Genomic breakpoint analysis facilitates identification of
X-chromosomal inversion among molecularly unsolved
cases of Duchenne Muscular Dystrophy.
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sequencing showing the inversion bkpts in DMD intron 44 and Xp22.11. Mismatched
bases from split reads (soft-clipped reads) are highlighted to indicate matching
sequences. The split reads in DMD intron 44 match the reference sequence in Xp22.11,
and the split reads in Xp22.11 match the reference sequence in DMD intron 2. C Sanger
sequencing confirming the bkpts.

caused by pathogenic variants in the dystrophin gene. Copy number
variants (CNVSs) such as intragenic deletions (65%) and duplications
(5-10%) are the most frequent type of variants observed in DMD
and BMD followed by approximately 30-35% single-nucleotide |®

variants and complex rearrangements. In approximately 2-5% of B 211221111251[1211112
patients, no causative variants in the DMD coding region are
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such as MLPA and microarray. We used breakpoint junction
sequence analysis to identify balanced inversion rearrangements
affecting the DMD gene in three cases.
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assessed using BioNano's NxClinical v6.1 software (El Segundo, CA). Split reads
were visualized Iin IGV. Sanger sequencing was performed to confirm the
breakpoint junctions wherever possible using case-specific primers across the
breakpoints. In one case, Bionano optical genome mapping was used to confirm
the results.
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Figure 2 - Breakpoint analysis of case 1 harboring a paracentric inversion ‘L“‘hl /!

disrupting the DMD gene. The inversion is 5.94 Mb spanning from Xp21.3 to DMD

intron 2. (bkpt=breakpoint) X025 ——» DMD intron 67
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2-79 (exons 1-9 are shown). B IGV viewer of short-read whole DMD gene NGS

sequencing showing the inversion bkpts in DMD intron 2 and Xp21.3. Mismatched bases

from split reads (soft-clipped reads) are highlighted to indicate matching sequences. The

Results

In three males with clinical features of DMD and previous negative sequencing
and del/dup genetic testing results, RNA sequencing analysis showed aberrant
DMD expression. Analysis of NGS soft-clipped reads was used to discover the
disease-causing complex rearrangements and investigate the breakpoints. A large
balanced inversion affecting the DMD gene was found in all three cases. Sanger
sequencing was used for confirmation of the breakpoints. In case 1, Bionano
optical genome mapping was used to confirm the maternal results. Case 1 was
found to harbor a 5.9 Mb paracentric inversion of chromosome Xp21.1-Xp21.3.
The Inverted region extends from Xp21.3 (chrX:26929141) through intron 2 in
DMD gene (Xp21.1, 32873783). This inversion disrupts the DMD gene from exon

split reads in DMD intron 2 match the reference sequence in Xp21.3, and the split reads in
Xp21.3 match the reference sequence in DMD intron 2. C Sanger sequencing confirming
the bkpts. D Bionano optical genome mapping confirms the paracentric inversion in the
patient’s mother.
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was found to harbor a 92.4 Megabase (Mb) pericentric inversion of chromosome
Xp21l.2 — Xg25. The Iinverted region extends from intron 67 in the DMD gene
(Xp21.2, chrX:31214006) through Xg25 (chrX:123586570). This inversion disrupts

Bkpt in DMD intron 44

Fig. 4 Breakpoint analysis of case 3 harboring a paracentric inversion disrupting
the DMD gene. The inversion is 92.4 Mb from DMD intron 67 to Xq25.
(bkpt=breakpoint)

A RNA sequencing on muscle biopsy showing aberrant expression involving DMD exons
67-79 (exons 67-79 are shown). B IGV viewer of short-read whole DMD gene NGS
sequencing showing the inversion bkpts in DMD intron 67 and Xg25. Mismatched bases
from split reads (soft-clipped reads) are highlighted to indicate matching sequences. The
split reads in DMD intron 67 match the reference sequence in Xg25, and the split reads in
Xg25 match the reference sequence in DMD intron 67. C Sanger seguencing confirming
the bkpts.

Conclusion

In conclusion, analysis of NGS soft-clipped reads facilitated the
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Normal chromosome X ideogram. The DMD gene is depicted in green.
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read sequencing to identify complex rearrangements affecting the
DMD gene, particularly in cases where dystrophinopathy was
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Xp21.3 to DMD intron 2).
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ldeogram of Case 2: paracentric inversion disrupting the DMD gene (9.1 Mb from
Xp22.11 to DMD intron 44).
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ldeogram of Case 3: pericentric inversion disrupting the DMD gene (92.4 Mb from
DMD intron 67 to Xq25).

Figure 1 - Ideogram of 3 cases of inversion disrupting the DMD gene
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Reference

G TCTGCTCACTGTCTCCACCCALTCCACACACTCACGTTTTCCTGCCEGTCTTACEG :
G TCTGCTCACTGTCTCCACCCACTCCACACACTCACGTTTTCCTGCCCGTCTTACCEG
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TCTGCTCACTGTCTCCACCCACTCCACACACTCACGTTTITCCTGCCCGTCTTACCG !
CCACTCCACACACTCACGTITICCTIGCCCGTCTTACC

Forvvard: MA“TAACTTAAT“AATAATTAAAT“ACT“CA“AAATTAATTCAACA““CATThTATCTFAhhhTATTTAAAATACAﬁkCATCTCTT“TCTTTCCCCCACTTAAAT“TAAATFCCACTAATA“hA“ATATCTTTTTTCTAACACT“CATCTTT'
Reverse. TTCATTGAATTACTTATTAATTTACTGACGTC TTTAATTAAGTTGTCCGTAACATAGACTCCCATAAATTT TATIGT TOGTAGAGAACAGAAAGGGGGTGAATTTACATTTACGGTGATTATCCTCTATAGAAAAAAGATTGTGACGTAGAAA!
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DMD intron 44 «—— Xp22.11
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TCTCCACCC ACTCCACACACTCACGTITTITCCTGCCCOGTOCTT ACCGHCAAGCATCTCTTGT CTTTCCCCCACTTAAATGT AA AT GC CALC
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The identification of split reads In patients with dystrophinopathy
enhances our understanding of the mechanisms underlying
structural rearrangements, thereby facilitating the precise
molecular diagnosis of DMD that is essential in clinical evaluation,
variant classification, and therapeutics.
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