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Abstract: As a trace element analysis instrument, ICP-MS is widely used in nuclear materials, food
and environment fields. A lot of latest applications of ICP-MS come from the branch of ICP-TOFMS in the
past 10 years. ICP-TOFMS combines the high temperature ionization characteristics of the inductively-cou-
pled-plasma ion source with the full spectrum detecting characteristics of the time-of-flight mass spectrom-
eter. The advantages of ICP-TOFMS are high ion ionization efficiency, full spectrum simultaneous detec-
tion and high analysis speed. At present, the main application fields of ICP-TOFMS include immunoassay
for disease markers, single particle analysis, single cell analysis, analysis of small amounts of complex
samples, mass spectral element imaging of geological samples and biological tissues. The principle, devel-
opment and main application of ICP-TOFMS are also reviewed.

Key words: Mass spectrometry; ICP; TOF; Theory; Development; Application

(Inductively coupled (ICP-QMS)
plasma mass spectrometer, ICP-MS) 20 80 (ICP-SFMS)
[1]
. . [2] 3 , 20 [5] 10 [6] .
Ls] Lal ICP-QMS  ICP-SFMS
. , ICP-MS ,




2 No. 4 July 2021 Analytical Instrumentation 2021 4
[7.8] . e )
(ICP-TOFMS) s s
2
, MY —ev (D
. ICP-TOFMS 3.3 2
. m
[9] .
. ICP-TOFMS 2Vt
[a1 (4l [10.117 U_<7) (2)
o ICP-TOFMS D
) o o ﬂ '_%
1= < 2eV> D (3)
1 ICP-TOFMS
X FH TR
ICP-TOFMS 1CP N R G %
» Q $ }3“
o v I -+ )] »
ICP-TOFMS ICP )
° 2
s 21 ICP
R ICP N N
.1 ICP N o
ICP Reed! 2
’ ° [13] . ,Fassel[lﬂﬂ
¢ Do R S. Houk"
, ICP
#&BAD 2.2
1948 ,A. E Cameron D. F. Eggers
[18]
[ ﬁm\m SEFMIE 70 [19.20] 4
1 ICP ° ’ ’
12 iy , .
(TOF) 2 o

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2021 4

Analytical Instrumentation

No. 4 July 2021 3

[22]

(Electrothermal Vaporizer, ETV) ., ICP,
(Electron Spray lonization, ESI)
fesl ] MALDI

’

MALDI-TOFMS

[24]
2.3 ICP
231
, ICP.ESI
,ICP
, C 3
« D,
Myers 1993
ICP-TOFMS™7,
[26,27]
1CP o
3 s s
2

¢ 3 L1, L2),

| E—

Acceleration
region

Plasma 3=stage Modulation Extraction
source interface region region
4

232
ICP-TOFMS

El
» Myers s
N ° ’
’
[28]
Ton
Gauge
7] 50
3¢ A
1] D
- MCP 1
al 4
“ 1]
Field-free Region
megt
Second Stage
Pump
330 1/sec
First Stage Pump
28 Lisee
3 ICP-TOFMS [27]
4 )
’ ’
. °
ICP-TOFMS
Renaissance ( LECO ) s (2950
.
, ICP-MS,
Einzel Steering and
lens deflection plates
Detector Energy lon mirror
diserimination reflectron
grids
ICP-TOFMS (2]
10 A LT 80 Arz+
( VAr

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 No. 4 July 2021

Analytical Instrumentation

2021 4

) ( 28
NZ+ \41 AI‘H+ 41 Ar()+ )[31] 5
s 40 Ar+
; ICP-TOF MS
[25.,29]
ICP-TOF MS
Lozl | Dmitry R. B.
Tofwerk icpTOF
[33-35]
Myers 10
Ar" .
C 3 D1.D2), “Ar"
o =75V
550ns APt
98% , , O ArT 39amu
41 amu 21 GBC
OptiMass 8000 Myers
( 1 amu ) 10~22amu.28~
42amu.75~85amu ,

