2 N\ e 1
2 ) i
' \“_ P M g
5=, oRehih
s Mch er Institute

TORONTO COURAGE LIVES HERE

Detection and Interpretation of Partial
Tandem Duplication in the

KMT2A/MLL gene
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KMT2A (Lysine methyltransferase 2) /
MLL (myveloid/lymphoid or mixed-lineage leukemia)

KMT2A-Partial Tandem Duplication KMT2A fusion/rearrangements
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KMT2A - Partial Tandem Duplications

KMT2A partial tandem duplication (PTD) are cryptic KMT2A
mutations that are not detectable by conventional cytogenetics

KMT2A-PTD occur in 3-10% of AML/MDS patients
25% of AML cases +11, also have a KMT2A-PTD

KMT2A-PTD is associated with a poor prognosis in AML and
higher risk of MDS transformation to AML




KMT2A-PTD originates from recombination
between Alu elements
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MLL — PTD (exons 3—9)
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1 Basecke et al. 2006, PMID:16965385




* NGS: Relative overage ratio of commonly duplicated KMT2A exons
(eg. exons 2 to 10) versus non duplicated ones (eg. exons 27, 36)

« MLPA : Similar to NGS
 PTD probe (exon 4) control probe (exon 36)

 OGM : High resolution structural variant analysis of genomic DNA molecule

Too large for amplicon NGS?

32 kb
—————
3 4a 4b 4c5 6 7 8 9 1011

4 6 7 8 910 11 12 1314

—D—D—H-D-H-D—D—D—H—U—/H:'—l}>

b «

=

@=) capture-based NGS (OGT) 4mhp MLPA (MRC Holland) €= Optical Genome Mapping (Bionano)

5




[ ———————————— -}
Visual inspection of KMT2A-PTD on NGS

MLLWT
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KMT2A-PTD analysis by NGS

4a 4b4c5 6 7 8 9 1011
5 6 7 8 910 11 12 1314
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Baseline cohort :

e 193 cases

« >500x coverage of KMT2A exons:
* N-ter exons (1-10)
* (C-ter exons (27, 36)

* no PTD

* o structural variation on chrll (at cytogenetic resolution)
* no trisomy 11

KMT2A exon z-score = (depth of N-ter exon /depth exon 27 or 36) — ratio_mean ) / ratio_sd
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= KMT2A z-scorc m KMT2A-PTD w  Confirmation by:
(n=32) « MLPA

943 de novo + OGM

AMLs myeloid-NGS




Classical Cytogenetics NGS
G-banding Length Avg Z-score
47,XY,+11[19]/46,XY[1] exons 2-8 3.56
47,XY,del(11)(p11.2p15),+del(11)[13]/48,XY,+11,+13[6]/46,XY[2] exons 2-8 2.87
46,XY[24] exons 3-9 3.14
46,XX,del(12)(p12p13)[22] exons 2-8 5.53
46,XY[20] exons 2-8 3.98
46,XY[11] exons 3-10 2.54
46,XX[21] exons 3-8 2.57
46,XY,inv(7)(q11.2q22)?c[22] exons 1-7 5.11
Inconclusive exons 2-10 2.65 NGS:
46,XY[20] exons 2-8 3.36
46,XY[20 exons 3-11 3.64 . .
46,XX[[21]] exons 1.8 | 5.15 Single and multiple exons PTDs
46,XY,del(7)(q22932)[17]/46,XY[3] exons 2-8 2.75
46,XY[22 exons 3-8 3.45 . . .
.ncon[c.ulive exons2.8 | 4.44 PTDs with higher z-scores: >2 copies?
46,XY,+1,der(1;14)(q10;q10)[15]/46,XY[5] exons 4-8 2.78
46,XY[20] exons 3-7 2.74

46,XY[20] exons36 | 281 PTD size suggest at least duplication
47,XY,del(9)(q13g22),+11[10] exons 1-10 8.07

