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DEVICE IDENTIFICATION

Assay:

Trade or Proprietary Name: Illumina MiSeqDx M" Cystic Fibrosis 139-Variant Assay

Assay Common Name: Next generation sequencing cystic fibrosis test

Classification Name: CFTR (cystic fibrosis transmembrane conductance

regulator) gene mutation detection (21 CFR 866.5900,
Product Code PFR)

Predicate Device: Luminex xTAG® Cystic Fibrosis 60 Kit v2 (k083845)
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DEVICE DESCRIPTION

The Illumina MiSeqDx Cystic Fibrosis 139-Variant Assay consists of library preparation

and sample indexing reagents, sequencing reagents and consumnables, MiSeqDx
instrument and data analysis software. Testing begins with genomic DNA from a

peripheral whole blood sample. The genomic DNA is processed through the library

preparation steps, which specifically amplifies the intended genomic regions of each

sample while also adding the indexes for sample identification. Flow cell capture

sequences are also added to the amplified products. The resulting sample libraries are

then transferred into a MiSeqDx reagent cartridge which contains all of the reagents

required for cluster generation and sequencing (Sequencing By Synthesis). The

MiSeqDx Cartridge, MiSeqDx Flow Cell, and MiSeqDx SBS Solution (PR2) are then

inserted into the MiSeqDx instrument, which performs cluster generation, sequencing

and data analysis.

INTENDED USE

Illumina MiSegDxTM' Cystic Fibrosis 139-Variant Assay

The Illu~mina MiSeqDx Cystic Fibrosis 139-Variant Assay is a qualitative in vitro

diagnostic system used to simultaneously detect 139 clinically relevant cystic fibrosis

disease-caulsing Mutations and variants of the cystic fibrosis transmembrane

conductance regulator (CPTR) gene in genomic DNA isolated from human peripheral

whole blood specimens. The variants include those recommended in 2004 by the

American College of Medical Genetics (ACMG) and in 20*11 by the American College of

Obstetricians and Gynecologists (AGOG). The test is intended for carrier screening in

adults of reproductive age, in confirma tory diagnostic testing of newborns and children,

and as an initial test to aid in the diagnosis of individuals with Suspected cystic fibrosis.

The results of this test are intended to be interpreted by a board-certified clinical

molecular geneticist or equivalent and Should be used in conjunction with other

available laboratory and clinical information. This test is not indicated for use for

newborn screening, fetal diagnostic testing, pre-implantation testing, or for stand-alone
diagnostic purposes.

The test is intended to be used on the Illumina MiSeqDx M Instrument.
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SUBSTANTIAL EQUIVALENCE

MiSeqDx Cystic Fibrosis 139-Variant Assay

Characteristic Illumina Lumiinex (K083845)

Assay Name Illumina MiSeqDx Cystic Fibrosis 139- Luminex xTAG®Cystic
Variant Assay Fibrosis 60 Kit v2

Intended Use The Illumina MiSeqDx Cystic Fibrosis 139- The xTAG® Cystic Fibrosis 60

Variant Assay is a qualitative in vitro kit v2 is a device used to

diagnostic system used to simultaneously simultaneously detect and

detect 139 clinically relevant cystic fibrosis identify a panel of mutations

disease-causing mutations and variants of and variants in the cystic

the cystic fibrosis transmembrane fibrosis transmembrane

cond uctance regulator (CFTR) gene in conductance regulator (CFTR)

Igenomic DNA isolated from human gene in human blood

peripheral whole blood specimens. The specimens. The panel includes

variants include those recommended in 2004 mutations and variants

by the American College of Medical Genetics currently recommended by the

(ACMG) and in 2011 by the AmericanAmrcnCleeoMdia
College of Obstetricians and Gynecologists Genetics and American

(ACOG). The test is intended for carrier College of Obstetricians and

screening in adults of reproductive age, in Gynecologists (ACMG/ACOG)

confirmatory diagnostic testing of newborns plus some of the world's most

and children, and as an initial test to aid in common and North American

the diagnosis of individuals with suspected prevalent mutations. The

cystic fibrosis. The results of this test are xTAG Cystic Fibrosis 60 kit v2

intended to be interpreted by a board- is a qualitative genotyping test

certified clinical molecular geneticist or which provides information

equivalent and should be used in intended to be used for carrier

conjunction wvith other available laboratory testing in adults of

,and clinical information. This test is not reproductive age, as an aid in

indicated for use for newborn screening, I newborn screening, and in

fetal diagnostic testing, pre-implantation Iconfirmatory diagnostic testing

testing, or for stand-alone diagnostic in newborns and children.

purposes. The kit is not indicated for use
in fetal diagnostic or pre-

The test is intended to be used on the implantation testing. The kit is

Illumina MiSeqDxTNI instrument, also not indicated for stand-
alone diagnostic purposes.

