . D1609187 .D1609192 . D1609168 25| ¥ F .M 41 5 , PCR =¥ 19 3500Dx & 41 4% 1 ik

MFE5RAE L @R T CGG BT HIH AGG Mt Al B

&3 3500Dx B E H kil & R IE

Figure 3 3500Dx capillary electrophoresis sequencing results
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A4 X ik g A 2 b /N R
3F) , W iZ e (o ik CGG | F 4 i A T 24
AGG, Ifii 53 — 4% X Ge oA b 3% 25 0 v i) - e A7 1M
K, 0IH1Z X YLk CGG T F 5 I%H AGG 1
A 5 Qseql00 T 4045 HL Yk Kl A 4% D1609168 (1) X
Jufa Ry 119 H 0 BEK Sl 486 bp (K1 2D, 115
H CGG EEHCH 52, FIWr v a] A, 3500Dx £ 4f
A EL PRI P 25 S R (8] 3G) 7 486 bp A3 A6 i
X Qseq100 T 21/ L R RS I 285 SR — 2, - HL SR
ZFEAR Y X Yt fA b 3% 220 v ) 47—k /N (&
3H), B CGG HEJFHIHHHA T —4> AGG,

3 itig

Jfia Pk X 255 TR R B B FEARRER , anth g
RUH IR F R F A A . i EL et X 25
B AF I [ PE i 2R R A A UL S R PR
HEAT FMRI & A58 A8 #5145 i A, FLAT 1 P AE 2
Rl R A B A PRE BB S AN ] Z A0 e 1k R
CGG (85748 iy fre/ N 2 HCR 59) th SR AT 18
ik (it A & R A sh A5 5878 A A FR R 7
A1k CGG BB AR 548 BR T CGG H A F B
KA R 38 5 B AR L) X CGG & 751
1 AGG Rl AR VIR IEH 19 FMRI 3EA
(CGG) n 454 b 5 % 9~11 4> CGG oA — 4
AGG i A, il i Fa e MR B, AGG HOfH A RERSHE i
CGG MR e, IRy B, B AGG i AR,
CGG HEMAZY & L MATAE . AR =
51975 6 PCR-E 4145 L vk i e Wi 46 1 111 i A
PA] 0 RE A 3 A7 A I ] IS 2 G T 2R 45 D
Qseql100™ 4= H i #% R 43 Ht & 48 il ABI 3500Dx X
HEAT 45 S H A IR , Qseq100 6 240 45 Pk ok 1] 17 4%
ST R B W R B R #E T CGG 2 4K
FYE T, 3500Dx B 21 457 H YK 5 32 [ 1T LAAR i
W B H 0 R BEK T CGG B 4k, [A]iHA ]
PLAr T AGG 4 A E I P 12 BT i AR AE
20T E eI — I IR _E E N FMRI 3£ CGG
KON 30 19 5 HREARVE R X IR, B 4048
k&R Bon H PCR ¥4 H i B Be K JE 4 420 bp, 78
PEIERN iR Z A FE AR CGG B &R %, I H R H
3500Dx & 418 HL UK I e 325 % 3R 3k A R 0 235 2R
PEATHRAE , A& BN P A5- 20 0 B 1Y A Bek B LA KT
153 tH 1 CGG 5 & B4 F1 Qseql00 24148 HL UK [ 245
R—3 BEAFRATE X MEPE X 28 A 1F FMRI %%

HI 52 A8 #5447 1Y = 51 #1251 PCR- 6 4145 HL Uk 125 22
AIATEY , BEAS WA DL b A I H A AR 1Y) FMR T FE [
CGG HEEH M AGGHHAIE L . FATHE 111 41 [ P4
SEREAEA T A, 3BT BT FEA ) CGG B2 %k, L
A 2 BRI R AR &, 1 B R, X sesl
LA MM X 8B 1F B s SR B A HE
FERER , X [ PAAE 8 AT e X 25 B AR i A HoAT
— MR R S AR T A o e X 254
AT PATRE A4l B2 WG

H A& A 2Rt X2 Witk X 285 1F 57
B AR A A HURIBR T o A s A% 2 A
AT DL LS G (L R B 0 A 0 A, EL A H
AR DNA S A i A st 2 o3 g m 1 T
5B (I E AR T EA Il SUH R A2 3] — 2
T2 B 1 R 1] 5 28 L (1 K 7 7% Southern blot 725 i1 9%
WERGPEAR R, AT FLIA B A Bl 120 R S R 4]
DNA Jit it Ui 122k 38 , w7 F R 2ok Al
HA —@mfaFm, 0 HEEZE S, 5N B 5t
FERT K . B BB A S Southern E[J37R 3£ AN BE VH i 3
DX G 2 AR FIE 81 TG ik s s T8 1 52
KEFEAS ) CGG A . MILAHFFE N L PCR 1%
PEAT O R 3 e SR FH TR v ekl B A A L
PCR 4355 B iR K B8 AT 3 4 A 5 24
SRR, SLELXT FMRI 3L CG 45 B 4 8 (1
PV W, ATk LA SRR B 5l
A%, ELiE 3 Qsepl00 B 4045 HL ik vk v DAERf i
B CGGHEBMIM A o XFhIREE 20 AR
PR X ZEAAE I 7 vk I ST X TSR HE 7  1Y
BRI A L 2 KU G LI P RS b DA S it X 25
IEAT A ATIE (146 B2 W B A 5K S bRy FH A EL

S % SHk
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Investigation on gene carrying rate and mutation spectrum of deafness in

32 497 cases of childbearing-age women with normal hearing

LIU Chang'?, ZHANG Yan"*, DING Hongke'*, WU Jing', MAI Mingqin', ZENG Yukun"*, LIU Ling"*,
YIN Aihua'**

(1. Medical Genetic Center, Guangdong Women and Children Hospital, Guangzhou, Guangdong, China,
511400; 2. Maternal and Children Metabolic - Genetic Key Laboratory, Guangdong Women and Children
Hospital , Guangzhou, Guangdong, China, 511400)

[ABSTRACT] Objective To better understand the carrier rate and mutation spectrum of genes
associated with hearing impairment in the general population, which could be of importance in carrier
screening, genetic counseling, and disease management. Methods 32 497 unrelated women of childbearing
age with normal hearing and without family history of hearing loss were tested with allele-specific PCR-based
universal array. Further genetic tests were provided to the spouses of the screened carriers. For those couples at
risk, multiple choices were provided, including prenatal diagnosis. Results Among the 32 497 normal
hearing participants, 1 181 subjects carried pathogenic mutations included in the screening chip, which had the
carrier rate 3.63%. A total of 665 participating subjects carried one type of the 4 common deafness-causing
mutations in GJB2 gene in the heterozygous state, 407 subjects were found carrying one type of the 2
confirmed pathogenic mutations in SLC26A4 gene in the heterozygous state, and 45 subjects were found

carrying pathogenic mutation in GJB3 gene in the heterozygous state. In addition, 64 participants were detected
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to be homoplasmic mutation carriers of mitochondrial DNA /2S5 rRNA gene, which was important mechanism

of genetic susceptibility to aminoglycoside ototoxicity.

Conclusion

Better understanding about the carrier

rate and mutation spectrum of genes associated with hearing impairment in the general population of

childbearing age might be important for carrier screening and genetic counseling.

[KEY WORDS] Hearing loss; Carrier rate; Mutation spectrum
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Sequence bioinformatics analysis of cathepsin L-like proteinase from

Spirometra mansoni
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Laboratory of Translational Medicine for Tropical Diseases, Ministry of Education, Hainan Medical

University , Hainan, Haikou, China, 571199)

[ABSTRACT] Objective To provide information and pave the way for further research on cathepsin
L - like proteinase of Spirometra mansoni (Smcathepsin L - like proteinase) which may participate in the
interaction between parasite and host. Methods The open reading frame of Smcathepsin L-like proteinase

was identified with open reading frame (ORF) finder tool in NCBI website. ExXPASy website was used to
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predict the physical and chemical parameters of protein, signal peptide, transmembrane helices and potential
molecular and biological functions. The conserved domains of the protein were detected by NCBI/BLAST
home. In order to analyze the homology and phylogenetic tree, sequences of cathepsin L-like proteinase from
various species were obtained from NCBI website, and the results were analyzed by Vector NTI suil 8.0 and
TreeView software. The three-dimensional structure of Smcathepsin L-like proteinase was predicted by SWISS-
MODEL and analyzed by SPDBV 4.10. Results Smcathepsin L-like proteinase is full -length gene and
encoded 336 amino acid residues. The protein is composed of 2 classic conserved domains with signal peptide
and a stably soluble molecule. It has a conservative cathepsin L-like proteinase in three-dimensional structure.
Smcathepsin L - like proteinase is homologous to cathepsin L - like proteinase from Echinococcusgranulosus,
Taeniasolium, Echinococcus multilocularis and Homo sapiens with 50% , 50% , 49% and 46% identities,
respectively. Smcathepsin L - like proteinase clustered with the L - like proteinase from the Schistosoma
Jjaponicum, Echinococcus multilocularis, and Taeniasolium, but not with other species like protozoon, trematode
and mammal animals. Conclusions Smcathepsin L-like proteinase is a potential secreted protein, and play a
role in extracellular environment, such as digestion, metastasis, invasion and parasite-host interaction. Therefore,

Smcathepsin L-like proteinase could be a potential important target.

[KEY WOEDS] Spirometra mansoni; Cathepsin L-like proteinase; Bioinformatics analysis
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Figure 1 The open reading frame of Smcathepsin L-like proteinase
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WK A FoR . 5 REIRTE /3 A 45 R WoR Tz A =
AR RE A, AT RS — A
+F, 4n& 3B iR

EREELH cathepsinL HE A S ERHRK
Figure 2 Amino acid composition of Smcathepsin

L-like proteinase
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Figure 4 Alignment of Smcathepsin L-like proteinase amino acid sequence with cathepsin L-like proteinase from other species
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Figure 5 Molecular evolution tree of the Smcathepsin

L-like proteinase
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Figure 6 Analysis of 2 classic sequences of Smcathepsin