26.XX[20] oons28 | a1a of some exons within PTD
45,XX,-7[5]/49,XX,+8,+13,+22[1]/46,XX[17] exons 2-10 4.84
N/T exons 3-10 4.24
46,XY[20] exons 2-4 2.56
46,XY,del(11)(p11.2p15)[19]/46,XY[1] exons 2-10 5.72
Inconclusive exons 3-11 2.95
46,XY,20,+21[8]/46,idem,der(3)inv(3)(p23g27)inv(3)(q?21q26.2)[12] exons 3-10 2.85
48 XY,+8,+19[20] exons 1-9 2.91
45,XX,-7[10]/46,XX[11] exon 3 3.26
46,XY,i(7)(p10),der(16)t(11;16)(q13;q24)[2]/@8,sl,+4,+10[7]/49,sdI1,+8[ 6] /@6,XY[5] exon 1 3.55

39~41,X,-Y,add(3)(p12),add(3)(q11.2),-5,der(7;22)(q10;q10),-11,-12,add(12)(g21), exons 5-11 2.86
-17,add(19)(q13.3),add(21)(p11.2),-22,+marl,+mar2,1dmin[cp6]/46,XY[14]
46,XX[24] exon 8 5.78
47,XY,+11[5]/46,XY[21] exons 5-11 3.16

N/T not tested
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Classical Cytogenetics NGS MLPA
G-banding Length Avg Z-score PTD exon4/exon 36 |exon 4
47,XY,+11[19]/46,XY[1] exons 2-8 3.56 1.3 1.8
47,XY,del(11)(p11.2p15),+del(11)[13]/48,XY,+11,+13[6]/46,XY[2] exons 2-8 2.87 1.5 2.0
46,XY[24] exons 3-9 3.14 1.3 1.3
46,XX,del(12)(p12p13)[22] exons 2-8 5.53 2.1 2.2
46,XY[20] exons 2-8 3.98 1.6 1.6
46,XY[11] exons 3-10 2.54 1.3 1.4
46,XX[21] exons 3-8 2.57 1.4 1.5 . MPA:
46,XY,inv(7)(q11.2922)?c[22] exons 1-7 5.11 1.5 1.6
Inconclusive exons 2-10 2.65 2.1 2.3 .
46,XY[20] exons2-8 | 336 16 16 | 1 75% concordance with NGS results
46,XY[20] exons 3-11 3.64 1.9 1.9
46,XX[21] exons 1-8 5.15 1.8 1.9 .
46,XY,de|(7)(q22q32)[17]/46,XY[3] exons 2-8 2.75 1.7 1.9 . Dlscordant Calls:
46,XY[22] exons 3-8 3.45 1.5 1.5

Inconclusive exons 2-8 4.44 1.9 1.9 . ¢ C-ter deletlon Of KMTzA
46,XY,+1,der(1;14)(q10;q10)[15]/46,XY[5] exons 4-8 2.78 13 13
46,XY[20] exons 3-7 2.74 1.6 15
46,XY[20] exons 3-6 2.81 1.4 1.4
47,XY,del(9)(q13922),+11[10] exons 1-10 8.07 1.6 2.1
46,XX[20] exons 2-8 4.14 2.7 2.0

- +3,+ +, - . . . . . . .
i,s/;(x TSI X282 15,22 LA XL eron 222 = TRED MLPA supports duplication or higher
46,XY[20] exons 2-4 2.56 1.6 1.6 ] copy number within PTD

46,XY,del(11)(p11.2p15)[19]/46,XY[1] exons 2-10 5.72 1.8 1.8 (1 e trlphcatlon ratlo_ 1 75_2 15)

Inconclusive exons 3-11 2.95 Inconclusive 1.7 1.1
46,XY,20,+21[8]/46,idem,der(3)inv(3)(p23927)inv(3)(q?21q26.2)[12] exons 3-10 2.85 Inconclusive 2.2 1.1
48,XY,+8,+19[20] exons 1-9 2.91 Inconclusive 1.8 1.0
45,XX,-7[10]/46,XX[11] exon 3 3.26 1.0 1.0
46,XY,i(7)(p10),der(16)t(11;16)(q13;q24)[2]/88,sl,+4,+10[7]/49,sd1,+8[6] /@6, XY[5] exon 1 3.55 1.0 1.4

