Korean Society of Medical Genetics and Genomics

AR

[

=

ZEVE
2]

0] HE5/0f

=

3l

| 0101

ks

MIDFO] 220124017t L =0 RE|LIZOIME Q=2

IS

pSi=a

MIZ
Che A0

b

=
=
!

k<]

e

F

5
o

H GO0 220{2(0] 7t R2{Lt2t0l|A

S5 0l 712!
{00122 013|0] HEXIE2 thetelst!

IS

= ZS0] GMA| ool 71¢l

AH
=
H M
[ = |

ol

=
e us 2 Xtz AE0 0]0] 7Y

Of FMA| 219

EHO| o
H O

[

=

(o}
!

e

AL S AU
Bl AIZE 2 A

(=]

U
=2

=3

=z
| FRIPH0| =22 FUX 0p

=

1969 L2522
o

ol

HEE 20H77EX

i)
t

20194 8

C}

=2

=

G| F2{0f CHe
Xl

A

=7 |7HK|

0] ==

=

S U AR EE

o

o

t

X HTOF RHAY

ESt 1

A
(=]

i
i

=
s}

o
Pﬁ

!
[l
=
o
%0

=
T

1339 HESIH, 2|11 13H| 9|

ou
100
80
gl

o

of

60

HA

At

3

PHIRASUCE SMAO0[Z20{2{0[0A 2fQIE $0|7t &A|

Ak X140

E]

ol
ol
KM

10|l et

A 4

7toll Cet

BIxl=

M7t SlotH 2EE0 T 7|2

ot XS vz

(=]

x|

Ofl AT F-E5HH 2007 & X|

AIZI0IM = RIES| H|

L|C}.

A X=E st

2t

3

7| HEL.

i L7127 1E

25|

S ASHO= Of

(=1

SHI2 K|



Korean Society of Medical Genetics and Genomics

AR

4 & HMA0L0|Z20{2|0] ZA0 ChE

Al

K

“HMHO0[Z 20 0] YYXIE LS FatetH”

QEH RSt 17}

Lc SUoIM = AR ZOH0 A= ZAR|OL0|Z20{2]01(CMA) BARSHO

| ZALRE FISHOI 010 e ZHALZ QAIFEA EJASUTL CMAE O] & L-ED 1710]H, 0]

o] M 2L}

AH %
Al

A F

FOFL2, FISHE E2] GMA|

Bl 7t

=
(=

S0l ZH 0l= SAlofl mef

R

9

OlM D2 S8t Olf+7t =1 AAZUC. 55| I Y20 CMA ZAF 2S00l o

s

EECEEY

8

|
=

=

F240]

MLt 2t

|28
UG J80E 2A 718 ozt o= H

2l
=

9

HRl0l M= CMA ZALZE

o]

L,

A7t

=l

OlLt Al

R27h Hae 2t shel A

te

<

e

=1 Je]
=T

JHEOll 7G4t 7H

=
=]

9|2 Q19| Bt AIFHL2 7I7H0| AlZtE WO YA

11
o3

a

Rto] Tz 0ff SAtok

bl
zl
OF

9| 7§0| 0|2 U{X CMA ZALZ} Bt

Moz XA

2 g

24 oto
o o

[ofAf AERE AX

i, JHeelEE]

e

fLICY.

S|
=

t



X2 X|E

I<A=I-X

Korean Society of Medical Genetics and Genomics

4 & HMA0L0|Z20{2|0] ZAL0 ChE

- 0 =i of or %0
|A ﬁ mw &0 EIE=) =
o = = )
T 0 0K e 2 o
Y o F & #om g
__A_._. e Jx Y U =
K o o A=y o
o3 ol K ooE =
o__._._ Zio ...A.O —=_— 2 =r ..nmv
o o= o ~N o 2 %0
Moo T . D E
El =z & FS o~ 7T
- = = il &
®D o) O m g & M_. |
= o= 53 do [=~Y =3
R om0 ot o% ot 2 = ar
H rE <+ o o 2 ol
Rl TF o<k mw SF uo
<0 ol g ~ <0 3z M_. or
ol o Ho S X 7 =)
~ = — o g ol bl
< < I 00 g0 =
S Ym o R s S g
< L] o 1o 3l =
O W = LS E] =~
- = 3 < & oo &l
AW: = < o U KO __UM_H g
E @o M o S R0 o ar
© ol o il o = =
o o o c = = < o
G K o S - oo K
T N & B R BT
" =g K 0 <

s X S m o X @
S @ = ] moF g ol
E = o K Kb = &R =
o L 2 X0 i 3
o ol 1% £ oo E ]
S WK S5 woIE o
—_ o] 1) < 110 H
§ 2o zo nx® =
s =W g KX
2 sz wF BzX ¥

S RO o NS
a3 F o e O ols
S & oo il - o omm _— Ell
< — nr =) = =
ﬁ ez B U oar % T
s <3 o o o® . 2
e =2 ol =X ﬁun._ OH W ]
2 ©odo T o= 5o d
5 Weo @i BT g 20
m ®E T 5gpxn o

b ~ ol -y = ol

LC.

b

=l

S

7|t

=

=

update&|7|

ES
=

=01 A

=
=T

R AlCHOA S

=
=

fok

Of = LHOA|

(=]

NEPNES

[¢IPNPN
=K<}

G

o, XI2et WK HHE AlZt2 ZI4A 10742 key question?
4201 2






%))
-
P
LLl
-
<
O
O

=t

=

SHAZIE(Key Question, KQ)

ok
or
of

1]

-

X

Bl oo

H 1S GMRD0|220{24|0] A 0f

i

31

OH
!

40

o
il




SHAMZI2(Key Question, KQ) 294F

|00 20{2]I0] HAe| S S

KQ 1. CHed H3 71-S 717 A0 M S0 2 20{2|0] HALS AlRSH=E 20| &
Q1 Tl =50 ==71

KQ 2. 2121 0|2 LEX|A/XIZFHOHE 717! StX0i| M SAFOI0| 2 20120] HALS Al
Aotz 0] el T =20| ==
KQ 3. AtH Iﬁ HEZHOHES 71 SX0IA SAROH0|Z 20120 ZAE Alsh= 0| &

ol ZIEtof 80| SH=7P?

T2 ZAete] B

KQ 4. TR A7 7|38/2101 DiAte] WERIO! 2 XSOl KT AHERHOHS 71
RO GAHDH0| S 2Of20] ZALZ AIRSHE 200 TA| a3 20l Hish 2
R SO|TS HO=TP?

KQ 5. CHers A1 7|38/2i0l Dife] WEiR|ot 9 X
Kol GAHDI0| 2 20f210] ZAIS A@a

| FIS é% MLPA ZA}O]| H]
ol #2 A=t S0|=5 20[=7F

ERE R
KQ 6. ZAROI0|Z 20120 ZAF AIRY Al HAL] SX/0IE = Z21/F7t HAL /s 4/
A SOil thsh 2¥ot= 0| Y T=0 =0 ==71

AL Zte) s L TR0 K

KQ 7. ZAX|0L0|Z 20{2/|0] ZALOI|IA] 0|4 4740] Lk Z 2 FISH/MLPA/qPCR &<

7+ AB0| THol| =20] ==

KQ 8. ZMF|DH0|Z20{2/|0] ZALOA] 0|4 A740| LE2 E 2 CMA = FISH/MLPA/
qPCR S22 22 HALE All5h= 20| 2tA[o| TIEHO| =20 ==t

KQ 9. ZAMA|0t0|Z 20{2{0] ZALOIA Of&f A40] L2 Z CMA &= FISH/MLPA/
qPCR S22 7% ZAIE AEsts 20| CTHS bl A] 2ot 22 EEo| 0l of
BE S A=K

HOtO|Z 20{2{0] HAIE Saofl &I01S &QIct= 20| 29| AyAn I g

HH =88 FE7R (med\cal cost &)

KQ10. THaHy M3 71/ E'I” | XA/ MY AHEHYOHS 7HE &AM &

S

ol x|

40p

44p

47p

49p

51p

54p

57p

61p

64p

67p




Mot QotH
AR HISE THFE
KQ 1. CHird M3 7| -S 7HE SHXL0jl M HA4A|0[0| L 2012|0] HALS Alch= 20| &2l ZITH| =80| =l=71?
CHey S8 7 1S 71 2RO Q1 ZITS o FAH|O0| 2 20{(0] HAE Al B 2++
dllot= AS HOSHC.
KQ 2. QI 0|44 LEX|H/X|ZFONE 7HEI SXoj A FA4X|0H0|Z20{2]|0] ZAHS AlHSt= Zd0] 2491 ZIT
0l =20| =l=71?
Ol 0|40 UEHK|AH/X|ZKONE 7HEl SEXtol|l A GAIR|DH0| 2 2012(0] ZAt= 22 B 2++

T =50] Fct
KQ 3. XIHAMEHZOHS 71X SXLojl M SAR|O[0|Z2012[0] HALS AlSH=s 210 212! TITHe| =20 E=7F?
RHAHEZYOHS 712 R0 A SAFOFO0|Z20{2]0] HALS Aloh= 20] & B 24+
ZITol| =20] Ect.
KQ 4. CHed M3 713/2101 |8 o] LEX|H & X|IXFO0H/AHAHEHIONE 7H XtoM FAF00|1Z 2
012|0] HALS ARlSHS Z40] AN 2R ZAtof HIsH =2 YA 50|58 HO[=71?

Chere M3 718d/240 0lee] LR 9 XS E0/AHAHEZZONE 71 St B 24+
Ol M AlRlil= SAERIDI0|Z20{20] HAHE 114K aed A0l Hsh RIZE=SF S0
fof A4S HUBHCL

£7} 002 HMADIO|ZROR0] HALE 4 Al2
KQ 5. Cher 417 7]34/2191 00| |t 2 XIZHEON/RIHAMERIZIONS 712 SXI0M HAMRDI0|22
Of210] ZIAHE Al5H= 20| FISH 2 MLPA ZIAL0] Hish &2 BIZIE QL SO|=E HO|7R
Ci A7 7/38/2091 D1A9) USRI 2 XIXFON/AIHAH ERITONS
OIAHS FISH £ MLPA ZIAHECE SMH010| T 20(210] ZAIE PAXO2 Aot
7|5 Hmsict
KQ 6. SHHDIOIZOO] ZIAF AlgH Al ZIAL] S /04SN ZTY/R7H HAL THS4/34H SOl Thel 4
B 20| U4 TR0 E20| E=TR

MO0 ZZ0{|0] HALS ARG | TOf| HALS 54, OldEl= 2, eAE & D 4
Z7h Y] 7HsHoi| ol ArEo 2 XS Helth
KQ 7. HAH|0t0| 2 20{[0] ZHAtIA 0] £740] LE2 Z<L FISH/MLPA/qPCR S2| F71 Z#50] TIEto =

20| ==7R
1. QIS E HALAOIIA AlZYSH1) O|0] & HEE /X
T 04 2719] Ofah A740] CHaH A= ZIT & 'F_f
qPCR S0| ZQotA| 4Lt
2. OF%] HEEX| LUAALE HAIOIA] SAlSt SHAE 0|5t2] copy number variation D 4
O]HA L0 BHM|=X| 2= HL, FISH, MLPA, gPCR 59
F7HAAE EQaIT
KQ 8. FAiX|0}0|3 204{2{|0] ZALO|A 0|4 A740] LI2 Z#S CMA E= FISH/MLPA/qPCR S22 £2 &
ALE Aldlst= 240 EtXpe| ZITH| =20| El=71?

yLASLABUBAY B 2

SAHOLO| L ZOfR0] ZARHA(2ID|7} ZEHAI5H 0|2 EEIEH Of4 £710] L2 D 4
72, 20| tia CMA, FISH, MLPA 52 qPCR ZALS Algists 20| #ole] 2|

25 9 #ixjo] WEHO) £28 5 4 ULk

F




HIAFE HISE ZHFE

KQ 9. EAX|0tO|Z20{2(|0] ZIALO|A O 4 A740] L}2 AL CMA E= FISH/MLPA/QPCR S22 715 &
ALE Algish= 0| CHe A A StXjet 22 EHo| 0|8t OB 8 0ISE = USTR?

. GO RO{RA0] ZATOA 014 A210] LIE B2, HR0j Chal) CMA E= D 4
FISH/MLPA/GPCR S2| ZAIS Alg5101 g7 8t HO|(0f. RTINS, 42,

—

£ 5)0| 278 OIS T3 Y0| (et A4 £28 5 4 U202 A
st 72 HosiC,
2. GAFDI0|TR0f20] ZAIUIA] O A0 LIR B9, BX0| gi= SRMU h D 4

8 CMA = FISH/MLPA/GPCR 59| ZIALS Alatit0] T3t 24 h5 42 o5

B 242 TSR =T THE CMA ZAIOA LK OAF 2210 HAUY| EE

5917w Taiol A9, FH0| ol MO0 Chsh 71K 2ZI0] BRs, 5

o 510 ZAS AlRE 4 T,

KQ 10. IS 4151 718/2191 0]t WY/ KABERIZIOIS 71! SRI0IM $4A01012.201200] 24

2 54 012

SHolss 20| BAIQ| YAZ U T2 WY £ FEIR (medical cost E&)
Tl 3 7|3/201 iAo SERIe /NHAMERITOIS 712 BRIOIA GMA0E B 24+
0|2 20(2(0] ZAIZ S5 OIS SISt 20| EXIe| YA 2 TIE B =3
2490




t
|

oo ®o

Ko KK G ||
® % Lo X 5o o 302
SN < R > = k)RS L
™ K %0 T R gl .. B ;5
oy < mu:._._._.tu.l._aLr_ o2 — 8%
0K oy of DBy AF®E 2o
ol o ol I =< R I7 w9
o < B0 o D Z0 Mo o S o A
=0 % us L I R T
S T b = 2 SR G ooT R L H
0 r X o S 2 [ ol ol
RO 3 K S K wl - OF T
& = RO 5 1 BN ) oo R
O EM H Ao wmmg
K o7 ol & R’ A_._,%w._u e =
i o T wxome|ﬁ_,a§ TR R =
Bl Mo  ® oo S skoE=0 T M
R Xaw =2 T By B o B =R B
oE < Koo @3 m0a N
m I 0 K & N o = I,
T rm A T N RU B RWJ
- 2 o= A_.3)_.__1.__,._0_E & . 2
.5 T AR R R R
S = W g K3 T w
N c WLy o 2B
o o= R BCRTRR B¢ ok B0
ﬂ_-h mvloMo_”_ %m m.EM_“_vAﬁuH._l_,E_I_ QO_ED.DKl
Ty 7_LW K .JHFnr_u.%luLl.ﬂ ..AIOH_IMO_,O
of oo B TR = Ko T Koo &
(o] s 52 wa 02N By o B
Tms 2§ W o0 Ums o T w
= o o0 IH K V%0 M9 =5 nu I T5 0 =
ﬁim_. m I E:.m_n)WoM%_E 2253
4 < 0| = T Rl o o= © ~ 2 =
RS o Efwsan mTHs
S - o S o0 o o I Rl K o N &
45 ® IR cHw i kge WM O
=) U of XX gr ok of gy & o_”_e_aﬂm_._.l
o — R S = Ko R ot
WX M o PR EuWwn g ogwol
ma =R @1%%@%% =)
Yag ol o - F R N Y2
e W 20 N R gk = o or WL K
Y S 27 a2 21 o] o H &= i
R0 ol = m o o oo D &g ol o
— o X = me87__80|_u0} = a0
s _ M e 0. H;%mom_umnuz% TR
TT . oo S WagzqE s oI we X
o X E R g ¥ gL BEm oo w2
ool X N ﬂnwﬁo@ & ol = = Ro
EH%. 8 W o ﬂl_bmoﬂxﬂp __Mlm_ﬂ_um_,%
° R o nN o o MEE = n
R am = o2 ool o PARGA=] W o B
Sm®P XTw K F g oot KT K
&owl o S o ul R g %05~ o=
g B o o < o_“_o__/..mﬁo._m_@ o0 WS Zu
85 of H E=A TR m X0
7 ] 8 .5l Lol o s T g
uz o8 KD T AT XX T or &

FOIIHOICE

I3

HO 2 JH

St

I=]

2 7o




lify,,

\-\\\'

4 = GMA00IZ20{|0] ZAtl| THE JTIZ XIE

M

N
N






W

M1z
HAx|0t0|220{|0]
AA2] OlaH

Ve

HAMX|0H0| 3 2042]|0](chromosomal microarray, CMA) ZAl= B2 o2 AOFHAH
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£ = HMHO0[Z20{20] ZHA st YAT=XIH

1. 84 3 d3Y CMA ZALL| ol

1) CMA ZAF BH|(EEE) Y slid=

(1) AL ZH|(EHE
A 2T 559 CMA SEHER ot ]2 X0t UX| 4Lt =, HMXH(probe)2
bacterial artificial chromosome (BAC) clone £ oligonucleotidesS A& 4=

T Ao, B O Z comparative genomic hybridizaation (CGH) &£ single

nucleotide polymorphism (SNP) arrayS 0[2& 4= QUCH1,2). AAtel= 2 CMA

SUE2 S0 &, TS 0falford AU0{0F Bt

B. CMAQ| SiM = AL E BRI B3 2t 4 & RTA| &el 21 7+ S0j| M} L=

CH2,3).

