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Introduction

Next generation Sequencing (NGS) has become a key method for
analyzing genetic variants in formalin fixed paraffin embedded
(FFPE) tumor tissues. However, despite widespread application and
significant technical progress in NGS formalin treated tissues
represent still a challenging material for several reasons:

(2) Erroneous base changes caused by deamination or cross linking

(3) PCR artifacts

Table 1: Testing approaches with different cleaning methods (NEB), various amounts of starting

material, different degrees of degradation and diverse DNA extraction methods

(ng/pl)

DIN

Isolation

Figure 1

GM14096
NA14094
1

1-NEB

2

2-NEB

3

3-NEB

4 _GR

4 _GR

4 XY
BRCA7/
BRCA7/
BRCA4
5_GR
5_XY

22,6
23,0
27,6
30,6
22,6
20,8
31,2
16,5
45,0
26,6
/7,0
43,2
23,8
25,0
27,2
23,8

8,2
9,2
4,7
3,8
5,4
2.8
3,2
3,2
21
21
24
2.1
21
6,4
3,8
5,8

Methods

Control
Control

GR
GR
GR
GR
GR
GR
GR
GR
XY
MW
MW
MW
GR
XY

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(-)
(-)
(-)
(2)
(2)
(2)
(2)
(2)

H1

A2

B1

C1l

D1

El

F1

G1
Not shown
Not shown
Not shown

El

El

B1

G1

H1

Seven samples with different treatments (table 1) where prepared
with the SureSelect **T protocol (Agilent, Santa Clara, CA).

three
deparaffination/QIAamp DNA FFPE Tissue Kit (Qiagen); (GR)
GeneRead DNA FFPE Kit (Qiagen), (MW) Maxwell® 16 FFPE Tissue
LEV DNA Purification Kit (Promega). Two commercial cell culture
DNA's served as controls (Control). For evaluating the DNA (fig. 1)
and library (fig. 2) quality we used the Tape Station (Agilent).
Enzymatic DNA repair (NEBNext® FFPE DNA Repair Mix, NEB,
Ipswich, MA) was carried out on three samples.
The library was sequenced on the MiSeq desktop sequencer
(Illumina, San Diego, CA). Data analysis was performed using the
CLCbio Biomedical Genomics Workbench (v2.5.1) (Qiagen, Hilden).
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Figure 1: quality control of genomic DNA by using the DNA Integrity Number (DIN)

Xylol

Sample 1

Sample 2

Average Region
San*_lpl_e From To Size Conc. Molarity Sample 3
Description [bp] [bp] [bp] [ng/ul] [nmol/I]
Bl 1 157 710 330 23 118
Cl1 1-NEB 143 672 304 33.9 187
D1 2 153 518 277 7.99 47.4
El 2-NEB 147 665 298 17.8 101
F1 3 152 646 302 14.3 80.3
Gl 3-NEB 114 611 250 47.5 315
H1 GM14096 132 800 309 97.1 531
A2 NA14094 120 872 306 118 665

Figure 2: quality control of the adaptor tagged library, right side Comparison between NEB treated
(green) and non-treated FFPE samples (blue)

Results

NEB treatment reduced DIN values in all three cases, but at the
same time increased the amount of the adapter-tagged library as
well as the DNA content of the final library. Additionally we
observed that the NEB treatment resulted in a loss of 30-40% of
the original input DNA. The on target rate was between 14-20%.
This correlates with the level of degradation. The on target rate of
the NEB treated probes was on average 2% higher than of the non-
treated probes. Doubling the amount of input DNA did not increase
the performance.

A

Genorn.e (Genome)

22.820.000 32.90IO,000 32.910.000 32,92|CI.000 32A93|O,00Cl 32A94i0.000 32.95|0,000 3296'0.000 32.97|0A000
I I

Genome (Gene) —=

Genome (CDS)

Genome (MRNA)

0794221_Covered
. (Covered)  pED BHIDEEEDDIF EED) HD| ) EEEED D! D> D D > EDDEES)PS D ) EDDED | HND | ED BOIEEDED DI > DD D BRIl EDID b DIEDEDI D)) BD)DD D)) D D D) D I D

BRCA- BB IPMIIIN PIPED 1D [IHD IPPEEENNNES | DD | P » BDIPP> P  — g 4 e > P | L 44 > I »il » D)
BRCA- i npp (2 | n I Ll » 0 MiIDIEP | IDEN I 34 4 n 1 1»» | (I I R N 4l 3 P L L1 INIE> 1 111D
I

BRCA: DL 11 PEME BDII
0 -. » l: . e | - e : ’

LIl 4 1 = AR e
NA14094_S8_L001_R1_0 :" ﬁ m . 2 Kow
01 (paired) (Reads) o 3
656.040 reads

Pl > BRI m n

FHnem I HIPIIIE Il HNE Wi I »H N dds d4 ne» 1» » 1
.,’!% HE ‘ 3 bt s i 1 e :

