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Chromosomal microarray (CMA) testing can enhance the quality of clinical care for congenital abnormalities, including prenatal diagnosis. Labora-
tories require a comprehensive understanding of the strengths, weaknesses, and purposes of CMA testing. They should also have appropriate plans,
guidelines, and documented records for platform validation and quality control at all stages of testing. Performing prenatal CMA testing necessi-
tates understanding the features of prenatal specimens, devising a verification process, reporting results, and providing genetic counseling. This
guideline aims to establish standard test protocols for conducting CMA tests, ensuring accurate results, and aiding in diagnosing and treating pa-

tients.
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d(familiaDQIA] ER18L7] 918l 715 AAPE BasHts, 9, 11, Tp7golet. HLXITHE- 7 7]7] QI8)71HE W2 AlEo & AL
21-24). £ AR di= A4 abo] e shh(Table 1.

- LAVHRL A AL A uEAQMAE EFSE] Bt F - A% (validation). Z43H4R1 TA Alg-& E3l £ =5 AHE-
AA| oo T}, B H FREC1Y, 7], 23 44 Ee &80 gk 81do] FFEUS-S Selsh= BHolrk
AP sl et A0 R = CMA FARF Fastths, 9, 11, 5, HIAE HA| 25E A dlolel7t A g Wi v
Hofel, AT QA HALA Al o] ghelE L WE f st A 7Heeh SHE s Alsshe Al
AAIA | QIZIA Aoli7} Qi 739 Akde] nlA A Ao 5 £ B7keke BHgolot Ao A AAI A 0.2 Akt ARt
E0] 7hs/dS Eklsky] flell CMAZF H estck GAA| Akl SRAE AAREE A AHER A9 AFHgol asict
A ol ol Rl AlA 9 1X] Aoli7} Qi BRtellAl CMA (Table 1).
£ AT A, oF 200004 A B o] EHR1E|ITHR5] -2 ZNE A EHFolR A RALY] ofgo] EHE &2

2e Az A2 ARl AGE QAU A2 F
3) AHH ZITt B9 ofgfo] HALE Uit Z47ke] ZRHE2 SHH O S

ol
of A5A Bjof Ak W= k1] 12} HAHI7IZ CMAZF -
Il

ol 42 gho} 7 ol 4fo] ] 5.2 43folof sk

&3t - A B (new version). Al HZHolgt ofgo] 5 2 sl
, A8 ] BjoF AP = ARYE] HIFE 913 AR AEH 2 F|agto] Wgks & AR, A 242} coverage?] 10% o]
Aol Hash wji17], HFEA L= HE0| QY CMAR &0 H7FOHA AAE 2ARE 5% olUiel B9-5 ek, HE
Bl §704 OIAFES AVHol AFSITA 8 1), T vl 4 34 7hasi 5 oltk 71 Sao] i ofeidt §39)
A AHnoninvasive prenatal test, NIPT)O| 4] 1 11 E= A2 EA) WAL TH Aoo| L E ZTAE WA - A2
SHslo| tigt &4 HAHI4)E CMAZ}F -85tk ApASE 82 (full validation)o] ¥ @3}c}
ot 4k Aatol 2 zofalo] A A\ Ay

7. MADto[220{20] ¥SEIt

e R EES ARl s
1) 89 HAAbhE 739 A4S ol e BRIt A2 e e(ac
- AAverification). AH-AQl ZA AlF¢S Eaf XA QF AF curacy), AUE(precision) W X 1759 (reportable range of
ol SEH TS Fesh= A o=, S} Aol AHEE results)& B7I3eh A4 AlAF Al A4 71 S/ 71 (pass/
ol AR s BIsh] Sfall kel ARt A fail criteria) 2 BFHste] A4S AR eh=stoof sh, 71 AE
g, 2xEQo] 9 e vlo|E7h AlxdA|e] A E ARk 7150 Hatsfjof gi).