C. 233 2R {52

i. BAC clone-based CGH (BAC array): EfA4Xt2 BAC clone2 0|25, EAXI|
37|= 75,000-200,000 bpOICt. Ol= HA DNA E7|ME0 S0|40] =11 DIAE
& ZEX2F, BAC clone?| 27| HZ0| RAX 2| O|M[SF YA HO|E £F5t= Ol 0f
0| ATt It EXN DNA 222 B THE oligonucleotide BMXALE AHESHLL B
M 75 52 SHEEE =0 LSO R 7|20 LHSHA ZUCHA).

ii. Non-polymorphic oligonucleotide-based CGH (oligonucleotide array):
Oligonucleotide EfAXtQ] F7|&= 25-80 bpO|Ct. EMiXIS| UEZE =0 5iiAIQ] K&t
£E =Y 2 A0HQ).

iii. SNP oligonucleotide—based array (SNP array): SNP array= SNP R3S
ME17| Qo DOt=|AOLE EH|4=H0|(copy number variation, CNV)E ZAZE5t=
CMA SHZC 2 MEE 1 UCh AX2t HHUE = DNAZ SAl0| BAZ =
CGH2 Z2| SNP array= Ax|2] DNAZLS S&IA|7|11 S2etE SAXte] Sd A
£ FAHOUE HI0[H2t HIW ST, SNP array= SNP RS Solf RMXS CNVE
gt OtL|2} O|H X EtAM(loss of heterozygosity, LOH), SHEEO|X|A(uniparental
disomy, UPD) HE = & 4= QICt.

D.2010d LHE ACMG EIA(3)0ME= Shearer S(5)2 AF+E QIE5tH0]
oligonucleotide microarray?t BAC arrayOfl H[af X240 S4=5}11, batch 7t

(batch—to—batch variation)7} HCt11 SHCE.

AT
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| pathogenic CNVE 25| &=Xjg 4

AO 2 5t CMA H7 7243‘-}01| [EEEFI, benign CNV| &
benign CNV2| 90-95%7} 500 kb O|2t0[ACHS,7).

20194 JHEE R HIAUME XIMTOH/ LR, MHd 71 2tkte M =5
9 CMA &= ZASH 200-400 kbz HUSH oM, BMXICl 37| 1250
BAC array 23122 = SNP HMXL 22 SNP EMXI2} oligonucleotide CNV EfAY
e Zgfst SHZE FHSITHO)

CMA S8 = EMXte] 27|, 21, Yo mhat H2ba 4 UCH2).

i EMXLO] BIT HIALS CHSO| A 7EK| A 2 MAIE 4= QITHD):
1. EH CNV K|9S EHO 2 $t 2 Q|(targeted region)0fl 2iL5H= B4
2. TN ST Ao YFst 7oz N2 2RSITE St= WAl
3. X 22|2 backbone £¢/2| HMAL 21 YEE L= Lgot= YA

i. International Standards for Cytogenomic Arrays (ISCA) ZiAAI&(https://
www.iscaconsortium.org/)HlAE ZT 29| CMA EAXE AA0f CHSH 7+0| =2t
QlE MSotl UCH, HES MZALUA] O] HUOHE MEE= SHES MSSHT

iii. 201ME ZHE ACMG HI20 M= BMAZE MK RHA0| S1F 22ot, YW
RIQ/RIZHEON, M 71, AHSY HSE EF XFS BHOE o 20l Hot &
MO U7 = “71|0f Ag HIIBIRICHI)

iv. 20109 YHE ACMG B0 M= A4 T =X CMAE BA 22/0M=
20-50 kb2 CNVE 7*%8}4_, backbone —.—1—|01|A1E 00-250 kb2 CNVE &=

www.ksmg.or.kr I
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RIHE0H, AHAHESZ0, stadof X MY 71 AE ot 33719 € e
TZAoH0] 2tAt 21,698F 2] CMA HALE 2A8r 21, TAIMQl HAMZALELE 10%2] T
o HEE0| FINOR ME010] B 12.2%2] Tt HEES ERICH1). TANQl FMFA
MO Fd ™S 2RE LEXS/XXY0H 2XFoAf oF 100 kbo| CNVE HEY + UE
CMAES &IAEH E2 11-15%2| R3H 0|49 TIHES BAUCH?2,3)

CMA ZALS| Fei, T, S0|== PMA9 SFe M| /i H RUA &9 2E5Y
o M2 o, Fefas 5 SUSY 54, 24LIS UHVIE0| T2t 2PN 49X
O AIHE= CMA EES ABE Z2, FDA 321 & 22[Li2te| H2IXIHE 9=27|7|
Q15172 2 HES MEIGHH 2IM0IM HMAlsh= g5 =elet 20| Yo HEoH0F S

S22 H| 2 710UAL R HIZto0] AEShs ZR0= 20 2Y
ot g5 87t Moo 1 ZHE MIAlGHOF BTt LEPHO 2 X[XEOH, AtH-SEol, My
BALOl ALEE Z< 200-400 kb 0]442] A =S X|LH0f BHTH(T,4).

(1) CMA ZAe| Het

Y2 JARE HIEY CNVE 71 ZHIE ZASHH OldZ20vT HEE=X] &felohs 1+
==

O[Tt ACMG 2013X0]l M= M2 HZer SHEQ Hetes HIYY 440 & 2gE 4
H| 30| O0l| CHol HALS ot THY XS g
|

23 2
o gRMAC| LISt 2710 B Y Zug BL

(2) CMA ZiAfe) BIZiE 2 S0

BIZi=(sensitivity) % SOI=(specificity)= S BIOEOA ZIH, TS, A%,
ISy AWl A2 AL J2iL, HYSTUHZA0IME 2E BY
X| SBICL W2tk TR Folo] BIZE /S0 AMSHE 22 27t
i W HErO 2 SUS Z749] LIBIA| Y0 Chet 452 SHSICE IOt SX

= =
SHOR 4Eoks AYG0| ULHH, AEECIEE &= 210|1A OIS HM|sHOF SHTH.
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£ = HMHO0[Z20{20] ZHA st YAT=XIH

European guidelines for constitutional cytogenomic analysis 2|(6)

HAt A HIgH
Karyotyping 5-10 Mb HAE=E27} small rearrangements below the resolution;
nucleotide variants; A12&(mosaicism)<10%; UPD
FISH =100 kb e BEHHO| A0{0F OfFH BMILE AESR| AHE 74
QUS: AEE7E nucleotide variants; A2AZS<10%: UPD
Array-based -20-200 kb HZEE7} balanced rearrangement; A12AZ<10%;
techniques nucleotide variants; the nature of a structural
(chromosomal aberration; independent cell lines; heterochromatic
microarray, markers; triploidy (012]: SNP array); UPD (042} SNP
SNP-based array) array)
s

. Miller DT, Adam MP, Aradhya S, et al. Consensus statement: chromosomal microarray is a first-tier clinical
diagnostic test for individuals with developmental disabilities or congenital anomalies. Am J Hum Genet
2010;86:749-64.

Friedman JM, Baross A, Delaney AD, Ally A, Arbour L, Armstrong L, et al. Oligonucleotide microarray
analysis of genomic imbalance in children with mental retardation. Am J Hum Genet 2006;79:500-13.

Fan YS, Jayakar P, Zhu H, Barbouth D, Sacharow S, Morales A, et al. Detection of pathogenic gene
copy number variations in patients with mental retardation by genomewide oligonucleotide array

g

w

comparative genomic hybridization. Hum Mutat 2007;28:1124-32.
4. Vermeesch JR, Brady PD, Sanlaville D, Kok K, Hastings RJ. Genome-wide arrays: quality criteria and
platforms to be used in routine diagnostics. Hum Mutat 2012;33:906-15.
South ST, Lee C, Lamb AN, Higgins AW, Kearney HM; Working Group for the American College of Medical
Genetics and Genomics Laboratory Quality Assurance Committee. ACMG standards and guidelines for

v

constitutional cytogenomic microarray analysis, including postnatal and prenatal applications: revision
2013. Genet Med 2013;15:901-9.
Silva M, De Leeuw N, Mann K, Schuring-Blom H, Morgan S, Giardino D, et al. European guidelines for

constitutional cytogenomic analysis. Eur J Hum Genet 2019;27(1):1-16.
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CNVE dEol/| /et 34 = CMA At A zHF H *2] 2+

AR ZHF T AR ESA0A fH Het Y QA AALL] A=A 0 S 2440 Ciol OfoH
£ o1 0|2 2IX|&t A =2 M(informed consent)Z 2t0}0f SHCH CMA A

ALOl| THSH AAL SMOl = ChSut 22 AFRH0| &= 0{0F SHTH(T).

2 QUL = no CNV, benign CNV, pathogenic CNV, CNV
of uncertain significance and unknown significance

- SEHSH I ESX| ¢ LEE 2= T

- CMAZ 4= £7+5¢8t 0140] QACt

- Incidental finding0| &A=& 2 QCH

- YT AL 2RO AEtd0| 2 4 U HE R dAVHEQGHE £ QUL

- AT MEAMQ 7tsHE J2oll DNAE g o= UOLE AX7F MG MEf7t ord
= U}

- AP0 220l thet o A0] HHE = RUCE

o
je]
p'ﬂ
ol

o
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Y
[

N
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(2) AA 27AFH(Specimen requirements)(2,3)

AL 22| SH0|| M2t Ux HH M ZA, D) HROPMIZE, fixed—cell pellet, paraffin-
embedded tissue S0l DNAE FE010] Aler o~ QUL AF 228 L= X9 SF70
2F X2 Y 27| T2, ZAL 7|22 22| AR ZF 0l thet QPARRHEA & 27,
Ax 871 S)E FEISI00F ST 07| M= Yx FH AXN0f ohM =2 AT LUE HH

FAle dE 22 0{0F of0 Z|tH 5 O|LY &= ULt EDTA &7101 3-5 cc MEetrt.

N

H
HL b
2

w

b4

(3) DNA == 1I™H(DNA requirement and processing)

CMAS Aldllob7| et £48t9] input DNA sE= S2F0i| M2t XH0[7F UCLE UKo =
70 ng/ul O|&0|Ct(4).

DNA &1t 2], DNA quantification (0: fluorometer, spectrophotometer), &
St Yt 59| DNA &, XESt fragmentationt fluorescent 2HHIZI0] HAXHOZ 0|2
OX0f BHCH2).
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GAR|0t0]Z202{|0] ALY thet YYT=X|H

F

DNA ZHl] H(quality)S CMA 24 ZT40] HUEE U022, 0 HHS HE
(validation) IFH0i| Bt A| ILEHE|0{0F SHTH().

(4) Z X3t X| 22 ZA|(Suboptimal samples)
BH7H BESPALE NS 2 7Hs0tH AHE MAFGI=S STt 0140] £7ts&

F EIM0 AAM[S| 71010 Yeolet XL SAE Y o UES SHOF B

o

(5) Reference DNA/databases
Array CGHE 4 ti==2| DNARQL 2kXtel DNAZ H|W FAsHOF Sttt 222 Eel

5t 5 BAO® SH= DNA Z2S0| YR M2 £210]S H0IAM SA0] 2EiAl
A = 7to H

HJE
oar

\LI

o
]
Rl
ol

ﬂJII'I

1, ZH DNA 220 2250 LIEHE HE 2= 5 7ils 749 copy number HIE BtE5t
0f CNVE AESIHG,7). DAV 12 A=Y U=, of reference dataE 2HESHOf ST O]
= AN Ee PRl X|oj| ofst 70| RF 7HsotH LENQI reference DNAZE £
EICHQ).

B4 ETO| DNAE 0185HA| 2111 HiZE HI0|EE 018510 245t= EHES 2,
ASE HAUZ HlO[EH|0]AS 01Z3HOF i

©) dd & 7|15 22
CMA £2f0|== ZAMe AI-0| M2, H0[H & 0|0|X| A2 3"4% 24 § 258,
Ol Ofe2 20E7t HEsH=s #1
IR0 Af= TIO[H MY S Z4 2A7E HEoH0] 24 PipelineOI 7H*.j£|”d IH—‘E'M.% Soff A
B HAL 2107} AHEHE o ARS & AS HARH FVI2 aberration 7hset of 2@

>

B3

7|2t 4HASF0] XK= variant significance 2| XH5HA404|

——

Hues

1. McKay V, Efron D, Palmer EE, White SM, Pearson C, Danchin M. Current use of chromosomal microarray
by Australian paediatricians and implications for the implementation of next generation sequencing. J
Paediatr Child Health 2017;53(7):650-56.

2. Shaffer LG, Beaudet AL, Brothman AR, Hirsch B, Levy B, Martin CL, et al. Microarray analysis for
constitutional cytogenetic abnormalities. Genet Med 2007;9(9):654-62.

3. Stavropoulos J. CCMG guidelines for genomic microarray testing. CCMG gytogenetics committee. 2010.
Available at: https://www.ccmg-ccgm.org/documents/Policies_etc/Pract_Guidelines/PractGuide_
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CYTO_Microarray_13July10.pdf. [Accessed February 20, 2021].

Silva M, de Leeuw N, Mann K, Schuring-Blom H, Morgan S, Giardino D, et al. European guidelines for
constitutional cytogenomic analysis. Eur J Hum Genet 2019;27(1):1-16.

South ST, Lee C, Lamb AN, Higgins AW, Kearney HM; Working group for the American college of medical
genetics and genomics laboratory quality assurance committee. ACMG Standards and Guidelines for
constitutional cytogenomic microarray analysis, including postnatal and prenatal applications: revision
2013. Genetics in Medicine 2013;15(11):901-9.

. Seo EJ. Clinical applications of chromosomal microarray analysis. J Genet Med 2010;7(2):111-8.

7. Chromosome microarray testing (non-oncology conditions). https://www.uhcprovider.com/content/

dam/provider/docs/public/policies/comm-medical-drug/chromosome-microarray-testing.pdf
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A.

CHIQITEHE 9=717|2 ASHE 2 I1|%0| 0H—|71'—f oi7HAfE & A

. Of2{10] S2H0IELt Alofe] A 2E(lot)

el

2

i
rol

4 5 CMA ZAHE ChSTH 28 1oz & It

QAN HAZ A CMA ZAL| M (verification)/ZS (validation) (1,2)
HMeTHE S=7|7|2 2Si7IE U2 MES AEots 9 dAE MEAZE HAGH
dsS BB (verification)siOF BtC}. YPIXO 2 THZ9| g=0i o WIIsta 7|&e &
HEHCHT,2).
i. M&Md(accuracy)
ii. 2= (precision)
iii. Zote| B 1 Q|(reportable range of results)
AUS 4E o
V. 7.:1/%0“ T 2|4 S Q1S
vi. 2T EQH2] QC metric & calling 7|& 8%

vii. % H|O[HH|0[A

e
o
=

2 IS P2, T ST

E
oY
Rl
o)
ogh
mjo
b
)
_O'ﬂ
rr
oy
Jo
oY
>
s
A
=
=
T
0H oY ne

\/—v—

AHlaboratory developed test
Fal QMK METTLE AEH5H0]
3 a1

> rr

HI
10 1x
ol 1

0% ox
on or m

mjo

J

< OoO1 oo o

MO 2 AS(validation)atd!

= ;

EE 48 Hgs M g4 s 71 %%U%OHM EHMALE B850 955
=
O

_>“_‘

H|AE SAUA7E 6% 0|21 AL A WES iliif%*
—

X 255t= B (verification) S A

dl

(2) Hio|E] & 2| O§7HHS=(parameter)

A.
B.

HIO[E & 2| 7HH=-2 TI0|H 2| HS HIte &= RUACE
TAEE e ?:*ALE_M CMAE HE% I O|={gt tHHH=2| S183HIE HaH0F of

: LHAE, | & ﬂ_ra| DN = Ot Z2on AT EY 012 QC metricsOl| 0|S S =5t5t
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O Of HAIOFCE 2LER>IBHTHA,2).

i. Log R intensity ratio®] BEEMAKSD): EHZE0] M2} CHE S02 ALEX|TE O] gt
0| F2 4 QUTZ T2 EZS Z|XSIA|F0} STt

ii. 3HHR|(dynamic range): 2X|4=0f 2 AX| X0

i. Printing, hybridization, washing ZF0A AEEE= Q12
St 014 Xl(outlien= & EfAMXIO| 1% O|2H0|0{0F St

iv. dHlel de Ak JtsEt 5._* nof F ottt J2ilt F2 ASZE7F homozygous

O[Z28t0l FAFOHOF SHC.

HA
E(artifact): 0|2 2

=
Pl

deletiong 9|0|&f == QIO Z0IaHjoF ot
v. B Z MBS T JHsEt 6t L,—gor F SIDZ MM Z2ESS £M3l5({0F SiCf.
vi. 2 NS ZE Hg U MS Tf ZAS 9| H|Z(signal-to—noise ratio)

vii. 0|28 M (wave effect)
viii. 28t& & (hybridization efficiency)

(3) AAel & #2l(2)
A. AlEXKidentification): 2 0124|0]|0tC} £210|E AlE8 S (identification number), ZiA|
9| g8, UiZx AXe 42, a4 =8 Ux FR)S Y¥(verify)slioF 3tt. X}

017t U= B EIEA] ZAFSI0 sl et

A — o o — .

B. QT ZHDNA requirements): A2 HALS 8I5h= O] R shito] A Q7
U 7IES oM, 55 Jh5Et Ui (parameter)2 6 S0{0F SHt T
of A7t S 712 S SE5MK e 4R, oiE AAIE HESI MAFE A dgt
C}.