39~41,X,-Y,add(3)(p12),add(3)(q11.2),-5,der(7;22)(q10;q10),-11,-12,add(12)(q21), exons 5-11 2.86 0.9 0.9
-17,add(19)(q13.3),add(21)(p11.2),-22,+marl,+mar2,1dmin[cp6]/46,XY[14]
46,XX[24] exon 8 5.78 0.9 1.0
47,XY,+11[5]/46,XY[21] exons 5-11 3.16 1.1 1.1

PTD not involving exon 4

N/T not tested MLPA inconclusive: copy number control probe (exon36) <0.7
13




Levels of magnitude of PTDs Ser

KMT2A exons 2-10
+1 copy gain

Total copy number

Split-read analysis:

Intron 1
o W % ATTAGAGTAGEAAACATANARTTT.
Intron 10

Double gain of PTD

+5 copy gain

Total copy number
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Split-read analysis:
Intron 1
~TGATTCCTTGAGTGTT GAATACTTT..
Intron 9

Split-read analysis:
Intren 8

Intron 1

Total copy number

0 -

Tsai et al. 2022, PMID:35584376




Classical Cytogenetics NGS MLPA OGM
G-banding KMT2A FISH Length Avg Z-score PTD exon4/exon 36 [exon 4 |exon 36 | KMT2A-PTD
47,XY,+11[19]/46,XY[1] N/T exons 2-8 3.56 1.3 1.8 1.3 N/T
47,XY,del(11)(p11.2p15),+del(11)[13]/48,XY,+11,+13[6]/46,XY[2] exons 2-8 2.87 1.5 2.0 1.4 N/T
46,XY[24] exons 3-9 3.14 1.3 1.3 1.0 N/T
46,XX,del(12)(p12p13)[22] exons 2-8 5.53 2.1 2.2 1.0 N/T
46,XY[20] exons 2-8 3.98 1.6 1.6 1.0 N/T
46,XY[11] exons 3-10 2.54 1.3 1.4 1.0 N/T
46,XX[21] exons 3-8 2.57 1.4 1.5 1.0 N/T
46,XY,inv(7)(q11.2q22)?c[22] exons 1-7 5.11 1.5 1.6 1.0 N/T
Inconclusive exons 2-10 2.65 2.1 2.3 1.1 N/T
46,XY[20] exons 2-8 3.36 1.6 1.6 1.0 N/T
46,XY[20] exons 3-11 3.64 1.9 1.9 1.0 N/T
46,XX[21] exons 1-8 5.15 1.8 1.9 1.0 N/T
46,XY,del(7)(q22q32)[17]/46,XY[3] exons 2-8 2.75 1.7 1.9 1.1 N/T
46,XY[22] exons 3-8 3.45 1.5 1.5 1.0 N/T
Inconclusive exons 2-8 4.44 1.9 1.9 1.0 N/T
46,XY,+1,der(1;14)(q10;q10)[15]/46,XY[5] exons 4-8 2.78 1.3 1.3 1.0 N/T
46,XY[20] exons 3-7 2.74 1.6 15 1.0 N/T
46,XY[20] exons 3-6 2.81 1.4 1.4 1.0 N/T
47,XY,del(9)(q13q22),+11[10] exons 1-10 8.07 1.6 2.1 1.3
46,XX[20] exons 2-8 4.14 2.7 2.0 0.7
45,XX,-7[5]/49,XX,+8,+13,+22[1]/46,XX[17] exons 2-10 4.84 1.9 1.9 1.0
N/T exons 3-10 4.24 1.1 1.0 0.9
46,XY[20] exons 2-4 2.56 1.6 1.6 1.0
46,XY,del(11)(p11.2p15)[19]/46,XY[1] exons 2-10 5.72 1.8 1.8 1.0
Inconclusive exons 3-11 2.95 Inconclusive 1.7 1.1 0.6
46,XY,20,+21[8]/46,idem,der(3)inv(3)(p23q27)inv(3)(q?21q26.2)[12] exons 3-10 2.85 Inconclusive 2.2 1.1 0.5
48,XY,+8,+19[20] exons 1-9 2,91 Inconclusive 1.8 1.0 0.6
45,XX,-7[10]/46,XX[11] exon 3 3.26 1.0 1.0 1.0
46,XY,i(7)(p10),der(16)t(11;16)(q13;q24)[2]/@8,s|,+4,+10[ 7] /49,sd|1,+8[6] /@6,XY[5] exon 1 3.55 1.0 1.4 1.4