L-like proteinase
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Detection and clinical application of miR-125b in acute myeloid leukemia by

real-time fluorescence quantitative PCR

WANG Yuxin', YANG Donggin', ZHOU Jingdong', LIN Jiang’, YAO Dongming®, YANG Jing', QIAN
Zhen', YANG Lei', QIAN Jun'*
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[ABSTRACT] Objective To evaluate the method of real-time quantitative polymerase chain reaction
(qPCR) for detecting miR - 125b transcript in patients with acute myeloid leukemia (AML) and further
investigate the characteristics and clinical implication of miR-125b in AML. Methods The reaction system
and reaction condition of qPCR with SYBR Green I was established to detect the expression of miR-125b to
evaluate its specificity, repeatability and sensitivity in AML diagnosis. Afterwards, the samples of bone marrow

mononuclear cells from 69 AML patients were evaluated. Results The method can detect the expression
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level of miR-125b in AML patients. The melting curve showed a single peak, the PCR products was specific, a
good linear relationship in the range of 10° copies/uL to 10° copies/uL (R*=0.999), and the detection was
repeatable. The expression level of miR - 125b in 69 AML patients was significantly higher than those in 25
controls (P=0.001). In different subtypes of AML, the expression level of miR-125b in M3 was higher than that in
other subtypes, and the difference was statistically significant (P<0.05). There was no correlation between the
expression of miR - 125b and the age, gender, peripheral blood leucocyte counts, platelet count,
hemoglobincontent, FAB classifications and karyotypes (P>0.05) in non-M3 AML patients. The levels of miR -
125b expression of 4 patients in the observation group decreased after complete remission. Conclusions The
SYBR Green I qPCR for miR-125b was a sensitive, reliable quantitative assay, and it can be used in the diagnosis

of AML and the disease therapy evaluation. The increased-expression of miR-125b may be a common molecular

event in AML, and detecting its expression level could be used for auxiliary diagnosis and monitoring disease.
[KEY WORDS] Real-time quantitative PCR; miR-125b; Acute myeloid leukemia
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recombinant miR-125b plasmid in different concentrations
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Table 1 Coefficient of variation of amplification of 6 times

on different concentrations of miR-125b and U6 genes

CV (%)
100 100 10° 10° 10 10°
miR-125b ity 1.16 1.23 285 230 089 2.13

A

Ein ] 245 272 327 227 1.62 3.38
HEW 098 214 1.09 0.68 0.45 0.30
U6 #E 120 3.01 155 085 1.32 0.79

2.2 qPCR LA AML £ # ' miR-125b A % ik
TH
25 {5 X6 A ZH F 69 6] AML £ 3 5 A< 4 7] 4™
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Hh g, A RBFEEAREC(E 2) . 25 F] X R
Nuiri2s 4 0.03%~100% (147 0.68% ) , AML £ bR
AN Nk 1050 A 0.03% ~6983.49% ( H 7 5.12% ) .
5555 BEZH A . AML 34 miR-125b ik K-kt
M B3 B (P=0.001) . i#f— 253 HT miR-125b
1E FAB 43 B R a] W 78 Y e iR K 22 5%, kB
miR-125b 7£ 2%~ W 5 v (1% 38 75 7K SF- 5 85 F X ]
ZH , 111 Ho miR-125b 75 M3 & rp 3% 55 K B v H
ZRA IR L (P<0.05) (KE13) .
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B2 #% AML BE KX RA BT HIRA$ miR-125b
W E R PCR 18 M £
Figure 2 PCR amplification curve of miR-125b in

part of bone marrow of AML patients and controls

2.3 miR-125b Rk LIS K E X

N ROC i £k ¥F £ miR-125b Al & 4E K
AML B & H B2 Wi — N bR il . 45 R BoR
miR-125b & 35 7K - AT 1 Jhy %5 0 % BR2H 5 i 55 40
2% bR (AUC=0.723 , 95% & 15 [X.[8] 4 0.619 ~
0.827, P=0.001) ., £ miR-125b Fik7K N 4.7%
i, 12 B AML A9 880 AR S5 1 40 3l R 53 % A
92% (Kl 4) .
2.4 miR-125b B 5l IR S HH

A BF 5% LA ROC 2% cut-off {5 A FKF Bk
AML H %700 miR-125b (R 63k 4H 5 w5 Kk 4,
miR-125b /5 R4 SRR B M AR i)
M 1%k 22 5 45 T8 G2 vt 2% 2 L (P>0.05) , 1] miR -
125b 1 2 38 20 19 S8 25 A0 ) i 1 248 58 il 21 2R
F i 5 U6 A0 MBI T miR-125b IR R IR 41 (P<
0.05) . miR-125b = IR IK A 1Y FAB 73 81 (A
[ A% R0 DA B e o0 A F 6 A FEE 40 100 L3 25 S 39 4t
TR L(P<0.05) o Hod 78 M1-M5 AN [A] 7 AL

P=0.984
I 1
P=0.088
1
P<0.001
r 1
80 P<0.007
60 f | *
40 P<0.136
20 ' ! .
@ 6 -
® 4 A 15¢4
r ——
= 2 L] " N ¥
= [ - ) ** v
g ] AlAAN * MAAAS
&= 0.06
g —_—
L]
0.04 ®ee0 s ig—
° [
° A
v
0.02 . Aad
A ———
Ax .Y,
o A Yy¥
0.00 "iu' f o + T (—
it M1 M2 M3 M4 M5

B3 ¥EA5 AML £% FAB & A fi miR-125b A#AXT
Figure 3 Relative expression levels of miR-125b in controls

and AML according to FAB classification
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Figure 4 ROC curve analysis through using miR-125b for
discriminating AML patients

M3 WA miR-125b /= 2 35 9 450 R 3% 1 T oAl
WP 4320 [93% (13/14) 55 449% (24/55) , P<0.001 | .
7E9E M3 Al AML B35 1, 255 1R miR-125b 4]
() 3R AT 5 AR PR £ A E I
g2 e 1A Y 3 QPR R N 2 R B 5 5 g e
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=Y (P>0.05)(F£2), BE I BEPRAS A TVR YT RIS BRI, 45 R R,
2.5 miR-125b E£iA¥E AML F 5 H i) 7 X BT DA 58 2 R S5 19 miR-125b 363k /K 458

X miR-125b £ ik K FEE RS 4 B9 2 AML  JRIF R E (K 5) .

X2 B AML EE53IEM3AML B2Ef miR-125b RiZKFESIRKER S

Table 2 Comparison of clinical characteristics of miR-125b expression between whole AML and non-M3 patients

K AML B # IE M3
I R 2% S| [ESuy| » A AH FARIAH
(n=32) (n=37) (n=27) (n=28)

PN (T 14) 19/13 22/15 1.000 16/11 19/9 0.582
HWR(Z) 54 (21~93) 54 (21~87)  0.714 55 (21~93) 62 (23~87) 0.389
R A S (X100, JE ) 23 (1.0~582.0) 6 (0.3~185.4)  0.005 194 (1.5~197.7)  10.6 (0.8~528.0)  0.447
SRR AR = A €7 O D) 76 (34~138) 69 (32~131)  0.048 75 (53~133) 69 (32~138) 0.197
FRASE LN (XTO°L , Y ) 40 (4~447) 37 (9~264) 0.399 41 (4~447) 40 (11~264) 0.452
F A B R A0 (% ) 60.0(6.0~97.5)  34.5(1.0~92.0) 0.023  60.0 (6.0~94.0)  60.0 (19.0~97.5)  0.437
FAB 437 0.006 0.399
M1 3 2 1 4

M2 13 14 12 15

M3 1 13 - -

M4 9 6 9 6

M5 6 2 5 3

I A o R 0.039 0.285
R4f 6 14 4 2

Ak 22 14 19 17

FNES 4 6 4 6

TeBEk 0 3 0 3

FZ IR 0.001 0.196
EH 13 11 10 14

t(8;21) 5 1 4 2

t(16;16) 0 0 0 0

1(9;22) 0 0 0 0

t(15;17) 1 13 - -

11¢23 0 0 0 0

+8 2 1 2 1

-5/5q- 0 1 0 1

-1/7g- 0 0 0 0

RS 4 5 4 5
HoAty 7 2 7 2
Py 0 3 0 3

CR(+/-) 12/20 18/19 0.466 10/17 9/19 0.781
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Figure 5 The levels of miR-125b expression of 4 patients in

the AML patients before and after complete remission

miRNAs 5% 5% J5 1t 8 77 D) BE 5% Wi 45 AL A4 25
Y AR B L gl R, ARG R
SRR A R R EYIM ., A Mo RE
miR-125b Z 5 [ L% 19 & A4 kK J&  fEfE A
A S 7 TS R 98 25 i) AMIL vh 6 3A 88 5 B H %
RACE SRR A KL 1 S8 T B 5 $E R
miR-125b A] g 5 B T4 J5 AML 1912 Wr 5 94 1%
W

Z2H miRNAs 1E N BRIZ W A= Y2 E b b
e L T bR M TR A B IO I R I vk . B
& miRNAs 78 g % A5 & J v (1) 55 B2 1 20 i o
M, miRNAs FARINEE AR ARLBS T Pk 2, £ 24
54 1 5i i 26 38 SCIFE FE %  Northern blot 15 % 5
R4 5% Vi (reverse transcription PCR,RT-PCR ),
ILFESEPRU BRI SRR R R .
o RT-PCR DI S0 | AR vy HRs (5
MBS0 A, B 2 H Al E AT miRNAs (1)
ShREN . ARF5Eia A SYBR Green I 44BHric
FARHES 1 —Fh gPCR J5 % fifibr A H1 miR-125b
TR A . TR TR O HRET , 51 e FAE
255 FRVERE , BUAMIRRR & THE R, Abt
5745 W] SYBR Green I gPCR #1ll miR-125b J5
R R IRR S R R A AR
AR B, AT TR AR AR miR-125b 1)
FIRIKF . BT R, 69 6] AML H 34 H miR-
125b & 3k 7K F 5 FXF BB 41 (P=0.001) . [] i 7¢
AML A [A] 7 % rh miR-125b #i5/K EIEfE L S |

H1 M3 A miR-125b FRIA KV i T HARE A, #2R
miR-125b 5 5 35 5 20k B4R 40 i H i e
(acute promyelocytic leukemia, APL) % I A ¢, X
5 Zhang "™ Li " BRI AE R — 8. A REFR,
miR-125b 1] L4 A 25 CD34 40434k , 30 1 1f
9 241 L NB4 il HL60 [] R iy Chr 22 FIL L R ) 404k
7R T miR-125b 7£ APL 4 il sr b Dhiig' . 7k
M3 % AML %, miR-125b Sk ik 4H 5 AML
TR I 2 2 RN 5E 4 2% i R A8 AR Gk (P >
0.05) o ROC Hf1 £ 73 #1 #¢ B miR - 125b 4 35 X T
AML BHA 22 W E

[, AR 4 191 AML 3617 7 Wai, & 30
ZEff 5 miR-125b RIRAKFRIRYT AT TR $R
miR-125b F 3k 0] BEAE Ky — A7 T 7 Ttk
AW, AR ASBRT R G5 >, ROC fZ sy
M S SR AN SR, R miR-125b 2
Wi B2 BT s B S A5 s o — 25 F5E

25 L rid , A58 #5719 SYBR Green I gPCR
R miR-125b J& —F A {3 AT 5  HERR PR Y
W A, ) TIRIR S = W, A
B FREEAR I PRAFFE . miR-125b 5% 5 K ik 2
AML H () —AN 8 UL A3 F 4 R R 35 AT fig
B AML & B B2 W R R 2 el

S % 3Lk
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LN P BE R T2t 9 2 33 4 s PCR K5 72
1P} RVA