14 N+ ‘16 O+ ‘17 OH+ ‘18 H2 O+ ‘28 N2+ ‘30

NO™ .20, [ Art M ArH® % Ar,* [36]
Renaissance( LECO )
BT Tofweak icpTOF
(Notch filter), Notch
filter 4 RF ,
( )160+ 28N7+ 3202+ 40Ar+ R

b

L) Dmitry R. B. ¥

80, 80

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

(O",OH",0," ,Ar ", ArH" , ArO™)

o

/
[31]
Tofwerk icpTOFS
ter
H, Oy
ICP-TOFMS
. ICP
o (
ICP
(900~1000W)

ICP-TOFMS
Notch fil-
.icpTOF

(
. GBC
OptiMass 9600
/ ,

[38]

5)

ICP

2.4

ICP-TOFMS

http://www.cnki.net



2021 4 Analytical Instrumentation No. 4 July 2021 5
1ICP 238, . LA-ICP-TOFMS
[11]
; B, 1993 -
Myers'?*] ICP-TOFMS
5~10kHz, ICP-TOFMS  GBC - ...... .
optimasst” 30kHz, Tofwerk icpToft'" ==
Aux gas
33kHz,Bandura™ 76. 8 kHz, ? ML- »
== Sample
’ am LA-cell
(Analog to Digital converter, I-&Igas
ADC) (Time to digital convert-
er, TDC) » 6
ADC : The : LA-ICP-TOFMS
o TDC
[42] 5 20 , ’
ADC 7 . Alexander'"
1~4Gsps. ICP-TOFMS ADC A ICP-TOFMS
) Tofwerk Acqui- v
- - ) 8] c
ris 1~2Gsps AP.24O ADC, Bandura Balaram " LA-ICP-TOEMS
1 Signatec 8 1Gsps  Hao* LA
PDA1000  ADC . CP-TOEMS
10kHz : Im : ’
238 ’ , ICP-TOFMS
: 10000 (LA : :
° Narukawa T. M7
° ) . ]org[lo]
( 200pus~300us) LA-ICP-TOFMS
3000~5000 N
. S.
° ’ Mark"*¢’
Bandura™® .
’ Kamil“**-*"
2 9. 216X 10° o
3 ICP-TOFMS ’
ICP-TOFMS . N .
Olivert™ LA-
. (Laser Ablation, LA)
5 ICP-TOFMS ,
' LA-ICP-TOFMS
. LA . ) .
,Scadding C. ¥
, TOF 1ICP
LA-ICP-TOFMS o
LA

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

LA-ICP-TOFMS

http://www.cnki.net



6  No.4 July 2021 Analytical Instrumentation 2021 4
_ Ag.Au U
R 46 nm.32 nm 22 nm; Hendriks "’
) ICP-TOFMS (Nano
Particles, NP) , : ICP-TOFMS
» Ursula™™ LA-ICP- NP ,
TOFMS NP .
, . Gondikas** Praetorius"*"
) ICP-TOFMS
o (NNP) (ENP) .
, ICP-TOFMS (Gas Gondikas  spICP-TOFMS
chromatography, GC) , ,
, TiO, ENP NNP. Praetorius
o . (Liquid ICP-TOFMS,
Chromatography, LC) , CeO, ENP Ce (Ce-NNPs)
Lo, ’ ENP,
) ICP-TOFMS , ICP-TOFMS
» R. Fragnit® ICP- R S. D. Tunnert* %!
TOFMS , Helios
) o 40
B7 . Lenkal™ , ICP-TOFMS
ICP - TOFMS . ,
, ) 6667 68,697 [70] [71]
Ellen M, ©% LA-ICP-TOFMS .
, ICP-TOFMS 4
. Ohata'®” ICP-TOFMS ICP-MS
(IDMS) icpTOF Optimass 9500 , ICP-MS ,
o s 1CP-
:icpTOF , TOFMS .
, , ICP-TOFMS 3000
o ~ 5000 R
ICP-TOFMS ICP-TOFMS ) o
. Tofwerk N
[61-64] s [61] ICP 3 ,
) ICP-QMS  ICP-TOFMS )
, ,ICP-TOFMS .