39~41,X,-Y,add(3)(p12),add(3)(q11.2),-5,der(7;22)(q10;q10),-11,-12,add(12)(q21), exons5-11|  2.86 0.9 09 [ 10
-17,add(19)(q13.3),add(21)(p11.2),-22,+marl,+mar2,1dmin[cp6]/46,XY[14]
46,XX[24] exon 8 5.78 0.9 1.0 1.0
47,XY,+11[5]/46,XY[21] exons 5-11 3.16 1.1 1.1 1.0
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Structural variations on chromosome 11 interfere with ability to detect PTD by NGS




What does a KMT2A-PTD Look Like on OGM?
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47,XY,del(9)(q13922),+11[10]




Genome View — 11923

KMT2A Exons

3 45 6789 32-35 36

ogm 1ns(11;7)(q23.3;7)

KMT2A-PTDs range in size from approximately 20kb to 50kb (in our experience). They are detected by the SV
pipeline in OGM, not the copy number pipeline. SV pipeline 5kb or greater (unbal SV), CNV >500kb
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False positive by NGS: unbalanced t(11;19) KMT2A::ELL

*  PTD positive exons 3-11

=
%]
i

PTD

=
=
i i

Z-score (sd from mean)

Peak Ratio

Probe Nama
Er‘.fﬁ_12u13.2
KMT2A_11g23.3
KNMT2A_11q233_2
TRAP_11q24.2

with KMT2A translocation




False positive by NGS: unbalanced t(11;19) KMT2A::ELL

PTD positive exons 3-11

Centromere 1 q23 Region

SHGC-85140

e ~384 kb le—— ~256 kb —»|

LSI MLL Dual Color,
Break Apart Rearrangement Probe

Ol

W iy T

6 Com%lex karyotype
with KMT2A translocation




False positive by NGS: deletion of 5’-KMT2A

PTD

CG: 48,XY,+8,+19[20]
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z-score (sd from mean)

PTD positive exons 1-9

Probe Mame Bin Size
ETS1_11q243 1816
KNT2A, 11q23 3 [185.9 \ e
KIT2A_11q233_2 1967 - Ref 10 ﬂlnlIlunlmlmlnmlr |I|ni“||ﬂIwnlnnlunmlllmln m|||||‘
TRAP_ 119242 [3312 —KMT2AN |||

- T —_
« No PTD \| MLLT10

P“ R 9" ol 9 15"‘

6
ogm (8)x3 t(lO' 1 1)(KMT2A"MLLT10) ins(l 1;7)(g23. 3-7) (19)x3

5"“ &6\. \Q“

: é copy exon 32 0
COp1Es €x0n Deletion 5’-KMT2A and cryptic insertion of MLLT10




KMT2A-MILIT10/AFTI10 fusion

A MLL(11923)
ks Mo firges

AF10 (10p12)

doman

@MLLS
B@MLL-AF10
OFLAG-AF10

e

g 88¢% 8
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8

0
Round 1 Round2 Round3

A —

Methylicellulose + SCF, IL-3
IL-6 & GM-CSF

Ligquid Culture

DiMartino et al. 2002, PMID:11986236
Bill et al. 2020, PMID: 33020282

A 1.0

t(9;11) (n=34)‘ ‘

I'I )(11;19)(q23;p13.3) (n=6)