(4) YH|, ATEL0f, CIO[EHO|A X T2 EZ0| & H2|(2)
A. 0f2{0] Z23HE2| AZ Al MBE HH|, AZEQ0], CIO|EH0|A W Z2EZSS MM A
Ab A0 E0HOF Bt

B. aiig FHI(ZIZ7I & 717H0 tiehAs 222018 & |X| H2|S HES F7[= Aok
0F 511, 223 QC metricsZ 0§ ZAIDICE 2LIEZ! SiC}

C. A2 2E A EH0IM 28y U= LA2= H0HE 245t S2es 25
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GAR|0t0]Z2012{|0] ALY CHet YYT=X

o

Ch. CIOJE 24 1td & 02t 0|2t BEE= 4 a5o
E. AZERN, CIOIHH0|A I Z2EZO| YHOIE Al HE = -ErHi}ﬁHOF ofC. I1|$M01|
Olol YHIOIEEIAS B MZAE 11 71T S HAHEO| MSat0

-Io
k=]
m|ru
o

F SHCY
F. AEE O0|E= 740! 2 38 FM/H|0|EH|0|A Q] HE QF o177 S&ol{of Sict. 2=
E28t FM2 T ZHE HEHOF Sttt E11HO0|(reportable calls)= 25 SEXQI O

O[E{H|0]A 2 =HQISHOF BIL.

(6) S TII0IA] SHBITIT QIFE A8 U Uf+2 H85H0 2EE CNVO Chohkis
0| 50l HAIZ AIYE Wes girh,

(6) ZIAFAOIA 3t H QI OILIXIt YO R S5t Bo|Lt

AlO| X
i =
Off 2t 21sh 4 QUCE T, 0= 2Ate] PeSoute| ditds AEst UE S.E

O SHOIGHOF BIL,

1. Vermeesch JR, Brady PD, Sanlaville D, Kok K, Hastings RJ. Genome-wide arrays: Quality criteria and
platforms to be used in routine diagnostics. Hum Mutat 2012;33(6):906-15.

2. South ST, Lee C, Lamb AN, Higgins AW, Kearney HM; Working Group for the American College of Medical
Genetics and Genomics Laboratory Quality Assurance Committee. ACMG Standards and Guidelines for
constitutional cytogenomic microarray analysis, including postnatal and prenatal applications: revision
2013. Genet Med 2013;15(11):901-9.
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M 1% A0t 2 20{24|0] ZAte] 0fsH

2. 24 £ XY CMA ZAS LHHE
1) CMAR 201 Hs 3t 4K O] 4

A AT BIQH 20|, CMAE B4 DIZZ00| S S8t FAH|O U pistS SolIg
o QUE ZAHOICE 2L HAF 2B SY o A8SE Ol stk S0 W2t ASEE
Ol A749] |7} HRAXS2 CMA AL AIZSE |0 AtoHs SHEO| RAIXIS X
St J0) et ZATS Saf 20l 7Hs St 014 2749 9] 2 31 S0l tfdh & 211 210{0f
ST CMAR 013 4 Qli= #10|= Ch3Tt 2Tt

(1) GMRC| X O

AMA 0|H(@aneuploidy)O|2t GMF| 27} BiHQ] Hetot g7t EIX| = BRE L
ott, F2 A4-2Y Al9| Hl22[# & (hondisjunction)Ol] 2/ LA} HAH| = O HE
S, Mg £ QO F35 4N 0140 MsIE R £ 32 25 CMA ZAIE S5l 4E0|

7tsoit). LHedEa, HUEER S0| 0[0] &5t} E 22| aneuploidy= HEAMA 52
HEMF| otLp7t LWL B2 A2 CMAS S5t AE0| 03 30| gloLt, AN S22
2t JFAHQ| aneuploidy & X, Y EMX|2| HIZ0| X7} 8l= 4% R0 = AE0| =7t

Al
o
& 4 9loo o2 QFirt

|=2t DRV IK 2 ZAF 2SS0 R0 400 kb

H 8ERE £ H330 Ul 0=

AR
=
05t CMA ZAS| i o= BRG] 7
70:1
[e]]
AA- 1O O

2
b
B
ol
:E
H‘|
3
9,_
I—_I

(3) 27 XS (unbalanced rearrangement)
SHAH| XHHHE (chromosome rearrangement)2 = 049 MK ALO|0] YO{Lt= HIHY

AEQI HS onlatn, RF HEO| Ut US| SREE Z9E 2R UKo
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£ = HMA|00|Z20{2]|0] ZA0]| tist YUTI=X|

o

-

2f10 SHC}. Mabh] A4 R0l HIsH Y FAIR| U& Hat LMGE 2 0] #3ke| 377t
[T O[A0[2% CMA ZAOIN ZEECE 7| 720 T2E CMA ZAIIA 014 £
740| SOIE 20| OF 18% ML/} Cia 8 5O ZAI0| O QMO LXK 0|A = 27
& THEHS, EXIZAH|(marker chromosome), EHMA] g o
H(isochromosome) 5& 7tX|1 Ql= A2 LIEfHO

At OIEIR|R =2 HES S BYUCHD). T2ILE Al 7

£ M (unbalanced translocation)2] AL 2t

ﬂ
>
on
0z

-5

(ring chromosome) &2 S2|EA

o0, CMA ZAIZ = AN HMK A

|ALO| GIAHF| AFO|O]] EHAYSH 2 BHRO|
-

(4) 2|42 H3}7} 9= LOH (copy neutral LOH, CN-LOH)

A. H9|

LUl MO R RE RUA FEE 24, & HEHRTX FHIZ —LXHOP o, 0|% 0}
Met(heterozygosity)0l2til StCt O 0|R et

LE 0¥ AH(LOH)02I 1 Gh=H|, Ol &
H2Hgene conversion), é
QUL O] & MA| SMA FEO| SF0|= H3t ¢lo] LOHTH ¢

ol

e

(mitotic recombination), RXX|

=

(CN)- LOHEH’_ °“:f 7 ZE 3 Hapt FhiE= 24 52 H&t A 20| 2=

CMA ZAIZ HE 7tsot, R g S Hatt gl 0= of2iet 20| dAr E23E
of o2t A= 7ts 01—‘?'—7f E2HRICE

B. CN-LOHS| &#&

CMA ZAI 23E & SNPE 0|88t SES AH8sHH CN-LOH2| HE0] 7Hsslt. &,
SNP arrayQ| 22 &= M4 tixate] H|W 10| SNP2| B allele frequencyZ 0|25, A
allelelt B allele?| HlE & A0 T2t FY, 24 &2 S=2 HESH 20t T2t EE F

7_< =]

MAH XY W copy number?t 22 S=0|Lt ZAA0] GOHAI B allele 32 A alleleTh ZHEE
42 CN-LOH7t 82 8e 4 QO BIHZ, oligonucleotideE 0|&St array platform
O A MA tZFute| H|wZ FA| copy numberftE &QISIEZ, CN-LOHS| AE2 =
74505ttt CN-LOHS| U&= UPDOIA 7[Q1gt == Qlony, £4 22|9] UPD= Prader-Willi
32, Angelman S22 & 02 Fetilto| ARtE0| & LM 7| =0 So| 02(5h Het

=
o
S
—v—
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1. ZMX|0H0| 2 20{2|0| ZAS] S047|F 1AL H2019-1662(2%1)20190729.

2. Bi W, Borgan C, Pursley AN, Hixson P, Shaw CA, Bacino CA, et al. Comparison of chromosome analysis and
chromosomal microarray analysis: what is the value of chromosome analysis in today's genomic array
era? Genet Med 2013;15(6):450-7.

Kearney HM, South ST, Wolff DJ, Lamb A, Hamosh A, Rao KW. American College of Medical Genetics
recommendations for the design and performance expectations for clinical genomic copy number
microarrays intended for use in the postnatal setting for detection of constitutional abnormalities. Genet
Med 2011,13(7):676-9.
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M 2 MEY H0IE S| fIet CMA AR eHIE2 T3t 2Lt

(1) ThE 0] CMA SHZ0IA, SHAE OlALS] DNAS 2| HEHS QUIBHR| ofs QMG

AHA2 &210| E7+55I0H1,2).
A. CMA ZAOAM CNVE HATHE DNAR} H|WI6H
S W AOE9 2= 2 i IEHS ARE SHOIE
A2l DNA ME0| ol O 27[2 2& 5= | £Mote ER00= FHURL}
O HIWOIM X 2dads B0 HEZ 0|&S =0l = QU EXBHCMAZ =1 7t
S5 GMA 0|4, page 15 &), DNAQ| AH
A

{AFRES] DNAQ| ©J0] Qli= QFX]
4510 20 SHOIEIC} 2t ZAb

A

1%

o

AN HSlE FYUGIA| o= Ot 22 SM

H| 0|42 ZR0= CMAR 0]&g &tolgt 4= giCt.

i, TETHEHE EOIXE & JH OJ42| CHE SMF|(H| HSSMA]) AOJ0IM R S A
H 52 37 ol0] Y8 RUSHY w2H0| YojLt= R 229| NI Zatel R
SHQ| AHQI Hat= g7 R0 CMA HAOA 0]40] ZIEX| h=Ct.

ii. A9 HOIXE: FAF| 42 DNA Y27 180% 3|1X5t0 £8 22| H7| MP0| A4
2 HH U= 2AES = %‘*HXI ‘_rlx Olé IEf O=||E SOHM FMA oo RHA ML

A M2 ADCBE=Z &

TS EO| QFHO| BT} 97|

=T 1T

ml

>

G201 CMA AL 0w0| stolsix] g1 o

B 21K 52 29| BoIXto] A0 CNV7} SO0 UNNORE Tl 2
SYOICL WM, 7452 52 I712 & RN 2OIX 22 %49] HOIXP} oY
= A0 CMA ZAIOIA SAIQ! ZPBHE TAKQI G-band BAIH| 2IAIS £7150
2 A5I0] 47| 04 SH0IZt 4 ULt
TS AR S ZAL 20N SOHOE FHISHE HHOLL THHHE 215t0]
M HERY F9I2 QRSO DIAS A4 2 SH0| LYHCIT CMA HARM
0[2{3t DI| YN #iatS SHOISt 2 LY
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= HMHO0|Z20{20] ZHA st PAT=XIE

@
A.

.UM 2019 8EEE CM

=
QI AIE RO WAAR S HRUE 2= A
1q

(2) 20d M9  FMAHQ =X 014 52 CNVOI| Ci5t0] H2 Hro| MAUF0| EXHsh=
FR0l= CMAO]| 2J3t US| 10| 2= 4 UCKH2).

AYUBQ a2l CMA°I UHEE= 0|8% EHMZ2 SF, AXl S&F, RO SHI+
JEH, DNAS| &, H|O|E{Q] &, ST 2| AO|=0f| ofol Fets = 4= AUCL
. 30% 0|49l A5 0= tEES CMA SUFS 018010 THO| OFA| ¢4

Lt 10% 0J2te] 4E9| Z20i tholiAle= CMARS] XIHO| g4 7HS5HKl= ZTH3).
MHetA, 2f AR R BIEA AFEotE CMA S3F9| 01242

>|
s
0
H'|
=2
)
3
02
>
i
02

EtofA| SHOF BT
i. 20N AA| 0125t= CMAL Shatee= T1 E3ES 018010 0|42 &olg = QU
= Z|A CNVQ AIO| =2 BAIGH =ICh

ol
=

MES CMA B2 N0 ZXfohs ST 7 U 24 X} Ao[S) 2E200] 2J3)

2T, 2t BT AJO|2] 1S CNVO| B2 291, 2t CMA BB E1 291 5

of SIRI0f w2 HEHK| 22 4 | 20| B 2t S} Ajole] 1242) BAUS
RiaspA Eick,

>
s
Nt

HZ0| Z20| 2 210] sHAE 400 kb 0|42
CMA ZALOI| THSH] ZZEEEHE HESLL UM, 0l= 20101 0|2 YMRTEF
(ACMG) HIIOH| 273t SHAIE 2 S AIK DIZH QF QIAMKO| B ZH O| WM AZ 71245t
X2 HMANMSE CMA shM 2| 7|&EQ 2 BHOHS0IX| 11 UCHA).

H 220 ZUst M =S 4ot
7|= 0224l £5| ZAH|(centromeric) & 0| &M X (heterochromatic) £ {0|Al 1
ot 0218t EA WR0| M(supernumerary) OFH(marker) GAA|7F ZIHSAME
(euchromatin)g 72| Z&5HK| 20N F2 S4IM 2 O|RGMEZ T4 =[0] UL
CMA EAQ 2= Ot FMA|Q| ZXE YHOHA| ZofAL Ot SMAQ| 2HS HX

A
284 90t

rz

AR (tetrasomy) & LT Bii=X| 01 S THHSHK| ZSIAL 7G| 0212 = ACH2,5).
CMAE L& 69, XXX 89 AtliA|(triploidy), 92, XXXX &2 92, XXYY &2 X, Y &AM
A HEN STEE 20|X| = 4HAIE 2oL 2Bt

i. Ol2iet AR0= FISH APt Hi==A| Ol&fS FH=aliLi= Hl ==0] =Tt

HHHO|, YR GHMAC| HAEE E0l= HEIXQ! 69, XX YRt 92, XXXY & 92, XYYY
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SAX, Y gMH|o 0| 2T EE 20l 4R E2= AE0] 7hsot.

o
rir
0%
=

0

0
-
c
e
o
10
H

n
o
o

(5) SNP- array9| 42 UPDE F7HNC = S0lgh 4= QL

ot A2 OFLICHE).

A. CHdst CMA %%’J% AN MH M= JHE g AREE D U= SNP-array?| &
< SNP RTXtHEES 0I85H0 CNV 0]20]= FAHH Q| A 0]40] OHd H3Hcopy-
neutral change)?! UPDE 71802 E0Ig 4 Ql= 7&,’“ ‘2,1 HCMAZ &0l 7ts
ot AMA| 0|4, page 15 &11). SNP-arrayOllAl= SNP 30| LOHE 0|235t0
UPDS| ZME 8ol =Ct.

B. UPDQ| Ot L1t 2Lt
i. Isodisomy: UPD &0 & GMA7I 25 3t & L2l

O|4A ol 2t010| 7H55t0] SNP-array 2o = FICHS! f
ii. Heterodisomy: & 04*Hx1|7f E% FLo| &£ ME SMAM = ER= OI%QQ% 0]
X %4082 SNP-array & = heterodisomy 0t&{2| UPD= &It 4= QiCt.

C. LOH= F4Rlo] HEFMA| “Oﬂﬁ = 4.8%°2 A=("a 145 Mb) 27|2 =45t | [
ZO0ll, X CMA ZtE 10 7H0|=2Q10) TEFH ZARXIS| LOH7ZE HebQlof HIsHe 2jo]
QU 2 HIQ! (3 2219 LOHS 37|74 10 Mb O|MC = 2RIE= Z)02t I
Olt2 20| Agoth=s A2 HRotd! AN 0|20t M2 HR|9| LOH= SNP-array &

1= =k0I5E7| OfELH7,8).

—v—
0\'

S| CMA 7|H2 2= CNV 2/0f EtXto] E0| F&Fs 01E + U= 01y 22 Hat
7| OfELHQ).

OIS
R 9] Y 850 T

Ry | =
C. pUXt 2 01
D. M=t 0]
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GAR|0t0]Z202{|0] ALY thet YYT=X|H

(7) CMAZ 5% SAEs H21E DS WX SeI012 453 4 gir, 1202, S5 &
9l CNVE E19I3ts B MRS 0] 0] H9I9} OIRIE USHS HiTIZ 4 UCHs 20|
O OJ3}3HOF BHCH(2).
L]

. Manning M, Hudgins L, Professional practice and guidelines committee. Array-based technology
and recommendations for utilization in medical genetics practice for detection of chromosomal
abnormalities. Genet Med 2010;12(11):742-5.

South ST, Lee C, Lamb AN, Higgins AW, Kearney HM; Working Group for the American College of Medical

N

Genetics and Genomics Laboratory Quality Assurance Committee. ACMG Standards and Guidelines for
constitutional cytogenomic microarray analysis, including postnatal and prenatal applications: revision
2013. Genet Med 2013;15(11):901-9.

. Bi W, Borgan C, Pursley AN, Hixson P, Shaw CA, Bacino CA, et al. Comparison of chromosome analysis and

w

chromosomal microarray analysis: what is the value of chromosome analysis in today's genomic array
era? Genet Med 2013;15(6):450-7.

M| OF0| 2 20{2|0] AL 20{7|=1A|. M2019-1665(342)20190729.

Gutiérrez-Mateo C, Colls P, Sdnchez-Garciia J, Escudero T, Prates R, Ketterson K, et al. Validation of

v A

microarray comparative genomic hybridization for comprehensive chromosome analysis of embryos.
Fertil Steril 2011;95(3):953-8.

Tucker T, Schlade-Bartusiak K, Eydoux P, Nelson TN, Brown L. Uniparental disomy: can SNP array data be
used for diagnosis? Genet Med 2013;14(8):753-6.

de Leeuw N, Hehir-Kwa JY, Simons A, van Kessel AG, Smeets DF, Faas BHW, et al. SNP array analysis in

o

~N

constitutional and cancer genome diagnostics - copy number variants, genotyping and quality control.
Cytogenet Genome Res 2011;135(3-4):212-21.
Silva M, de Leeuw N, Mann K, Schuring-Blom H, Morgan S, Giardino D, et al. European guidelines for

*®

constitutional cytogenomic analysis. Eur J Hum Genet 2019;27(1):1-16.
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3) CMA Z1to| sjA

(1) CNVel 27 % a4

CNVZH HEXQI AR T HWSHH SX|5= XH0[7F U= ZA 1 kbe| DNA £2H X|
O = YN oJ0|E ESHK= 2=

CNVE & 224 (clinical S|gn|f|cance)01| M2} [} 2 Hx2 128 4 QIrt
A. 2B CNV (pathogenic CNV)

B. AatE 0| 2Hetet CNV (variant of uncertain significance, VUS): 0] 2=

Dls

[
[

likely pathogenic, likely benign, no subclassification?| Z<7t L=t

C. &4 CNV (benign CNV)

SIAFS0IA AR Heteta CNV'E Y QI EHOIIA L7AE ‘24 CNV'Ofl TioiM = O
O|EH|O|AZ & H2|=|0] RLOIM O & 08otH FCt st=01o| QIO Xt HOl=
E35t CNVE =U H|O|EH|0|A S Soll YLI U0OF 5HH, ArZot= SHBO0IA K== LEHL=
714N E(false positive calls)0i] CHoHA = L0 A0{OF SHH(1-3).
0|82 4= U= HIO|EH|0|A E4t= Ch3at ZTH(1-3).