: , ICP-TOFMS
Ag AU ’

ICP-TOFMS

b b



2021 4

Analytical Instrumentation

No. 4 July 2021 7

[1]Houk R S, Fassel V A, Flesch G D, et al. Inductively
coupled argon plasma as an ion source for mass spectro-
metric determination of trace elements[]]. Anal Chem.
1980. 52(14):2283-2289.

[2]Robert Tohmas. ICP-MS [M].

: ,2006. 12.

[3]Naasz S, Weigel S, Borovinskaya O, et al. Multi-ele-
ment analysis of single nanoparticles by ICP-MS using
quadrupole and time-of-flight technologies[J]. Journal of
Analytical Atomic Spectrometry, 2018, 33(5): 835-845.

[4]Abdelaal T, Unen V V, Hollt T, et al. Predicting cell
populations in single cell mass cytometry data[J]. Cy-
tometry 2019,95; 769 — 781.

[5]I. Strenge., C. Engelhard. Capabilities of fast data acqui-
sition with microsecond time resolution in inductively
coupled plasma mass spectrometry and identification of
signal artifacts from millisecond dwell times during detec-
tion of single gold nanoparticles[[J] . Royal society of
chemistry, 2016, 31, 135-144.

[6 ]Managh A. J., David N. D. , Cowen K. M. et al. Ac-
quisition of fast transient signals in ICP-MS with en-
hanced time resolution[ J]. Journal of analytical atomic
spectrometry. 2016, 31, 1688-1692.

[7] Wan Waan Lee, Wing Tat Chan. Calibration of single-
particle inductively coupled plasma-mass spectrometry
(SP-ICP-MS) [J]. Journal of Analytical Atomic Spec-
trometry 2015, 30, 1245 — 1254.

[8]Bandura D R, Baranov V I, Ornatsky O I, et al. Mass
Cytometry: Technique for Real Time Single Cell Multi-
target Immunoassay Based on Inductively Coupled Plasma
Time-of-Flight Mass Spectrometry[J]. Analytical Chem-
istry, 2009, 81(16): 6813-6822.

[9 ]Hendriks, Gundlach-Graham, Hattendorf et al. Charac-
terization of a new ICP-TOFMS instrument with continu-
ous and discrete introduction of solutions[ J]. Analytical
Atomic Spectrometry,2017,1(24) :1-22.

[10] Feldmann J R, Kindness A, Ek P. Laser ablation of
soft tissue using a cryogenically cooled ablation cell[J].
Journal of Analytical Atomic Spectrometry, 2002, 17
(8): 813-818.

[11] Gundlach-Graham A, Garofalo P S, Schwarz G, et al
High-resolution, Quantitative Element Imaging of an

Upper Crust, Low-angle Cataclasite (Zuccale Fault,

Northern Apennines) by Laser Ablation ICP Time-of-
Flight Mass Spectrometry[ J]. Geostandards and Geo-
analytical Research, 2018, 42(4); 559-574.

[12]Reed T B. Induction Coupled Plasma Torch[J]. Journal
of Applied Physics, 1961, 32(5):821-824.

[13]Dennis D. Miller, Michael A. Rutzke. Atomic Absorp-
tion Spectroscopy. Atomic Emission Spectroscopy and
Inductively Coupled. Plasma-Mass Spectrometry[ M ].
Cornell University, Ithaca, 2010.

[14]Scott R H, Fassel V A, Kniseley R N, et al. Inductive-
ly coupled plasma-optical emission analytical spectrom-
etry[J]. Analytical Chemistry, 46(1), 75-80.

