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Research advance in genetic diagnosis of monogenic inherited diseases
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[ABSTRACT] Monogenic diseases are caused by inheritance of single mutated gene, but the type of
the diseases are diversified depending on the type and locus of genetic mutation inherited. While convention-
al laboratory methods may contribute to an initial identification, a definitive diagnosis and classification of
these inherited disorders often need molecular/genetic testing. In the past twenty years, diagnostic techniques
for the genetic disorders have rapidly advanced, leading to the invention of many laboratory tests for the de-
tection of genetic disorders. In this article, we review the recent advance in the diagnostic modalities for the
genetic disorders, in hope of setting light on improvement of the clinical diagnosis and prevention.

[KEY WORDS] Monogenic disease; Gene diagnosis; Technology and method

] [1-3]

22 000 A , 0 )
[4-5]
: (30772069) ; (71010025)
.1 , , 510080
2. /2011 , , 510080
2014 , , 361102

* : , E-mail : aguoabin@qq.com



2016 1 8 1 J Mol Diagn Ther, January 2016, Vol. 8 No. 1 - 47 -
o . , (high-resolution melting curve analy-
o sis, HRM) . (multiplex ligation-
N ) . dependent probe amplification, MLPA) |
N (denaturing high-performance liquid
o , , chromatograph, DHPLC) ., DNA
, (DNA biosensors) ; (4) (DNA chip)
) ; N N cDNA . ;(5) :
. . . . , Sanger . (high-throughput se-
, o1 quencing) [ (next-generation se-
o quencing, NGS) ], (ge-
nomic amplification with transcript sequencing,
1 GAWTS) | (whole-exome sequencing,
. . WES) [ (exome sequencing) ] .
. (whole-genome sequencing, WGS) .
2 °
: (1) : (restric-
tion fragment length polymorphism, RFLP) 2
(variable number of tandem repeat, VN-
TR) . (short tandem repeat, STR) . ,
(simple sequence length polymor- ,
phism, SSLP) | (amplified frag- o
ment length polymorphism, Amp—-FLP) |
(single nucleotide polymorphisms, SNP); (2) , DNA
:Southern (Southern blot) s
(dot blot) | (reverse dot blot, o
RDB) .Northern (northern blot) | DNA ,
(western blot) . (suppression - RFLP SSLP STR .SNP
subtractive hybridization, SSH); (3)PCR o s
(polymerase chain reaction, o ,RFLP
PCR) . PCR (asymmetric PCR) | PCR ,SSLP/ STR ,SNP
(multiplex PCR) . PCR (multiplex-nested o
PCR) . PCR (long PCR) , PCR (tri-
primer PCR, TP-PCR) PCR (reverse tran- 3
scription PCR, RT-PCR) , PCR (real . . .
time quantitative PCR, RTQ-PCR  qPCR), N s
PCR (digital PCR, dPCR) ,PCR o
(sequence-specific oligonucleotide primed PCR, o DNA
PCR-SSO) . (amplification re- , PCR ,
fractory mutation system, ARMS) [ .
(allele-specific amplification, ASA) ], o o



- 48 - 2016 1 1 J Mol Diagn Ther, January 2016, Vol. 8 No. 1
o - SSH
3.1 PCR ,
DNA , ,
) o South- R
ern blot ., northern blot, dot blot, RDB., SSH., DNA 3.1.2 DNA biosensors
biosensors .western blot 5 ,Southern blot
northern blot  dot blot RDB .SSH .DNA biosensors DNA (ssDNA) ( ) 2 o
, DNA . ssDNA
RNA ; western blot , DNA , DNA,
, ,SSH .DNA NN )
’ o :13]0 ’ ’
3.1.1 SSH ; , ;
SSH \ o DNA
, PCR ( sl
) 3.2 PCR
“ 7 , , 1985
, ) Southern s N N
, cDNA , N N
o , PCR - PCR
PCR o )
2 , PCR ,
cDNA 5' , PCR , 20 ,
[89) , )
\ ) ° PCR
N N DNA 1.5h~3 h
Bl , SSH o
O- 2 , o )
) RTQ- ,
PCR Hol; , N
3 1h~2h,
(glutathione peroxidase-3, GPX3) PCR ,
, GPX3 () o TP-PCR | PCR
Ren [ SSH PCR R
9 (Ts7.Ts8 Tsll . 3.2.1 TP-PCR
Ts17 Ts19 . Ts22 Ts23 . Ts26 Ts33), TP-PCR
o DNA ° ;
] SSH MOE AC3 ;
, kenk3 ;
mapk? .megfl1 .c-mip .skpla .mlycd .tmem88b .trap- , o
pcS ppat .ssr3 , : TP-PCR 2
K* N N N 3 )