A RIS RS ORARME® JFT REE OARRT XML

(# Z]1 B8 @ —FnT DOEs D R R 48 I 2 8 i 48 455 % (Japanese encephalitis virus,
JEV) 14— 25 3 S 26 Ol 1 1 390 % 5% PCR (reverse transcription-quantitative real time PCR, RT-qPCR) &
R, Ak SINCBIEIEEM e L WA T8, Zad — 8k e a8, 78 QR s R <F 1 37
JE#¥7% [X (3" untranslated region, 3'UTR ) X Bt , 5 T4 b A 4F = PE 51 97 L & Tagman-MGB #£4t, O A6 Rz
TRFR RN A5 A, 57— 2576 RT-qPCR J5 vk o FI B S8 M 206 3 W 18 2 71 AL(EVT1) A=
AR EE A16 B (CoxA16) KE R B 35 77 W F ik PR 12 Wt by 658 J B K T 2 10 A ) I 335 A AR G 0 R 52 S
S o PEFE 15 B 5BE LA 48 IR 1) 95 N ILTE FEAS , DL 5810 it 245 5 B 487 LS Ry (CFDA) it HE 1 & Bk
s A0 00 370 6 1 0 RO R L A DRI RIS e . &R ST W S B — 207k RT-qPCR K
W5 3k H A M0 Co 1) 48 57 R B CV TE 0.46%~0.53% 2 [8] , B AR AT Kt 5 copies/ O B FEAS o A6 4
F5 B BRI R 9 75 45 0 3 & EVT1, CoxAL6  JE Rk 2 55 F5 4 45 oK K B A8 SUI R ;5 64 Oy If TR
W7 Ry 5 S HORN T2 T 90 N B4 I3 A A A 12 Sy B o 15 45 BE AL & Bl B 4 140 55 I8 R A ) i
S5 3L 55 1 5B 24 o M LR A 1 2 TR A o AR 0 ) R A I 4 R — B AR A Ty A A D
B RIREEE, i AR EN Y O NG R0 B — 5 Tk S 9 RT-qPCR K Jr ik B
B R Rk, VR T RN 98 0 BE A

[E43A]  Z A% HiEE ; Tagman-MGB ; A7 £ %K 48 ; RT-qPCR

Development of one-step RT-qPCR for detection of Japanese encephalitis virus

infection

SUN Li', CHEN Lu*, WANG Huagui’, ZHAO Xiangsheng®, HU Xiaoxu’, CHI Hongxia', QI Rong', WU Weili**
(1. Clinical Laboratory of Huabei Oil Field Hospital, Renqiu, Hebei, China, 062552; 2. Beijing Macro & Micro-
test Bio - Tech Co., Ltd. Beijing, China, 101300; 3. Beijing Institute of Genomics, Chinese Academy of
Sciences, Beijing, China, 100101; 4. Gastroenterology Department of Huabei Oil Field Hospital, Rengiu, Hebei,
China , 062552)

[ABSTRACT] Objective To establish a sensitive and specific one - step reverse transcription -
quantitative real time PCR (RT-qPCR) method for detection of Japanese encephalitis virus (JEV) infection.
Methods Based on the whole genome sequence of the encephalitis virus in the NCBI database, the
corresponding specific primers and Tagman-MGB Probe were designed in the 3'untranslated region (UTR) of
the Japanese encephalitis virus. The detection system and reaction conditions were optimized. The cross -

reactivity was measured by using dengue fever virus, forest encephalitis virus, enterovirus 71 (EV71),

Vs 1 e B F A K BRI, 7, 2 £ 062552
2. A6 T EBAF M A A A A F] AL 101300
3. % BA A W A R 88T 2T, A6 R 100101
4. % Tk IR B B E R EACA, FTAL, 4E £ 062552
*BIRAE S 2 AE L, E-mail : wuwl@big.ac.cn
E AN e TR A T B — AR
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coxsackie virus A16 (CoxAl6), rabies virus cultures and clinical sera samples of clinically diagnosed dengue
fever and hand-foot-mouth patients. 15 patients with suspected encephalitis were enrolled in this study. The
Japanese encephalitis virus test kit was registered by the China Food and Drug Administration (CFDA) used as
a control kit to detect its clinical applicability. Results The repeatability test revealed that coefficient of
variation (CV) of Ct value is 0.46% ~0.53% . The sensitivity attends to 5 copies/reaction. No cross-reactions
were found to dengue, forst encephalitis virus, EV71, CoxAl6, rabies virus. The test result of 37 dengue fever
and 27 hand-foot-mouth patients were also negative. The results of present developed method to suspended

patients are consistent with the CFDA approved kit while with less manual handling steps and shorted

operating time. Conclusion

The developed one-step RT-qPCR method for detection of encephalitis virus

infection with high sensitivity and specificity is suitable to the clinical use.
[KEY WORDS] Japanese encephalitis virus; Tagman-MGB; Epidemic encephalitis type B; RT-qPCR

TATYE CBIGR XFR Ry HAS SR 5% TR AR
M, I H A B % 9% B (Japanese encephali-
tis virus, JEV ) 5 | & (1) — i o iX il 28 2 e B e 1) 2
PEAZ Qe , o2 — P N5 8 A SRS PP
I PR b LA e A RV B A R I R e g % i
PR RRAE o £ B O B0 BOE BE RNA B 7
(Flavivirus) o 5 7 RNA H & — 4> JF R 1352 HE
(open redaing frame, ORF) , Zifih 3 4544 & 1 (C
HH . PIMMEH EHH) M7 ANESEER
(NSI1.NS2a,NS2b ,NS3 NS4a NS4b NS5) , #iffi
E 2 LR R 91 0 [R5 , K JEV 43 R A G &
FAER R 2ZS S ANRERACT VIV
V), 2 FE R 3 A A — o 1 DX 2 e
VY i L Y — b 1 PR iR R, A4 22D 50 000
e A 1], Heh Z2 8000 10 2 DT L, 332
10 000 AFET=, 554 29 15 000 1] 88 45+ 30 1 ot 22 -
RSP IR BAE o R R CIRTRAT 1Y B IX, T
AR RN LB ST TR He B He A, 15 R AR B
R RE L AH H BT e AN EAT S 29 1) Y
80% L) b o LMk PR b5 3T 4F 5 K H) g 3 0 B SR
e | R 0 i A AL Ml A DA DR e | R
B MERR Y JEV KGN J7 25 %5 i JEV 510 1) 2k
2 B B X, HETHECH WA 2 Bk2 Wy
AR BE ST LS 2712 W R R 30 S SR Tl
% J I (reverse transcription PCR, RT-PCR) ¥l
H1 T JEV i 75 2R, R 40 i A/ B 20 2 1%
I JEV EA 12 RIE H A 2 A i [R]H f dke
KU I PRI A BRI BRAE = L A2 W WA A
RPEBARAIER AL, SEI 2 E 1195 5% PCR (re-
verse transcription - quantitative real time PCR, RT -
qPCR) 5 FIR T iEAH L HAT R e 1 v ARG 45
Ro o B SO0, & 2B i T SR AR A I | 45

3R 5 S SR AR L
k9 B 3 PR A PR ST Y 37 AE B35 IX (3" untransla-
teel region, 3'UTR) [X % i1 5] ¥ #l Tagman-MGB
PREF , (57 T WA R 55 19 JEV — 25 32 S A A )
{NEN

1 MBERFE
1.1 FRSHEAR

BT EE LA 27 37 AR AR A
L, IERINE, B KTE 71 B (enterovirus 71,
EV71) , f] % %7 %% B¢ A16 %Y (coxsackie virus A16,
CoxAl6) 7T ES ¥ FE bk 42k A T E N R 42 24
H BB B A YA TR A ST T

37 I PR A2 Wt S 65 B BRIV AR AS b MR
g TR o RO R L 27 (IR R IZ o TR H
Joa B s NI PR AR G A T R R R B B AR .
15 13 2 FAAE A 06 98 0 IR A9 9 N 20t 391 R s 1~5
K AWK S 1M TF A G Al B R R B B
Wk
1.2 FELGR AR

s B A% W2 42 UK 7] & (QlAamp®Viral RNA
Mini Kit) I F 7% E QIAGEN /A 7l ; DH5a J& 52 75
40 MY . QuantOne Step gRT - PCR Kit (Probe)
(FP304) 9 7 R AR AE AL B (b 50) A R A A 5
PAR-1 F A R AR th ARS8 == A B R RAE
TG 5 95 5 PR TG A I3k 7] & (R I0C 4 8 Wi
B3 ) LU AT R 2 B AR e BE A R R IO R
(PCR-ZECHRET %) >k A T A2 K L&A
FARAGRAF

StepOnePlus™PCR ¢ 4% (ABI, 32 [F ) , Nano-
Drop 2000 [ FE2k Ci /R B (P ED A RA A ],
7 I A0 R BRI (Y 92-T, 7 8 2 A B e 4y
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HIRAH]D
1.3 IR 5 A

A5 B B 5 51045 2R H T NCBI Gen-
Bank (https : /www.ncbi.nlm.nih.gov/) , F # i A I
i) QT A0ME B A B FE R B — B0k 5 b
A 53 B 45 B A R DR SF Y UTR X% 31, ) H
ABI %X {4 43, Primer Express3.0 1% 11 09 % T 51 ¥
N Taqman-MGB £ £ ¥ i |2} invitrogen 2y 7] &
o HOF A KbRic s B 4 B s RT-F (5
CCAGTCTATTCCCAGGTGTCAA3' ) ; RT-R (5
GCTGTAGAGGAGGTGGAAGGAC3’ ) ; RT-P (5’
FAM-TGCGGGGTCTCCT-MGB 3').
1.4 %I 5 E i

S B 08 125 O RS E AR Y 2
Wi eE UTR HEP B 2 , BACLBRANT ARSI E 2
ki 75 UTR & R DR X, 32 B 3Rk 2%
K pAR-1 JE F2J5 FeAL B AT B DH5«, §if 1 FH P
v B, 22 0 P 50 UE P 81 O £ % B UTR 5 X7
G, SR K PHAE TR AR 37CHE FE 4 h A A
W E M 1 mmol/L IPTG #4735 5 4 h LR IKRUH
& RNA, 3 000 r/min £5.0> 10 min W4 1A, >k AT
o R T, A R (40 % PRI, 350 W, 152 5 s,
HH 55,30 MEFF) , 8 000 r/min % B> 10 min,
W gk 13 I A DNase i £k, B A il £ (%) 1B 3
VAR

| F Thermo scientific Nano Drop 2000 43¢
JE3E, I H OD fE , 3 i 24 2 (6.02x 107 $5 D14y
JBE R ) x (e & g/wL)/(MW g/mol ) =copies/pL 54
B DB
1.5 JHTEIZ IR

% JHl QIAamp®Viral RNA Mini Kit il # & , #%
HR U8 BT 43 34T 2 B RNA , $2 HU 5L RNA T-80C
VKA H
1.6 —#7: RT-qPCR

— 5 N AR Z A% 4 B QuantOne Step gRT-
PCR Kit (Probe) fifi fl 15 W] 43 #E AT HC ] , 30 wL 2
MK 2 4045 2xQuantOne Step Probe RT-qgPCR Mas-
ter Mix 15 pL, HotMaster Taq Polymerase (2.5 U/
pL) 1.2 pL, Quant Rtase 0.7 wL, I . N5l 9
0.75 L, #REH 0.5 wL, Bikk 4 pL, 258 F7K b5t
)30 pL&RFR . X RT-qPCR S I 14 5 5 | 4 I
BRI AT 0 18 , LAARAS S AR 1 S8R A e - 1Y)
PR . BN E 40 DMEER, 05T 15 s,

58CYH 4 45 so K WX #% 4 ABI StepOnePlus™
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1.7 B 50 %8 W B 52 (enzyme linked immuno-
sorbent assay , ELISA ) £l