- DECIPHER (www.sanger.ac.uk/PostGenomics/decipher/)

- DGV (Database of Genomic Variants, http://projects.tcag.ca/variation/)

- PUBMED

- UCSC Genome Browser (http://genome.ucsc.edu/)

- Online Mendelian Inheritance in Man (OMIM)

- ECARUCA (www.ecaruca.net)

- GeneReviews

- DbVAR (database of structural variation from both normal control and disease
populations)

Zstaa CNVO| 28t M2E= DECIPHER (www.sanger.ac.uk/PostGenomics/
decipher/), 24 CNVO| 25t FE= DGVR HaQlS AR Sh= XkA| LIS HIO|EH|O]

A 50| 55| R&sM1 AlEE.

C 2
& E= 55 5% SO0l tioll SXIotal A0{0F ofH, CNVE| 27| sizeE 1afofil, 1 1Y

[=3|

o

interval LHOI| Q= AU SMALE, £0| 221 S50 M2t Y4E2S Zaoh= dosage
sensitivest REXASS S0FL0I0F STt 7|28 O 2 reference human genome build=

www.ksmg.or.kr ll




£ = HMHO0[Z20{20] ZHA st YAT=XIH

SYst 2O 2 H|WE00F 511, MY E= de novo O, LT CNV S} AX|=A]
02, Lt QIPHHUM 2N U=X] 0T SS 12{ot0 oiiAMsHOF otH, LR Fo| Heketd
CNVE 1 MbEL 211, tiE & de novoO|Cf. Eot, UEHO 2 CNV FH0i| 2 0F HO| gl
= FUXEE AL STRZE Qe 220l Zettd CNVY 7t580] 0 REh §8 CNV
G2 Yt QI ETHOML] HOIE7t HEHA| 22 AR/t A, Mok F Hol A0
U4 CNVE B g i FHO = J12E 4= UCH2,4)

YUMo 2 CNV T717t 245 et CNVY 7tsX0] =2 4 UXITH2,4), 1R 2

X

CNV7} OFdl 4 QU3 B35t S 7|20 tHat0l s4{8 4= 2104
=]

4o mo
of
n am rr A r® Ao

(haploinsufficiency)2 2 ©lot0] Bt QAL B 2X|4S7Hgain)?! A0
UMAHO] QIS 4 QUCH E5t 24 S Hee U9 7 @(dosage imbalance) 2=
A 7|5 &S(gain of function) #0| MZ 0| L4cH= L7 O ROt M2tM I8 RTXE
£ Tetoh= CNVE YAX o= on|7t gi7{LL 25| CH2 A AME LIEPE 4= QICE 2|1,
ot TR L0 HOSHe EXMSE7Hgain)e RTAL S1(gene disruption)E Y27|

L 3 ME(coding sequence)2 HEAIZ = QO 2 1 REAP} haploinsufficiency

2 BNEHACHH HAME O ZIbaloF ot B4 R Hetl HEE |HAS| single-copy

deletion2 2QIA} HEHS 20[SHCt OIXH L2 HIZE MEQI QIEE MBS Zofol= A2
o

CNVE |TXAt 7|50l SEet S DIXIX] S = UACH).

SHH, it QIFLHTHO| CIOJEHIOIANIM 2 1E CNVE EXY T 1245{0F & Arek2 T
SOt 20 Lot ARTHA LMo B 1E CNVE WEE SXH+=357Hgain)0|Ch &0l
 EALS] CNVZL Lt QI E T HIOIEHI0|AMA YTE AL St FH0RE S X4
Al o

H(loss)0|2tH, R0l Jtsd2 M E & QICh it ASE 20| HEECH M AF
StOj=, Yt QAT S5 BEE= O™ EH Z&(heterozygous deletion) CNV
= SZA(homozygous state)2 EXHY M= Hetatd CNVY = QU0 T2|1, oy

CNVet S€et &

HAEE ol U=l 2ls] o 1 210f St} O Mt T2 oY
AE|0{0F Sh=C, X-¢lgt CNVE KXo A %* CNVZ H15= Z7F BRI, A0
= 1907t 012 Qe 4= ATt CNVE Ygez 2RoP| M, SHEFE(incomplete
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penetrance), CFASt B8 (variable expressivity), 22X (age of onset), £22{Qlg 1t
(parent of origin imprinting effects)2t 22 R?_I': S 124510 BHCHD).

S22/ HEE = CNV (rare CNV)0I| HHaliAl= ZA }% £35}| de novo?} &0l A
ZehtdE CNVY 7Hsd0] =11, 56| 2717t 341 '3"; Mol AHEA SUKE Hefote B
M O J30 22 JADE S0P ZIbEJAAL SR 22E S22 CNVOI| o
2 ME O S5, 0] 42 HHHEH0| 22Es CNV (VUS)E 2R3 2

{ S22 E2 229 3 It 20| YL Z0g = A=H 0] &

20

OIXt(genetic modifien2| HakS AJAE 4= 7| T20|Ct

S 9 Ho

A HekA CNVO| st ZE2 FISH, gPCR, MLPA = OH2 E3E29 CMA &
fES Soll AIYEZ|0{0F StTf. FISH 40| 712 He0f thet Y2 S MSett= HoM, 7ts

LS
SICHH FISH 0] MECE De novo CNV7t QAE= BE SHXI0A 22 FISH BAIE
Edfl 22 73 XS (balanced rearrangement) 7H54S L0HL0L0F SHTH(T).

ZAEXOZ CNVO HethE o] ot shM2 S&at, MHEst ME Q) UyFTet
Q152))0ll SJo H11%|0{0F STt B MRS ZARL D A CIA =0 RS MIE ZAF Y
RS I S0l A AT HAE AR 20| =& 2061040F otCt QO M2t 71E HAE
RIE|0{0F SH=0|, B2 AAl= CMA ZAMELH= FISH S targeted B O 2 AAGH= A
0] § ECH2,5,6).

(2) B0M 2E 12 At

21 B 0M0f= ISCN (international system for human cytogenetic nomenclature)

HHH HGVS (human genome variation society) @&%, HGNC (HUGO gene
nomenclature committee) REXHES AHE6HOF SHCEH 22|10, CNV 27| 2 FH9| 9],
0|&0] U= Fol| Z&tE TR HEE HE, £5| Y E 9n|Ql= FHAHOMIM
morbid map genes)2| 201 I LTI SEXLQ| JH4-7} ILEHE|0{0F BHCL ESE 0f24|0] ESHE
Of CHot A™, & ©MXt coverage, sH&E resolution S E&HE|0{0F ST H116H= CNV
37| 7|Z0)| CHet MHE ArREl reference human genome build0f| Ciet AZE ZotE|0f
OF ot 7t SQoM= UHH 524, & HHY =20l tiat Bkt 71e & SHE &M Al
AlBHOF S CNV 2S(interval) 0l = SXASO Tt A% 7|£0] BR5HH, CNVZ} O
2 2 27¥(large imbalance)?! Z20= di8E= £ £33 7 Ex= 71 AHHOE 0|

RUNES2 25

U REAIE 7ISBICL 55| VUSS! ZR0l S 720l QU RefSeq

J
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£ = HMHO0[Z20{20] ZHA st YAT=XIH

SHOF StCh 2|1, Aea CNV £ VUSS! 420= {7
A JHE G0 et BIE SOl ool EIoHOoF St £5] VUSS!
FR0ll= XEXQl =g Soff AME OIS XE7HsHOF SHCH2,7).

SHH, CMA ZA| MIgHE = SAI0] Y1l 0{0F BT =, SNP-array BAMHC == &K
tiZ(balanced rearrangements), %2 &2 MU S H0l= S0 MHiE /2R (ow
level mosaicism unbalanced rearrangement/aneuploidy) S2 ZAIA] HAZX| s
2 QUCH1,4,5).

. Stavropoulos J. CCMG guidelines for genomic microarray testing. CCMG gytogenetics committee. 2010.
Available at: https://www.ccmg-ccgm.org/documents/Policies_etc/Pract_Guidelines/PractGuide_
CYTO_Microarray_13July10.pdf. [Accessed February 20, 2021].

Kearney HM, Thorland EC, Brown KK, Quintero-Rivera F, South ST; Working Group of the American College

N

of Medical Genetics Laboratory Quality Assurance Committee. American College of Medical Genetics
standards and guidelines for interpretation and reporting of postnatal constitutional copy number
variants. Genet Med 2011;13(7):680-5.

. Buysse K, Delle Chiaie B, Van Coster R, Loeys B, Paepe AD, Mortier G, et al. Challenges for CNV

w

interpretation in clinical molecular karyotyping: lessons learned from a 1001 sample experience. Eur J
Med Genet 2009;52(6):398-403.
4. Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, et al. Consensus statement:
chromosomal microarray is a first-tier clinical diagnostic test for individuals with developmental
disabilities or congenital anomalies. Am J Hum Genet 2010;86(5):749-64.
South ST, Lee C, Lamb AN, Higgins AW, Kearney HM; Working Group for the American College of Medical

Genetics and Genomics Laboratory Quality Assurance Committee. ACMG Standards and Guidelines for

“o

constitutional cytogenomic microarray analysis, including postnatal and prenatal applications: revision
2013. Genet Med 2013;15(11):901-9.

Kearney HM, South ST, Wolff DJ, Lamb A, Hamosh A, Rao KW. American College of Medical Genetics
recommendations for the design and performance expectations for clinical genomic copy number

o

microarrays intended for use in the postnatal setting for detection of constitutional abnormalities. Genet
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£ = HMHO0[Z20{20] ZHA st YAT=XIH

#olA R HofstIL #A0F%AloJHIL
AK0|EOI) AFBUS M)
Qa2 Mol Q3 B)
WERIENEIY HR&(ZHo)

S E(GT Tt OJZI-E(S M 2ich)
FRA0I(RF2ACH) Yo rE=s2)
HEAM=2) HEZ(FLo)
ML) HS M=)

O|S (M) AHST(RITH)

0= (AM|2IcH) FEAFREHGAY)

| FO) U A KN, K| 2 RABESS Dol
0f, 201911 BURE| HF0I2 HEE(0]
0|83t Uzt TR0, £01Z HEO|, A

1N =85S FUA MAEACE. A
=

Mo
mo Hi
o =
b b
o [y
2 x
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H Ho
lo =
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o >3
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© O
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3
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NP
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3 Lt
5t3|(Canadian College of Medical Genetics, CCMG), R MELRHsE 3
(European Cytogenetics Association) SO0Al= 2010E2E HMHO0|ZZ0{2|0] AL
Ofl CHEF Al H1I0kS THE IO HHOIRQLY, I A= SMA|O00|Z =20{2(0] ZHA2| et
0] SO{X|A =I0f OFRIZEA| U Qlz 2tE S it L L2t XA| Q| FEX|EE2 JHL o]
QUX| 2Lt A0l 7|eret M= XE Y & HEC= FMAOI0|Z20H0] AAtS MSE

=
o=
DE15| 511 A HAlS] HBOR HIZ X =

o

S
HEHS 7HS7l ofb] JHEXQ! 2tktet 19{E 7H52
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HES YO Z M S0 0|50| & Z0|Ct &
S ASEZ Sofl O|FHXIZZ ZAF AR KtA|2

0|I

7HE AR RTA| OleE AESHH H!
FEMAMOI0I220{H(0] HAt=
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(A28 2019.8.1.)

. Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, et al. Consensus statement:
chromosomal microarray is a first-tier clinical diagnostic test for individuals with developmental
disabilities or congenital anomalies. Am J Hum Genet 2010;86(5):749-64.

g

Resta N, Memo L. Chromosomal microarray (CMA) analysis in infants with congenital anomalies: when is
it really helpful? J Matern Fetal Neonatal Med 2012;25 Suppl4:124-6.
. Kearney HM, South ST, Wolff DJ, Lamb A, Hamosh A, Rao KW. American College of Medical Genetics

recommendations for the design and performance expectations for clinical genomic copy number
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Med 2011,13(7):676-9.
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practice for detection of chromosomal abnormalities. Genet Med 2010;12(11):742-5.
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Genetics, ESHG) 7t0|=2t01S MEi5H0] 0] 2519 HUSZ 2AHSES BESHH 28 o
=E= 7:!X16}01|:|-(2—6)

7] 710|=21Q1 B 20l Dj&fe] YK /XIXMHNE 7HE SRt A SMA|0L0| 2 20
0] ZHALE QI 20| =20| Hl= AARE HIISHL UL |Q1 Ojate] LEX|XH /X HEE
ZHE! SERLOIIM SMA|O00|Z 20{20] HAALS AlRSHS T DAK FAMR| ZAL Hlg =2 T
H20| 2 UECHD). YR/ XEFHe] HQl TS TAK HMF HAte| XIHE0] 3%
74Ol 20| HIGH SAMOO|Z20{2|0] HAH= 15%01 2 EHTH(Trisomy 21 MI2)(7). 0=t
T2l ISCA HANB0 Mz HHEX] b= YYX|A/XIEZOM0|A SAMFO00[Z20{2(0] &
MNE 7V Mg MEl(First-tiendte ZAIZ HUSICH(T). HES| HIS S YEX|A/X|H

fONY [ SHAMR|OHO|Z2042]|0] HALZF First-tier A= HEUECHS). CH2F T 5HAJ04 XtO|0f|

H5%
UANM HE7t0| JHE 8t St 7™ 0R, IRH/XHY SS=0 w2t THE
o
=
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0|51t 2J5l(benefit and harm)

GAH|OIO|Z 20{2|0] HAMS So LRI/ XIHHONO] QI Het0| MHEH, SHQSH
SIS RO ZICt ZAPEE 014 AlE HRI gl £7| THO 2 QI5h A4t 0|52t ¢Met
QU= SHEB| HZ0| 7HsoI). HAHE A2V 225t ARt F/HAQI 22 HAPL HQsH 4
L 1124ol{0F StCt,

A4ZZ19| 0|5 U XHalALEe| HY

2|7} 7455t} SAMR|00| 2 20

O£t AE Ztof ol IS &~ U0 HETt 2|5t
H t Ao} AF231El FISH ZAIE 25

[20] HX| A ALE|X|E
A&iet= A2 0= HIE0| Mol RIHE2 O &L

=L 241 M2 M(acceptability and applicability)

oy e

=L g ”'1I|3f0|3§0131|0| AALS ARESHL QU= HA[0] T4 ZAHGHH ZAFO)| CHet
28 7|9 MR e SHEE ot0 KEAGAFETIES FI|IHQl Fe &S B U0 HIet
98 A HE0N= 2 E'Hlﬂ o8 Ao = HHEL
- o=
e
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KQ 3. RHAHEHIYOHS 7+l XfollA FAMR|OO|ZZ0{2]I0] HALS AlSHS 20|
21 ZITko| =20 El:=7F?

rie

1. AHAHERHOGS 71 SAL0IA FAROH0IZ 2012(0] HALE Altiot= 0] A2l &
Bl ==0| Elot. @7H5& 2++ / 1SS B)

ZHRY

ANHAMEHION 2t S FHA| Ol 2ato] ST o 0| StE ez 89
HolYS B0 YXHXO 2 FISHL D|EZE2(0 MK 240 22 BH HAL AlO0| 7Hsot
A2 AHAHEHZ0H LE 2 o SI2 NY S=d EEH SHO0| SHEX &
2 S22 GARO0|Z2020] A HOEL FMKDI0|Z 20120 HAts FEA H
HoIM eHoz SQot KA HOIE HEY 4+ U= HYYUCZ BA B9IS LOI0oF Y
£0| 753t FISH ZAte HHEE 352 4= TH().

ANHAMEHI0= I H2 FO| YYLYS 20|, YIH2Z St OME ¥ &
TA| 017t SAH | O R AU = EXHE 4= UCE R TS Y22 o FMAOI0|2
201240] HAKmicroarray-CGH)= 10%2| AHHAMEZFO SHXL0A Het RL0| 7Hsat
(pathogenic) CNVE ZZE0td, X7t SEE AHAMEHIOY A 42 o =2 2
E2 HEEH(2). SMHD0|Z20{0] HAs RTH| Helo| 273t ZEts S7HER Ot
2f, o0 MEOIE YiEok =le HE g9 B, 20 F/HHR dAE 82 + U2
0, Zet9] o= & &% oz X QMO tiet O, 12|11 7t E4h AlEl &3 4H0 ==0]

O NHAHEZHZO 2X0|A EE

EICH3). MEtA, FMFO0|Z20{2(0] HAl el =
QM ZAt(first tier genetic investigation)2 H11E| 10 ACH?2).