Assay type Next generation sequencing test Qualitative nucleic acid
multiplex test

Variants 139 clinically relevant variants 60 CFTR mutations and 4
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Characteristic Illumnina Luminex (K083845)

Detected Ivariants (benign
polymorphisms)

Technology Sequencing by Synthesis (S85) jMultiplex PCR followed by
multiplex allele spedific primer
extension for genotyping,
hybridized to multiplex

fluorescent microparticles,
detected by flow cytometry.

Sample Type Nucleic acid from EDTA anticoagulated Nucleic acid from whole blood

blood anticoagulated with either
EDTA or citrate.

Sample DNA extraction using validated laboratory Same -- - -_-

Preparation method

Contra- Not indicated for newborn screening, fetal The kit is not indicated for use

indications diagnostic testing, pre-i mplantation testing, in fetal diagnostic or pre-

or for stand-alone diagnostic purposes. implantation testing. This kit is
also not indicated for stand-

____ - _______ -- alone diagnostic purposes

Assay Controls Positive and negative controls required, not Negative controls required, not
supplied supplied. Positive controls

recommended, not supplied.

Instrument MiSeqDx instrument Luminex 100 or 200 IS

System

PERFORMANCE CHARACTERISTICS

Accuracy

Accuracy of the Illumina MiSeqDx Cystic Fibrosis 139-Variant assay was assessed by
evaluating 500 samples representing a wide variety of CFTR variants from four separate

sources. The primary source of accuracy data was a clinical accuracy study conducted

using a panel of 366 samples. The majority (n=355) of samples consisted of archived,
anonymized clinical gDNA specimens isolated from human blood, the remaining 11

samples were obtained from commercially available cell line specimens.

Data from this study was supplemented with accuracy data from 68 cell line samples

evaluated in the reproducibility study, 14 clinical samples from the extraction method

evaluation analytical study, and 52 synthetic plasmid samples. The synthetic plasmids
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were designed to include the genomic context of the rare variants, and contained

anywhere from 1Ito 9 variants within the same construct. They were linearized, diluted

to genomic DNA equivalent copy numbers, and blended with human genomic DNA

samples of wild type genotype at equivalent copy numbers to mimic a heterozygous

sample.

The genotyping results for 137 SNA/small InDel sites, including the PolyTG/Poly T

region were compared to Sanger bi-directional sequence analysis. A PCR based assay

was used as the reference method for the two large deletions in the panel. Each duplex

PCR assay made use of 2 primer sets to discriminate between wild type, heterozygous,

and homozygous genotypes. One of the primer sets was designed to flank the deletion

breakpoints, whereas the other amplified a region internal to the deletion. The two

products were detected by size separation on an agarose gel.

The assays were validated using a panel of 28 samples in all (22 samples for each

deletion) consisting of cell line and blood derived genomic DNA samples, and synthetic

plasmids which encompassed the WT, HET and HOM genotypes for each large deletion.

The PCR assays were confirmed to have 100% specificity and reproducibility for all

samples tested, by evaluation of PCR products on an agarose gel. The accuracy of the

PCR assays was confirmed using Sanger Sequencing and found to be 100% for all

sample

Accuracy was determined for each genotype through three statistical measures. Positive

Agreement (PA) was calculated for each variant genotype by dividing the number of

samples with agreeing variant calls by the total number of samples with that variant as

identified by the reference methods. Negative Agreement (NA) was calculated across

all wild type (WT) positions by dividing the number of concordant WT positions by the

total number of WT positions as defined by the reference methods. Overall Agreement

(OA) was calculated across all reported positions by dividing the number of concordant

WT and variant positions by the total number of reported positions as determined by

the reference methods.

The MiSeqDx Cystic Fibrosis 139-Variant Assay had a genotype-level PA of 100%. The

NA for all wild types was >99.99% and the OA for all reported positions was >99.99%.
All test results were based on initial testing.

Confidential 26



woc WEo1ooooo10 a 10ooCo O O O O O 0

z- 0 0 oooooooio0 00 00 0C0 00 0

0 L

E wC

.0.

Ln>00

88 8r L88n8 O 8 8
- - z

0 . 0 0 K 0 0 0 0

Ul a 0000 CIO 0

I-. ~ ~ ~ 7 -. 2. - - -- -

m0 0 - 0 0 0 0 - .- to o 0 0 H 0 0 0 0 0 0 0

> CxL I , xCCO

0

U I 0

XL LiI



C

C

zE0 00CD0 0 00 00 oj 00 0 00 00 00
0 0 0 0 0 0 00 0 0 010 Or 0OCOC 00 00 0

00 0 00 )00 0 000 0 000 0 00 00 0

E Lo LI

LO T C)00 00 0 000000 010 0 00.0 00 00 0

vt 0

0- K
m~ O 0(N LI) fT w0 w0 n 'T r, (n 00 in in ma o 0 0 LI mV w0

z n )Man0 0 )( 00410) 0)0) 0000) 000w)m)m)m )

a
a) L. 0

in 0 000 r4 0 0 0 F.0000 0o oo

E h-

_ I c
- C Ca 0

.- 1 4 N (N 0 ( (N (-J a

-~CO

E 0  0 o 0~ in ,4 0 t .4 N 0en00 0 0 00 0oO

-n 0 0

Aa A

(U EA IA w m

en m M m 0N 0 N .m L L n L0 ~~~0 
N iW0 qLAa CA ~u ilgf



0 i 00 0 0 0 0 o *oo o cc 0 0Vw os0 0 0 000 01 0 0010 00a0 00 00
> -- '1 -- '- -U-