15 1 A FAAEA i 2 5 AR 19 A >R FH ELISA i
TR 1gG KD, 2, TR 5 95 B HTAA 1gG A D379
(BRI S e W ) ok B TE i A8 G5 2 B
FARGBRA R WU BHAM: B REAS SEA T4 LA s 0
FE TR AR AL
1.8 FEMIAL
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IG5 B A% IR M B , 4% F 2 6 L, THRR I &
s 2 Ct 130 (X) 2220 (1) FbrifE 22 (SD) 24
H(2), N FAXG)IHHHEZERRZE(CV),

(1)

(2)

cv=5D x100% (3)

X
1.9 REUERI

B HEHUEF O ARV i RNA M 10° copies/pL H- 4R
HEAT 10 5 RN F RS 101,107 . 107,10 4 N ERE , IF
H— DX R A DR (5.2.5.1.25.,0.625) f5 i
TTHIERI
1.10 i Fe A

BHRGEE LRL 2 8 3R 4 AU FR AR R
B ,EV71,CoxAl6, JE R #3572 W) #2 U RNA 7,
22792 ) PCR A W I 48 — Fi B 2 1107 copies/pL,
R 2 7545 58 ORI o 37 103 I R A2 W7 kg 5 4R
I N IS FEAS T 27 3 I IR 2 W o F 2 DA
{14 I 375 A A 43 ) 2o A% TR A USRI 2 75 A7 FE 58
N

X ok AT AR b A I B R RS BE 15 1] & A
Joa N L35 FEAR 4300 0 AL 548 K b2 AR W4 R
R B AT YE 2 R i A s B A% IR A TR R &
(PCR-ZECHREN ) L £ T i % 9 B B 1gG K I
TR B (DR A Y28 W B i ) A A DN A 2R [] Bof 264
R o X A7 N B B 42 il oo 37 il IR
IS WT R B A I A AS RN AR b A T A B R A R e
WCAR 1 27 3l RIZ W R T 2 F1 95 (19955 IR SR H
AR AR ZR AT A
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2.1 LSRR R B T

7E 30 pL B OWAR R Y RS 1) T AR
J£ 4 10 wmol/L il A 0.75 wL, Tagman-MGB 5 £}
TAEVR FE 9 10 wmol/L JILA 0.5 wL, 3B il B h
58°C, oAyl 0 i A B fi Py $404 Bt 39 vt B - i

L
2.2 HEPERINLE R AT

W R BUE 5 5 B B0 2 RNA F B 10°.10°,
10° copies/pL TR RE 6 Y, HEATHE RN . it it
AT 3 DFRRREERE A 6 A E A ROV RAFHY CUERY)
S ZBCV LE 0.46%~0.53% 22 8] BT E N2 1,

R1 —HERT-qPCR BEE MR R

Table 1 The reproducibility test results of one-step RT-qPCR
; , EE PN CTE
S R TT ] ?ﬁfﬂ wsil  mell
10° 29.58 29.24 29.36 29.18 29.52 29.24 0.45
10* 25.55 25.79 25.39 25.25 25.57 25.46 0.53
10° 22.58 22.44 22.35 22.59 22.22 22.46 0.46
2.3 REUE IR K s ARA I R 9 53 By v
W H2 WOE 51 5 191505 75 RNA $42 10 A5 46 BE A 125
10° i B 2 10" copies/pL, I — B X WM HE = (1)(:2
0.625 copies/pL , ZA il A& BH - A\ 10° copies/pL F 45 fé 0.50
PRUE SRS BEE] 10° 10 107 107, 10" 5 BRI, #E47 o

FEOUATI , BEAT BN L MEOC R RAFRY Y 1 ih £k, UL
1o i —20 % LURR B, FEWR B2l 5 copies/pL, B4
20 K, 18 AT LAZRAG 2L, ULIAL 2, F B Al DLk 2]
5 copies/pL [T PR o

LTS

10 Qo*
10°
10°

10!

YL
O = N W s Ul

2 4 6 8 1012 1416 18 20 22 2426 28 30 32 3436 3840
[GEZ

B 1 #EHEL RNAFRERY %

Figure 1  Serial dilutions RNA standard amplification curve

2.4 —47k RT-qPCR (WSR2 R K o Hr

I FH 2R IR 2 6 5 g 7 1 R 2 7 3 R
4 B FE R, AR ARAR R 5 , EVT1, CoxAl6 Ji§
BERG IR WIHEAT 3 IR AN, T A 8 45 R Ry
B SR 3,

ok AT M TR £ 1 O 37 11l R 2 1B
SR AR A AR R AR A T A B R e A

2 4 6 810 12 14 16 18 20 22 2426 28 30 32 34 36 38 40
T

2 5 copies/ & BB B S # il 20 4 i1 #h 4%
Figure 2 Amplification curve of 5 copies / reaction

for 20 repeats

b AN
1

0.1

0.01 ¢
0.001
0.001
0.000 01
0.000 001

PN EE

2 4 6 81012 14 1618 20 222426 28 30 32 34 36 38 40
T
B3 HEgB5IEMXNEXRESEEFYYT EHE
Figure 3 Amplification curve of other related virus isolation

Cultures that can cause encephalitis

(4 27 3 R2 W7 T 12 1090 8 A LT AR A, A
R A F A 45 SR 2 R B

Xfok { FAAE A7 AR B R R B 15 ) K P
ML REAS 73 31 07 2 2 5l 5 8 33 7 3% PCR Al
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ELISA J5 i [A] sy B4, A 25 58 0 2% 2, 13 441
25 2 PP S 2 PCR K $51 Sk £ B s 25 BHAE , H:
Xof 7 B LAY L T ELISA LAk il 45 5 W oK 9 Bif7
TE BRG 4 BIAETE 4 5 TH i o 2 BIRRAR S22
PCR I Sy B3 14, S5 vy — {30 A A XU Ay 11 35 A 00 445
LN I, — BB AR U I 375 &5 S 2 o B L (5
i JEE I A 5 AR

x2 I5PERBREAITHAERMER
Table 2 The detection results of 15 fever patients by

3 methods
i 4

VRWIRES

ﬂ it ot
T % PCR-ZEOEHRET 1 13 2
T LU B A 28 WG oy 14 1
A AR 2 13 2
3 itig

JEV & —Fi e 5 7 5 1) N & e 0 B B
F W RN AR R, NS R R AR e
=, P AR e S SR A R B iy . [
DAYV o SRSt P 2 1 ol g 8 R R B T
{HTAESR e B T 08 LT3, o
X A A 2 ol AT HL JBV AT 5 kS 75 P i 2 1
TR TR A A2 B e RO
925 77 | L 10 G 2 2L 4, o A1 e R A R BT
B AIEIRYT I S LG8 I S 2 A 3
BUR GRS B R % | EER i W s | i e %]
AR ER A T 2 R B I R o JEV 73 B85
TR I 4 A AR AR R LA i A R
YR A, ANTE B B RV . ELISA A 77k A
SRALTTXT JEV HEATAGIN (2 25 5 A B0 2
R (ANB AR ) BSOS N o [RI s _E 3G I
PSS FEBRAE Y REIRHK | 09 31 s 75 b
HIZWITE R . S GERMEARAN H , A R A I 7
2 T R U R S T S ©BUCR SR
Il RIZ W75 F ARG - B, Hodp | SERF 986 e
PCR H AR BEA4% T 1445 PCR AR R AU 245 5,
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i B, JF H B S EE M AR T
P RSP SERR . SRR PO B PCR R E
25 AN FH T 22 20 B RO I 0 1 I PR 12

Wt SRITERXT JEV (%) SE R 56 22 1 PCR il
DI R

AHGEHENT T ARSI 2 i B 1) — 2 7% RT-qP-
CR Kl A 2 , A0 LTS8 1 £ o 25 52 30 25 Al
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PE RO T I A R B E AL C
1B 11975 5 2L CV 7E 0.46 % ~0.53 % 2 ] AR T-HF 5%
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W, AT H AT C HRGE 19286 B PCR SR AR A ) FR
(10 copies//Z b7 ) ™ o 38 A A 0 11 PR 5 UL 1) 1) o i
FHIEE 114 K 15 | e PR ARE AL Ay L Athos i A, A B 22 [R]AS
FETESE RN o 22 BHARAIF 5% 57 B ARG D AR R B A
FF 5 B R B R TR o N ARG R 5
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SA K EE Rwy 4 . Hodh, ELISA K Jy 4 2 A
PCR-ZICHRET T 2o 6t — Bl BHE | J5 2211 PR A IE
HERR 2Rk #E L . B ELISA 4 H B PH
GEUL AT ST 0 £ % 7 — 45 RT-qPCR
G 777 T DA R %5 o B AR, HH SRR R
FHEE T ELISA A5 5 i 5 W A3 oo

ARWFFT HE ST B — 7 RT-qPCR AR 2R 45 4
N 1 JFAS RT-PCR FISZHT D PCR AL, (580 5%
SERZEEE 7 PCR Y B R T . AR TAESE
(14355 % 5% A PCR 23 R AT, B80T cDNA R4k
T L, $ v 7 185 S 0 2438 5 [Tkl /D $ A 20 B 4
FEARMEH] o ASFA R AE 85 min PRI SE RO ik
I 2 ARSI | 7 L2 ) PCR-DECHREH AR
R F) A N ] 456 1 T 30 min. 11 200 2R
(8 SIS W AT LA R0 4% e e 5 | A i 20 23952 47
REAPS IR 75 R Y J5 TBURE 1) R AR BT

g5 LT AHE 5T T ) OB R — Ak
RT-qPCR £ Il {4 8 FL A7 45 5ik 1) 4 5 2 R8s 1)
TR, IF E— 2B A TR BR, 4n T A
BF ], R 4 S XT £ Wi 25 1 S 0t s A I . AT
R I BE I I R 2 W R I R I ) S e =
N 212 T AR L R A 0 1 S 6 2 O A B
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Development and evaluation of a quantitative assay for dehydroepiandros-

terone sulfate: chemiluminescence immunoassay

SU Li*, JIA Chenlu

(The Neonatal Disease Screening Center, The Third Affiliated Hospital of Zhengzhou University , Zhengzhou,
Henan, China, 450052)

[ABSTRACT] Objective To develop and evaluate the performance of the Dehydroepiandrosterone
sulfate quantitative determination kit: chemiluminescent immunoassay. Methods The method of competitive
inhibition was used to screen the raw materials and to establish the Dehydroepiandrosterone sulfate quantitative
determination kit with chemiluminescent immunoassay. The performance of accuracy, limit of detection, lineari-
ty, repeatability, analytical specificity, reference interval and samples comparison were determined. Results
After screening, the reaction mode of magnetic particle coated goat anti mouse IgG-mouse anti DHEAS antibody-
acridine ester labeled DHEAS-BSA was selected. The limit of detection was less to 1.84 wg/dL. This assay was
designed to be linear across the measurement range of 0~1 500 pg/dL with value 7=0.999 8. The recovery rate
was 105.38%. The repeatability was less than 8%. The DHEAS reference interval of healthy population was
established (female: 47.9~407.5 pg/dL, male: 97.1~522.5 pg/dL). The determination results of serum samples
were significantly correlated with results tested by SIEMENS ADVIA Centaur assay with the linear equation
was y=1.078 3+0.992 16x and the value =0.994 7. The results of these 2 assays showed high consistency.