HIOF M Al mEfAret

0|3} 2l5ll(benefit and harm)

GMAOI0[F20{2(0] HAt= NHATEZIHOE JH2l StXte] R A OldE AE6HH
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2 M(acceptability and applicability)

HAMEHHONS HHol= ez &, FAANO0|ZZ201(0] HALS Albst U
= 7| 0| Ct= ZXHoHH, =LA SAA|0H0|Z =0{20] HAts AT AL EZZO{O]| CioHo
2

HZESHHAN 50 HES ¢l U= =22 A9 +& H HEO| 7Hsottt.
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KQ 4. CHard M3 71%/21Q1 D189] LeX|H & XX/ XIHAHMEHTOE 7H ikt
OlM SAFOO|IZ0{2|0] HALE AlRSH= 0] MAK Y HARO HIsH &2 T
YEo S0|EE HOl=7P

T 1. TP A3 7[3/2991 DlA0] SISX|O! 2 XAON/ A EZZOIS 74l ERt0IA
AlE|i= QUADIO|TRORI0] ZIAHS DAL 3 Z4Aj0| HioH BIZIZ9} SO|=7} 5002 o
MFOI0|TZO0] ZAIE 4 AIRE S HISICL, @ALE 2++/ HTISTB)
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WX G 2 = F20| US TITE0| DAK 3 HAIRE 3%010) HIaH, YR

D}0|2012(0] ZIM2l Z 15-20%0ICH1,2). QHHDIOITZ0MR0] ZAHE TAK a3 ZAl

ofl BI3H 101008 FE £ SHYES 7RIT UCH2,3). T2HA TAK 4 ZAR 25 5 Mb
o

01go] 2719 GAA| Ol HE =+ Us A0 Bholi, FAHO0|Z=0{H|0] HAZ= O|=Lf
W A2 37|90 GMF| 0ldE HE o UTH2,3). 2 400 kb 049 CNVOY Lt 2AE

7499% 0402 SX|=|T, S0|0f ChshAl= CNV Z710) ARIg10] k54 HIZO] 1% Olt
02 QAIE|TE FICHA). HAQIE B 7H OIASl CNVE 74 4 9002 dHHQl S0j=2
Bolote 22 HX| QUL Chl 7125 HISR Btots 40| BIIXISITHA).

AN HE A| nEfAL

2ll(benefit and harm)
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£ = HMHO0[Z20{20] ZHA st YAT=XIH

A2 OIS U KIAIE] T

GMAOO|Z20{2(0] HAts 7B UM 2 AIE0] 2 DA sy ZAL0] HIsH 0f<
=2 ULER E0|L2 T XTHS0| IR 0104, CH MM 7[34/01 0142 UK
2 X|HEOH/KIHAHEZEONE 7HEl BXHON SMHo2 A T 4ZZut L XA
0l 0152 25 4 UCh

L 2243} X2 M(acceptability and applicability)

=LA EIE%Q neqgt i, Creky M 71%/201 ojde] YEX|AH 2 XX ZO0H/XHH A

%
Tl 2A0IA H2l HES ?I5H0 FMAOI0|Z20{20] HAE RUH2 2 AlY
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KQ 5. CHEPA AH 713/2191 DIA0| WEiX|el U KIZHEION/KIHAHE TS 7431 2t
Ol AIHIOLOIZZ0f0] ZAHE AIMSHE 20| FISH Z2 MLPA ZAol Hish &
2 DIAEQY S0|ES HOj=TR
711, Chb A7 71/2101 0IA0] SIEIXIO! 2 IS0/ AHABERAONE 7171 XA
FISH S MLPA ZIAHEICE QAD10|2.20f20] ZIALE RO AlRHEH|S HTBICE (@744
Z4/HIS2D)

2ot

HAF|IO|TZOM0] A Hs0 HAISIO| OIMZY/E
Ch. QATIEHO) AFBEIE HASHYE 0149 58 71 22
AHECE BIZIE, SOIZ 2 CNVO| ZE 80| 57| TR0 SUEO2 AFZSHs 20| Bl2/%0|C,
FISH & targeted FISHE HEYHOZ2H QML= &
2ol MHY QUYHS F40| HISOIH0|T SHH £HE
S YIOICH EHR} Ch2

0] Z2|B} S47120] LRSICE,

-
Bt ARUSHOF St22 TITHIX] B2 AlZtat Q10| A QFtt E4AEf2 FISH (Of: Whole

7
Pal
08

)

chromosome paints, subtelomeric FISH)= genome wides| ZAEE 4= UCH= HEO|
UOLE CMAEL} HIFA HEE0| 21, labor intensivedt, &7|(metaphase)0|2t HEE
2 ATH1,2).
MLPA ZAl= CMA & FISH ZARL H|wato] 74240| HOF Mot th4=2| ZAHE st
THEHO| AJ3liEt 2= Q120 CMA &2 FISH ZAIZ AEol| o2l 20 &2 ST} RS
CNVE ZdEob|of XMefottt. M2t Chgy MM QI Oate] LEHX|A I X|IZZ0H /Xt
HATEHTIONRL Z2 HISO0|EQ HHHO| 20l ZITHE 2l 1XHEC 2 AEst= ZAMHO|
2P |H0h= S target RMADL e LSO s TR0 A 3l 55 ASch= O X
Ct. s FISH ZAIRt DRI 2 siggent
Y B2 kitS ME MZSH| 0Z L, 1X2E FHE FH0|A 10| HRILX| is F2
A0 CHs CHE kit OIE35HH HAMS B Alsof stE 2 TIT7EX| B2 Al7at
AQEITH2).
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ATOHHG A| T2IA

FISH 22 MLPA BAIEL} 52 AAS S EH617| YaiiAls FDA £= 2L M2 RITtE
R27|719] £21E &2 HECZ genome-wide backbone coverage®| a4 =7t 400 kb 0|
AOl ZMZ0|H 2MATEQ 010 Y12|F0| ASE AEHO00{0F SHCHB). E5F SNPLt non-
polymorphic EfA X7} Z&tEl oligonucleotide—based array =S HIGHCH4). FDA £
= T MARHEOF7(7|9] QIS WA| 42 MF0|HL &2 i8S YT Hyst Z

[y,
2, iR elol FISH HMRIZ 2SIt 0[0] 435t HEMY
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2h TH=H IS A} B
B0t ol 2

i
0
02 I
18
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-
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14

2= QIOLt FISH7L 7ts8t AMI(Oll: buccal swab)= 7ts

A. CMAOIIA L2 Qg 220t XH=HQ ISt A S i
B. CMAOIAM 24X HO|= gilLt £ Y 52 RTAL LR &2 A& L F=20| 9
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uo ox
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o o o o
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oh= 0| EHXH0M|A| 0]=0] 2 A0|Ct.

AZ4Zne| 0|5 A A2AHEL| HY

FMR|OFO|Z 2012{0] HAt= A HlzS Zeofil AN Mot HA CNV HE0 St
& FISH 2 MLPA ZIAL0f Bl ZEHE0] 245122, THEd AT 7[&d/#l 018 ZEX|
A & RHYOH/AHALEHZONS 71 SX0M LUXO 2 AliE 0f 4ZZ1E 5 AHHAL
0 0|55 &= = AU

CMA ZAHE 2018 SHRIEIRALH HAL Al>O0] kst (= 712450 EX6HH tHEE2
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TEO NHME AEYES Soll, A =5, &, 89, a2t A oAy SOl
sl 2% 2 AS IS UTHR). Eo, 02 27 HEUME 02{3 AFHYEO| &
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0] AIS Safl &lkl= Old AAS2 Z=X0 Xg7t 27ttt 497 Hol, SttE =+
A= 719, = 2y Vst Zat SOl tioll 7142 H= ANEE HSHE o ULt Lot FM
HOOIZ20{H(0] HAHE 2] XFOIM LRI, AHAHEHFO, CEy 7|ds 71T &
Aol A TH=H HMZ BEREL USH O] HAH0A THS A2 P 22 2 A0 =0

Lt1 Ql= whole exome sequencing S &

SR} 7HE 0 OLRt SO 2 © O|RH|S HY S 7P} 04
2| =243} M M(acceptability and applicability)
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KQ 8. GMA|O0|220{|0] ZHALOIA] O £A240] L+2 B CMA Ei= FISH/MLPA/
qPCR S22 52 ZAE AJstE 20| ke T =50] £=71?

1 1. GMAOI0|Z20120] ZAtOI (D)7} S=Hdet HOIS Zeleh) 01 4240| L2 2
50| CHalH ZA4H|DF0| 2 20{[0], FISH, MLPA 2 qPCR ZAIS Allidh= Z10] $10]2| 2i0]
=5 & SR FH| =22 & 4 ULE @HE 4/ BLSE D)

ZAHa%

QIZto| FAR= JHQIOMCE OH CH20H CHsty| W20, FAUXOF0|Z 20430 ZAt0] 2f
ol A=E CNV HAYS siAlsh= iz Fo7t BQSHTH(T). |SMAF HOI(CNV)2l Hald
S oiAots YUY HMEFSOl|A g,g(bemgn) 2 %éQE 2FE=(likely benign) #HA
CNVE 223t C0|EH|0|A Y 25 THL HEN 22 HA A#s = =02 Halst

10 QUTH(T). SMA|OFO|ZZ20{[0] HAF Akl M (b enlgn) S2 Yo L= (likely

benign) #1017} SfQIE ZL £2 HAL| A2 HREX| h=Ct T2{Lt ZAH|DH0| 3 202

O| AA 20l Ol AA(ES
HZ(pathogenic) H0|E 280
SE2 floh ERECHD).

o, M SEEl= FMKOI0|Z2012(0] HALZ 2fQIE REAL CNVE oA g0 M2t =2t
A3 HO(VUS)S| HREE siMahs Hl 01, B2 7.:1)\% Sot0 07t RR0IA FetE 2
0)
S50

.HO"

A5 HO|(VUS), MO 2 7t3E|=(likely pathogenic), &
| S0IE H R A A[GHO| SHAte| RT3 K-S

=

40 r
am r_>d

OII

K| Ot 220IM FN=X] 210 SEX0llA AE7iI(de novo) L4t ARIX|E IHefsh= 0] &t
KI0jM 2toI=l E5tAI5H HH0|(VUS)Z X (pathogenic) 22 UA(benign) H0|2 E55H= 4
25t FakS 0|R7| MR0M(2), R ZAZM SHAte| TITHO| =25 B 4= QUL

2ERte] GAMA|0H0|Z Z20{(0] ZALOIA Ofah A740] Lh2 Z2, 220 CMA E= FISH/
MLPA/gPCR S2| ZAIE AIY5HH SHR1O| 014 A740] 2RO0IA FNE K| 2ol 4 AU
Cf. SERHOIIA 2fQI= #0|7t 2245 HO|(VUS)Q! B2 S40| gle B20IAe 2Rt &0l
EICHH 0] H0l= 220N Re=IX| 42 HO[ol| HSH HAQ0| A sHAECH2). 2L,
0| EE(penetrance)’t 2ATIGHK| 42 CNVE EXSIE 2 2o ZAL| s L AEh Alof|
O£ 112{ot0{0F SiCt. BIHZ, S2HAEH HO|(VUS)7t 220IM SN K| Q411 SHXHOIA ME

0] H

7l(de novo) et FL0= F2 S0 0|F Exet 201 Hloto] FAZ0| = siAE
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SIRtQ| HMA|OL0|Z = 0{2|0] ZALOIA Q1E 0|40 B (pathogenic) 2
ZE|=(likely pathogenic) H10|9] A0 = E20|A FISH ZHALS Algich= Z40] Zato] i
7™ 7y I—|I—Io|- OXMAME HES Qo RS (1) FISH AAt= & =

SEES RULE HZS floi Z05t = e, =

S YYHC =z u7t Y= KA CNVE| A2M0I HEE MESY 4 US =Tt OfLI2f, S
H g He S R CNVE SHIGHK| Y= GMA| X 0l&S =0lg 4= U}, B2 2
20IA Q2HEX| 210 SR AHE7H(de novo) Al O|AC 2 =M= X (pathogenic)
=2 YHO = 715E=(likely pathogenic) H0[7t 2HQIE R0 = R201M FISH ZAE Al
S5t 220MQ] i TP HOIXt O{EE 2015k= 20| HR-ECHS,4). StAI0oA &felE 0]
o A0| 7Y TR HRIXQI 220N R E S M0 ot ZR0il= 7HE0) tet HE
St RTYEE MBS =+ UATHE).

SIXtO| HAK|OF0| T 2010 Z4AL O|A AHAO 2 HRO|A TIEZAE Aldlists HR0=

AU 0t0] 220120 HAHZLE FISH A S BEX(targeted) RESHE HAZ LS ELKS).

rH
Kl

oF Mg A| MEALL
0|52t flali(benefit and harm)

HAMF|0H0| 2 20{2]0] HAIA SIS #H0|(variant of uncertain significance, VUS), 8
Mo =2 7i5E|=(ikely pathogenic), &2 HX(pathogenic) #10|7t &QIE A FISH/MLPA/
gPCR S22 22 E Halet /IE HALE Aldiot= 0] 2Ate] FIH0| =20 & ZA0|Ct

AZ A0 0|1 U XIYUALR O mHO)

ZAMR|DHO| S 2012{0] ZALOIM S-S HO|(VUS)7t 2HRIE 22 FISH AL 52| |48t
X AME 0|80t 22 HAE AT 2 M 2tAte] Hetg HH S2 HiX[oh= ol ==20] &
Ct Ol=, B2 HALE AIRYSHA| 201 TTHO| HX| Y= 2 &= ARLE FIHAQI MH HIE
Aot¥s ML 1 0|50] 2 A= FHECL SAte] FAAM|O0|Z 20{|0] A 21t
o] M2 220t 7tE HA= FISH/MLPA/QPCR § HEX(targeted) SMSHE HALZ Aldhst
= 0| GMA|O0|Z20{20] HAE Allich= 210 HISH ZAL AR HIE HOIMEETH OfL
2 MAESH A EE floiM HRELCL

2L 8 M1} M2 M(acceptability and applicability)

=LHOIA FISH, MLPA, gPCR % SMX|0t0|Z 20{2{|0] ZAS Alotl = AAR 20|
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=
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KQ 9. EMHMDIO|Z20{2|0] ZALOIA 0 £240] L2 B CMA Ei= FISH/MLPA/
qPCR S22 71% HALE AId5t=s X0| ChE &4 Al 2iXtet 22 EE2| ofg oF

£ 0I5E 2 AT

1 1. FAX|OH0|Z20{|0] ZHAOA O A240] L= AL, F20]| Cisl CMA E= FISH/
MLPA/qPCR 52| HAIS ARSI TE7HSSH 0|0, R, He, 5= 52 RFE =
7

[=R=F)
QUSHEH CH 0] Tt A=lE0l =22 & &= UALEE AT AS HUBI @HeE 4/
HIS=D)

H11 2. GUHOIO|Z202I0] HAIOIA 014 AZ0] Lt BS =
CMA = FISH/MLPA/GPCR 59| ZIAE AlZot0] Hgt 214 71548 o
X| S=CF CIEE CMA ZIAOIA LER O[4F A210] HAWY| E MOIV| 2 Tgtol 242 5
Sl SRIXITHON CHf 2371 27101 LRSI, S| 510 HAIS Ale 4+ Uk @HH4Z 4/

158D

ZHRY

FMAOI0|Z 20| HALOA HIZHAHR! 21V URE 7HES0H O R 24 4
S 7Y ANUX|, +7E W22 SO & AR 2YS of0F SICt 20| HEE 22
=2 R E de novoZ LS|, R27} oy MM &AM F2H Ol @R
A9, ZHMHE S)S 71T HHH 2RI Jtsde HiHME 4+ QT Thof BRI} EXte

FHA Oy HHE HOIXtetH At SEet 7 HA BatE 71 01017} BHOE 7Hsd0|

(]
=
|

50% K| SZFRHTH(T). [hetA S201| tHet =7t HAs IS,
ZZ SMAO0|Z20{H(0] HALS| ST 2 CNVOI| tHet HEJt = SHET A
Lt Ot S Fetet &¢H 291E 71 CNV7ZH T 2Hef SUSH0| gl 27t 2t HO|
4L 7t5d0] ZO0IX|22 RR0H M 2lots A2 ==20] 2t
200] of5tEH MHSES Y= AMAQ| TREIF Z2 FHIAOHON| et ik 7-19%0]H
(2,3), Bt 7FYO0IIM = A7 AHS S 21 U= ER THE A2 M 2 2f 30% (2
Off ©I5tH 25-50%)0|CH4,5). 22iLt, RIXF0H X M AMEHZOHL HE FHAF
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7t E0th}. Eot MO = AME= FMA|DH0|Z2012(0] BAIZE F710| HE HYSS
YESH| R} Mt ThEy 7|/ NEYH/AMHAMEHI0 2ot 7t% § %JOI 2
= YRIXOHOlIA 2HAHALS AI°”OPE Zd% 2ELYE GiIFcts ol =20| =R e 29|
& ALSIA Holg M| & 4 Q28 2 S| Z=CHE). J12iLt CMA ZAOIA HHE AA
0] late onset?! ARl AL gg | Gl= YHMIAOHOI Cisl 71521 HElS S5t Sl A
A LR RS EEHOF 5, HALS Alolo] Zat 2 7Hs-gS GiEshs X0| 20t

0|12} 2lsH(benefit and harm)
SIAR|OFO| 2 20{2|0] AL E&HAISH #0|(variant of uncertain significance, VUS),
HxoZ ZtEE=(likely pathogenic), 2 HAE(pathogenic) 0|7} 2QI=l AL FISH/
MLPA/qPCR SO 2 BRE Tsst 71E 7.:1)\% ARSI MY sEt Holo| R F& Eelot

= 0| T2 YI0fl Chet A2lE0 =22 & 4= AU

A4ZZN0| 0|5 A XHalALEe| T

SA0| Ql= SXIAHOHOY CHAH CMA = FISH/MLPA/QPCR 52| HALS Aldlioto] Rlstdt
M5 82 OlSote A2 HIIGHK| oL, FAHT| Ee do17| el fE Holol 42
Ol= 30| gi= JHMAIOHON CHoll 715 A2l & SOf oF ZAL 0| 40| gi= Mo
9 11 |0 =20 ECt. 0] AR0= 7tF HALE AllotA| 20t THO| K| b= 49 &
< A= FIHAQI XH HIZS U402 ML 11 0|50] 2 A= FHECt