000 0 0 0 0 C O0 - - -4 -4 -4

20 0 0 00 o0o 0 0 0 0C0 010 0 000 0

(P ~ j 0 000 0 0 0 0 0 0

-- 0

0

EE

Nn N (C ( O N A N 0 G ( 0 , 0 l CO (C (C 0C N

-M

I -0

- - 0 -4 0 IN. 0N Ol N -1: 0H O

m0H0 0 00 0 0 n 0 0 N
OS CEvK

1 U A __ W -

m N mi I m m jo mr 4 , n N r n :

0 0100000 0 0 0 000 00 a00 000
CWO CI oooooooooooOOOOOOOOOO 0 0 0

I a" LA AA AA AA LA

0 E AL A A LD ko MA 00 C4 'A LA '

Z; Eh 0'C C ' o 0 n %
- mC + N l 0 0 0 ~ x 0m

S0 + +0  N I,~ N ( . -
CA4 Do W~~o0r IN z S 1

(N r4 N N n -
Uq N



T 7 Cf C] 0
0 00 00 .0C 00 000 0

>w 0 0 0C00 0 0 00 0 00 0 00

0

w0 00 0000l0 09c 0 00 00 0 0 0 00 C00

w 000 0.010 0~ 0 0 00 0 0~ 0 0 000 0

Ew 0 0010 0 00 00 0 0 000 01 C 0 000 0

00
z~ 000O00 00 0 00 0 00 0 00 00 0

E 0

>, 00 00 000 0 00 0 00 00 00 00 0

M0

oz 1

w-f rl mI D

aI, - -

I Ca)

0*

a I- C

C 00 0 I t 0 0 0 0 0 0 0 0 0 0 0

02 0-C 0 In 0H en a, o0 0 0 0 0 0010 00 0C0

. C - .

U A2 1
mU 0E A No 'o C N

0 to N n i an , Ln m '
(n +H r, + W a~ + +4 a IN 4N

2. -.. r -ALn m o (n cr 0



E0 00 000 0 0 0 0'0 0 0O ooj 00
0 00 0 00 0 0 010 8j 0 0 0 00 0 000

Zi w

E:7- 0 00 000 OgrO 0 00 0 00 0 a00
0 00 0000 ~0 00 0 0 0 00 0

0)i L

z 0 0 0 0 0 000 0 0 00 00 0 0 0 0 0 0

J04- - 0 0 0 00 0 0 0 0 0 0 0

LA 010

m~ m~ m~ mo 0 CAl w0 m~ mb m~ m w m m 0) G) 0) 0)0m)0 )
m cn m 0' 0m 0) 0) 0)0cn 0) 0 0) 0 C) 0)0) m m0)

x z

00

al -l -a 0C 1 10 0 0 0 0 0 CE~
0 0 00000 DC

- H - r N r - ri -- Nm F-4 xn - <- -4 - -4I__ ;o6

0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w* o CA

7=1 0 0 00
a*



7 0 - 0 000000 .0 00 0 0 00 CO 0 0 0 C

> ooooo0oo08S l 0 00 0 0

Z 5- 000 0 0 0 0 0 0 0  ~0 0 0 00

>0
? 0 0 00 00 0 00 0 0 0 8CIO 0 0 -

u ~ E 0 0 00 00 00 00000O0 0 C88 0 0

00 0 0 0 00 0 8
o 4- -------- 4- 4--

(fU u, In 0 ) 0 n (

W i- I-I, -; Kt:-T ; t '

Z 0 0 a C, 0V C, C0 01 0 0- -

.- 4 I~-4

0 00000 0 0000 0 0 ad

0 -

E U)

r, Cc Jn r, 00
0 0 0 0 I0 00CJ0000000000 0 0r4)( 000 01 00 0C0 m' 0000 0 0

r4 N koN enL
E 

I0.I Nj rn ~ L



- A7

0 0 0 0 0 0 0 0 0 >~I

%r -E - - C4 0- 0- - <1 - 0) 0

w Ao .0

Z~ 0o

00

z- 000 00<010 00 C0~

uo~ 000 0 -00 0 0 0 ~ C

- rI rI rl -

0 0 a =~Z~

4 0) 0

0)4)0 0

~Q)

0J 0 0 0 0 0) 
- - - a 0 0

0)0

,Z7 0 0 0 0 0 r .