Conclusion All the performance characteristics of this kit reached the requirements for clinical detection and

VB FAn AN K% Z W B B3 A Lk 9% it & P8, 7 iy, #791 450052
*BIRAE S 2, E-mail : 29715562@qq.com
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laid a foundation for establishing the domestic quantitative assay of dehydroepiandrosterone sulfate, which is

able to apply to the clinical detemination of serum DHEA-S.
[KEY WORDS]

mination kit

2+ & ER ( dehydroepiandrosterone , DHEA ) ,
3B~ k-5 R - 17- W, TRAR R S HERA . i3
It S 3% T A3 43 LA PR 45 5 ) (DHEA-S ) [ TE
XAFTE. DHEA-S F 2RI T F K ot R
FLAT TS I B R 1, R AR LA 2 b ek
BRI,

ek DHEA-S JL-F- 2R U5 T R KT,
& PR U 2T T5% B4 22 R 100% 1Y HE R R
W FE21~45 2 HAIEH WA R TP, ik
DHEA-S 54544 2 6UAHOC , AT VR PEAl BP S A4t £ 1)
B — IS H 38 bn, MIn K2Rt = %20
1M £ %% P 8 27 5 1iF (polycystic ovarian syndrome,
PCOS) H# IfiL 75 11 i) DHEA-S 15 1 38 2% 45 4% Bk 2
[ (sex hormone binding globulin, SHBG ) 2 [f] {7 7E
TR R A KA PCOS IIZWT A —E
ZEME"

AWEFE R B WTE T8 — M R T LM
BBl A %5 B2 45 Jy T B % 5 F 11 T 538000 A J L
PR N el o
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1.1 Mk
1.1.1 57
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BSA FIY BE Fi5 25k 1 I3 0 RHRE B B0y AT PR 2
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Dehydroepiandrosteronesulfate; Chemiluminescence immunoassay; Quantitative deter-

1.2 FiE
1.2.1  REERBIH
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BSA, UL 5a 4+ il 1% 7 7. DHEA-S 04k 2% & 6 e
PEST BTV, R Ik B2 6 3 1) DHEA-S o 51 £ -
BELA HIll th2k, R 1 45 R LA, 4 DR
158 X1 W 7 Hill i 4 4Pk OC R e hy , Herb g ok
AL BT R 1gG M2 C R ML, RP K 5] 0.993 1,

x1 O RESEAERHIHETE

Tablel Hill curve equation of concentration and luminescence

TR AL WY ERRARICH) Hill £k 75 72 R?
FPii 1gG DHEAS-BSA y=15 213 072x ¥ 7/(107.001 075 T 1507 0.993 1
FPi %R 1gG DHEAS-BSA y=8 049 195X #/(40.039 9" B4x 0% %) 0.928 6

MAB DHEAS DHEAS-BSA y=11 544 528.45x " 5/(34.480 537 41028 0.963 8

PAB DHEAS DHEAS-BSA y=3 274 917.45x " /(5.677 7" 4+x "1 ) 0.915 8
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2.2 SrBrEREIEMY
2.2.1 BRI & b 5 o A

TR0 R A S 0 I A ol B A =
Pt A BE bR G AR 1 B g Rk 2 iR,
WA 4 3 1 16 T b s i BB N S 6 4 SR o
CIETS

TRt £ 15

400 000
350 000
300 000
250 000
200 000
150 000
100 000
50 000
0

KA (RLU)

Q \} Q
PG NN

\ Q \} ¢
INe N el N N} P

e )% (pg/dL)

1 FRER X SRR #h 2%
Figure 1 Master curve of DHEA-S

x2 FREMUIEBER

Table 2 Measurement results of control

B RRAE

I EE

i WG (pgidl)  (pg/dL)  Fdsbri
s T 3 2626  17.50~32.50 &
Ml T 3 16120  105~195 44
Al FEas I 3 990.20 1050~1950 454

Bio-Rad FifEfh 1 1 59.66  34.10~70.70 i 4
Bio-Rad JEf& 42 1 120.71  73.5~153 4
Bio-Rad FifE i3 1 401.50  250~518 HE&

2.2.2 AR

R i 2 e JEE A T ot ARTRE @IS A T ot 1) e B - RO
(B 285 SR S AT W S Il D LA 15— RO R R
A VEE i S 24 M-2SD 1Y & OGTEAR A B iR Ty
R R RN 3,

x3 REWNRENLE R (n=20)

Table 3 Measurement results of sensitivity (n=20)

223 it

FHVE B 298 1 500 pg/dL 4 &5 (1 RE A i — 58
VA9 i R A 5 A Wk BE g — R B A AS 2 AT
B2 WK T YA 8 25 1 S (B R R L 4]
M /N okt iy MM A SRt & &8
y=—0.002 15+0.000 7x, Z& P HH ¢ R %L =0.999 8, i
AT R FIAE 0~1 500 wg/dL (160 52 3 B P 25 4 A
KMERIF(WF4 E2),

R4 KHEENER

Table 4 Measurement results of linearity

Tk e I e P2

A
He (pg/dL) (pg/dL) (%)
1 1 1 500 1 464.61 -2.36
2 2/3 1 000 1 009.38 0.94
3 0.1 150 148.52 -0.99
4 1/30 50 50.40 0.80
5 1/150 10 10.14 1.40
1.0 4
0.8 4
= 0.6
2
%
g 04
0.2 4
0 T T T T T T T
0 200 400 600 800 1000 1200 1400 1600

5 e J¥E (p.g/dL)

B2 MmBESEREMEEDS
Figure 2 Linear fitting of DHEA-S

2.2.4 UEWREE

W1 FE R 1 500 pug/dL BB R 2 0 22 Ik R iR
il 100 WL (A) I A #1900 wL A1 17 3 i (1 #F 5 B
H KRR A A LB FH(A+B) F R IR 2 YOOF A H:
A, RIE A (D) ISR R, 4R WK 5,

x5 HEBMERMNER

Table 5 Measurement results of accuracy

Pt it Ve 2 SD M-2SD SR AIAG R
(ng/dL) RIGHE  (pg/dl)
0 435124.95 8355.73 418413 1.84

FEA WA fE 1 [l R (% )
A 9.54
B 163.52 105.4

A+B 1470
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225 HHEME

FH e BE 43 ) A (25+5) we/dL . (150+30) we/dL
F1(1 000£200) wg/dL A 25 F 2 Al 10 4K, 11
A 10 Y 25 5L 1)~ 24 (E (M) Flds i 22 (SD) , Fi:
IHEARRB(CVY), 8RB R ELER
I, WK 6,

Fo EEMWRERER(n=10)

Table 6 Measurement results of repeatability (n=10)

FEAVREE IR EE M - TREKCV
(pg/dL) (pg/dL) (%)
25 25.54 0.71 2.8
150 150.79 4.62 3.1
1 000 997.34 35.47 3.6
22.6 HrERAE

W 5 — 5E ¥& BF 1) DHEA (4 000 wg/dL) | JZ Ji
[ (10 000 we/dL) | [ i (5 000 we/dL) e — EE
(5000 wg/dL) , £ A 2 Y, 745 2000 &k B /T 3
pe/dL, Hxg SO 2N, IR 7,

xT1 SWEHRYE
Table 7 Result of analytical specificity
. Ty MEWRE RN
AR (pg/dL) (pg/dL) (%)
it S e 4,000 1.79 0.04
B Jo 10 000 1.09 0.01
T2 [ ) 5 000 1.46 0.03
I 5 000 1.42 0.03

2.3 ZH{ENEFIHE

AR X 370 g R VS A A A TR
Horp B A A 177 9], 2 PEAEAS 193 ), 43 5
SPSS 24.0 K #4743 B, I 4 BECE 43 Bk 0 OxE
W 25 5 47 o3 A 1Y, 45 2 IE % N 95% & 15
X 8] ( & P . 47.9~407.5 pg/dL; B 4 . 97.1~522.5
pe/dL) g5 R 3 & 4 frs
2.4 AT

ME 218 HIFEA, 5P TF/A Rl iR 2 A3k
e PR 0 5 1) G (A2 & ) FEMIME A7 EE X,
TR IE o B AR 500 80 5 25 3K 5 4 1T X BRI
AR S B — B

HE
20 -4 {E=290.55
PRifE25=131.18
o H=1TT
15 A
= 10 A
5 4
0 T T T
0.00  100.00 200.00 300.00 400.00 500.00 600.00
fat e 5 1
B3 177 6l{EEE % DHEAS JIMEE H E
Figure 3 Histogram of DHEAS in 177 health male
HE
25 - SFH=171.34
” FRUEZ=107.562
_ P FEEE=193
20 A _
15 1 N :
B v

10 7

0 T T T T
0.00  100.00  200.00  300.00 400.00  500.00

fl R Lok

B 4 193 2R %1% DHEAS M{EE 75 &
Figure4 Histogram of DHEAS in 193 health female

2 Fra R 2 25 SR A SC RN y=1.078 13+
0.992 16x (4 95% {5 X [[1] 7 0.985 15~0.999 17,
P<0.01) , }H)E 280 r=0.994 7([& 4) , B AT 2079 %
HA R AR SPE

K 1 Bland-Altmen %t i1~ 75 7 %5 2 Fia 550 )
EIEAT A0 M, DL 2 Fhial 500000 L A S 2406 R A s e
2 PSR DAL 1) AR A A A, 65 5 s P o LU A
I EIE R 1.01, 95% & 15 X (8] 24 (0.79~1.24) , Hrfr
TE 95% B A IX [6] 4h 5 A FE R B0 4.13% (9/218)
(B 5), B b o i 2 s 300 & i Il s 25 50— 2ok

N
A=}

ij(lﬁlo
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0 200 400 600 800 1000 1200 1400 1600
[LIRERawilkIE

Bs5 2#idfIANERX SR

Figure 5 The scatter plot of correlation analysis of 2 assays

15 F

oo

=

g

£

= +1.96 SD

=

H; o 1.21

j_gr[, OO ° Mean

¢}

g °o %o 1.01

= o

ié -1.96 SD

i 0.81

1 1 1

500 1000 1500 2000

A SE AR 557G ] T R LA - 2

B 6 2%k Bland-Altmen % #7 bt X B
Figure 6 Bland-Altmen Plot assays with 2 reagents

3 itig

DHEA-S {1846 I 75 1ifis PR | B A7 5 219 & X
1M DHEA-S 4 % &l & 7 ik AR 2, o DL
Tk IR o R . 2015 4F Patrick %5 N 44/
FF I T 3 % TR) ERE 0 2 10 ol iy U A A T O R
2017 4F Zang 55 NI & T AT DL JE] B E N I
PO PR ME MR LA S Y T ik — W
AH 35 - H W% 55 AR 0K 5T 3% & (liquid chromatogra-
phy-mass spectrometry , LC-MS ) . Ui | {8 15% 55 Jr
VA R DR R R A R v DL B R R
UF S0 Bl A A R B, A Y I R
Ll R RIS E I W N S =N S R S V. (1
I A AW 583 18 o R A Ao KOt e o i
I M LC-MS 73 #7 A 7] 28 B PCOS 19 M i & K