[15]Wendt R H, Fassel V A. Induction-Coupled Plasma
Spectrometric Excitation Source, [ J]. Analytical Chem-
istry, 1965, 37(7).

[16]Dickinson G W, Fassel V A. Emission-spectrometric
detection of the elements at the nanogram per milliliter
level using induction-coupled plasma excitation [ ] ].
Analytical Chemistry, 1969, 41(8):1021-1024.

[17]Fassel V' A. Quantitative elemental analyses by plasma
emission spectroscopy[ J]. Science, 1978, 202(4364):
183-91.

[18]Mirsaleh Kohan N, Robertson W D, Compton R N, et
al. Electron ionization time-of-flight mass spectrome-
try: Historical review and current applications []J].
Mass Spectrom. Rev. 2008, 27(3).237-285.

[19]Kim Y P, Shon H K, Shin S K, et al. Probing nanop-
articles and nanoparticle conjugated blomolecules using
time of flight secondary ion mass spectrometry[]J].
Mas Spectrom. 2015, 34(2).237-247.

[20] Wollnik H. History of mass measurements in time of
flight mass analyzers [J ] Int. J. Mas spectrum. 2013,
349 .38 46.

[21]Wiley W C, McLaren I H. Time of flight mass spec-
trometry with improved resolution[J]. Rev. Sci. In
strum. 1955, 26(12) . 1150-1157.

[22] Mamyrin B A, Karataev V I, Shmikk D V., et al. The
mass reflection. a new non-magnetic time of flight
mass spectrometry with high resolution[J] . Soviet
Physics JETP. 1973, 37(1) :45-48.

[23]Dodonov A F, Kozlovski V I, Soulimenkov I V, et al.
High resolution electrospray ionization orthogo nal in-
jection time of flight mass spectrometer[J]. Eur. J.
Mas Spectrom. 2000, 6(6): 481 490.

[24]Guilhaus M, Selby D, Mlynski V. Orthogonal accelera-

tion time of flight mass spectrometry [J]. Mass Spec-



8  No. 4 July 2021

Analytical Instrumentation 2021 4

trom. Rev. 2000, 19(2). 65-107.

[25]Myers D P, Hiertje G M. preliminary design considera-
tions and characteristics of an inductively coupled plas-
ma-time-of-flight mass spectrometer[ J]. Microchemical
Journal,1993.:259-277.

[26]Myers D P, Li G, Yang P, et al. An inductively cou-
pled plasma time-of-flight mass spectrometer for ele-
mental analysis. Part I. Optimization and characteris-
tics[ J] . Journal of the American Society for Mass
Spectrometry, 1994, 5(11): 1008-1016.

[27]Myers D P. Li G, Mahoney P P. et al. An inductively
coupled plasma-time-of-flight mass spectrometer for el-
emental analysis. Part II; Direct current quadrupole
lens system for improved performance[J]. J Am Soc
Mass Spectrom, 1995, 6(5): 400-410.

[28]Myers D P. Li G, Mahoney P P. et al. An inductively
coupled plasma-time-of-flight mass spectrometer for el-
emental analysis. Part II: Direct current quadrupole
lens system for improved performance[J]. J Am Soc
Mass Spectrom, 1995, 6(5): 400-410.

[29]Xiaodan Tian, HaEkan Emteborg, Freddy C. Adams
Analytical performance of axial inductively coupled
plasma time of flight mass spectrometry ( ICP-
TOFMS)[J . Journal of Analytical Atomic Spectrome-
try.1999.,8(19) 1807-1814

[30 ]Vanhaecke F, Moens L., Dams R, et al. Evaluation of
the Isotope Ratio Performance of an Axial Time-of-
Flight ICP Mass Spectrometer[ J]. Analytical Chemis-
try, 1999, 71(15). 3297-3303.