00

0 G

- -- 6

0 0 0 00 i
m 0 010 0I0,t

o= 4n 0)' -n L ,

[ zz 6 0L

0 C >.'1

2r~ 't ) >Z 0~

o N



C

= 'a

8 0

'at- r -

a C

-~ 0 0
0 0

C

:2 .8
~ - -

Co

C
I-

25 0. 00 rn
'. U H

II ---

0 0 F-
0
no) - C C-

- It U r 0 0 0 0 0 0 0 0 -

4.2 ~. ~,
(ow .~- >1

Uc. 0.-~- a' a'
-, -Zr. .t Co

x CO (ao
___ __ C_____ t 0 0 0 0 0 0 0 0 0 00) ____ _____ ___

In
I- -

S It

0 0 .z
- CC
0, - -~ ~

Cb
0

t Co (flU) 0 0 0 0 0 0 0 0 0 0

I-C 
w

- 'a~ -

- -
- In

- - 'a C
= C (~, 0- 0

~ U
2 U~ -c

'a.... 0 'C r

- - u U-an 0 o - 0 ~ - 0 - C -

0x -
Ca - In

C 0 - 0) _
(p

- 0Uu-. .EE
UU) ri - - Cl -

0.

CI C ~6-.

0, 0 0 N a' to N to N
- In N N Nc-.. o 0 £EEEZ F- - H
- 0 U) LI) - Cl Cl

It - 0 , r ( - - -
3-. ,-* ,- - I-

(V -- ~Q0QQQ0u 0c. 00 ~- '- F- F- F- F-
U F- I- F- F-C N N N N N N

C N a' C'
C . 0- -. -

- - -. - 0 0 0 0 0 0F -- C ci
> U o ~' ~' a' a' - ,- - - - -

H



E ccc

-. u

. 0-

0 z
0

ao) -

-,

Un-n

0)0 ta -I lz -I r n 0a -1 a

m u u u 22
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Reproducibility - 139-Variant Assay

The reproducibility of the MiSeqDx Cystic Fibrosis System was determined through a

blinded study using 3 trial sites and 2 operators at each site. Two well characterized

panels of 46 samples each were tested by each of the operators at each site for a total of

810 calls per site. The panels contained a mix of genomic DNA from lymphoblastoid cell

lines with known mutations in the CFTR gene as well as some leukocyte-depleted blood

spiked with lymphoblastoid cell lines with known mutations in the CFTR gene. The

blood samples were provided to allow incorporation of the extraction steps used to

prepare gDNA that serves as the primary input for the assay workflow.

The sample pass rate, defined as the number of samples passing QC metrics on the first

attempt, was 99.9%.

The genotype-level Positive Agreement for all variants was 99.77%. The Negative

Agreement for all WT positions was 99.88% and the Overall Agreement for all reported

positions was 99.88%. All test results are based on initial testing. No repeat testing was

done for the reproducibility study.
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Table 4: Reproducibility Panel Variants

Sample Variants Positive Negative-
Genotype Agreeing Agreeing calls 9. t

calls (Wild type)c

w (Variants) LA E E

I- 0)

A 82i-80 6 08400 0 0 0

A >A54(HET) 12 68484 0

* Q493x/rso - 810 12 12 78 78 78 0 0 100 100 100

A___ 4*F5Tdl/2181 12 12 12 797 798 7980b1 10 10 o10

84deIA
-- - (HET) - - - - - -- - - _ _ _ _

A 5W Y122X/R115 810 - 12 10 12 7i98 'd65 79-8 -0 135 94.44 94.44 9 4. 4
- -- AX(HET)_ _ __- -_,-n- A

A 6 F5O8del/21 810 12 12 12 798 78798 0 0 100 100 100
S3AA>G

(HE) ____

A 7 R75X(HET) 810 6- -6- 6 804 804 804 0 0 100 100 -1001

A 8 lSO7del/F50 810 12 12 12 798 798 798 0 0 100 100 100

KA ff Sde HE) _ 810 12 11 12 798 7 97 79 7.22 99.969.2

A 10* FS08del/32 810 12 11 12 798 797 798 2* 0 97.22 99.96 99.92
* 72-26A>G*

(H ET) 

1 - 1 - -1 01
49+l0kbC>T

A 12 621+16>T/3 810 12 12 12 798 798 798 0 0 100 100 100
120+1G>A

_ _ _ (HET) _ _ _ _ _ _ _ _ __ _ _

A13 E60X/F508d81 2 21 k-ggi- -o o od foo b
el HIET) _ _ _

A 14 M1101K 810 6 6 6 804 804 804 0 0 100 100 100

(H ET) _ __

A 1I5. M1O1K -- 810 -6 -6'd 6 8-04 804 804- 0 0 100-iO 100 lfl--
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A 16 FSO8del 1506V, 828 6 6 6 822 822 822 0 0 100 100 100
(HOM) 1507V,