= =241 M2 M(acceptability and applicability)

=LHOIM FISH, MLPA, gPCR % EMX0I0|220{|0] HAIE |§>5h_'_ UE DAV
Ct= EXotH 28 ZAMHO| e 24 712e] M2 ZE2E 2|60 RPAAAEIFS] H7 |1
QI F 228 Bl QIO MRt 28 3 M0z 2 2H17t gl A= HHECE
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KQ 10. CHA MA 7|3/2d0!1 Oj4o| WEX|/XIHABEREONS 7HX| IO A SAHK|
Ofo|3.20{2|0] HAE Sall 212 &tQlot= 20| &Ko A U Xz -0y
22 FE=71 (medical cost E&t)
I CHEY M 713/2101 O] WEK|H/AIHAHEHKNES 71l SEXOA HAIH|OO|
AZ0{20| HAIS

=S
@H$E 2++ / 1SS B)

=He%

= XH2 0= oRIRHetE(ACMG)(1-3) S8 M5t HuSEl 2Hs-E8 HESIH
=& RS 2ot

FMAHOI0|Z20{2]0] HAE Safl Ty {7 71%4/242 0149 HEXH/NHAHEH
YOS 7HE! SRI0IM Fatt RHe 21ls 2tQIshH, SAts 2 HRs F7F MX|(Of: gt
I Al BHEDH BT, S AL 7R TE AL WY MK, o HE/F7t S)E
OfA| B0t &, Yeol= Rz HES MEioL, SALO| OlF e 7P LY Zate] MY =
£ O|=3t= ol =30| #rH3-9). 55| FTYES S0l 714 W HEAR=E HEEe=
M HE GAPE 228 TR0 HEe HALE ARSI, 7HA W 2atol S 2 + U
CH10). 2EXIA2 FR0lE HREE0| HRIS LOote J2PHQ1 X7t 1 X=7} XX
oLt FF X2V} 7Hse Hetof HeiME Xz WS 12i5i MRS 4 UTH3). SAA
Ot0|Z20120] HAL = x|z YWFHO| Haloh=s B 14-76%2 LIYSHH 2111 ACH11).
o= HIZo ZHOME Fateh §ol THE Soff 2 2R &7t HAt HI85 BYE =+ AU
L=, F FMA| DIMZL0ILt S55 2fQUot| flol LK oHed HARE FISH ZAIE 2
T Ao & HA HIE2 SMAO0[Z20{2|0] HAIS BS2Z Aldlots A0 =0
(2). W2tA, SAIX|DI0|Z20{20] ZAS Sdlf Hels =tloh= X0l atktel Tz Hete] &
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PICO Fields Keywords Keywords (PubMed) Keywords (EMBASE)
#8 MeSH  abnormalities, #1 #1
multiple abnormalities, ‘multiple malformation
MeSH  congenital multiple[MeSH] syndrome’/exp
abnormalities #2 #2
TIAB ltio| ital multiple[TIAB] multiple:ab,ti AND
mub|p © colzgenl a AND congenital ‘congenital disorder’/exp
abnorma abnormalities[MeSH] #3
TIAB multiple Congenital #3 (‘multiple
anomal* (multiple congenital’:ab,ti OR
TIAB multiple congenital congenital[TIAB] OR multiple:ab,ti) NEAR/3
malformation* multiple[TIAB]) AND (abnormal*:ab,ti OR
TIAB multiple congenital (abnormal*[TIAB] OR anomal*:ab,n OR .
deformit* anomal*[TIAB] OR malformation*:ab,ti
) ) malformation*[TIAB] OR deformit*:ab,ti
TIAB - multplo congentel OR deformit*(TIAB] OR defect*zabti
defect OR defect*[TIAB] OR disord*:ab ti OR
TIAB- multiple abnormal* OR disord*[TIAB] OR impairment*:ab,ti)
TIAB multiple anomalie* impairment*[TIAB]) #4
TIAB  multiple birth defect* "+ ntellectual
) o intellectual impairment’/exp
MeSH intellectual disability s oty [MeSH] OR “developmental
MeSH  developmental OR developmental disorder’/exp
disabilities disabilities[MeSH] #5
TIAB  global developmental ~ #9 (intellectual:ab,ti
delay* (intellectual[TIAB] OR mental:ab,ti OR
OR mental[TIAB] OR development*:ab,ti)
TIAB devel tal
edvi:ai)az?*en @ development*[TIAB]) AND (delay*:ab,ti
] AND (delay*[TIAB] OR disabilit*:ab,ti
TIAB  child development OR disabilit*(TIAB] OR disord*:ab,ti OR
disorder* OR disord*[TIAB] OR deviation*:ab,ti OR
TIAB developmental delay deviation*[TIAB] OR retardation*:ab,ti OR

disorder*

retardation*[TIAB] OR
deficienc*[TIAB] OR
impairment*[TIAB])

deficienc*:ab,ti OR
impairment*:ab,ti)
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PICO
#8

Fields
TIAB

TIAB
TIAB
TIAB

TIAB
MeSH
MeSH

TIAB
TIAB
TIAB
TIAB

Keywords
child development
deviation*
intellectual disabilit*
mental retardation*

intellectual
development
disorder*

mental deficienc*
autistic disorder

autism spectrum
disorder

autistic disorder*
infantile autism
autism

early infantile autism

Keywords (PubMed)

#6

autistic disorder[MeSH]

OR autism spectrum
disorder[MeSH]

#7
autistic disord*[TIAB]
OR autism*[TIAB]

#8

#1OR#20OR#3 OR #4

OR#5 OR #6 OR #7

Keywords (EMBASE)

#6
autism/exp

#7
‘autistic disord*”:ab,ti
OR autism*[TIAB]

#8
#1 OR #2 OR #3 OR #4
OR #5 OR #6 OR #7
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PICO
#15

#16

Fields Keywords

MeSH  comparative
genomic
hybridization

MeSH  polymorphism, single
nucleotide

MeSH  oligonucleotide array
sequence analysis

TIAB comparative
genomic
hybridization*

TIAB chromosomal
microarray*

TIAB arrayCGH

TIAB array CGH

TIAB SNP array*

TIAB SNParray*

TIAB single nucleotide
polymorphism*
array*

TIAB oligonucleotide
array*

TIAB oligonucleotide
Microarray*

TIAB DNA microarray*

TIAB DNA arrary*

MeSH  microarray analysis

#8 AND #15

Keywords (PubMed)

#9
comparative genomic
hybridization[MeSH]
OR polymorphism,
single
nucleotide[MeSH]
OR oligonucleotide
array sequence
analysis[MeSH]

#10
microarray
analysis[MeSH]

#11
microarray*[TIAB] OR
micro array*[TIAB] OR
array*[TIAB]

#12
#10 OR #11

#13
DNAITIAB] OR
chromosom*[TIAB]
OR CGHITIAB] OR
comparative genomic
hybridization*[TIAB]
OR single nucleotide
polymorphism*[TIAB]
OR SNP[TIAB] OR
oligonucleotide*[TIAB]
OR oligo[TIAB] OR
genet*[TIAB] OR
genom*[TIAB]

#14
#12 AND #13

#15
#9 OR #14

#38 AND #15

Keywords (EMBASE)

#9
‘comparative genomic
hybridization'’/exp OR
‘single nucleotide
polymorphism’/exp OR
‘DNA microarray’/exp

#10
‘microarray analysis'/
exp

#11
microarray*:ab,ti OR
micro array*:ab,ti OR
array*:ab,ti

#12
#10 OR #11

#13
DNA:ab,ti OR
chromosom*:ab;ti
OR CGH:ab,ti OR
‘comparative genomic
hybridization*’:ab,ti
OR ‘single nucleotide
polymorphism*":ab,ti
OR SNP:ab,ti OR
oligonucleotide*:ab,ti
OR oligo:ab,ti OR
genet*:ab,ti OR
genom*:ab,ti

#14
#12 AND #13

#15
#9OR #14

#8 AND #15
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PICO Fields Keywords Keywords (PubMed)

#17  #16 NOT (Autobiography[ptyp] OR Bibliography[ptyp]
OR Biography[ptyp] OR pubmed bookslfilter] OR Case
Reports[ptyp] OR Comment[sb] OR Dataset[ptyp]
OR Dictionary[ptyp] OR Editorial[ptyp] OR Electronic
Supplementary Materials[ptyp] OR Interview([ptyp] OR
Lectures[ptyp] OR Legal Cases[ptyp] OR Legislation[ptyp]
OR Letter[ptyp] OR News[ptyp] OR Newspaper
Article[ptyp] OR Retracted Publication[sb] OR Retraction
of Publication[sb] OR Technical Report[ptyp]) NOT
(“animals”[Mesh:noexp] NOT (“animals’[Mesh:noexp]
AND “humans’[Mesh])) AND ((“2000/01/01"[PDAT] :
“2019/12/317[PDAT]) AND (Korean[lang] OR English[lang]))

#18  #17 AND (practice guideline[PTYP] OR guideline[PTYP] OR
systematic review*[PTYP] OR guideline*[TI] OR practice
bulletin*[TI] OR position statement*[TI] OR committee
opinion*[TI] OR CPG*[TI] OR systematic review*[TI])

Keywords (EMBASE)

NOT ([conference
abstract]/lim OR
[conference paper]/lim
OR [conference review]/
lim OR [editoriall/lim
OR [erratum]/lim OR
[letter]/lim OR [note]/
lim OR [short survey]/
lim OR ‘case report’/
exp) NOT (‘animal’/
de NOT (‘animal’/de
AND ‘human’/exp))
AND ([english]/lim
OR [korean]/lim) AND
[2000-2019]/py

AND (‘practice guideline’/
de OR guideline*:ti OR
‘practice bulletin®":ti OR
‘position statement*":ti
OR ‘committee
opinion*":ti OR CPG*:ti
OR - ‘systematic review*'/
de)
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PICO Fields Keywords
#7 MeSH comparative
genomic
hybridization

MeSH polymorphism, single
nucleotide

MeSH oligonucleotide array
sequence analysis

TIAB comparative
genomic
hybridization*

TIAB chromosomal
microarray*

TIAB arrayCGH

TIAB array CGH

TIAB SNP array*

TIAB SNParray*

TIAB single nucleotide
polymorphism*
array*

TIAB oligonucleotide
array*

TIAB oligonucleotide
Microarray*

TIAB DNA microarray*

TIAB DNA arrary*

MeSH microarray analysis

Keywords (PubMed)

#1
comparative genomic
hybridization[MeSH]
OR polymorphism,
single
nucleotide[MeSH]
OR oligonucleotide
array sequence
analysis[MeSH]

#2
microarray
analysis[MeSH]

#3
microarray*[TIAB] OR
micro array*[TIAB] OR
array*[TIAB]

#4
#2 OR #3

#5
DNAITIAB] OR
chromosom*[TIAB]
OR CGHITIAB] OR
comparative genomic
hybridization*[TIAB]
OR single nucleotide
polymorphism*[TIAB]
OR SNPI[TIAB] OR
oligonucleotide*[TIAB]
OR oligo[TIAB] OR
genet*[TIAB] OR
genom*[TIAB]

#6
#4 AND #5

#7
#1 OR #6

Keywords (EMBASE)

#1
‘comparative genomic
hybridization'’/exp OR
‘single nucleotide
polymorphism’/exp OR
‘DNA microarray’/exp

#2
‘microarray analysis'/
exp

#3
microarray*:ab,ti OR
micro array*:ab,ti OR
array*:ab,ti

#4
#2 OR #3

#5
DNA:ab,ti OR
chromosom*:ab;ti
OR CGH:ab,ti OR
‘comparative genomic
hybridization*’:ab,ti
OR ‘single nucleotide
polymorphism*":ab,ti
OR SNP:ab,ti OR
oligonucleotide*:ab,ti
OR oligo:ab,ti OR
genet*:ab,ti OR
genom*:ab,ti

#6
#4 AND #5

#7
#1 OR #6
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PICO
#13  MeSH

Fields

MeSH

MeSH

TIAB

TIAB
TIAB
TIAB
TIAB
TIAB

TIAB
TIAB

#14

Keywords
In Situ Hybridization,
Fluorescence

Multiplex Polymerase
Chain Reaction

Real-Time
Polymerase Chain
Reaction

fluorescen* in situ
hybridization

FISH Techni*
Multiplex
Triplex
quantitative

Polymerase Chain
Reaction*

PCR*

ligation—-dependent
probe amplification

#7 AND #13

Keywords (PubMed)

#8
In Situ Hybridization,
Fluorescence[MeSH]
OR Multiplex
Polymerase Chain
Reaction[MeSH] OR
Real-Time Polymerase
Chain Reaction[MeSH]
#9
fluorescen® in situ
hybridization[TIAB] OR
FISH Techni*[TIAB]
#10
Multiplex[TIAB] OR
Triplex[TIAB] OR
quantitative[TIAB]
#11
Polymerase Chain
Reaction*[TIAB]
OR PCR*[TIAB]
OR ligation—
dependent probe
amplification[TIAB]
#12
#10 AND #11
#13
#8 OR #9 OR #12

#7 AND #13

Keywords (EMBASE)

#8
‘fluorescence in situ
hybridization’/exp OR
‘multiplex polymerase
chain reaction’/exp OR
‘real time polymerase
chain reaction’/exp

#9
‘fluorescen* in situ
hybridization’:ab,ti OR
‘fish techni*’:ab,ti

#10
multiplex:ab,ti OR
triplex:ab,ti OR
quantitative:ab,ti

#11
‘polymerase chain
reaction’/exp OR
‘polymerase chain
reaction*":ab,ti OR
per*:ab,ti OR ‘ligation—
dependent probe
amplification”abti

#12
#10 AND #11

#13
#8 OR #9 OR #12

#7 AND #13
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PICO Fields Keywords Keywords (PubMed) Keywords (EMBASE)

#15  #14 NOT (Autobiography[ptyp] OR Bibliography[ptyp] NOT ([conference
OR Biography[ptyp] OR pubmed bookslfilter] OR Case abstract]/lim OR
Reports[ptyp] OR Comment[sb] OR Dataset[ptyp] [conference paper]/lim
OR Dictionary[ptyp] OR Editorial[ptyp] OR Electronic OR [conference review]/
Supplementary Materials[ptyp] OR Interview[ptyp] OR lim OR [editoriall/lim
Lectures|ptyp] OR Legal Cases[ptyp] OR Legislation[ptyp] OR [erratum]/lim OR
OR Letter[ptyp] OR News[ptyp] OR Newspaper [letter]/lim OR [note]/
Article[ptyp] OR Retracted Publication[sb] OR Retraction lim OR [short survey]/
of Publication[sb] OR Technical Report[ptyp]) NOT lim OR ‘case report’/
(“animals”[Mesh:noexp] NOT (“animals”[Mesh:noexp] exp) NOT (‘animal’/
AND “humans’[Mesh])) AND ((“2000/01/01"[PDAT] : de NOT (‘animal’/de

“2019/12/31”[PDAT]) AND (Korean([lang] OR English[lang])) AND ‘human’/exp))
AND ([english]/lim
OR [korean]/lim) AND
[2000-2019]/py

#16  #15 AND (practice guideline[PTYP] OR guideline[PTYP] OR AND (‘practice guideline’/

systematic review*[PTYP] OR guideline*[Tl] OR practice de OR guideline*:ti OR
bulletin*[TI] OR position statement*[TI] OR committee ‘practice bulletin®’:ti OR
opinion*[TI] OR CPG*[TI] OR systematic review*[Tl]) ‘position statement™’:ti

OR ‘committee
opinion*":ti OR CPG*:ti
OR ‘systematic review*'/
de)
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1) PubMed
No. Search Query Results
#1 “abnormalities, multiple”[MeSH Terms] 118,035
#2 “multiple”[Title/Abstract] AND “congenital abnormalities”[MeSH Terms] 29,855
#3 (“multiple congenital”[Title/Abstract] OR “multiple”[Title/Abstract]) 195,435
AND (“abnormal*”[Title/Abstract] OR “anomal*”[Title/Abstract]
OR “malformation*”[Title/Abstract] OR “deformit*”[Title/Abstract]
OR “defect*”[Title/Abstract] OR “disord*”[Title/Abstract] OR
“impairment*”[Title/Abstract])
#4 “intellectual disability”[MeSH Terms] OR “developmental 114,697
disabilities’[MeSH Terms]
#5 (“intellectual”[Title/Abstract] OR “mental”[Title/Abstract] OR 520,617
“development*”[Title/Abstract]) AND (“delay*”[Title/Abstract]
OR “disabilit*"[Title/Abstract] OR “disord*”[Title/Abstract] OR
“deviation*"[Title/Abstract] OR “retardation*”[Title/Abstract] OR
“deficienc*”[Title/Abstract] OR “impairment*”[Title/Abstract])
#6 “autistic disorder’[MeSH Terms] OR “autism spectrum disorder”[MeSH 31,809
Terms]
#7 “autistic disord*"[Title/Abstract] OR “autism*”[Title/Abstract] 48,429
#8 #1 OR#2 OR#3 OR #4 OR #5 OR #6 OR #7 859,138
#9 “comparative genomic hybridization’[MeSH Terms] OR “polymorphism, 203,415
single nucleotide’[MeSH Terms] OR “oligonucleotide array sequence
analysis’[MeSH Terms]
#10 “microarray analysis’[MeSH Terms] 93,303
#11 “microarray*”[Title/Abstract] OR “micro array*”[Title/Abstract] OR 307,260
“array*”[Title/Abstract]
#12 #10 OR #11 334,954
#13 “DNA[Title/Abstract] OR “chromosom*”[Title/Abstract] OR “CGH’[Title/ 2,536,482
Abstract] OR “comparative genomic hybridization*”[Title/Abstract]
OR “single nucleotide polymorphism*”[Title/Abstract] OR “SNP”[Title/
Abstract] OR “oligonucleotide*”[Title/Abstract] OR “oligo”[Title/
Abstract] OR “genet*”[Title/Abstract] OR “‘genom*”[Title/Abstract]
#14 #12 AND #13 107,463
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No.

