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Background

e PMSZ2, one of the mismatch repair genes associated with
Lynch syndrome, is a gene often included in hereditary
pan-cancer panels.?

 However, testing PMSZ2 by short-read next generation
sequencing (NGS) is challenging due to the presence
of PMS2CL, an unprocessed pseudogene that is highly
homologous to the 3’ end of PMS2.°

* |n this study, we evaluated the ability of long-
read sequencing technology in detecting the large
rearrangements (LRs)/copy number variations that had
previously been determined to be in PMS2 or PMS2CL
through orthogonal confirmation.

e 18 de-identified samples were tested in this study, 17 of
which carried an LR that was previously determined to be
either in PMSZ2 or PMS2CL. One sample carried a terminal

LR where the specific gene location was undetermined.

 These LRs were first identified via short-read NGS platform,
and the gene locations of these LRs were later determined

using a combination of MLPA and a long-range PCR approach.

* An aliquot of each sample was fragmented to ~10kb
followed by hyb-capture of regions of interest before
proceeding to long-read sequencing with PacBio Sequel |l

at ~50x read depth.

 BAM files from PacBio were aligned to GRCh37 using
Minimap2 v2.28 and Paraphase v3.4.0. Breakpoints were
examined using IGV software and a concordance check
was performed against the original findings.

a) Andini KD, Nielsen M, Suerink M, et al. PMS2-associated Lynch syndrome: Past, present and future. Front Oncol. 2023 Feb 21;13:1127329. doi:
10.3389/fonc.2023.1127329. b) Hayward BE, De Vos M, Valleley EM, et al. Extensive gene conversion at the PMS2 DNA mismatch repair locus. Hum
Mutat. 2007 May;28(5):424-30. doi: 10.1002/humu.20457.

* |n 16 out of 17 samples with known gene locations, PacBio
ascribed the LR to the correct gene. The concordance rate
with the original findings was 94.1%.

* For one sample with a terminal LR whose location was not
previously determined, PacBio showed the gene location to
be in PMS2.

e Discernment of the correct location was based on the
presence of breakpoints in the sequencing reads that were
mostly located within deeper intronic regions that are not
typically analyzed by short-read NGS.

 The one remaining sample was previously determined to
carry a full gene deletion of PMS2CL. No breakpoints
were present in either PMS2 or PMS2CL on PacBio, and
a conclusive call could not be made based solely on IGV
analysis. This deletion likely extends beyond the capture
capability of probes used in this test.

Figure 1. Orthogonal confirmation of a potential PMS2 LR in Sample 5. (A) A potential PMS2 exon 14 deletion
detected by NGS panel and (B) confirmed via MLPA plus (C) long-range PCR followed by nested PCR and (D) Sanger
sequencing under MLPA probes.
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Figure 2. PacBio reads show a 1879bp deletion encompassing PMS2 exon 14, consistent with NGS finding in
Sample 5. No deletion was detected in PMS2CL.

Human (GRCh37/hg19) ; de?  |ch7:6,011,850-6,019,516 Go ¥t <« » @ Bl » 2 =Ry B [+
T T B N | | HEE N 7T T - | |
p22.2 p21.3 p21.2 pi1s.3 pis2 pld3  pld2  plidad pi3 p12.2 pil2 qi P » q21.12 q21.2 221 q22.3 g3l q31.2 q31.32  q3200 q33 q34  q35  q36.1 q36.2
PMS2 7,668 bp
015,000 bp l 6.018.,000 bp l 6018 6.019,000 bp
— b A 4 hnll - WYY W W e B A i i o ST A ot i e g o o e o R e e T T YT W W D o B e it e
e ' ]
= e ——) 11 I | ]
I | 18 I L
| = o H | i | I I
| I = : | . I | I
1 ; I | ' I - 1
I I | I || I 1,879 I I
I I I 1879 :
| I =] I : | | I I ‘
I I I } 1879 T - [
I | y 1879 I . T
I I I : 1879 I - H :
! f11 | I 1 —_—r e . & i 1 11 1
ggggggggggg BAM
I I I | : i I I I I
| I I I 1879 . :
Il | : I I I I | I DT I - | BN E PSR ET . I I1I I I D - | B 5 |
I I . - Il I i . I
l | S | i - I'l ' - . |
TS 1 I | H ! I I |
I I I 11 -
| I | (| 1879 R I |
TIIBIEDRE OOIOI - IXI I HI I=it=l I I I | 1L it | jeel I 18 g ! I 11 U= | I I
o=y |1 I I 10X 1 I=15Y . I o= I IO a
(RIBCIN I § I I Te] I II | {HES I j GO0CP DEEC (I - IT1 I I I I II
1 ! T T 1 =1 T (|
1 Y T gy oy e " e SR ] :
““““““ Exon 15 S Exon !|4 Exon 13
Human e 7 7:6,784,638°6, R B [+
|
T —:— |
1. p p15.3 pis. q3 q34 q35 q36.1 q36.2