,2005.8

[32]

. » 2011, 31(01): 23-29.

[33]Hendriks, Gundlach-Graham, Hattendorf et al. Char-
acterization of a new ICP-TOFMS instrument with con-
tinuous and discrete introduction of solutions[J]. Ana-
lytical Atomic Spectrometry,2017,1(24):1-22.

[34]Bandura D R, Baranov V I, Ornatsky O I, et al. Mass
Cytometry: Technique for Real Time Single Cell Multi-
target Immunoassay Based on Inductively Coupled Plas-
ma Time-of-Flight Mass Spectrometry[ J]. Analytical
Chemistry, 2009, 81(16): 6813-6822.

[ 35] Olga Borovinskaya, a Bodo Hattendorf, a Martin
Tanner. A prototype of a new inductively coupled plas-
ma time of-flight mass spectrometer providing tempo-

rally resolved, multi-element detection of short signals

generated by single particles and droplets [J]. The
Royal Society of Chemistry. 2012,12(7)

[36] Sturgeon R E, Lam J] W H, Saint A. Analytical char-
acteristics of a commercial ICP orthogonal acceleration
time-of-flight mass spectrometer (ICP-TOFMS) []J].
Journal of Analytical Atomic Spectrometry, 15 (6);
607-616.

[37]Cameron A E, Effers D F. An ion velocitron [J]. Rev.
Sci. Instrum. 1948, 19(9): 605-607.

[38] GBC Scientifiche OptiMass 9600. ICP-MS is the
World’ s only SIMULTANEOUS Time of Flight ICP-
MS [EB/OL]. 2020-12. http://www. gbcsci com/op-
timass-9600/.

[39] PATRICK P. M, TEVEN J. R, GARY M. H. Time
of-FlightMass Spectrometry for Elemental Analysis
[J]. DEPARTMENT OF CHEMISTRY. 1997 (1)
16 A-21A.

[40] Husdkova L, Urbanova I, sramkovd et al, Analytical
Capabilities of Inductively Coupled Plasma Orthogonal
Acceleration Time-Of-Flight Mass Spectrometry (ICP-
0a-TOF-MS) for Multi-Element Analysis of Food and
Beverages [ J ] . FOOD CHEM, 2011, 129 (3);
1287-1296.

[41] Olga Borovinskaya, a Bodo Hattendorf, a Martin
Tanner. A prototype of a new inductively coupled plas-
ma time of-flight mass spectrometer providing tempo-
rally resolved, multi-element detection of short signals
generated by single particles and droplets [J]. The
Royal Society of Chemistry. 2012,12(7)

[42] ] Fjeldsted. accurate mass measurements with orthogo-
nal axis time of flight mas[ R/OL]. 2003, 12 http://
www. agi lent com/chem.

[437] Martin Tanner, Detlef Giinther. A new ICP-TOFMS,
Measurement and readoutof mass spectra with 30us
time resolution,applied to in-torch LA-ICP-MS[J]. A-
nal Bioanal Chem (2008) 391.:1211-1220.

[44 ] Burger M, Gundlach-Graham A, Allner S. High-
Speed, Multielemental LA-ICP-
TOFMS Imaging: Part II. Critical Evaluation of Quan-

High-Resolution,

titative Three-Dimensional Imaging of Major, Minor,
and Trace Elements in Geological Samples. Analytical
Chemistry[ J]. 2015 87(16), 8259-8267.

[45]Balaram V, Satyanarayanan M, Murthy P K, et al
Chemical Characterization of Cobalt Crust from Afa-
nasy-Nikitin Seamount in the Eastern Indian Ocean by

Inductively Coupled Plasma Time-of-Flight Mass Spec-



2021 4

Analytical Instrumentation

No. 4 July 2021 9

trometry[J]. MAPAN, 2013, 28(2): 63-77.