#15
#16
#17

#18

Search Query

#9OR #14
#8 AND #15

#16 NOT ((*Autobiography”[Publication Type] OR
“Bibliography”[Publication Type] OR “Biography”[Publication Type]
OR “pubmed books’[Filter] OR “case reports’[Publication Type]

OR “Dataset’[Publication Type] OR “Dictionary” [Publication Type]
OR “Editorial”[Publication Type] OR “electronic supplementary
materials”[Publication Type] OR “Interview”[Publication Type] OR
“Legislation”[Publication Type] OR “Letter”[Publication Type] OR
“News’[Publication Type] OR “newspaper article”[Publication Type]
OR “technical report”[Publication Type]) NOT (“animals”[MeSH
Terms:noexp] NOT (“animals’[MeSH Terms:noexp] AND
“humans’[MeSH Terms]))) AND (2000/01/01:2020/12/31[Date -
Publication] AND (“Korean”[Language] OR “English”[Languagel]))

#17 AND “practice guideline”[Publication Type] OR ‘guideline”[Publication
Type] OR “guide*”[Title] OR “practice bulletin*"[Title] OR “position
statement*”[Title] OR “committee opinion*"[Title] OR “cpg*”[Title] OR
“recommendat*”[Title] OR “consensus’[Title]

Results

264,718
17,599
14,396

19
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2) EMBASE
No. Search Query Results
#1 ‘multiple malformation syndrome’/exp 57,993
#2 multiple:ab,ti AND ‘congenital disorder’/exp 93,425
#3 (‘multiple congenital”:ab,ti OR multiple:ab,ti) NEAR/3 (abnormal*:ab,ti 292,264
OR anomal*:ab,ti OR malformation*:ab,ti OR deformit*:ab,ti OR
defect*:ab,ti OR disord*:ab,ti OR impairment*:ab,ti)
#4 ‘intellectual impairment’/exp OR ‘developmental disorder’/exp 586,062
#5 (intellectual:ab,ti OR mental:ab,ti OR development*:ab,ti) AND 697,371
(delay*:ab,ti OR disabilit*:ab,ti OR disord*:ab,ti OR deviation*:ab,ti OR
retardation®:ab,ti OR deficienc*:ab,ti OR impairment*:ab,ti)
#6 autism/exp 77,652
#7 ‘autistic disord*’:ab,ti OR autism*:abti 61,288
#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 1,511,208
#9 ‘comparative genomic hybridization’/exp OR ‘single nucleotide 270,136
polymorphism’/exp OR ‘DNA microarray'/exp
#10 ‘microarray analysis’/exp 72,806
#11 microarray*:ab,ti OR micro array*:ab,ti OR array*:ab,ti 257,335
#12 #10 OR #11 320,270
#13 DNA:ab,ti OR chromosom*:ab,ti OR CGH:ab,ti OR ‘comparative genomic 3,010,588
hybridization*":ab,ti OR ‘single nucleotide polymorphism*:ab,ti OR
SNP:ab,ti OR oligonucleotide*:ab,ti OR oligo:ab,ti OR genet*:ab,ti OR
genom*:abti
#14 #12 AND #13 102,342
#15 #9 OR #14 342,032
#16 #8 AND #15 33,646
#17 #16 NOT ([conference abstract]/lim OR [conference paper]/lim OR 18,462
[conference review]/lim OR [editorial]/lim OR [erratum]/lim OR [letter]/
lim OR [note]/lim OR [short surveyl/lim OR ‘case report’/exp) NOT
(‘animal’/de NOT (‘animal’/de AND ‘human’/exp)) AND ([english]/lim OR
[korean]/lim) AND [2000-2020]/py
#18 #17 AND (‘practice guideline’/de OR guideline*:ti OR ‘practice bulletin®’:ti 166

OR ‘position statement*":ti OR ‘committee opinion*:ti OR CPG*:ti OR
recommendat*:ti OR consensus:ti)
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3) Cochrane Library
No. Search Query Results
#1 MeSH descriptor: [Abnormalities, Multiple] explode all trees 900
#2 (multiple):ti,ab,kw AND MeSH descriptor: [Congenital Abnormalities] 296
explode all trees
#3 ((multiple congenital):ti,ab,kw OR (multiple):ti,ab,kw) 15,068
NEAR/3 ((abnormal*):ti,ab,kw OR (anomal*):ti,ab,kw OR
(malformation*):ti,ab,kw OR (deformit*):ti,ab,kw OR (defect*):ti,ab,kw
OR (disord*):ti,ab,kw OR (impairment*):ti,ab,kw)
#4 MeSH descriptor: [Intellectual Disability] explode all trees OR MeSH 2,014
descriptor: [Developmental Disabilities] explode all trees
#5 ((intellectual):ti,ab,kw OR (mental):ti,ab,kw OR (development¥):ti,ab,kw) 52,966
AND ((delay*):ti,ab,kw OR (disabilit*):ti,ab,kw OR (disord*):ti,ab,kw OR
(deviation®):ti,ab,kw OR (retardation®):ti,ab,kw OR (deficienc*):ti,ab,kw
OR (impairment®):ti,ab,kw)
#6 MeSH descriptor: [Autistic Disorder] explode all trees OR MeSH 1,509
descriptor: [Autism Spectrum Disorder] explode all trees
#7 (autistic disord*):ti,ab,kw OR (autism*):ti,ab,kw 3,738
#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 67,568
#9 MeSH descriptor: [Comparative Genomic Hybridization] explode all trees 1,610
OR MeSH descriptor: [Polymorphism, Single Nucleotide] explode all
trees OR MeSH descriptor: [Oligonucleotide Array Sequence Analysis]
explode all trees
#10 MeSH descriptor: [Microarray Analysis] explode all trees 321
#11 (microarray*):ti,ab,kw OR (micro array*):ti,ab,kw OR (array*):ti,ab,kw 4,491
#12 #10 OR #11 4,491
#13 (DNA):ti,ab,kw OR (chromosom*):ti,ab,kw OR (CGH):ti,ab,kw 49,318
OR (comparative genomic hybridization®):ti,ab,kw OR (single
nucleotide polymorphism®):ti,ab,kw OR (SNP):ti,ab,kw OR
(oligonucleotide*):ti,ab,kw OR (oligo):ti,ab,kw OR (genet*):ti,ab,kw OR
(genom®*):ti,ab,kw
#14 #12 AND #13 1,664
#15 #9OR #14 2,925
#16 #8 AND #15 145
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No. Search Query

#17 #16 NOT (MeSH descriptor: [Animals] this term only NOT (MeSH
descriptor: [Animals] this term only AND MeSH descriptor: [Humans]
this term only)) with Cochrane Library publication date from Jan 2000
to Dec 2020

#18 #17 AND ((guide®):ti OR (practice bulletin®):ti OR (position statement*):ti
OR (committee opinion*):ti OR (CPG*):ti OR (recommendat*):ti or
(consensus):ti)

Results

145
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#HALE 7-9
1) PubMed

No. Search Query

#1 ‘comparative genomic hybridization”[MeSH Terms] OR “polymorphism,
single nucleotide”[MeSH Terms] OR “oligonucleotide array sequence
analysis’[MeSH Terms]

#2 “microarray analysis’[MeSH Terms]

#3 “microarray*”[Title/Abstract] OR “micro array*"[Title/Abstract] OR
“array*”[Title/Abstract]

#4 #2 OR #3

#5 “DNA’[Title/Abstract] OR “chromosom*”[Title/Abstract] OR “CGH’[Title/
Abstract] OR “comparative genomic hybridization*”[Title/Abstract]
OR “single nucleotide polymorphism*”[Title/Abstract] OR “SNP”[Title/
Abstract] OR “oligonucleotide*”[Title/Abstract] OR “oligo”[Title/
Abstract] OR “genet*”[Title/Abstract] OR ‘genom*”[Title/Abstract]

#6 #4 AND #5

#7 #1 OR #6

#8 “in situ hybridization, fluorescence’[MeSH Terms] OR “multiplex
polymerase chain reaction”[MeSH Terms] OR “real time polymerase
chain reaction”[MeSH Terms]

#9 “fluorescen* in situ hybridization”[Title/Abstract] OR “fish techni*"[Title/
Abstract]

#10 “multiplex”[Title/Abstract] OR “triplex”[Title/Abstract] OR
“‘quantitative”[Title/Abstract]

#11 “polymerase chain reaction*”[Title/Abstract] OR “pcr*”[Title/Abstract]
OR “ligation dependent probe amplification”[Title/Abstract]

#12 #10 AND #11

#13 #3 OR #9 OR #12

#14 #7 AND #13

Results

203,415

93,303
307,293

334,987

2,536,804

107,470

264,725

106,871

37,238

690,201

669,755

166,401
265,681
22,804
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No. Search Query Results

#15 #14 NOT ((*Autobiography” [Publication Type] OR 21,131
“Bibliography”[Publication Type] OR “Biography”[Publication Type]
OR “pubmed books’[Filter] OR “case reports”[Publication Type]
OR “Dataset”[Publication Type] OR “Dictionary”[Publication Type]
OR “Editorial”[Publication Type] OR “electronic supplementary
materials”[Publication Type] OR “Interview”[Publication Type] OR
“Legislation”[Publication Type] OR “Letter”[Publication Type] OR
“News"[Publication Type] OR “newspaper article”[Publication Type]
OR *“technical report”[Publication Type]) NOT (“animals”[MeSH
Terms:noexp] NOT (“animals’[MeSH Terms:noexp] AND
“humans’[MeSH Terms]))) AND (2000/01/01:2020/12/31[Date -
Publication] AND (“Korean”[Language] OR “English”[Languagel))

#16 #15 AND “practice guideline”[Publication Type] OR 96
“guideline”[Publication Type] OR “guide*”[Title] OR “practice
bulletin*"[Title] OR “position statement*”[Title] OR “committee
opinion*”[Title] OR “cpg*’[Title] OR “recommendat*”[Title] OR
“‘consensus’[Title]
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2) EMBASE
No. Search Query Results
#1 ‘comparative genomic hybridization’/exp OR ‘single nucleotide 278,301
polymorphism’/exp OR ‘DNA microarray'/exp
#2 ‘microarray analysis'/exp 72,806
#3 microarray*:ab,ti OR micro array*:ab,ti OR array*:ab,ti 257,335
#4 #2 OR #3 320,270
#5 DNA:ab,ti OR chromosom*:ab,ti OR CGH:ab,ti OR ‘comparative genomic 3,010,588
hybridization*":ab,ti OR ‘single nucleotide polymorphism*:ab,ti OR
SNP:ab,ti OR oligonucleotide*:ab,ti OR oligo:ab,ti OR genet*:ab,ti OR
genom*:abti
#6 #4 AND #5 102,342
#7 #1 OR #6 349,000
#8 ‘fluorescence in situ hybridization’/exp OR ‘multiplex polymerase chain 379,508
reaction’/exp OR ‘real time polymerase chain reaction’/exp
#9 ‘fluorescen* in situ hybridization’:ab,ti OR ‘fish techni*':ab,ti 43,343
#10 multiplex:ab,ti OR triplex:ab,ti OR quantitative:ab,ti 870,807
#11 ‘polymerase chain reaction’/exp OR ‘polymerase chain reaction®’:ab,ti 1,231,910
OR pcr*:ab,ti OR ‘ligation—dependent probe amplification’:ab,ti
#12 #10 AND #11 224,723
#13 #8 OR #9 OR #12 513,709
#14 #7 AND #13 38,851
#15 #14 NOT ([conference abstract]/lim OR [conference paper]/lim OR 25,232
[conference review]/lim OR [editorial]/lim OR [erratum]/lim OR
[letter]/lim OR [note]/lim OR [short surveyl]/lim OR ‘case report’/exp)
NOT (‘animal’/de NOT (‘animal’/de AND ‘human’/exp)) AND ([english]/
lim OR [korean]/lim) AND [2000-2020]/py
#16 #15 AND (‘practice guideline’/de OR guideline*:ti OR ‘practice bulletin*":ti 133

OR ‘position statement*":ti OR ‘committee opinion*:ti OR CPG*:ti OR
recommendat*:ti OR consensus:ti)
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3) Cochrane Library
No. Search Query Results
#1 MeSH descriptor: [Comparative Genomic Hybridization] explode all 1,510
trees OR MeSH descriptor: [Polymorphism, Single Nucleotide]
explode all trees OR MeSH descriptor: [Oligonucleotide Array
Sequence Analysis] explode all trees
#2 MeSH descriptor: [Microarray Analysis] explode all trees 321
#3 (microarray®):ti,ab,kw OR (micro array*):ti,ab,kw OR (array*):ti,ab,kw 4,491
#4 #2 OR #3 4,491
#5 (DNA):ti,ab,kw OR (chromosom®):ti,ab,kw OR (CGH):ti,ab,kw 49,318
OR (comparative genomic hybridization®):ti,ab,kw OR (single
nucleotide polymorphism*):ti,ab,kw OR (SNP):ti,ab,kw OR
(oligonucleotide):ti,ab,kw OR (oligo):ti,ab,kw OR (genet*):ti,ab,kw
OR (genom®):ti,ab,kw
#6 #4 AND #5 1,664
#7 #1 OR #6 2,925
#8 MeSH descriptor: [In Situ Hybridization, Fluorescence] explode all 442
trees OR MeSH descriptor: [Multiplex Polymerase Chain Reaction]
explode all trees OR MeSH descriptor: [Real-Time Polymerase Chain
Reaction] explode all trees
#9 (fluorescen* in situ hybridization):ti,ab,kw OR (FISH Techni*):ti,ab,kw 1,059
#10 (multiplex):ti,ab,kw OR (triplex):ti,ab,kw OR (quantitative):ti,ab,kw 25,188
#11 (polymerase chain reaction®):ti,ab,kw OR (PCR¥):ti,ab,kw OR (ligation— 15,835
dependent probe amplification):ti,ab,kw
#12 #10 AND #11 2,811
#13 #8 OR #9 OR #12 3,965
#14 #7 AND #13 213
#15 #14 NOT (MeSH descriptor: [Animals] this term only NOT (MeSH 4
descriptor: [Animals] this term only AND MeSH descriptor: [Humans]
this term only)) with Cochrane Library publication date from Jan
2000 to Dec 2020
#16 #15 AND ((guide*):ti OR (practice bulletin®):ti OR (position 0

statement*):ti OR (committee opinion*):ti OR (CPG*):ti OR
(recommendat®):ti or (consensus):ti)
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Clinical Practice Guideline (CPG) 1. CCMG Guidelines for Genomic Microarray
Testing. 2010.

CPG 2. American College of Medical Genetics recommendations for the design and
performance expectations for clinical genomic copy number microarrays intended
for use in the postnatal setting for detection of constitutional abnormalities.
Genetics in Medicine. 2011.

CPG 3. Use of Array-based Technology in the Practice of Medical Genetics.
Genetics in Medicine. 2007.

CPG 4. Array-based Technology and Recommendations for Utilization in Medical
Genetics Practice for Detection of Chromosomal Abnormalities. Genetics in
Medicine. 2010.

CPG 5. Chromosome Microarray in Australia: A Guide for Paediatricians. Journal of
Paediatrics and Child Health. 2012.

CPG 6. Genetic Testing for Developmental and Intellectual Disabilities. Effective
Health Care Program. 2014.

CPG 7. Clinical Genetics Evaluation in Identifying the Etiology of Autism Spectrum
Disorders. Genetics in Medicine. 2008.

CPG 8. Assessment, Diagnosis and Interventions for Autism Spectrum Disorders. A
National Clinical Guideline. Healthcare Improvement Scotland (SIGN 145). 2016.
CPG 9. European Guidelines for Constitutional Cytogenomic Analysis. European

Journal of Human Genetics. 2019.
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Recommendation matrix

KQ 1-3

CPG1

CPG2

CPG3

CPG4

CPG5

SMFOLO|TZ00| HAS| HSF
(CHy A 713, 2191 0]ALo| SEtXISt, K AMERZof)

As genomic microarrays have significantly increased the diagnostic yield over a
karyotype for clinically significant imbalances in individuals with developmental
delay, intellectual disability, multiple congenital anomalies, and autism, they
are now accepted as a first-tier diagnostic test for these indications.

As genomic microarrays have significantly increased the diagnostic yield over a
karyotype for clinically significant imbalances in individuals with developmental
delay, intellectual disability, multiple congenital anomalies, and autism, they
are now accepted as a first-tier diagnostic test for these indications.

At the present time, microarray CGH may be used as an adjunct to standard
cytogenetic testing (including targeted FISH for specific microdeletion/
duplication syndromes) in the evaluation of a patient with mental retardation
and/or congenital anomalies. Financial limitations, availability of parents for
testing, and the possible ambiguity of results should all be considered.

ZE20|M A2 (p.650): Although this technology has been used in the evaluation
of tumors and cancer patients in the past, it is now being applied in the
assessment of patients demonstrating idiopathic mental retardation or
developmental delay, dysmorphic features, congenital anomalies, and
spontaneous abortions.