p21.3  p2i2 5.3 2 pi43 P pial p P v qll. qll. i, q21.
PMSZCL i 8,431 bp

6,785,000 bp 0.788 000 bp 6.787.000 bp 6,783,000 bp 8,780,000 bp 6,790,000 bp 0.701.000 bp 6,792,000 bp 6,763 .0C
D it S b S S ——w T . & e S B ot LRI i b S S . S s SR, S I . B i it B i, it sl i i il i, it Sl b Al it
p-2q Z : l| !
Pl | s )t o W 3 Y 1 ) | [T/ R | . ] 241 1l [ ILIAET | | | | I | | |
I - I | - | | T : 11 | | | - | I | : |
- : Tiu- I ; : fr=s B I s Il .
| I T I I e | e fha I
FE] : = I HIIII 0 nlx | D II IIIIiIn oI III I II Ill III I mmnlx nlnlllnnmrlnm l[lll ——l
! 1US TR U T OO 0N AT N 108 TR OO WO RO e O N0 0T 1T I ! | [
! | ST | T T TN IO Ll | == | y
) I : ! B ; I |
: | 1 T | (== 1T I I =TI 1 | |
B I-I- 1 I % r— Jai] || QU T 1T I I II 1 BT | O D | 10 OO I I I I 11
I o T T T T3 T e Tl i T T I I |
- I I K ! | mH ) G | II I T v | I |
T T T P Tt 1) I I IODI OOXI W I- 10O I I T2k e 2 o B 130 III {I1I- EI@ I @ I- I3 -@
IalsT:aaDl 11 111 TRl 1D 1T I NI I L LDl e e | E T G R i 0§ O 1 T (T i B o | e 0 L 1 Il
1 . | I ~ | Jo l 1 I I
Il : ks =K e lf | D I | I | | .
I I . 1T | ; I I |
i : I ! ! B I | = ! = : l
"I IMTX-X I T O Dy v e e et L T=s D0 I L I
1 T T S | B! l oI | I | :
e 1 | T 3 G S Vi G T [t ) LA VA L [ 1 § J0C I 10 1T T i | ] e | I | : I
~ ~ | Sl - | : BIs | I |EEE I
==X . LT T | : 1.T 1 X=rent . :
awfish
6_350
...... . . = : . —-— . — o : . o — : e w0
Exon 4 Exon5 — Exon 6

Figure 3. PacBio reads show a breakpoint consistent with dup exons 11-15 in PMS2 in Sample 18, which was
undetermined by orthogonal methods due to the LR being terminal. No breakpoints detected in PMS2CL.
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Table 1. Summary of PacBio results in confirming the locations of LRs previously
identified in PMS2 or PMS2CL

PacBio confirmed
gene location?

Gene location

based on orthogonal data

no breakpoints on PacBio

14 Del exons 13-15 PMS2 Yes

=

5 Del exons 14-15 PMS2 Yes

=

6 Dup exon 12 PMS2 Yes
17 Dup exons 11-12 PMS2 Yes

Yes. Determined to be In
PMSZ2 by PacBio

Terminal duplication; Location

18 Dup exons 11-15 undetermined

Del exon 12 PMS2 Yes
_ Del exon 12 PMS2 Yes
_ Del exon 12 PMS2 Yes
_ Del exon 12 PMS2CL Yes
_ Del exon 14 PMS2 Yes
_ Del exon 14 PMS2 Yes
Del exon 14 PMS2CL Yes
_ Del exon 14 PMS2CL Yes
_ Del exon 15 PMS2CL Yes
Del exon 15 PMS2CL Yes
Del exons 12-14 PMS2CL Yes
Del exons 12-15 PMS2CL Yes
el exons 1915 e No. Full PMS2CL deletion,
E

R

R

EA

 Qur study indicates that at ~50x read depth, long-read sequencing
analysis is capable of correctly identifying, in most cases, whether
an LR is present in PMS2 or PMS2CL.

 PacBio was able to determine the location of a terminal duplication,
which was unable to be correctly located with orthogonal methods

 The correct localization of the LR by PacBio mostly relies on the
breakpoints revealed in the intronic regions and the long reads that
allow accurate alignment.

* |n cases without breakpoint sequences, additional investigations are
warranted to ascribe the correct location of the LR to PMS2 or PMS2CL.
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