F508C
not

-&id-e/36present 810 2 '-- -78- -7876 - - - 1f-T0.1

S9delC

A 18 R117H/F508 (TG)10(T) 816 18 18 18 798 798 798 0 0 100 100.0 100

del (HET) 9/(TG)12 0
(T)5

A4 i962 1+1G>T/7 810 -12-12 -12 79-8 798 798 0- 06 10 0 1-00 100b

11+1G>T

A 20 G8SE/621+1 810 12 12 12 798 798 798 0 0 100 100 100

A G>T (HET) - .-.- -____

-21 A4SSEf/F508 810 12 12 12 798 798 798 0 0 100 100 100'

L -del (-IET)_ --
A 22 FSO8delR5 - 810 12 12 12 798 798 798 0 -0--100 100 100

60T(HET)
A 23 FSO8del/Y1 8O120 1 12 79 9 9 00-1071OQ1

092X(C>A)

A 24 N1303K 810 6 6 6 804 804 804 0 0 100 100 100

A 5 (HET) ' -o 6C 6 80 804 804- 0- 0 0 0 0
jC 2 -- G542X- 1 - - -8 40 0 - - -,0 1 - 1 6- (HOM) _______

A 26 G542X 810 6 66 804 804804 0 0 100 100 100

3X(HET)

A 28 3849+l0kbC 810 6 6 6 804 804 804 0 0 100 100 100
>T (HOM) ___ __ ___

A 9 WTF58dl 810 0 0 0 80 8104 804 0 0 N/A 100 100

A 30 F5O1dI 810 6 6 6 804 804 804 0 0 100 100 100

-(H ET)

A 32 11-1>AX 810 6 6 6 804 804 864 0 0 100 100 100

__(HET)_ ______

A 32 R1162X 810 6 6 6 804 804 804 0 0 100 100 100

(H ET)
A 35R34P/GS 81 1 212 12 79-6 8 79-8O8 798 6-' -NA 10-

A 36 G85E (HET) 810 6 66 804804 804 00 100 100 100

A 37 1336K(HET) 810 6 6 6 804 804 804 0 -0 100 100 100

A 38 WT 810 0 00 810810 810 00 N/A 100 100
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A 39I FSO08dei/38g- 81H0- 12-1212 7-98 798 798 0 0 100 100 10
49-i-lkbC>T

A 40 621+1G>T/3 810 12 12 12 798 798 798 0 0 100 100 100
120+1G>A

(H ET) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A 41 F5O8deI/36 810 12-1212-79-8798 798 0 0--10-0100-100
S9delC

A 42 R117H/F 508 (TG)10(T) 816 18 18 18 798 798 798 0 0 100 100 100
del (HET) 9/(TG)12

A 43 - G8SE/211 T) - 810 1212 12798 798 798 0 0 100 100 100

G> (HET) __________

A 44 A4SSED/SO 810 12 12 12 798 798 798 0- 0 100 100 100

3X (HET) -C- 64--o f- o oB -47 .2789+5G>A 810 6 668480 840 0 10-10 10

B 48 CFTR dele2, 810 12 12 12 798 798 798 0 0 100 100 100
3/FSO8deI

(H ET) 12___12 _________798 -6 0-10 -- i--0_0

B 49 .FSO8deI/18 810 121127878780 0 00 00 0]
98+1G>A

B 50 WT 810 0 00 810810 810 0 0 N/A 100 100

VISi810 1-2 12 --12- 79-8-79-8 -798- 0 6 0 100 100 1007O
43deIT

B 52 3876de1A 810 6 6 6 804 804 804 0 0 100 100 100
(H ET) _ _ _ ______ __

V53 39O5insT 810 6 - 0 080 0 00 100

B 54 394deIT 810 6 6 6 804 804 804 0 0 10 100 100
(HET) 

--- 0-- 100__1BS55 FSO8del 810 96 -6 6 80-4 804 840 0 10 10 10

B 56 WT 810 0.0 0 810 810 810 0 0 N/A 100 100

FIB57 WT 810 0 0 0 810-810 810 0-.0 N/A 10 10

8 58 F5O8del 810 6 6 6 804 804 804 0 0 100 100 100
____ (H ET) _ _____

B 59 WT 810 0 0080 10 1 00 NA 10

8 60 -L206-W-8-106 6- 66804804-804'0- 0 100 100 100
(H ET)_

i - W 8-10- 0 00810810810 0 0 N-/-A 100. 100]
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B 62 G330X 810 6 6 6 804 804 804 0 0 100 100 100

B ~63 (HET) I 6 0 0 si o 80 0 0 NA 10 00

B 64 R347H 810 6 66 804804 8040 0 100 100 100
(HET)