2016 1 8 1 J Mol Diagn Ther, January 2016, Vol. 8 No. 1 - 49 -
DNA o TP- . . N
PCR o °
2 DNA 03 o
o PCR (RT-PCR) RT-PCR
TP-PCR o RNA
) , 3.2.3 dPCR
1/1 000~1/100 o , dPCR
PCR , DNA gPCR( RTQ-PCR) ,dPCR
Taq ) ,
TP-PCR N N , °
2 DNA , gPCR . ,
DNA 0 TP-PCR o
, PCR N
, , , .mi-
. e croRNA . .
—SCK o 5! R R NGS
CD28
DNA , “ ” (divide and conquer)
) , PCR
ULFM]O ’
3.2.2 RT-PCR,RTQ-PCR RT-PCR (DNA ), “
PCR 7, ,
RT-PCR PCR (reverse transcription “ 7 o
PCR) o PCR PCR dPCR  PCR ,
o PCR RNA N
cDNA, PCR DNA o N DNA |
RT-PCR , DNA .ChIP
RNA, RT-PCR fe=s2] PCR
, RNA o PCR
RT-PCR PCR (real time PCR o
PCR), PCR , RTQ-PCR PCR ,
PCR (real time quantitative PCR, RTQ- , ,
PCR)!, PCR, PCR , ,
DNA DNA 0 dPCR PCR ,
o Cq ,
RT-PCR PCR, ,
cDNA DNA, ,
PCR RNA ,
. PCR \ \ ,

PCR ,



- 50 - 2016 1

1 J Mol Diagn Ther, January 2016, Vol. 8 No. 1

’

o RTQ-PCR . . ,
; ;  NGS )
H miRNA 5
; ; [18-32] ,Floren [28]
dPCR
. Miyake #2013

(rett syndrome, RTT)

( RTT,
RTT) , SNP
CNV . DNA .RTQ-PCR
dPCR ,
° X
° CNV
,Miyake CNV
8195 ; NGS
, 29 CNV ;
dPCR ,
CNV ,
NGS SNP/CNV
o dPCR
, NGS o
3.3 PCR
3.3.1 / (am-

plification refractory mutation system/restriction en-
donuclease, ARMS/RE)

ARMS/RE
(preimplantation genetic diagnosis, PGD)
R o ARMS )
RE , 3
ARMS/RE  ARMS RE ,

RE

’

3.3.2 DHPLC
DHPLC

’

90%

PGD

DNA
(1)

;(2)
DNA RNA

)

(single strand conformation polymorphism,

o

PCR

:PCR
3.3.3 HRM
HRM
.GC
HRM

’

200 bp~500 bp

DNA

3 (3)
PCR

SSCP)

DNA

PCR

[37-38]

DNA

DNA



2016 1 8 1 J Mol Diagn Ther, January 2016, Vol. 8 No. 1 - 51 -
(39]
\ o mRNA,
DHPLC, s s cDNA, T7
, o DHPLC .
[39]
3.3.4 MLPA SDS-PAGE
DNA [42-43] N
o MLPA 2 , )
, o 4~5 kb o
MLPA ,2 , mRNA , ,
, 2 0 5 3,
b 2 b
) 2 o
, 3.4 DNA chip
) , , 90
o , DNA o ,
, 130 bp~480 bp , , cDNA o
PCR s N N o
’ (3]
[40-41]
N , PCR DNA ,
, 40 ~50 .DNA . o
, 40 ~50 , -DNA
45 , )
. [44~4()]O
,MLPA , R
3.5 , N N )
MLPA ;
) -PCR ,
:,Ll: . “ ”
3.35 (protein truncation test, 7 , “ i ool

PTT)



- 52 - 2016 1

1

J Mol Diagn Ther, January 2016, Vol. 8 No. 1

3.5

(2)

(5)

[2]

[3]

[4]

[5]

[0]

DNA

DNA

o 10

(1)

; (3)PCR

,PCR
; (4)
,PGD :

; (6) . ,
;3 (7) ,
;(8)

;(9)

¢ 3 HIML
, 2014.
¢ 3 )Ml
, 2013.