Table 1. Indication and performance evaluation for verification and validation

~
of w2t ok Blsl] Pt B4 WEqualityassuranc) - ASHE. ABHE T7HE ofv] UL Sk WA ONVE 71

Verification

Validation

Indication - Korean Food and Drug Administration (KFDA)-cleared/
approved tests, the approved protocol and intended use

Performance - Accuracy testing (15 abnormal samples that represent
evaluation  abnormalities that the array is designed to detect)

- Precision testing (establishment by running a minimum
of two abnormal samples, ech run multiple times in
separate experiments)

- Reportable ranges

- Laboratory development testing
- Modified use of KFDA-approved medical equipment for in vitro diagnosis
- Additional sample types on an established platform

- Accuracy testing (30 previously characterized abnormal samples that the array is designed

to detect)*

- Precision testing (establishment by running a minimum of two abnormal samples, each run

multiple times in separate experiments)
- Reportable ranges
- Sensitivity
- Specificity
- The allelic differentiation potential of SNP detecting platform
- Determining percentage of cells with abnormality: mosaicism and clonality

*Accuracy tests in cases where it is difficult to obtain 30 abnormal samples such as amniotic fluid and chorionic villous samples can be a good method of sample exchanges
in a blind, split-sample comparison with a laboratory. Exchange of validated data sets (e.g, array files) between laboratories is recommended for additional experience in data

analysis.
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A HV*OIEP 0131101 A Flal Hatte HakE & A
2 AA| AR} coverage ] 10% o] M7 oHA A A% 42127}
3% oJHQl 7895 T3, Z4 57He] Al A=
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=5 g 4 glom, Jagols wRlef A= Rl o]
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4 Qs 27] AL o S 71 kel AR A
Wakeh o2 Sol, B4 sk AUA oA A9, WA HBS
Hk BOlo)H FE3 DNAS AHESHL, S8 §sk Ak A%
Q1 A9, 4 Bl GuBto] S35 DNAZ ALS T B 7
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the allelic differentiation potential of SNP-detecting platforms)
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146 www.labmedonline.org

] b 4%-S E2 AT EGo] SuelEe] o3 ShyHo R
s 9 4 sl A A
A2 913 HlolEle) 55 W b A BRAS 43l s,
LEgplAgteE HaE HYEE

ot}
BEE CMA ZAbe] oJ3) A% Elofof Tk

o

AASe] AlEZ 2E&00

© £ EQo] AR Log: ratio, B-HF M=, §7F Ho] )
R4 4 9l A AU AR olefat AESe B4
2% oJ3fs}i Qlofofait

Hie/d- S CMAR A 4= QIAIRE osfisial sjAle}7| o2&
Ql=t|, SNP 22412}0] th - AR} AFE|(Log, ratio, B34 HI

49

3] S1sh o
e %sq W38 1 A SEitsolof e s o
HHA Avele] JRap w2t oA 7124 A

S e 2 ] 5801 1 % 9k

A~

T Tl

= 49 H)h W54 428 AAe o] mgo
o}

L chogh uh e B4 9 stebe

vii. 7|H|2FZ(Chimerism)

7|elets-S AR ERtER A3 ol A A
Ao BAAE 29 E= oF FANC]: & 014 £ Foqxke} 423
A A ERbollA Wy 4= olom M AAIZE FofsiA S3t
H Aol AEE o ik 7vlEkSollA s = 54 siEe
QUABh= Zlo] Fagtd|, = HA7E oAl Ed=H SNp df#
A+ Edgllo] 4 o HAFsiRIT STR HA= S A2 71 7]
olZ=E F4sk= vl =gol F 4 qltk Z|HlEksol Qo W
T2 BIAAIEE AAshs T Hloly sjAof e ®
A HER, BiAds 7Heso 2 QIR E49 AlfE 7e
sfokeick

8. EZ DNA (reference DNA)

olgflo] CGHy= AA| DNA®} 3= DNAE A3 4 0 & A5t
H| W)= HRXo| 1 2 A5 F3 DNAS Adst= 7o) nj$- =
Qstef AR ESE ol wheh 5 DNA 577 o= Al AR
Ao thE 4= Stk DAY E= thr(pooling) 2 HE FE
DNAY &= Qlat, 2} AA| 9} o] dA] &2 BdA 4= qle
1, HAR AR A2E 22 Al zAR A A2 DNAY 4= Tk
oz, HARLS AREShHE S350 EE DNAY| tigh 54
aolslar QJojof sh, A2 reference DNAE HZAof = 7]
o] Ax} vlwste] HFE skaL, 11 AutE 7|53kl Hyksjof
Tk 352 DNAQ| Lot 1% H7o] Qli= 4% - Lot 9 A Lot®| 3£
% DNA A QC metrix7h 3189] ol Sol7k=A] Belstol

r_?L' N o Ll

https://doi.org/10.47429/lm0.2023.13.3.141



Aot 9|: CMA Guidelines for Constitutional Abnormalities (1)

Hehgrt ABAL AHsloloF Tk, SNP ofgol olu] T3
35 DNA I 52 in silico 35 DNA libraryE A4 A1t} H]