P

Disease-free Survival

t(11;19)(q23;p13.1) (n=5)

{ t/ins(10;11) (n=6)
Other KMT2A (n=8)

'| t(6;11) (n=12)

0 1 2 8 9

t(9;11) (n=44)

10

Overall Survival

Other KMT2A (n='1'0) ;
| t/ins(10;11) (n=9)
t(11;19)(q23;p13.3) (n=9) v

1t(11;19)(q23;p13.1) (n=12

I1) (n=
1 T

T

4 5 6 7 8 9
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KMT2A-PTD (TRIPLICATION?)
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PTD positive exons 2-10

Probe Name Bin Si Height Ratio

T

ETS1_11q243 | 0558 S
KIT2A_11923.3 | 1017 . L AR

Frr—r = [l EF I E IR > B> - Honmi
m_11q233_2 2 I H 1 F> I THE TENER B3>0 1| e 1 HEse O om W
H i H I P I THE TEHEER B> 1 1 N> 11 - HH W WIH

TRAP_11924.2 2 |10 " I P
 PTD: —_n“

* 2 copies exon 36
* 3 copies exon 4

Estimatedinsertion size 43,000bp dup exons 2-10 . 32kb ?
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z-score (sd from mean)

PTD positive exons 2-3

Probe Name Bin Size
ETS1 11q24.3 1816

KNT2A 110233 1889 |o.
32 |KWIZA_119233.2 |1%.7  |0.988
TRAP 119242 [3312  [1.080

« No PTD:
* Normal copy exons 4 & 36
* No trisomy 11




OGM PTD Patterns Observed

KMT?2A Exons

2 3 45 6789
|
1

o

32-35 36

N

_—
— — .

W
s

T A A
R N
LI I

W
\‘\%&6 \\9’6“

// / // g
//A\

11| ) | Y o |
24




Exons 3 to 5 preserved in KMT2A-PTD ?

MLL - PTD (exons 3-9)

48 Ab 45 B T 8 8 1011

=

MLL 3969 amino acids
* +ee+ AFF1 (AF4
1 Ala/Gly/Ser-rich n[l [ ATl & o o

2 Poly-Gly >70% of KMT2Ar i~ 9983 *** MLLT3 (AF9)

Chromosomal translocation leukemia ..
3 AT hooks DNA blndin; breakpoint cluster 913 - MLLTT (ENL)

4 poly-Pro i 10p12 -+ - MLLT10 (AF10)
5 Zinc "N"m'm. - >90 translocation partner genes
MLL (truncated) 6 Zinc fingers PHD-type

KMT2A rear lallged leukemia

AT RD 9TAD &
I]]] i fusion partner 10FYRC-term _ '
12 post-SET ’ 1

MLL — PTD (exons 3 - 9)

AT SHL RD

1l

Basecke et al. 2006, PMID:16965385
Mercher et al. 2019, PMID: 31681706




MLLWT

Oid i 2 3 da dbdcB 6 7 B O 1011
Hew i 2 3 § 6 T B 910 11 12 1314

—D—H—H—EI—D—D—H-}I]-D-D—D—[H—-W .

MLL (truncated)
Dl 1 2 3 da 4b4c S5 6
Haw 1 2 3 4 5 6 7889
- 1
Fusion partner

MLL - PTD (exons 3—9)

Cid 1 4 3 d4a dbdcBE B 2 3 48 Ab4c5 B 7T 8 @ 101
L i 2 3 & & 7T@a 3 4 5 B T8 510 11 12 1314

—D—ﬂ—ﬂ—i:l—D—D—ﬂ-[-[ﬂ—I:I—Dﬂ-ﬂﬂ-ﬂi[Fﬂ-D—H

MLL (truncated)

SNL

[|]| ' % fusion partner

How to report the following PTD?
* PTD exon 1
PTD exon 3
PTD exon 5-11
PTD exon 8