OMIM Entry Statistics. Gene description[EB/OL]. http://
omim.org/statistics/entry, 2015-06—-15/2015-06-17.

[EB/OL]. http://www.techcn.com.cn/
index.php doc-view-113399, 2009-04-06/2015-06—17.

[EB/OL]. http://baike.baidu.com/

view/94960.htm func=retitle, 2015-03-11/2015-06—17.
. [I1.
, 2014,36(11):1121-1130.

(71

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[EB/OL]. http://hanyu.iciba.com/
wiki/150455.shtml, 2014-05-24/2015-06—-17.
Liu D, Li J, Cao L, et al. Analysis of differentially ex-
pressed genes in two immunologically distinct strains of
Eimeria maxima using suppression subtractive hy-
bridization and dot-blot hybridization[J]. Parasit Vectors,
2014,7(1):259.

, , , SSH
AC3
[J1. , 2014,36(6):574-583.

Xu W, Li H, Wang R, et al. Differential expression of
genes associated with the progression of renal disease in
the kidneys of liver-specific glucokinase gene knockout
mice[J]. Int J Mol Sci, 2013,14(3):6467-6486.
Wang R, Gao H, Xu W, et al. Differential expression of
genes and changes in glucose metabolism in the liver of
liver-specific glucokinase gene knockout mice[J]. Gene,
2013,516(2):248-254.
Ren HJ, Cui J, Yang W, et al. Identification of differen-
tially expressed genes of yrichinella spiralis larvae after
exposure to host intestine milieu[J]. Plos One, 2013,8(6):
e67570.
Jung J, Kim SJ, Lee KW, et al. Approaches to label-free
flexible DNA biosensors using low-temperature solution-
processed InZnO thin-film transistors [J]. Biosens Bio-
electron, 2014,55:99-105.

s s >

PCR [J]. , 2002,47(16):1247—
1249.

. TP_PCR CD28

[J].

s > s

, 2005,21(5):832-836.
Chen YX, Liu H, Zhang WB, et al. A novel tri-primer
PCR method (TP-PCR) for rapid construction of fpg
gene[J]. Journal of Microbiological Methods, 2004, 56
(3):359-364.

) 5 , PCR
hNTKL-BP1 1. (
), 2007,3:411-416.

Baker M. Digital PCR hits its stride[J]. Nature Methods,
2012,9(6):541-544.
Marx V. PCR: paths to sensitivity [J]. Nature Methods,
2014,11(3):241-245.
Miotke L, Lau BT, Rumma RT, et al. High sensitive de-
tection and quantitation of DNA copy number and single
nucleotide variants with single colordroplet digital PCR
[J]. Anal Chem, 2014,86(5):2618—-2624.



2016 1 8 1

J Mol Diagn Ther, January 2016, Vol. 8 No. 1 - 53 -

[21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

Coudray-Meunier C, Fraisse A, Martin-Latil S, et al. A
comparative study of digital RT-PCR and RT-PCR for
quantification of hepatitis a virus and norovirus inlettuce
and water samples[J]. Int J Food Microbiol, 2015,201:
17-26.

Kinugasa H, Nouso K, Tanaka T, et al. Droplet digital
PCR measurement of HER2 in patients with gastric can-
cer[J]. Br J Cancer, 2015,112(10):1652—-1625.

Doi H, Takahara T, Minamoto T, et al. Droplet digital
polymerase chain reaction (PCR) outperforms real-time
PCR in the detection of environmental DNA from an in-
vasive fish species[J]. Environ Sci Technol, 2015,49(9):
5601-5618.

Zhu G, Ye X, Dong Z, et al. Highly sensitive droplet
digital PCR method for detection of EGFR-activating
mutations in plasma cell-free DNA from patients with
advanced non-amall cell lung cancer [J]. J Mol Diagn,
2015,17(3):265-272.