NA I AbgaH TG AR A

=)

il
k
HN
o

9. AT EZ||0{(Software)
1) AZEY AS
EdJol= CMA Ake] AJZs 2 4o Sadt o=
APH Z7] e Igol| A AR AHE AT Ee] 2
AR 271 A=2] JAIGE, log, ratio WAIGE, 8]
VES WS Folle A AFgE|ofof Stk o] A
o}
A

AR 5ol e} thE 4 ek AxEgo] 7%

I

o
T (e

Kl
2

TR
N

o
iy

|
ilffg
flo

Y

o
Eh

==

O] BEA=¥3L CN-LOH, ROH & 4 of2] =29 419
AoAA oV ES HESH= TS HSokL IS8k g
L 7hsstehd, @A) ofglo] s shoflA] ol Alg =
CN-LOH®} ROHS] Z4(endpoint)-& A&kslA] A<la}
Z7gelloF gty HAPGH], AL ESo], BAF o] ¥zt
wjutch 21 HETATE S E ook sk, AETHAIE A
o Egol] Bl BEAGRSE 7 HAR AZEE

oo

rlﬁ' N

N
N

o

)
1%

Hu o o N e
> P O(LN bovo of 2
Az m S0 w8
Fizesesd
o = =
.
= e
I
AL on
]lr o)
O]
= 3
rE =2
L
o o
olN
-,
[¥
8
)
o
o
i)
e
iz

N4
1%
-
e
5 g
E
@]
==
M T
o
2
=
=
[m
rE

o b
X
= i
oy
2
e E
[o o

g

on

of

it
2
L
&
o,
I
it
=
=3
5
b
e
Im
ﬁ‘
2
i
)

o
I

N
ru
Jo
ot
1o
©
o
=
xo rir

B
o
29
Z
)
=2,
B
2 oY o
e 1o
i o,
f
o

)

R

O

=)

il

i)

ox

%

o

>

o U

2 %y
o

= fu

E o 1

2o

< 9

f{; o

L

r—E [t}

N =

= g

=4

fo 1o

ol ox

N

i
+
b
fr

1+

0,

Elojo} sl A 71%5-2 A}
A,

2) AZEQ0f SHA| OfaH

ALEY0]0] A Z do|E|Q] ¢t AE(visual inspection)2}
manual callo] a3 497} gli=t], Bat2lo] W(poor perform-
ing) 22A)A2 Q18] L0172l call®] ¥gh(combine calls), A} EA
&= o] 2 call®] E-2(separate calls), H2a}A] Fo]=]2] oF
2 Aoy o] A il(revise breakpoints)Q} -2 ¢ 83 4= gle
o], 2T Egolol s Fgo0] S W 2] HUF oS
Qo & wdsto] call2 718 4= Qlrk CMA B4 AL EF)
7152A 0 2 oufjA| AElE 71 5)e] E48H2 2 (normalization al-
gorithm) Hj<eA]] o &S ofHA & 4= Sl o] wff SNP =

fr to

https://doi.org/10.47429/lm0.2023.13.3.141

U ES ES LR ARG EER =S RN

S
I\
T
Pl
>
nE

MAUFCH AA| AMEH S subarray 2], A4 A, 33 DNA

A7} 22 7Vt A el 44 2 it 4

e N g
@)

T 2 ox
ﬁz 1> i
N
o
N
N
ohl‘
o,
1
Jh
>,
[>
o
o
N
N,
2
O
o
ot
I
>,
du
o
o
i—",
r\l
B

)i',
N
N o
%0,
o
oy, 9
o
o
~
>
>,
»
)
o,
Jo
il
i
(]
)
:Oég‘
i
:Oé
(]
o
o
i

<
ooy
P
i

1o ox >
il
Mo
N
IS
1o
o
__>‘~l_1
2
I
=2
u)
ot

2 o
£
o
o
2t
B b
B>
fo
-
ot

o
_‘)JJ
/N

N X
ol
i
c@
filo
oX
it
=)
Rl
&,
fo
ol
% of
>
B

)

ol
=

29 S} o

125 71413 43 A3

i

I

rlr
Y
iz
o,
rlr
N

(e]

o 2k
=
:)li_I‘(
I
N
N
N
)
olr
o
)
5
rlo
o,
o mju
=
S
>
=
i
iy
ox,
Y

rE o
Y
)
)

ot O o
o, a
1o
o
e

filo
B
e
pac)
H
o,
i)
o
=)
u)
:Cé
H
[N
L
=2
%
ol
N
T
ot
S

AL ARl A7 Sl & 4 =S ok

=
_u)