Recently, Miller et al. reviewed the evidence for utilization of CMA as a first-

tier test for the investigation of DD/ID, multiple congenital anomalies, and/or
autism spectrum disorders (ASDs). These authors’ recommendation for use of
CMA as a first-tier test was based on studies of 21,698 patients referred for
the above-listed indications, in whom the diagnostic yield was 12.2% higher
than that of a G-banded karyotype. After a review of 36,325 patients with DD/
ID, Hochstenbach et al. also recommended that CMA be a first-tier test in this
group of patients. In their study, a pathogenic anomaly was found in 19%.

CMA increases the detection rate of pathogenic chromosomal deletions or
duplications to approximately 15%, compared with approximately 3% detection
rate for standard cytogenetics (excluding trisomy 21) and is becoming the
first-tier clinical diagnostic test for individuals with DD/ID, ASD and MCA.
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KQ 1-3

CPG6

CPG7
CPG8
CPG9

M| OFO|Z 20{2]0] HAR| HSF
(CHary M3 71, QI 0| WEX|H, XHH AEHT0L)

Medical genetics groups now recommend chromosomal microarray analysis
(CMA) as a first line genetic test to identify genetic mutations in children with
multiple anomalies not specific to well-delineated syndromes, nonsyndromic
DD/ID, and ASD.

HiZ YA 21Z(p.2): More recently, advanced genetic tests (e.g., microarray—
based comparative genomic hybridization [aCGH] and sequencing) have been
used to detect genetic abnormalities associated with DDs. These newer tests
have a higher resolution and may show genetic abnormalities not seen on
G-banded karyotyping. Proposed benefits of these advanced genetic tests
include establishing an etiologic diagnosis in patients with neurodevelopmental
manifestations but without syndromic features, ending the diagnostic odyssey
of many visits to specialists, avoiding other forms of testing, improving
understanding of prognosis and future medical needs, initiating treatment and
surveillance earlier, and helping families in reproductive decision making.

=4H UE Qs

HH UE el

Genome-wide microarray—based analysis (array) is used to detect chromosomal
imbalances at a significantly higher resolution than routine cytogenetic
analysis. Because of its higher diagnostic yield, genome-wide array analysis
is recommended as a first-tier diagnostic test for patients with ID, autism,
neurodevelopmental disorders and/or congenital anomalies.
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KQ4 DA a3 ZAtelel B (2UE U S0|5)
CPG1 A UE e=
CPG2 [Analytical sensitivity]

Manufacturers should detail the assay performance, quality parameters, and
software algorithm required to achieve a target 99% analytical sensitivity of
CNVs 400 kb in the regions covered by the platform. The assessment of the
analytical sensitivity may be first made by testing a sufficiently large number
(200-300 or more) of well-characterized cases to establish a 99% analytical
sensitivity for CNVs at least 400 kb in size, with a lower limit of the 95%
confidence interval 98%. Ideally, these cases should contain unique CNVs with
defined copy number alterations throughout the genome, with the majority
representing CNVs 1 Mb in size. These samples should be derived from the
same tissue source(s) using the DNA extraction procedures recommended
in the manufacturer’s protocol. A combination of these actual experimental
challenges with furtherin silico data modeling approaches (simulation of
additional abnormalities) should provide reasonable confidence that 99% of all
copy number alterations 400 kb will be detected with the microarray platform.

[Analytical specificity]

Itis not feasible to calculate specificity in the usual way, as even phenotypically
normal individuals are likely to have one or more CNVs present in the genome.
Rather, one can determine the false—positive rate per CNV call. This can
be achieved using the same samples from theanalytical sensitivity study.
Manufacturers should detail the parameters specific to their platform (number of
consecutive probes, log2 ratio, SNP allele ratios, quality control metrics, etc) that
are necessary to conclude that a copy number call represents true copy number
variation. Any CNV call in the sample set meeting these parameters, regardless
of pathogenicity, should be confirmed by an independent methodology with
a target false—positive rate 1%. The 95% confidence interval around the false
positive rate should also be determined and will be based on the number of
CNVs identified in this study. It is expected that the parameters (e.g., number
of consecutive probes) necessary to achieve this low false—positive rate will
likely be more stringent for gains versus losses, as the expected probe ratios for
single copy gains are more similar to the normal copy number state.
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KQ 4

CPG3

CPG4
CPG5

DA a3 ZAtelel B (2UE U S0|5)

a. At the manufacturer’s discretion, CNVs 400 kb may also be called as long as this

does not increase the false—positive rate. With proper technical performance

and analytical validation, the performing laboratory should not be required to

confirm a CNV, regardless of size, called with the manufacturer’'s recommended

parameters.

In addition to the overall confidence with which a CNV is called, it is

recommended that confidence measures also be assigned to probes/regions

at the boundaries of a CNV to define the breakpoints assigned and provide

appropriate minimum/maximum CNV intervals.

. Given that it is desirable to maximize detection of aberrations below the 400
kb threshold that result in deletion or loss of function of clinically important
genes and of aberrations in mosaic form (both of which may not generate a
robust copy number call), it is acceptable and appropriate for the software to
highlight certain calls that do not meet the stringent confidence parameters. At
the discretion of the performing laboratory, such low confidence calls may be
flagged for review and correlation with the patient’s clinical indication but should
be confirmed by an independent methodology if reported.

o

o

aCGH analysis is proving to be a sensitive and reliable tool in detecting
submicroscopic chromosomal abnormalities that are undetectable by current
cytogenetic testing methodologies. Reports to date are consistently quoting an
abnormality rate between 8% and 20%, although larger numbers of patients
need to be studied with these techniques.

232|582 22 (p.651): In addition to new and presumed significant chromosomal
changes, several of the studies demonstrated that the arrays could reliably
detect previously described chromosomal abnormalities identified by
standard cytogenetic techniques. Studies have also reported the detection of
chromosomal mosaicism in the range of 3% to 20% in patients. Reports of aCGH
identifying cytogenetic abnormalities missed by routine cytogenetic analyses are
also appearing in the literature and further support the sensitivity of aCGH.

Qo E0f HEZ(p.652): aCGH analysis is proving to be a sensitive and reliable tool
in detecting submicroscopic chromosomal abnormalities that are undetectable
by current cytogenetic testing methodologies.

A UE el=

CMA increases the detection rate of pathogenic chromosomal deletions or
duplications to approximately 15%, compared with approximately 3% detection
rate for standard cytogenetics (excluding trisomy 21) and is becoming the first—
tier clinical diagnostic test for individuals with DD/ID, ASD and MCA.
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CPG6 K| ZEL0H0f| Stalf A (p.2): These newer tests have a higher resolution and may

show genetic abnormalities not seen on G-banded karyotyping. Proposed
benefits of these advanced genetic tests include establishing an etiologic
diagnosis in patients with neurodevelopmental manifestations

(p.6) Differential diagnoses for these patients can bedifficult based on clinical
manifestations or conventional G-banded karyotyping. Patients with DDs
characterized by distinct syndromic features (such as Down syndrome) that are
typically diagnosed based on clinical manifestations or conventional G-banded
karyotyping are beyond the scope of the Technical Brief.

CPG7 A critical review of the potential contribution of newer testing techniques suggests
that yield can be significantly higher than 15%. Chromosomal studies are
consistently reported as giving one of the highest diagnostic yields in persons
with ASDs. Continued improvements in cytogenetic approaches including
higher resolution studies have further increased the diagnostic yield. One study
found a 27.5% yield in the study of aCGH in patients with “syndromic” autism.
Preliminary data from many sites suggests that the cumulative yield of aCGH
will prove to be the highest yield test that is clinically available. If the estimates
of the frequency of the most commonly reported anomalies are pooled, current
aCGH platforms can be estimated to identify abnormalities on the order of 10%,
beyond what would be identified by standard chromosomal testing (G. Schaefer,
unpublished data).

CPG8 Chromosomal microarray has largely replaced microscopy—based karyotyping and
in various clinical situations microarray—CGH yields a typical pathogenic copy
number variant detection rate of 10% for autism and ASD (higher detection rates
with concomitant intellectual disability).

CPG9 HH UHE s
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CPG1 HHEUE Sls

CPG2 o3 U oS

CPG3 HEUE Sls

CPG4 HEUE ols

CPG5 It can be conceptualized as thousands of MLPA or FISH studies across the whole
genome, with no a priori diagnosis required.

CPG6 HEUE ols

CPG7 HEUE ols

CPG8 HEUE oUs

CPG9 HEUE Sls

KQ 6 A ™ S

CPG1 A S AUS

CPG2 E HE S

CPG3 =E HE S

CPG4 HE U8 2

CPG5 Because of the complexity and limitations of CMA testing, it is recommended
that pre—test counselling should be provided to the family, either by the
requesting practitioner, a genetic counsellor or by a clinical geneticist.

CPG6 oE HE S

CPG7 E S AUS

CPG8 =E UE S

CPG9 Patients must be informed about the scope, principle, resolution and limitations

of the tests available for their specific context/situation. The possibility of
incidental findings, (unrelated to the clinical question but nevertheless of
importance for the individual’s health) and of uninformative or uncertain results
should be addressed. Counselling is also vital after testing to aid the correct
interpretation of the results and ensure the patient can truly make an informed
decision.
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KQ7
CPG1

CPG2
CPG3
CPG4

CPG5

CPG6
CPG7
CPG8

AL Zatof TSt WX Z#S(FISH, MLPA, gPCR) 224

Validation of potentially pathogenic copy number variants should be performed
by an independent assay such as FISH, QPCR, MLPA or an alternate microarray
platform. When possible, FISH analysis is recommended to provide structural
information of clinically significant CNVs (e.g. insertion, tandem duplication,
marker).

2AUE els

A UE els

Appropriate follow-up is recommended in cases of chromosome imbalance
identified by CMA, to include cytogenetic cytogenetic/FISH studies of the
patient, parental evaluation, and clinical genetic evaluation and counseling. The
clinician should be aware of the various platforms currently in use and their
limitations. Questioning the laboratory performing the test about coverage
of the array in specific regions of interest (e.g., telomeres, X chromosome,
and common microdeletions) is justified. The clinician also should understand
what type of follow-up tests will be performed, and on whom, in the event of
abnormal results.

Different laboratories may also vary in the method used to confirm the array
findings; these range from fluorescent in situ hybridisation (FISH) to molecular
techniques such as multiplex ligation—-dependent probe amplification (MLPA) to
a second array. / Sometimes, apparent deletions or duplications are artefactual
for technical reasons (difficulties in probe hybridisation, or imperfections in probe
design and stochastic ‘noise’). To minimize the chance of false positive results,
the laboratory may ask to validate the test using a second method (such as
FISH, MLPA or a second array), particularly if the array-detected variant is
rare or of small size.

ol

22 U8 918

22U 98
B LIS oS
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CPG9 In order to correctly assess the clinical relevance of a CNV one needs to take into

account the following inheritance models and other aspects:

- Dominant de novo or inherited (phenotype information of parents is crucial);

- Recessive; compound heterozygote or homozygous variant;

- X-linked;

- Imprinted genes;

- Mosaicism; in patient or parent;

- Two—hit CNV model;

- CNV in a non—genic region containing a regulatory sequence of a nearby
disease gene;

- Genomic position of a CN gain; follow-up testing by region-specific FISH
metaphase analysis may be helpful to determine whether the gain is
due to a tandem duplication, an insertion elsewhere in the genome or a
supernumerary marker.
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KQ8 HAL 2ol M S 2B 7HF HAel 22y

CPG1 12. Validating and Reporting Results

- Validation of potentially pathogenic copy number variants should be
performed by an independent assay such as FISH, QPCR, MLPA or an
alternate microarray platform. When possible, FISH analysis is recommended
to provide structural information of clinically significant CNVs (e.g. insertion,
tandem duplication, marker).

- Microarray analysis of parental samples may be used to identify inherited
CNVs, with no further validation studies required; whereas suspected de
novo CNVs should be validated in the proband by an independent assay. FISH
studies of parental samples should be performed for all suspected de novo
CNVs to investigate the possibility of a parental balanced rearrangement.

- For parental follow-up studies, FISH or targeted molecular techniques should
be preferred over whole genome array testing.

CPG2 Because many of the abnormalities identified by genomic microarrays result
from cytogenetic rearrangements, it is often necessary to characterize the
mechanism responsible for the imbalance for appropriate genetic counseling.

If the microarray assay is performed in a molecular genetics laboratory, this
laboratory should establish a close partnership with a cytogenetics laboratory,
such that abnormal results have cytogenetic characterization and interpretation,
as appropriate, before reporting. Family members should also be provided
appropriate follow-up testing.

CPG3 Historically, to determine whether a chromosome abnormality was an inherited or
de novo finding, parental samples were examined. This protocol will be followed
with the application of aCGH. Specific BAC clones are used to verify array
results on patients. Parental samples are then examined for any abnormality
detected. In some instances, arrays may also be required on parents to clarify
breakpoints or confirm CNVs. Following these procedures will unquestionably
add additional costs to an already expensive test. However, until such time as a
comprehensive CNV and polymorphism database is compiled that can be used
for result comparison, interpretation of aCGH results will still require adjunctive
testing for clarification as is routinely done in cytogenetics laboratories at this
time.
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CPG4 The clinician also should understand what type of follow-up tests will be
performed, and on whom, in the event of abnormal results. Further, for deletions
and duplications, parental studies (by fluorescence in situ hybridization [FISH]
or metaphase preparations, if possible) should be conducted to rule out the
presence of a chromosomal rearrangement such as an insertion or inherited
duplication. Although rare, for a family in which such a rearrangement is found,
recurrence risk can be as high as 50%.

With increased utilization of a diagnostic test comes a better appreciation of the
range of possible and sometimes unexpected results. / Appropriate follow-up is
recommended in cases of chromosome imbalance identified by CMA, to include
cytogenetic/FISH studies of the patient, parental evaluation, and clinical genetic
evaluation and counseling.

“Further, for deletions and duplications, parental studies (by fluorescence in situ
hybridization [FISH] or metaphase preparations, if possible) should be conducted
to rule out the presence of a chromosomal rearrangement such as an insertion or
inherited duplication. Although rare, for a family in which such a rearrangement
is found, recurrence risk can be as high as 50%. With increased utilization
of a diagnostic test comes a better appreciation of the range of possible and
sometimes unexpected results. This is certainly the case with array CGH and
identification of what we now understand to be benign CNVs.” “Interpretation
of the significance of a rare copy number change can be incomplete if parental
samples are unavailable for comparison and published data on the CNV are
lacking.”
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FISH can be helpful in mapping detected variants, and this can be important
for accurate genetic counselling, for example by excluding a parent carrying
a balanced insertional translocation. However, in reality, the incidence of
cytogenically visible insertional translocations is very low (occurring in
approximately 1:18,000 live births), and this is also likely to be true of the
submicroscopic equivalents.

Fig 301l 2=/ AUS. “The highly variable nature of the genome means that care
must be taken in assigning pathogenicity to CNVs detected by CMA. There are
no universal criteria to help interpret CNVs.

Commonly used strategies include comparison with parental samples and
analysis of the literature and various databases of likely benign CNVs (such as
the Toronto Database of Genomic Variation (http://projects.tcag.ca/variation)
and the CHOP database (http://cnv.chop.edu/) and pathogenic CNVs (such
as DECIPHER (https://decipher.sanger.ac.uk) and the International Standard
Cytogenomic Array database (https://www.iscaconsortium.org/)) and gene
content (http://www.ncbi.nlm.nih.gov/genome/guide/human/). An approach
for the clinician to interpret CMA reports is shown in Figure 3.
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Metaphase FISH, on the other hand, is a method of choice for the detection of
submicroscopic balanced rearrangements and can be used for chromosome
imbalances when targeted proband/family follow-up investigations of
abnormalities detected by array analysis are required.
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An accurate diagnosis for patients will provide the clinician the opportunity to
discuss treatment options, prognosis, and recurrence risks as well as to avoid
unnecessary future testing.

=4E HE US

Proposed benefits of these advanced genetic tests include establishing an
etiologic diagnosis in patients with neurodevelopmental manifestations but
without syndromic features, ending the diagnostic odyssey of many visits
to specialists, avoiding other forms of testing, improving understanding of
prognosis and future medical needs, initiating treatment and surveillance earlier,
and helping families in reproductive decision making.

Specific recurrence risk counseling— beyond general multifactorial information—
can be provided, and targeted testing of at risk family members can be offered.

Empirical recurrence risks for full siblings are 4% if the affected child is a girl and
7% if the affected child is a boy. If a second child has autism, the reported
recurrence risk has been from 25% to 50%. A reasonable synthesis of published
reports would be around 30%.
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If one assumes the cost of standard karyotyping, with subtelomeric FISH and
possibly locus—specific FISH, the total cost for this kind of workup exceeds that
currently being charged for aCGH.
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Proposed benefits of these advanced genetic tests include establishing an
etiologic diagnosis in patients with neurodevelopmental manifestations but
without syndromic features, ending the diagnostic odyssey of many visits
to specialists, avoiding other forms of testing, improving understanding of
prognosis and future medical needs, initiating treatment and surveillance earlier,
and helping families in reproductive decision making.

Clinical geneticists can contribute to the process by examining and evaluating the
patient, the parents, and siblings, as necessary, in establishing the etiology. A
definitive diagnosis helps the patient acquire needed services, and is helpful
in many other ways for the family. Many families are greatly empowered by
knowledge of the underlying cause of a relative’s disorder. Depending on the
etiology, associated medical risks may be identified that lead to screening and
the potential for prevention of morbidity. Specific recurrence risk counseling
beyond general multifactorial information can be provided, and targeted testing
of at risk family members can be offered. In a limited number of cases (e.g.,
metabolic disorders) targeted therapies may be or become available. 3. Referral
for clinical genetics evaluation: Defining the etiology of an ASD can be of great
benefit to the patient and family. Information gained from an identified etiology
can help with family counseling, medical management, preventative health
strategies, and empowerment of the family.
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