V-, B A J7 R B I 52 TR L B JA B  DHEA-S LA
Ko HfE % 2% 48 0¥ SN 12 W PCOS & 0 2 I AE 1Y
UG bR b, 52 BT Ak A RO S g 43 B ik A
LC-MS Xf PCOS = M3 % Il i (912 Wi B A — 3
PRI —EHZLE IR,

iR LC-MS Fle e 2 Wikl AR & (1 B A
R /b B4 LC-MS I B >k 10 8 iiAs AR
S 5, (AR BRI ARAG 56 A AL A Bl g v, B
a4 (1) G 5212 W B R 0 £ T T S 380l A ) T HET
RIEZWB AN H A =, G50 F THRER
A=, L TR, X BRI T Y g Ay {1 o A 0 B AR
AR AL B A2 G B g o B BRI LR, Ak
SR ICHIE AT B R, 25 R R, REUE
S, T H AT RE A T S B v g Ak 2
Gy o AR OB DRI PR RS 0 SR H AR R
UIfg R fi AR B AL T A sk T H . R
W5 g Sy R ) G TR R LA fb 2 R S e e o3 i
FR R A, B RS T BR 7T 35 1,84 pug/dL, £k ME7E 10~
1 500 pg/dL Z [6] CPY [T & - S AR I fR
3 pg/dL; ZEVETE - 0~1 500 pg/dL) , #HE R 8 r=
0.999 8, A 2 1 I3y 105.38% , 7552 1 34708
T 8% ,Jf H 5 DHEA | Kz 5t it | T [ i) o — B 52
SAB N T R AR A R 5 e v R4

T4 1 Bt R 2= S i ] 1) A6 I LA 1 P13t &
R AR SCAE B N2 HE O T R R 2 & R
(fb 27 B 4 i ) iR & 1 R AR R A T b
By, AT LLE BIBR T S5 HESS AL 5t DHEA-S #1
AN, DL 5e &9 1L Edi R IgG — b, F G 74T
T2 O YR I REBR A R R R R Y
AR BT DA S & R R R A E S
TR AE IR B T 471 R AU . AW AEAS R4 J
MR R R T H X LA T HZA
AR O R R T Pl S R EH
P RAGUE , BRI 22 A0 A AT LU £5 A 12 A AG: ) o
TR

AHIE 5 8 a5 3 TR R 9 R L A b R R
FRG I Y BBl S PERE S HE O RAH L, AR KA 38
GrOUH . oy B G b A i R AR DN 1) 5 2, A AR
AR X 12 ) s AT 7 i A M R A R A
A HEAT RGN A G X, B 5T %K R & Y A R
PEFEAT B UE FVPAL A B AR E Ah By 550 1
Tl ARSI

(TF 25 366 1)



W S5IRITaE 20174E9H ok s TMol Diagn Ther, September 2017, Vol. 9 No. 5

AR B ARG R A& 2 A i v H
WEE WmED ER

(3 Z1 LI —MRIFH R (next-generation sequencing , NGS ) 1t 3 4 55 DA 41 2745 AR B9 3HUSE %
O5y L T VR B () Y £ AR O A R D2 B IE T HL S o NGS R R T IR IR A A R 8 AL 2F 12
(preimplantation genetic diagnosis , PGD ) FlH& A8 A i 18t 1% 2% i 75 ( preimplantation genetic screening , PGS)
e PRASI e, A RS IR | 280 5 TSR LR T Rl 0 AT 5%, SRt i 42 KR PR 419 3 (whole
genome amplification , WGA ) 4% A () #k 481 15 NGS 7E PGD 1 PGS Hilfs & 137 FH o E 6% T8 in 4> 1 1 A A
RGO 38015 24 5 18, P ARSI 31 58 I 4 i 25 5% 5 56T NGS 4R (19 PGS 1 PGD #4245 8% # )l 2 R Ak
2L Cin-vitro fertilization , IVF ) HH Az Zaf7 S B W 48 F . A% SC F B4 PGD/PGS [13E X AL 5L PGD/
PGS Kl £ A , B4 4= FE R 214 355 R DL K NGS # PGD/PGS 11 FH o

[X8iR] M ATTZE ISR AR A T AP

Application of the next generation sequencing technology in preimplantation

genetic detection

XIE Meijuan, YANG Xuexi, LI Ming*

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

[ABSTRACT] With the rapid development of genomics technology, next-generation sequencing (NGS)
offered an opportunity for comprehensive chromosome screening and gene diagnosis. NGS can also be applied
to preimplantation genetic diagnosis (PGD) and preimplantation genetic screening (PGS) and becomes a routine
clinical detection technology. In addition, the economy and reliability of NGS makes it have a wider application
prospects. The progress of whole genome amplification (WGA) of single cell leads to the clinical use of NGS in
PGD and PGS more comprehensive to learn the genetic information of preimplantation embryos. The
comprehensive chromosome screening and gene diagnosis for embryonic genome will improve the success rate
of embryo transplantation and raise the birth rate, which makes NGS more and more irresistible in PGD and
PGS. In this review, the PGD/PGS definition, technology of whole genome amplification and the application of
NGS in PGD/PGS will be discussed.

[KEY WORDS] Preimplantation genetic diagnosis; Preimplantation genetic screening; Next- generation

sequencing

2015 4F 12 H 9 H (Reproductive Biology and
Endocrinology ) 7% i f 18 T 4l B A 4 $7 K (assisted
reproduction techniques, ART) A= & V& ¥7 1 [E B
AR, 5ET 2 A, AR W BUE B AE T

FF s BRI 285 - W BE # 4 (in vitro fertilization
and embryo transfer, IVF-ET) 1] DA H T A~ 2219 7A
I7 AR A i BRI IR, PR AR B . IR

ERIEWANGIBT: o al U I AR D iy U =i WA B e =

EAME ARG AFFEA(81302327) ;) M & KA S £ T B TR (2014Y2-00220)
YEH . F ERARFEESAMBERER, T &, 7 M 510515

*BAAEH : B9, E-mail: mingli2006_2006@126.com
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2 Wi ( preimplantation genetic diagnosis , PGD )
FE 5 AR A T 35t 1% 27 7 4 (preimplantation genet-
ic screening, PGS) , J& 48 76 N T4 B AR s ot #2 v
X i T4 R T R R s A% 2 A AT, DA BRI
WAL 2E P 1Y IR R AR A 5, DT R AT 1 5 i L
AL W/ 2 7 i o 3k 2 FhBOR |7 7E TVF Al 2
b R R A ) A il R A R G Pk T
IG5, A BEL T B0 B D i g1 12 3
WAL S S 0 7™ 6, 4 v J8 8 A I DR A B 3, 3kt A PR
G177 g 2 B R 1 B0 Q045 . PGD Hl PGS 1Ry
ART 1) T H N HBAE B 20 . A SCEENH
PGD/PGS I 7E X 1% 5t 1¥) PGD/PGS #i Il £ A | £
4 i 4> 5L A ZH 4 15 4% R (whole genome amplifica-
tion,WGA ) £ A LA KT — ARG 5 5 DA 419 3 FoR
(next-generation sequencing, NGS) 7£ PGD/PGS '
Y o

1 PGD/PGS#i5i

HLAE 60 4510, Edwards 5 #2 1 T IR G A5 A iy
BAL WA AR T, H 3 1990 4F Handyside %5
XF 15V % s A% 0 R 10 i P M 64T T PGD, I
PAFAEUR , b 5 25 PGD I T4l Bh A 78 I PR A FF

fi o PGD J2k il 2 X F ] R i 30 43 4 i i A 7 st A%
P03 AT ORI A, K TG 35t 1 e VR R RS AR A B
M AR A5 il B i L . % 55— 5] PGD 7E 2000
Ay I R A B R B — BE B AR S == S
B )5 1k oG D AT A A A 3k Ty 1T i 22 45 43 PGD
JJ ZR A HAZ W Y 5 s T IS AL 7R B U 1 n L A
S5 ) XoF B PR 35 4% 96 1 12 W 31 e A S i O N6
iR - avS NEN R N TS o TR NI AT = K11 06
J5i (human leukocyte antigen, HLA ) it 8 I Jify 14 A6
A

PGS X Fr “PGD-JE #& f5 K i & 7, & 4512 M
PGD H 7] 1144 AR T B 7 J0 A i G € (%0 H D
SER TP IE F ARG RE A T8, DL ERAS IE
B AT R B R I R AR IR BRI 2 G 4T
%o WEIE &I, BER Lo PEAE A 3G I IR IR YL (o A
S Y R AR AR BRI IR h  Ge f fA S
& 3 IVE Je &k WA BB e Y
R R, PGS FE B B R R Loy ik
ENUINECSIFRCR Wl A SN YOS R G D)
ANEREF S, H Munné 55 7E 1993 455 — KR
T XA EAT PGS LUG , 4 PGS HEAE A28 )Lt

MR e
2 f&%H PGD/PGS il AR

T B A 1A 28 PGD A5 51 3 B 1E #1122 L
K I 72 PCR R IZHAR 32 5] 1 1 591 -
PRI B2 I8, SR THZHARAFAE S 5%~20% 11 2537 B
PRI 0 A& Az 600, 5 A6 4258 (fluorescent in si-
tu hybridization, FISH) Y iz ¥1] PGD/PGS #5 #fE £
AR F Y o (RRTIN , AT LA 36 4 G €644 1E 5 19 iR
AR EZNAEREET T HC RS
RN Ty g AT R, (B TR 1 58 S e
FEAN T — U4 b AS I B A G A i HLAS 5 3%
I 40 [ FAE 5 ESE R RN, 535050 5
RAUET R, M)E N T AN Tt S
I st A% 2= R Y 25 1, H B A 20 2% 58 (compara-
tive genomic hybridization , CGH) % A& H B, FA 4,
] LA A R g A I IR EAR 2 AR B LR
FHAZ T 16 %68 v AU, 7 A A B AR R I G 1 R 1 B4
JV iy G o A S A M AR B 4 T A T DL R
PGD"™', [H'E4rHr B HH , AN BRIt 224514,
ANRERS A Y S A ) P BRI S o BT IR
Z% #5V% (single nucleotide polymorphism, SNP) it
FEAR AT G 4 3 e o A R A% 1A S 43 B K] gt
e , I R B ROV Jif 4 A5 10 47 ) DNA 813 5 (H
FER R, HoUAS & B e B R M . VAR
CGH F1 SNP . F 5 A Bl PRIV I AE— 7 2 Bl
B TR RIAMIGIRES ]y B SR A %
H R B o Bl 75 Ak 2 8 'NGS I H T Ie g™
RO A A 2 1 A R S e, TR R %
J&K NGS )i I F PGD/PGS , LAk H {6 5 I i 64
FHA S

3 BMEEERATEEA

NGS 2 FU4H i 7K - 1% 358 PR ZH 4 00 ) 1) 1)
v , WGA J& T —4Q ¥ /& PGD A1 PGS Ilfi & 13
() OB — 20, H g B 3 — PR RO L R A 1 I
¥ D1 075 5% (copy number variation, CNV ) Fl ¥ 4%
H iR A% 5+ (single nucleotide variants, SNV ) 55 J& [A]
HAR ST LB . WGA 57 8 R 45 5 REWS
E T N eh T WG TN OB e S U SN (SR /A Vs
2 SNV PRI B S AR B i e 77 BRI T S 6 3
T WGA J5 k. WCA FARKEZEA FE 5 2
PP . FE T IHEFR L) PCR R JERHE 1) WGA HAR
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an 187 I SE 4% 15 B2 51 ¥ PCR (degenerate oligonucle-
otide primer PCR, DOP-PCR) . % 4% [z W 4 5 1
PCR (ligation mediated PCR, LM-PCR) . 9" #4 i 77|
Wy 9 i1 )z Vi (primer extension pre - amplification,
PEP) LI J2 Z UGB K IIRIEFRA Y HE £ (multiple an-
nealing and looping-based amplification, MALBAC)
FARGE BT AR AL, PCR S ELAL Y WGA
A, N2 & E ey 14 (multiple displacement amplifi-
cation, MDA ) . X Bl EZEA-A IR L8 H ) 2
ML WGA £, MDA FIl MALBAC.
3.1 MDA