4) DNA =&, &%, ™t SZ(DNA extraction, measurement,
fragmentation, amplification)

CMA ZAbE gt Aol 540 alihs &6 Y
a5t Aejrleol27]7] Q18|17 AlF2] Ao 71 ES ALg-S)
780l A=A At = #AES FEfjok gtk =
ARESEAL A ZEE WS ARgShE ols & ¥
o] it g AT S Sl o] whE o] glofof SlaL, ofof
ubet HS53t 7150] Qlojok 3t DNA 5+, DNA 4%, DNA &
=, 2k Ack(fragmentation) I} 33 2hllglo] A A2 0.2 o]
oj#fof ik 22 2] DNA #]g] 242 9l 2 2gulct A5k
=2 EZ} A7) 2 3] uhuisolof gtk

Hep v AyE 9fsl AAlEE sEAY A S

22 WS 27 == A of ’rsell digh Az A|Ao] glofof

www.labmedonline.org 147



Aot 9| CMA Guidelines for Constitutional Abnormalities (1)

wREs SR 2 A
A 1;4 ZRLO AL A] HA Xéﬂ%X]ﬂﬂ, EUE R
ofof gtk A} of TAuiet A7} dA
195 05 515 9517 AAEloh e o} 23HE wnop
7o AT R] #(quality control metrix) ZF0] 3-8-Heo &= 7
2 Si<Usfof a1z, G Yol 0] et H4a 24
Aatol| thet Aol AlA QUL A Stslof gHtk(Table 2).

rE
m
Ral
H

)xr|;|| ™

i jﬁ
mﬁ !

Y

|

029

il

5]

HN

6) Z=A(Annotation) 2! H|0|E{H|0[A

dole] R4 b4 Szt el shhs 3 -2 vl &
A 2t djolepo] 2ol gk YAt Abgofitolct
4 TRIYS 71O R Guo|E sjof oL, A|zAb: ol

F4 22 90| Aol S Agaok ek BE HIbs
3t callel] TR A AT AR UCSCo 22 7 o)
ofEfo] s A SRl g alof sk, B AT B AHEE o
ofefiflo] s 42 that BABHE FAgck
7) M Lot #3 Dfo|Z2o{alol/Alete] 24

A Lot ¥1E.9] pho] = Zojdo]2} Aleke: o]l Lot W& ofd

o)/Alefe] Hlimsle] SUATH BASS 4T L& FRslolor

Table 2. Quality control metrics (A CytoScan™ Dx example)
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S dlog 7+e] ZA3t log, ratio ZFo], call U+
L Q1A call 7 }01]/\1 AL A7) U A niformity), HEo 4]
EA4=Ho] Hgke] vgel/d(sharpness), SNP thel3-%12} Hlo|efet
9] ], least processed log, ratio B|o|E|(weighted vs not weighted),
call specific quality score 50|tk 7|50 Fgl51A] ¢ Wolgke
A RS 918 T4 7o, BA] AR AT S 1
A} sk BRRel o2 o 2 Sela 4 9k

11. 212 Z(Quality assurance)
1) QA AlM, o1 ZH| 7|&

FAAato] A ZofHlo] HAE Aldsl| YaliAl= Fast Fo
7| IA|(A|2019-166 5 (Y $P)oll uh2 AAM A, 15, AH]2] 7]

Quality control metrix

Wet bench process DNA yield after extraction
DNA yield after PCR

DNA purity

DNA size after PCR

DNA size after fragmentation
Bioinformatic process Median absolute pairwise difference (MAPD)
SNP QC

Waviness SD

Method Acceptable limit
Fuorometer, sphectrophotometer > 50 ng/ulL or total =250 ng
Fuorometer, sphectrophotometer =3 ug/uL
Optical density ratio, A260/A280 1.7-2.1
Gel electrophoresis (29%) 150-2,000 bp
Gel electrophoresis (4%) 25-125 bp
Software <0.25
Software =12
Software <0.12

Table 3. Facility, personnel, and equipment criteria according to the Reimbursement Standard Notice

Facility: Healthcare institutions that meet all of the following conditions:

a) Genetic testing institutions reported in accordance with Article 49 of the "Act on Bioethics and Safety”

b) Institutions that have received "Genetic Testing Accuracy Evaluation” three times or more in accordance with Article 48 of the "Enforcement Rules of the Act on Bioeth-

ics and Safety”

¢) Institutions that meet all the conditions of (1)-(3) in the "Genetic Testing Accuracy Evaluation” of b) as of the date of healthcare coverage implementation:

(1) A-grade operation of the testing laboratory
(2) Results of on-site inspection in evaluation categories 1 and 3 are A-grade

(3) Scores of evaluation categories 1 and 3 in external proficiency testing are both average 90 points or higher

Personnel: Requires at least one full-time laboratory medicine or pathology specialists with more than five years of experience after obtaining specialist qualification, and at

least one full-time clinical laboratory technicians.