'B65 lO78delT 810 6 610008484 0

________(HET)______ ___

B 66 G178R/F508 810 12 12 12 798 798 798 0 0 100 100 100
del (HET)

B 67 S549R 8106--T 6 6 804- 804 80 0 h 100
(C. 1647T>G)

8 68 S549N (HET) 810 6 6 6 804 804 804 0 0 100 100 100

B 69 W846X 810 6 6 804 804- 804- 0 0 100 10 10

B 70 WT 810 0 00 810810 810 00 N/A 100 100

B 74621+1G>T/1 810 12 12 12 798 798 797 0 1 100 99.96 99.96
l54insTC

(HET)___ _______

B 73 G542X 810 6 6 6 804 804 804 0 0 100 10 10

_ ____ ET) _____ ---- -
B 74 FSO8deI 810 6 6 6 804 804 804 0 0 100 100 100

(H ET) __

B 75A FSO8del 810 6 5 6 804 670 804 0 135 94 444 94.44

B 76 F5O8del 810 6 6 6 804 804 804 0 0 100 100 100
(HET) __ ____

B 77 621+10>17 810 12 12 12 -798 79879-8 0 0 100 100 100

A45SE (HJET)____________________
B 78 1812-1 G- 810 6 6 6 804 804 804 0 0 100 100 100

>A (HET) __________ ___

B 79 WT 80 0 080 80 M 0 0 N/A 10 10

B 80 F5O8deI/RS 810 12 12 12 798 798 798 0 0 100 100 100
53X (HET)____________ _____

B 81 FSO8del/G5 810 12 12 12 798 798 798 0 0 100 10 10

51D(HET) --- ----- ___ _____________ 1001_

B 82 R347P/F508 810 12 12 12 798 798 798 0 0-100 100 100
del (HET) ___________

B 83 R117H/F508 (TG)10(T) 816 18 18- 18 798 798 7 9-8 0 06. 100 100 100
del (HET) 9/(TG) 12

B 84 ISO7deI 810 6 6 6 804 804 804 0 0 100 100 100

8 85 2789e-5G>A 81 6 6 6804804 804 0 .0 100 100 100
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B 86" CFTR dele2, 810 12 12 12 798 797 798 0 1" 100 99.96 99.96
3/F508de1

- (HET) ___ ______ ______________ ____

B 87 FSO8deI/18 810o 12 12 12 798 798 798 0 0 100 100 100
98+iG>A

BB88 WT 810 00 0810 810 810 0 0 N/A 100 100

-l-i9 FSO8del/2-1 810. 12 12 12798 .798-798 0-0 100 100 100

* 43delT

__C (D_ _ _ _ _ _

B 90 39O5insT 810 6 6 6 804 804 804 0 0 100 100 100

(H ET) ---- k 4 -4 0 0 -
Bi 91 394de]fl 810 6 6 6 84 804 04 0 0 100 100 io00

B 92 FSO8del 810 6 6 6 804 804 804 0 0 100 100 100

Total 74556 2209 221182 4 273 9.77 9.8- 9988

*The wild type location corresponding to the N1303K( variant for one replicate resulted in a No Call due to insufficient coverage.

A One replicate of samples S and 75 had a 0% call rate. Further investigation indicates that samples may not have been added to the

sample plate prior to library preparation.

** Evidence indicates that samples 9 and 10 were likely switched by the operator prior to library preparation.

The wild type location corresponding to the M1V variant for one replicate of each of two samples resulted in a No Call due to

insufficient coverage.
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Table 4: Reproducibility Panel Variants

Variation iCommon Variant Type CFTR Gene

Name) Region

polvITG/PolyT { opudDIV* Intron 9

2183AA>G Compound DIV* Exon 14

CFTR dele2, 3 DEL lntronl-lntron3

I l54insTIC DIV* Exon 8

1507del DI\V* Exon I I

1'5O8del DIV* Exon II

2143delT' DIV* Lxon 14

3659delC IV*1 Exon 22

3876delA DIV' Exon 23

394deffV DIV in homopolymeric Exon,3
-region*

lO7SdelT DIV in hornopoivmeric Exon 8
region*

2184d.6IA IDIV in homopolymeric Exon 14

region*

39tI5insT' DIV in homopolymeric Exon 23
region*

FE6OX SNV -Eo

R75X SNV Exon 3

G8ESNV Lxon 3

E92X SN V Exon 4

RI1I SN Exon 41

Y122X }SNV Exon 4
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Variation (Commnon Variant Type CFTIR Gene

Name) tRegion

621±1G>T SNV- Intron 4

G1781Z SNV }Exon 5

711+IG>T iSNV Intronn

L206 SNVExon 6

G330X j SNV Exon 8

R334W______________________________________ ______________________________________________ Ex_________________________8_____