[46 JHao Wang, Michael S. K., Jean-Pierre Chalain. Sim-
ultaneous High Sensitivity Trace-Element and Isotopic
Analysis of Gemstones Using Laser Ablation Inductive-
ly Coupled Plasma Time-of-Flight Mass Spectrometry
[J]. Journal of Gemmology 2016. 212 — 223,

[47]Narukawa T, Willie S. Dried deposits of biological tis-
sues solubilized using formic acid for LA ICP-TOF-MS
[J]. Journal of Analytical Atomic Spectrometry, 2010,
25(7): 1145.

[48]S. Mark Monk, Steven M. Levb. Toxicological appli-
cations of cryogenic laser ablation inductively coupled
plasma time of flight mass spectrometry ( CLA-ICP-
TOF-MS) [J7]. nal. At. Spectrom. , 2013,28, 274

[49]Jurowski K, Walas S, Piekoszewski W. A calibration
strategy in bioimaging trace elements in rat brain tissue
by LA ICP-TOF-MS method[J]. Talanta, 2013, 115
195-199.

[50]Jurowski K, Szewczyk M, Piekoszewski W, et al. A
standard sample preparation and calibration procedure
for imaging zinc and magnesium in rats’ brain tissue by
laser ablation-inductively coupled plasma-time of flight-
mass spectrometry[ J]. J. Anal. At. Spectrom, 2014,
29(8): 1425-1431.

[ 51 ] Oliver Bolle Bauerl, Oliver Hachmollerl, Olga
Borovinskaya. LA-ICP-TOF-MS for rapid, all-elemen-
tal and quantitative bioimaging[J]. Royal Society of
Chemistry, 2019,1(25) ;1-24.

[52] Scadding C. , Watling R, Thomas A. The potential of
using laser ablation inductively coupled plasma time of
flight mass spectrometry (LA-ICP-TOF-MS) in the fo-
rensic analysis of micro debris[J]. Talanta, 2005, 67
(2): 414-424.

[53]Dick D, Wegner A, Gabrielli P, et al. Rare earth ele-
ments determined in Antarctic ice by inductively cou-
pled plasma—Time of flight, quadrupole and sector
field-mass spectrometry: An inter-comparison study[ J ]
. Analytica Chimica Acta, 2008, 621(2); 140-147.

[54]Xuming Guo, Ralph E. Sturgeon, Zolta Mester, et al
Photochemical alkylation of inorganic arsenic
Part 1. Identification of volatile arsenic species [ J].
The Royal Society of Chemistry. 2005, 20, 702-708.

[55 ]Infante H G, Van Campenhout K, Blust R, et al. Ani-
on—exchange high performance liquid chromatography
hyphenated to inductively coupled plasma-isotope dilu-

tion-time-of-flight mass spectrometry for speciation a-

nalysis of metal complexes with metallothionein iso-
forms in gibel carp (Carassius auratus gibelio) exposed
to environmental metal pollution[ J]. Journal of Chro-
matography A, 2006, 1121(2);: 184-190.

[56]R. Fragni. A. Trifir, A. Nucci. Towards the develop-
ment of a multi-element analysis by ICP-oa-TOF-MS
for tracing
the geographical origin of processed tomato products
[J]. Food Control,2004,4(24)1-14.

[571Fragni R, Trifiro A, Nucci A, et al. Italian tomato-
based products authentication by multi-element ap-
proach: A mineral elements database to distinguish the
domestic provenance [ J] . Food Control, 2018, 93:
211-218.

[58 JHusdkova L, Urbanova I, sramkova J, et al. Multi-el-
ement analysis of milk by ICP-0a-TOF-MS after precip~
itation of calcium and proteins by oxalic and nitric acid
[J]. Talanta, 2013, 106 66-72.