Equipment: The resolution of testing equipment and Biochips (DNA Chips) should be 400 kb or higher.
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Table 4. Abnormality detection by methodology in prenatal diagnosis

S 4 ook AR ZRA|A) WS} B S A4 A0 mUE
45 ol Aol SIS QS S AT 4
L7 ek

12. 2M 3 o|o|E] 2t
FAALE A} ) 5 R AL Sre 1wkl g
FHalo 2 Au} ol wylkal Aolx] HAFA Ao

o_]tltj_ =2 A = = /\1—61—04
of Ftr}. Fr=-RAARARE 720132 e ARSI 27100 A]
< 9J=E AAl == widdAle 2E EEC’E‘WW 11'15}1, olu]

x0,
Moo
)
e
;
fr ©
1%
i)
o,
[
i)
ro
S
LU
op
Ol
o
2
:>.4=
ML
ﬁ
gy
>
30,
i
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1. A GMH|DIO|Z=0{2|0] AL 2HRH R AUHH
734
A =jofl+= AR Ack(prenatal diagnosis)< $J8l] CMA X ¢
Tol= 7HsohAl o) XA deh e BEAlero] HE

CMAS] A §-8-40] Z kAL, 7] 2] A AALe) o
A ket 4 glof 13 el ek sk

CMA ZA= NIPTR AJ3)E]= N E A FISH 5 E} AFAHA}
o] HlafA] A o)1l FEsE ARE wo] AL 2= QJo]A|(Table
), AV B A SiFolA 2ol ojo] T
= 7450 6%, 25uke A A2 1-2%0]4 F7F= CMA
oA] QAo ofn] Ol A, FB 58 HET 4 Y= Ao
2 B 3% 3 QrH28].

Lo}, AP Zlekolebs S4A8 7hebal o) AR CMA ZARE
SA & Aol vl afsiof & ARgrEol S=tl, ol S0l A
A7AA o et A= (validation), HAJAE 2 H(maternal cell con-
tamination, MCC), VUS X 11 A] £9J3F & o]} A A4 52 1Y
T 8 G4 Had Folth

NIPT Karyotyping FISH CMA

Aneuploidy + + + +
Balanced rearrangement - + + -

CNV >10 Mo Not available + + +

CNV <5-10 Mb Not available +- + +
Mosaicism Not available >20% > 50 >20%
Marker (unidentifiable) chromosomes Not available + + +
Target region limited Whole genome limited Whole genome

Abbreviations: CMA, chromosomal microarray; CNV, copy number variant; FISH, fluorescence in situ hybridization; NIPT, noninvasive prenatal test.
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Table 5. Prenatal diagnostic testing algorithm following positive NIPT results
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ZA 5 CMA AAR} nE71A] 2 DNA 32 741} J3kg Azt
2] 2T @ AA} AubA 7114 Ade] 2|22 74E7} A= A3
zalslolof 3 AJEARar B4 1T Ak Ake] A%
T AL ojof 3FH(Table 2). £3] g7u} 744 = ﬁ;q] o] A
Ao M2 A A Eo] Mt g HE7F Dasi)

UnkA o 2 ZAyhe] A&7t A2 71eE 2 Eokd AR
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AP FES 4= olom HA A7 olee o= ek Ee] A

NIPT result Recommended test ~ Sample type Result Recommended further test
Trisomy 13, 18, 21; SCA; Karyotyping CVS Normal or abnormal ¢/w NIPT No further test/Consider CMA
other aneuploidy; triploidy Mosaicism Follow-up amniocentesis with mosaicism study
AF Normal or abnormal ¢/w NIPT or mosaic ¢/w NIPT No further test/Consider CMA
Small CNV CMA CVS or AF Negative or abnormal c/w NIPS No further test

Abnormal not ¢/w NIPS

Consider further test following abnormal finding

Abbreviations: AF, amniotic fluid; CMA, chromosomal microarray; CNV, copy number variant; CVS, chorionic villus sampling; NIPT, noninvasive prenatal test; SCA, sex chro-

mosome aneuploidy.
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