MDA 1 J5U B S AR 5| ) 5 22 7 DNA BEHL
454  IESF IR LA Phi 20 G FEIERY , RAEBEE
e UL, B B4R 1 BB SRR, 551
454, AT R 345 = 7 i DNA, MDA Ry —Fla]
ARAT P DL R PRI WGA J7 ik b
S Qi ey , 100 EL 9 i BRI T HA PCR J73k L 1%
J7 R AE 2002 4F 1 IR BARIE ™ . MDA HA TR |
P3G Bk (PR 7 B R BEE AT A 10 kb) (2 — 1
b ORECPE R B AR AR A (B A R
FEAE—E MY BRFE - 52 240 MR ARG 46 1 52 i R, 257
SRR S B i A /D I, A 7 g ) A G R T
JE TR A AE — 2 1457 B A I 411 (allele drop-
out, ADO) & H H ADO b 5 ¢ If £ fr &
K, MDA J5 R4y R E AT 7 G D 1] 1Y
) T, ST G PCR BE M — R4 19 I 1) v DR L
P LR TR R IE— PR,
3.2 MALBAC

2012 4F , W5 K 27 6 58 5% 76 (Science ) | & 3
TN A DR AH 8GR HOR MALBAC, Bl 21K
B FRTE IR 3G H AR . MALBAC Fi| JH ik
51 ALY 1 545 5 AN R, B 1k T DNA
AR BOPE Y 1, Tk T 9 B A7, [RD R PREE T 90%
L b A 56 DR 21 4™ 99 B 5 B8, 1 A A 0 0 4 L o 45
/N DNA 591 728 A8 1 B 45 5, oy B d v, ol
DA 0 o 5 PR 5 A4, DL B[] B R ) 22 A A
2014 4 9 H 5 F 5 9] 42 MALBAC & [ 2097 Y
ey X 0 e R AT PR DA i A i O A ) A 2R ) LA
JEm KA Z BB A . MALBAC £ HA 4
JiE ) 5 X1 0 2 5 v (B35 21 93% ) . ADO %
G 38 Ml 1o AEG LA B B 200 B 7 1 5 e A B A IR 5
DE s (IR AFAE — € Ay Bl L, L 40 DNA il O 50
PEELAR, X DNA 52 il I 55 5% 2 A0, X R 3

B PHPELE SR B, Be Ak, e 5 A FE 2015
A9 H N A M Y AR R AT 1T K
W T — BT RL BB T R B G A A
N BA 20 i P2 D1 K7 S (CNV) | [) I D s o it 3 A
T BAAZFFFRAE S (SNV ) o LA L I 3 1 AR fige ke 1
FH LSV AR I 7 ) A AR 20 TG 125 fit ke ) 40 e S o
PEXE

%t T MDA Hl MALBAC $ R #1545, b FL ik
WA G — M ER, TEIRTRE T (25%) , & 1Y
BRG] AL . T 2RO S
() FL A A BT EL AT SCHRARIE >, ] 3 T4 5 10 S 56
H s B[R A 538 J7 3, X1 CNV A I ] L
Y& F§ MALBAC, Tfii MDA T 1 T~ 3 55 44 200 v
F SNV A

4 NGS 7 PGD/PGS H I A

Audibert 5B JH A 45 AL WR 2 5 AR
A H S ZATH B Z 59 ] PGD PGS Hl A 2
B IR AR . Bl RGeS B R 4 AR K
PGD/PGS + A1 H 3, IR G 3L 8 B AN 223697 i
AR T S . B AT, NGS £ AR B A7 Fds i
ff B O vy SO R R PR R A AR L, HL B FLN A
KW F [, HAE PGD/PGS 7 i E 4 H T — &
AL AE BN AT R, FUE 727 AT E A Wk
HE o PR 4 D AL B BOR AN Wt 2D A
BB PR 35 A% 0 RN G € AR5 T LA [R] B R A T2 M, 3
X — A WG B i 35T 1 A BE A RS A A5 R aE
T2 55 0 8 5 PR AR A B TR . 3l JLAR, I FAIG
1 4 PR ZE N e DA R ) s R R R AT H BR IX
S B [6] 8 4K 19 NGS B T PGD/PGS 1 il 2 5% 1
fRIEZWHEZ o Treff %ia T —RIF R AR X 2
ol B PR g G0 B8 4 21 4E 4k (cystic fibrosis, CF) \ ik
T8 E 255 0E (Walker-Warburg syndrome , WWS ) |
M F B 4228 8 (familial dysautonomia, FD) |
YUt A= 2 D 495 (vitamin D-resistant rickets ,
VDRR) . f# 25 2T 4k 9% (neurofibromatosis1, NF1 ) 4
H#EAT PGD, F I 45 SR 55 4% 52 J7 1 40 L AT Sk 3k 3]
100% 5 B N AT VF 22 B9 18 ) 58 51 9k 438 - koo
PRI BA SR FH R — AR 3 2 AR 43 B 2L 240 Jf AT g
RPE DR SRR TE B IR IRAE A, T 2014 4E 9 A
LA 53 g fk B 2 B e TR L T AT BA
FEE bR b W sr 17 —FR R — A0 R s i
TP AR o G AR S ARG B B R )
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2 PR RNZEOR B By 2 M 0 (— B2 g SE 30k
R S AL G, B — R R AR TE X ek [1] Audibert C, Glass D. A global perspective on assisted

BB AL ), AT IR R T 5 L X 2 X R 1
A5 B Y S5 AR . 2013 4%, 3 [ I HE 22 e
BAHZIE TR F NGS Kl % i1 1) PGS 1 T 1717 5
2014 4 Fiorentino 55 I %t 190 {51 B 24 Bk WGA 7=
Yy AT Y R A 34 455 18 CGH 5 NGS #1771
FoAE, 45 R R W NGS A & B2 —Boh: M ez T
A FIAE B Pk b, NGS AR B HAih 1k,
NGS 7 FH T AR A i3 E 5 A5 A e A% i A v )
HOARRNUES, XL Z 4RI NGS HAR N
F ¥ PGD/PGS T 4t il . {H [A] B NGS 7
PGD/PGS H 114 i FH i 52 3] — 5 FR il , 451 40 85 s} 38
AN LA R o A B R R L B0 R AR DL R ARG
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Common gene-related polymorphisms of drug metabolism in Chinese

population and their detection methods
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[ABSTRACT] An important source of individual differences in drug metabolism is genetic polymorphism
which relates to polymorphisms of drug metabolizing genes. A systematic analysis for polymorphisms of drug
metabolizing enzyme genes in Chinese population has identified many potential functional SNPs. Establishment
of an assay for the drug metabolizing enzyme gene polymorphisms in Chinese population is very significant. The
methods based on conventional polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP) are traditionally used to detect polymorphisms of drug metabolizing genes. With the rapid development
of gene diagnosis, high throughput, fast and accurate genetic polymorphism detection methods, such as gene
microarray, next generation sequencing, have been developed for it. This review focuses on the drug

metabolizing enzyme gene polymorphisms and detection methods and the recent progress is also discussed.
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PRI R BB AL R N R . 25 WA G R
A T AN S IR 22 A ik PR 2K B & A )
TR S, W RE S SR 2 MAEE AL A Feia iR
R Al 25 7K bk A i A% 22 57, AT 513 2
W AE P A 18 28 S8R e A2 28 Ak, 3 25 ) B3R I
ROR =AM 2 2 U™ S i 25 A RO,
PR3 JC24 WA QI 0 S A AR 22 5

55 25 W) 3800 A 5% 1 DR B 23 A B R 1 B
T 55 M X 22 S, AR 20 R SE N 1 R S5 K dl AN g
FE R A2 R ONHE o R AR 25 W A
BE DR Z2 A MEAG N H A, %o L B 25 W A A OC ik
PR 22 257 5 ARSI L2 B At o 3k 26 22 2 1 7 s S ST
MMEHZEARBA mE A E

ARSCAERT WIS R FEA L, % rp E CRE R DLAY
AR AH SCRE D] Y 22 25 60 i S R 25 AR
FEBIRZME BTG 7 2R R — A BoR A
2R R Z2 25 P ARSI TP O R BEA T 2350

1 HEABEPERLGYRFEXERNS
Sk EEGYREFER

1.1 PA50 Jilf 52 S AH OGR4 L ]

CYP450 7 i JFARZS T Af DL — S 4k fik AH 45
A 1E 450 nm PP AL A e R, =27 TN
TRAFIE R A IR A T RE M AL . CYPAS0 & 259
R e B ER AR, e e B R 25 &R,
T TE I 25 WA SHRE I 80% , fiAk B 48 1k B I 25 TR
I S ACHME 2 Y A BAE R OC R WA DI

CYPAS0 1) A7 AE TP A A4 22 5, REELAT
SR 27 AN TR [ RV WA i BBl (O R % N [ RV
S, XL B S R S 25 AR DG Y
PR TR 2 4 0 LA I 2 R A S 0 DB, 8 7 6 AR [
A A 7 AS ) 9 28 5, DLGK BI85 07 i 9T R
NI R FH 25 i B AN E T 25 19 B A ik
A LI, FEF AT —J& CYP450s i R 7 45
EFARE A GEE ; —JE CYPAS0s K [H A 5 35 B AU

()56 RAFFEAF IR ARIEIRA . B, B 5% 3k — 3
M, KIBATE mRL ER Y CYPAS0s A 56 3 (R 7Y
BT AR TR ATTRE CYPAS0s K5 [K B 5 6 B ¢
R TAEXT TREARZG YA R O 1] 51k
TRl R 25 B 2R X,
1.1.1 CYPIA2

CYPILA2 7E NS v 3 A7 7 , 76 IR A 26
bR LSS TR S RS NG I LN 7 = N A 4 E 22
WA > B 4 A, 29 A IFIE CYPAS0 ifg L Y
13%' . CYPIA2 FZR AR CYPIA2#11 , /&
i CYPIA2 J£ A ¢.558C>A 1Y 5878 5] e H 2 1 i
(p.Phel86Leu) [ 2k 7% , 17 S SCH: B 15 M 19 5%
. CYPIA2*7 J& 11 T c.1253+1G>A 5875 5| L 5
VI B (splicing defect) ™,
11.2 CYP2C8

fi CYP2C WV % 26% 1) CYP2C8 i , 7F i ik
() B g, o TR 1Y 7%, 78 A oAt 41 21
Wi A /DRI A, S CYP2C MV Ji5 i 3 2 B 4w
B — N PRSI, I IR 2 5% 1 25 W ARt
CYP2C8 255, 53 AMZETE I 45 58 5K 8 A il 1% 1)
PAT DL R — e N IEAL S W a AR R T R
HEERH,