[597 Hondrogiannis E M, Ehrlinger E. Poplaski A, et al
Use of Laser Ablation — Inductively Coupled Plasma
— Time of Flight — Mass Spectrometry To Identify
the Elemental Composition of Vanilla and Determine
the Geographic Origin by Discriminant Function Analy-
sis[J]. Journal of Agricultural and Food Chemistry,
2013, 61(47). 11332-11337.

[60] Ohata M, Hagino H. Examination on simultaneous
multi-element isotope ratio measurement by inductively
coupled plasma time of flight mass spectrometry[]].
International Journal of Mass Spectrometry, 2018,
430 31-36.

[61] Gondikas A, von der Kammer F, Kaegi R, et al
Where is the nano Analytical approaches for the detec-
tion and quantification of TiO2 engineered nanoparticles
in surface waters[ J]. Environmental Science: Nano,
2018, 5(2): 313-326.

[62]Hendriks L, Gundlach-Graham A, Giinther D. Analy-
sis of Inorganic Nanoparticles by Single-particle Induc-
tively Coupled Plasma Time-of-Flight Mass Spectrome-
try[J]. CHIMIA International Journal for Chemistry,
2018, 72(4): 221-226.

[63]Praetorius A, Gundlach-Graham A, Goldberg E, et al
Single-particle multi-element fingerprinting ( spMEF)
using inductively-coupled plasma time-of-flight mass
spectrometry ( ICP-TOFMS) to identify engineered
nanoparticles against the elevated natural background in

soils[J]. Environmental Science: Nano, 2017, 4(2):



10 No. 4 July 2021

Analytical Instrumentation

2021 4

307-314.

[64 ] Borovinskaya O, Gschwind S, Hattendorf B, et al
Simultaneous Mass Quantification of Nanoparticles of
Different Composition in a Mixture by Microdroplet
Generator-ICPTOFMS [ ] ]
2014, 86(16) . 8142-8148.

[65] Scott D. Tanner, Dmitry R. Bandura, Olga Ornatsky,

Analytical Chemistry,

et al. Flow cytometer with mass spectrometer detection
for massively multiplexed single-cell biomarker assay
[J]. Appl. Chem. , 2008, 80(12), 2627 — 2641.
[66 ] Halbritter, J. , Diaz, K., Chaki, M. et al. High-
throughput mutation analysis in patients with a nephro-
nophthisis-associated ciliopathy applying multiplexed
barcoded array-based PCR amplification and next-gen-
eration sequencing [ J | . Journal of Medical Genetics
(2012): 756 — 67
[67 ] Norsworthy, P.J., Vandrovcova, J., Thomas,
E. R A. etal. Targeted genetic testing for familial hy-

percholesterolaemia using next generation sequencing:

a population-based study[J]. BMC Medical Genetics

.+ 51993 , s ICP-TOF MS

. E-mail.

(2014) . 70
[68] Van Schaik, B., Klarenbeek, P., Doorenspleet, M.
et al. Discovery of invariant T cells by next generation
sequencing of the human T cell receptor a chain reper-
toire[ J]. Journal of Immunology (2014): 5,338 — 44.
[69] Boudinot, P., Mondot, S., Jouneau, L.

stricting nonclassical MHC genes coevolve with TRAV

et al. Re-

genes used by innate-like T cells in mammals[J]. Pro-
ceedings of the National Academy of Sciences of the U-
nited States of America (2016): e2983 — 92.

[70] Urman, N. M., Mirza, A., Atwood, S X. et al
Tumor-Derived Suppressor of Fused Mutations Reveal
Hedgehog Pathway Interactions [ ] ] PLoS One
(2016): €0168031

[71] Wen, W. X. , Allen, J. , Lai, K. N. et al. Inherited
mutations in BRCA1 and BRCAZ2 in an unselected mul-
tiethnic cohort of Asian patients with breast cancer and
healthy controls from Malaysia[ J]. Journal of Medical
Genetics (2018): 97 — 103

:2020-10-13

,E-mail; hual21101@foxmail com,

wangyan(@ tju. edu. cnn,