1336K SNV Exon 8

R347P SNV Exon 8

R3471- SNV Exon 8

A455E SNV Exon 10

Q493X SVEwonII

1717-IG>A SVIntron 11

G542X SNV Exon 12

S549N SNV Exon 12

S549R (c.1647T>G) SNV [Exon 12

G551iD SNV Exon 12

R553X }SNV ExonI12

R560T SVExnl12

1812-1 G->A SNV I Intron 12

1898+IG>A SNV Inlron 13

W846X SN'V xn1

2789-'5G>A Ex Itoni16
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Variation (Commnon Variant" Type CFTR Gene
N arme) Region

3120+1IG>A SVI IlIroni18

3272-26A>G }SVIrron 19

Y1092X (C>A) SNV Irxofl 2(0

Ni 101K SNV Exon 20

Ri 158X {SN\' Exon2 2

R I 162X EIT xon 22

I3849 11OkbC>TI SNV Intron 22

W1I282X SNV Exori 23

N1303K SNV Exon24
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DNA Extraction

Three commonly used, commercially available extraction methods representing magnetic
bead extraction, alcohol precipitation and silica filter column isolation methods, were
evaluated using KaEDTA anti-coagulated whole blood. A total of 14 unique blood
samples were used in the study representing wild type and three mutant genotypes (3
samples with F5O8del, I sample with 1506V, and I sample with DlII OH). The three DNA
extraction methods were tested independently by 2 different operators who each
performed 3 runs per extraction method. Each extraction was performed by each operator
on different days. The DNA concentration and A260/A280 ratio of the extracted gDNA
samples was determined using spectrophotometry. The total sample size for each
extraction method in this study was 168 (14 samples x 2 operators/extraction method x 3
runs/operator x 2 replicates/extracted gDNA sample).

Extraction Miethod Number of samples Call Accuracy Sample First Pass

tested Rate Rate*

Alcohol Precipitation 168 100%Y I 001Y I00

Silica Filter Column 168 100% 1l00Y. 100%
Isolation

Magnetic Bead Extraction 168 100% 100% 100%

*I'ercenh of samples having call rate of >99% in first run

DNA input

The DNA input range of the Illumina MiSeqDx Cystic&Fibrosis 139-Variant Assay was
evaluated by performing a serial dilution study using 14 representative DNA samples
containing 16 unique CF variants. Each sample was tested in duplicate at 9 DNA input
levels ranging from 1250 ng to I ng (1250 ng, 500 ng, 250 ng, 100 ng, 50 ng, 25 ng, 10
ng, 5 ng, and I ng). For determination of accuracy, sample genotypes were compared to
bidirectional Sanger sequencing data and the deletions were compared to PCR assay.
1250 ng and 25 ng were identified as the upper and lower bound for DNA input
respectively as they had ?95% sample first pass rate with no incorrect calls (100%
accuracy and call rate).

DNA inputs of 1250 ng, 250 ng, and 100 ng were further tested with 4 representative
DNA samples and 20 replicates per DNA input level for each sample (n=4*20=80
samples), while the lower bound of 25 ng was tested with 14 samples, 20 replicates for
each sample (n=14*20=280 samples). The accuracy and sample first pass rate was 100%
at all DNA input levels.
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Interfering Substances

To assess the impact of interfering substances on the MiSeqDx Cystic Fibrosis 139-
Variant Assay, the performance of the assay was evaluated in the presence and absence
of potential interferents. Eight whole blood specimens were tested in the study including
-3 CF positive samples with unique genotypes. Four endogenous interfering substances
(bilirubin, cholesterol, hemoglobin, and triglycerides) were tested by spiking them into
blood specimens prior to DNA extraction. The concentration limits for each substance is
shown in the following table. Additionally, to assess interference resulting from blood
collection (short draw), EDTA was spiked into blood samples, and to assess interference
resulting from sample preparation, the final wash buffer from a silica filter column
isolation method was added to purified genomic DNA.

The MiScqDx Cystic Fibrosis 139-Variant Assay achieved 100% call rate for all samples
tested, and 100% reproducibility in genotype calls between samples in the presence and
absence of interfering substances.

To access the impact of multiplexing index primer interference, a cross-contamination
study using two samples, each with unique homozygous genotypes at 4 different genomic
positions, and two respective index primers was performed. No change in variant calling
was observed with contamination levels <40%. The sample genotype became
heterozygous when contamination levels were 40%.

No interference was observed from any of the endogenous or exogenous interferents.