-~ - a3
£ ii bRt = = e

- 04 B ¥ S e
by h i ‘. e B o
i i i 2 ! L 4
= - S

nei 1B >DIbiPIl 11 i
SRR g R Ens s St e

'

48

1657
0l

L e

4 el G Al b
< e e e b
R B e e -
—— i

f»i.—-&r»»r+~_
-t e .

e b ¢

e e o et e 1 et T
83
-

Pt
£ IR e R e R 1 5 (L TS
N1_S1_L001 R1.001 -7 i e T S TR, S i
: ; S et - b s
(paired) (Reads) L3 L ool e L - T pulsirenr gors
490625 reads 1) i SR s T ECEr A
b a4 B 2 e B e B g
+ 1 Tt P e <] bete -:’& - - S et e e R e
J > < - Vb ol (ol =amd. | - 1
-1 - —— + o
31 L5 . 3 - - et we s St
e E ; it et Bl et
;} If D e e T LD Do -
3 A s 3 5 emborti
=i
51 3
2434
o i : e T
N1-NEB_S2_L001_R1.001  -1Z33 i &
: bl ) '
(paired) (Reads) | zt+t £
541759 reads  kpSEE 3 bt e 3 =& 3
i3 ' i } I R el B SO R 5
. fade i fars 1t P51 e e by vy £
xg.:_.“.. s l e e AP g rrie] | B o £ duts gl LAY o Srime et Sime sk v o
oy

f
i

B s T B e T R et
e 0 2 - 3
{ e e
| ais ' md v
{ ra
e -
Snde TR

§=v = — + b m o 4t m
s -0«-«411—'_: e

Teve

perbababiheg ity

2567

( ) 41.200.000 41,21]0.000 41.220.000 41,23|0.000 41.240.000 41.25[0.000 41.26|0.000 41.27|0.000
I | 1

Genom'e (Genome)

Genome (Gene)

=
Genome (CDS) S e meeee e e e 8 jome ::_::g:i_::g:_:}::_::g e
EMGEERRIN e e e e ey =
s el ey s e (e [ ) e = —_—
R s SIS T == [ =T == =Y [aaas T | _— ==
Genome (mRNA) SN — ] E— =1 o ) N I e —
mRNA annotations (3.743) -;K’:—_—:—’-—IKT—-_’—‘- TH R ety R | _A\r——_—\r—-——“—d—_“r Aw =
— Sl e e e e e e e e e e = T o — [ G
- e ] Sl e —— e — = - = EeE et ) T2
[— T [ -t & Kk — T _ _ | - T I O _ _ " —"T7T 7

0794221_Covered
L (Covered) pED IDM) IDD EDIP)> B PIDD EDPIIPD EDIDIIDED D |ID PPED) DED D) DEED D)) I D HD [ [ IDIDDIDPVEDIE D) )PP ) )DD D BDIIHIDD| DI DD

:
T

o

BRCA DD 1l PBDEII) b | > B I EDI 1] I EDE) PRPID P HED ) DPID DI ISP M) IPI I 1INPID | B I Bl I» » D>
2 > » I» »lI 1 » 1 [ | ] e i1 n 11 noi (I T | I (T T | [ I |
sl | | I > ML L B REIDI 1>t Il > LI IDIMI IPRRLIDE | 1N
NA14094_58_L001_R1_% E' %‘ L 3 i 3: % -E.:T:fi i ..". '1'- {EEE Rlas ":2 f:'i
= SR ¥

.ﬂ.
6?!

i

01 (paired) (Reads) = &
676.246 reads &

tpd
:
t

!4
|

i,

i

=
4T
07
1435
i
i
i
s

Fi
1%

Mraineeilidls
i
+ i tf

1
1

C—
-

.
t
¥tl%

Aot T

Plerisiagrami

:ITH LY

-

brirerassiiz®
(e
——

1987

0
N1_S1_L001_R1_001
(paired) (Reads)
395.233 reads

IK3

FiteTair

iAth ey

-
T+

3-ﬁi'1..u. LT = ‘
.

'fgo WY
3

il

!

F

ITLFIFIT

T AT FEITIIINE TR

i
T
¥

[EEFRRRREAL Y]

43

1443

0
N1-NEB_S2_L001_R1_001
(paired) (Reads)

386.648 reads

,
i1

1
s

T4
thi t

il

Hi

it

eiiigris
i

.....-
153

iiansT
v

L

11iZTa3TEL

il

i

Tt T

et

EXARESRS P SAEL NS
¥
Al

-

(TR RAT A4
iiitl

N
‘:*;n::nv
Wi
HEHH

44

Figure 3: Mapping of (B) BRCAI and (A) BRCAZ (comparison of control, FFPE, FFPE with NEB cleaning)

Conclusion

In this pilot study we could show that the SureSelect QXT target enrichment approach might be utilized for the analysis of FFPE DNA samples.
The use of panels based on hybridization probes instead of PCR amplicons may at least partially overcome some of the problems with FFPE.
Further experiments have to support these results.
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