Hayden RT, Gu Z, Sam SS, et al. Comparative evalua-
tion of three commercial quantitative cytomegalovirus
standards by use of digital and real-time PCR[J]. J Clin
Microbiol, 2015,53(5):1500-1505.

Tanaka H, Yamamoto S, Nakamura A, et al. Hands-off
preparation of monodisperse emulsion droplets using a
poly (dimethylsiloxane)
digital PCR[J]. Anal Chem, 2015,87(8):4134—-4143.
Huang H, Li S, Sun L, et al. Digital detection of multi-

microfluidic chip for droplet

ple minority mutants and expression levels of multiple
colorectal cancer-related genes using digital-PCR cou-
pled with bead-array[J]. Plos One, 2015,10(4):e0123420.
Floren C, Wiedemann I, Brenig B, et al. Species identi-
fication and quantification in meat and products using
droplet digital PCR (ddPCR)[J]. Food Chem, 2015,15;
173:1054-1058.

Devonshire AS, Honeyborne I, Gutteridge A, et al.
Highly reproducible absolute quantification of mycobac-
terim tuberculosis complex by digital PCR [J]. Anal
Chem, 2015,87(7):3706-3713.
Zhang BO, Xu CW, Shao Y,

droplet digital PCR and conventional quantitative PCR

et al. Comparison of
for measuring EGFR gene mutation[J]. Exp Ther Med,
2015, 9(4):1383—-1388.

Kinz E, Leiherer A, Lang AH, et al. Accurate quantita-
tion of JAK2 V617F allele burden by array-based digital
PCR[J]. Int J Lab Hematol, 2015, 37(2):217-224.

Doi H, Uchii K, Takahara T, et al. Use of dropet digital

PCR for estimation of fish abundance and biomass in

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

enviromental DNA surveys [J]. Plos One,
e0122763.
Miyake K, Yang C, Minakuchi Y, et al. Comparison of

genomic and epigenomic expression in monozygotic

2015,10(3):

twins discordant for rett syndrome[J]. Plos One, 2013, 8
(6):66729.
Liu W, Hu T, Chen Y, et al. Development and valida-
tion of a tetra-primer amplification refractory mutation
aystem-polymerase chain reaction combined with melt-
ing analysis-assay for clinical JAK2 V617F mutation de-
tection[J]. Mol Diagn Ther, 2014,18(5):579-585.
Cheng C, Zhou Y, Yang C, et al. Detection of rare point
mutation via allele-specific amplification in emulsion
PCR[J]. BMB reports, 2013,46(5):270-275.

) , 2014,6
(6):372-377.
Liu W, Smith DI, Rechtzigel KJ, et al. Denaturing high
performance liquid chromatography (DHPLC) used in
the detection of germline and somatic mutations[J]. Nu-
cleic Acids Res, 1998,26(6):1396—1400.

DHPLC [EB/OL].
http://blog.sina.com.cn/s/blog_4d82e72b01000axl.html.
2007-07-22/2015-06-17.

Reed GH, Kent JO, Wittwer CT. High-resolution DNA
melting analysis for simple and efficient molecular diag-
nostics[J]. Pharmacogenomics, 2007,8(6):597-608.
Schouten JP, McElgunn CJ, Waaijer R, et al. Relative
quantification of 40 nucleic acid sequences by multiplex
ligation-dependent probe amplification[J]. Nucleic Acids
Res, 2002,30(12):e57.

[J]. 2010,10(2):362-365.
Necker J, Kovac M, Attenhofer M, et al. Detection of
APC germ line mosaicism in patients with de novo fa-
milial adenomatous polyposis:
truncation test[J]. J] Med Genet, 2011,48(8):526—529.

[EB/OL]. http://blog.sina.

com.cn/s/blog_4e0c3abb010096ph.html, 2008 —05 09/
2015-06-17.

a plea for the protein

. [EB/OL]. http://
www.zhonghualw.com/xumushouyi/net20120209063854
3029.html, 2012-02-09/2015-06—17.

[EB/OL]. http://wenda.so.com/q/
1378647361064338 src=140, 2013-09-08/2015-06—-17.

s

[J1. , 2014,6(6):361-365.