Test Total Number of Concentration Tested Concentration Tested Call
Substance Replicates in Blood in Blood Rate

(Upper Liit) (Lower Limnit)

Bilirobin 16 684 psnol/L 137 Fcmol/L, 100%

Cholesterol 16 13 mmol/L 2.6 mnmolfL 100%

Hemoglobin 16 2 gIL 0.4 gIL 100%

Triglyceride 16 37 mnmol/L, 7.4 mnmol/L 100%

EDTA 16 7.0 mg/mL 2.8 mglmL 100%
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Sample Indexing

Sample index primers are used in the assay to assign a unique barcode to each sample

DNA, allowing the ability to pool multiple samples together into a single sequencing
run. A total of 96 samples indexes were tested using 8 unique DNA samples to verify the

ability of the assay to consistently make a genotyping call for a given sample across

different indexing primer combinations. Each sample was tested with 12 different

indexing primer combinations. Sample results were compared against bidirectional

Sanger sequencing data for all positions/variants except the 2 large deletions, which

were confirmed using a duplex PCR assay. Reproducibility and accuracy were 100% for

all sample/index primer combinations.
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ILLUMINA. INC.
LEANNE M. KIVIHARJU
SENIOR DIRECTOR, REGULATORY AFFAIRS
5200 ILLUMINA WAY
SAN DIEGO CA 92122

Re: k124006
Trade/Device Name: I llurnina MiSeqDx Cystic Fibrosis I 39-Variant Assay
Regulation Number: 21 CFR 866.5900
Regulation Name: Cystic Fibrosis transmrnembrane conductance regulator (CFTR) gene

mutation detection system
Regulatory Class: 11
Product Code: PFR
Dated: November 18, 2013
Received: November 19. 2Q13

Dear Ms. Kiviharju:

.We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28. 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food. Drug.
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may. therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for annual registration. listing of'
devices, good manufacturing practice. labeling, and prohibitions against misbranding and
adulteration. Please note: CORM- does not evaluate infonmation related to contract liability
warranties. We remind you, however, that device labeling lust be truthful and not misleading.

If your device is classified (see above) into either class 11 (Special Controls) or class Ill (PMVA).
it may be Subject to additional controls. Existing miajor regulations affecting your device can be
found in the Code of Federal Regulations. Title 2 1, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that y'our device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements. including. but not limited to: registration and listing (21
CFR Part 807); labeling (2!1 CFR Parts 801 and 809): medical device reporting (reporting of



Page 2-Ms. Kiviharju

medical device-related adverse events) (21I CFR 803); good manufacturing practice requirements
as set forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the
electronic product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-
1050.

If you desire specific advice for your device on our labeling regulations (21 CFR Parts 801 and
809), please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toll-free number (800) 638 2041 or (301) 796-7 100 or at its Internet address
litto:H/vww.fda.itov/Medica iDev ices/ResourccsforYOLIindustry/dclbau Ithimn. Also, please note
the regulation entitled, "Misbranding by reference to premarket notification" (21ICFR Part
807.97). For questions regarding the reporting of adverse events under the MDR regulation (21
CFR Part 803), please go to
httpi/www.fda.uov/Medicaloevices/Saretv/ReporaProbleiii/delbuilt.htm for the CDRI-'s Office
of Surveillance and Biometrics/Division of Postrnarket Surveillance.

You may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free number
(800) 638-2041 or (301) 796-7 100 or at its Internet address
http://www.fda.izov/MedicaiDevices/ResourcesforYou/Industry/default.htm.

Sincerely yours,

Reena Philip -S
for Maria M. Chan, Ph.D.

Director
Division of Immunology and Hematology Devices
Office of In Vitro Diagnostics and Radiological

Health
Center for Devices and Radiological Health
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510(k) Number (if known)
kc124006

Device Name
Illumina MiSeqDx Cystic Fibrosis 139-Variant Assay

Indications for Use (Describe)

The Illumina MiSeqDx Cystic Fibrosis 139-Variant Assay is a qualitative in vitro diagnostic system used to
simultaneously detect 139 clinically relevant cystic fibrosis disease-causing mutations and variants of the cystic
fibrosis transmembrane conductance regulator (CFTR) gene in genomic DNA isolated from human peripheral
whole blood specimens. The variants include those recommended in 2004 by the American College of Medical
Genetics (ACMG)1 and in 2011 by the American College of Obstetricians and Gynecologists (ACQG)2. The
test is intended for carrier screening in adults of reproductive age, in confirmatory diagnostic testing of
newborns and children, and as an initial test to aid in the diagnosis of individuals with suspected cystic fibrosis.
The results of this test are intended to be interpreted by a board-certified clinical molecular geneticist or
equivalent and should be used in conjunction with other available laboratory and clinical information.

This test is not indicated for use for newborn screening, fetal diagnostic testing, pre-implantation testing, or for
stand-alone diagnostic purposes.

The test is intended to be used on the Illumine MiSeqDx instrument.

Type of Use (Select one or both, as applicable)

R Prescription Use (Part 21 CFR 801 Subpart D) El Over-The-Counter Use (21 CFR 501 Subpart C)

PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUE ON A SEPARATE PAGE IF NEEDED.

FOR FDA USE ONLY
Concurrence of Center for Devices and Radiological Health (CDRH) (Signature)

K(124006 November 19, 2013

Donna M. ..Roscoe -S
FORM FDA 3881 (9/13) Page I of 2 sc~~i~wEF