B4R IA Y CYP2C8 RASIRA 20 ZFl, H4y
A s B B A G S DO R g .
CYP2C8*%2 B 57 Wi R N 6%~28% , 15 WL T B Fh
N AR SR A B 13% F1 6% A2 AT Y
CYP2C8*3 Fll CYP2C8*4 2 Fh 5 28 f& 3= B2/ 4 45 1
B H T CYP2C8*5 & CYP2C8*14 (1) 58 A8 4
SRAFRARME (<0.2% ) , FELWLF WP AFE
1.1.3 CYP2CY9

CYP2C9 [R)FE A FE I 2251, Hi il = /0
TEAE 2 FhOR [R] 6 25 467 36 IR B cyp2c9+2 Fir=3
YER CYP2C WRR) £ b1, CYP2C9*3 J& ]
N i LB R AR 5 8%~10% , T HoAth 58 4%
B E AT 1%, CYP2C9 BA 3% 04 X R %
225, B AR G v B BB T,
M5 R HE T IR, CYP2C9*3 5875 & Hi il 1%
PETF R TR

CYP2C9 X g 5 X A7 2 Ab B R AT TR 2 5 AF
e B—MPRE R CYP2C9+2, T 3 54
T By 430 i C>T, F £ 144 £ Arg 78 4 Cys.
CYP2C9*2 5 CYP2C9*1 M Lkt Ava Il AiH 547
M (GGACT) , W it ] L) fdi ] PCR 5 ] P450
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CYP2C9%2, 5 A Z ML Z CYP2C9*3,715
A 5T 1 1075 2 ASC, 5 2L 359 i (1 Tle 25 Ky
Leu, CYP2C9*4 j&—FpAR /D HH B S5 LA, H
FE—r H A A & 305, 76 H A (0 £t Jie A\ R
i ANFh R AR R it i A 75 A B 1076
£ T>C, 35 359 i lle 48 4 Thr ',
1.1.4 CYP2CI9

De Morais %5 & B A Q& 7= A 0 32 22 R A
J& CYP2C19 ¢DNA [ 5 548 i & ¢.681G>A
KA, FET — D PR SR, 7
W R BERE AL T AN LT 5 S A BT 40 bp 1 B Bl
& HEZ G 9 St B o mRNA B B 2 HE 28 %
AL T R BB R R T L A5 R AR Y R
P 5T 2 T 2 e i I 2R 1, A5 sk = il 21 R 45
B . ERERPEFR N CYP2C19%2, ZREAT
TE T2 73%~83% 9 H A< A1 Rl A 55 18 355 &
Hi s JIAb, AR AR R N R AMAEA CYP2C19%5
CYP2C19%8 1 CYP2C19%*3 %, CYP2C19%5 £ K
c.1297C>T RAF , I F 8 2 HER 7 A= p.Argd33Trp 1Y
WA . CYP2C19%8 B HK ¢.358T>C 7L, F A
R 7 3 72 A p. Trpl20Arg 1Y B A8 o 1 28 748 14
CYP2C19*3 MR Ny ¢.991A>G =78 , R B B R
J¥ 51 7= A ple331Val #7281k, DL K c.636G>A %
AR B IR T A 7 A p Trp212X ek AR , B
PERTL AL, R BRE T , 18 s R R AR
1.1.5  CYP3A4 Hl CYP3A5

CYP3A4 2 N 259 (R il vh e £ 200 e A
fitg, 20 (5 JHE CYP g S i 1Y 25% ', [ 8 h s A K
it CYP3A4 i RIL o IR IR A 50% 254 &4
CYP3AA U izl R Ik 2 il £ . H
A AR, 76 P AR B 2B CYP3A4 875 1K &
A CYP3A4*3(c.1334T>C) . CYP3A4* 4(c.352A>
G) " | CYP3A4*5 (c.653C>G) "' Fil CYP3A4* 18
(¢.878T>C) ., FK506 & HIBY S il 25, E2H]
SR S0 B JE A A S e HE S Ry o R ER A
TR ) G E AR R R R e . 7R R
FK506 J& , 3= 22 F) F JH I A g 8 9 CYP3 A4 Al
CYP3AS HEATARHE, PRI 3 B FK506 2541501 )
AR T 0 R K AT B2 CYP3A4., CYP3AS
FIFER Z B0, fEE EBLE CYP3A4 I+~
SNPs 1, 1VS10 [ A CYP3A4*18B (82266G>A ) J&
HafZEhE AB P RS EMREEKR>, 5
CYP3A4 FER A, CYP3AS5 B BLA AR Ky % ik

2 50 o f R LY 28 AR RO CYP3A5E3, 1)
IVS3 |74 ¢.219-237A>G 5748 , #5117 T 30 5 3 5
VI mRNA BT AL, it IE ) 25 1 i R B AR
E MREE , CYP3AS FCIR 7E 4517 12 58 A8 1 SR B R
WRFEIE T O AH R P A 0R T R TRt
RPN F 25 CYP3AS 5 11 kK F 1 %
FERER™,
1.1.6 CYP2EI

CYP2E1 MR K 2 | Hoh K8 43 i o
YRR BUEY) , DI Ry . %AW B
FREZ7 e <ol LSS NG £ e B I ik /8 SRS i)
24 Bl CYP2E1*2 M CYP2E1*3, CYP2EI*2 3%
R c.227G>A RAE, IF 5 & FEFR p.Arg76His [
WCAR | HE T S BOL B E PEREAR . CYP2ET*3 W RN
H ¢1165G>A RAE |, Jf- 51 2 JE R p.Val389lle B
AR ARG T M JC A SR e
1.1.7 CYP2D6

W5 R W CYP2D6 iF2: il K I 20%~25%1
H AL J7 25 2 AR >, an S A CE iR R GE
BT 254 ) (R T 45, CYP2D6 B v 3k A
ST 90, IR A SN 2 A0, Hrh
St e g AR S E A R B AR AR RE R
R, St g8 AR SR A SR AL ) 7 AR (AR T R
B,

CYP2D6 1 [H Z2 450k HA A i X 22 5,
FE R MR NFHEM AR, CYP2D6*5 (1) 28 A8 451 %
B, AR T NP A &K B CYP2D6%3 Fil
CYP2D6*4 Z 7% [ AEAE , At HUA AR 20 iy 18 AR 35
Ho EHEAREMHAANR DA T CYP2D6*10
RAFK, R A IR p.Pro34Ser 28748 A=A, iX Ji
FEARIT N CYP2D6 il I 1 B I 9 32 22 Ji [
PGS A 05 N CYP2D6*10 i [F 28 758 il 58 25 ik
50% , 1M =5 R ANAUH 5% , X 2 5 AR & T 5
HIE B,
1.2 R ARG G HE il

i = R & il 38 )57 I (methionine synthase re-
ducta, MTRR) Fl\IE H 3 PO & 0 R 34 J5E g (methy-
lenetetrahydrofolate reductase , MTHFR ) %5 J& M- iR X
TR ) DGR P TR R DG AR 8 1) S ) 3 T
[v) B Al A7 A BA% R 2 Ak, B 4N 5 UL i MTRR
FEH B ¢.66A>G . MTHFR FEH 1) ¢.665C>T 28 48 Fll
c.1286A>C 287 , 33k #1658 745 1] Bl 2 5 i HLAH N 4 A5
PRI, T e R A AR
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2 TR, 405 R PA50 5 R A 18] 56 4 ity
O HA B Z G, FLRBG 05 PR A7 AE B S i b
GERAR2ZZE S . 9WARIG IY Z2 5EE 20 1R
AR S W FREAE, Rk, RS T, 16 PR
2t W AR HE LR e BT S5, SEA T MARIE 24
T IX BRI B Je AT AT P A 25 )
R0 i AT 1 3 PR 7R 2 A i A g e R Y
HERMZ BN LR, AW RN R R
IS i

2 YRHERZSEARNTE

25 A QI TR 312 A L 65,38 PAS0 A S 2458
PRI 25 P R A R A G AT, SR LR 2Y
YRR TS TE B A KR T AL e T
o SR A OC 25 W A A AL IS PR S B E T, X T
7R 250 AR AR DL AR P E A DL DL SOk
AN 0 R AU R R B kR A
TR S RIS o Bl A 25 AR OGS IR 45
14 5 D REF 52 IR A, AH DG Y 28 SCA# BRI BT E R
WS E R i AL 7/ E A )RR N 2 e
T P A U B AR B 9 i P A Je o I AR SR TE 251X
W S A5 o B A TR RN R R, S
3% 1 (gas chromatography , GC) . {5 & ¥ AH 5.1%
(high performance liquid chromatography , HPLC ) F/1
B A45 H K 1 (capillary electrophoresis , CE ) £ ] LA
FHRAG I 25 W WA= 1 o W SRR AR P 1
SR, BT DL R A A, AR S
B #% 1% 32 PR (nuclear magnetic resonance, NMR )
1) 5 X L EE R AT 50 B o H GBS L 259 B
Bz R e i 5 Bk e A S 25 AR
Vi o i HE R TR AR A B

[l S0 i 18 1A DG 25 AR DG L IR 2 28 1k
MR 2 SRV NHEBORE, T R AR G B
Mz B 25 B2 2 A RS I B AR 1Y) %
Ji s ol b [ A i 2 O e R R 2 A
M RGNE AT, R T AR Z G TE M D gtk 2 2840
W vl M ES DN TR 7 R Aw i) LR SRS S ey Rl
AR, %5 UL 25 ) A A OG5 R 2 8 A6 s A A
DU L Bt %o ik 6 22 5 Ao i e S PR AR FH 2 HR
FLA B R S, MR AR TG R S B PCR
K I DPYD*9 45 i 5 PN 9 B A% 1 R 28 A8, Xof
PCR W) 647 96 ik W 42 0 B LA o R DALY, B AR
XAy G T L P A A E R A BT R

DNA 7 R 2 50151 9175 219 € # PCR
PA K Sanger I Fy S AiE , SEg BRAE A2 A . e E
A T 4200 77 25K VKORCI . CYP2C9 55 6 Fh 3k
22 25 M X o [ DU N A 1 MR RS R R Y R
i , 25 5 & B VKORC1-1639G>A . CYP2C9%3 , Ji: 5%
M ] AR i bR i AR R e E R AR R
R b3 2 B L PR 22 25 1 X 4 AR AR MR ]
25— W IR L

A7 A D 24 2 A e DR 22 285 T T, AT
1) 3R FH BR 14 R B B2 2 A5 1 A 3R i B =X
SRR IT ¥ o 2010 4E2% 5% 3 45 R TZHOR XS T
R IR CYP3A4*6 S5 3 N Z 25 M HEAT T i
FT, WESE T AT 2 B AREH CYP3A4 FE RIS 9
TR T XA AR AR, A A7 e R A SR AR
0.005, BRIPE R B BE 22 235 M R A 6 SN
(polymerase chain reaction - restriction fragment
length polymorphism, PCR-RFLP) Ft %5 Af 4 , {H /2
o1 TS 25 RN T R OT R AR AU — 2L 28 5%
FA— R S ENH o BOR A U A
DO AN T =N N =R 3 A S S = 20 B NP S D R i
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