Detecting disease-causing repeat expansions in
next-generation sequencing data
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Introduction exSTRa (expanded STR algorithm) Performance
Repeat expansion disorders are responsible for over We created an R package exSTRa’to visualise and classity We have tested exSTRa’, ExpansionHunter?, STRetch’
20 human neurological disorders, including Huntington repeat expansions. An accompanying Perl module is first and TREDPARSE® on 4 cohorts with Illumina sequencing
disease, spinocerebellarataxias and intellectual disabilities. used to count the repeat content in NGS data, focusing including WES (Agilent SureSelect V5+UTR), and WGCS
These are caused by expansions in DNA of short tandem on known locations of repeat expansions. (HiSeq X) with and without a PCR-free library protocol.
repeats (STRs). Cenetic diagnosis of repeat expansion Cohort Cases |Controls [Method TP_[FN _[TN_ [FP_[Sens]Spec
: : : : Expanded 5 | | | WES_PCR 4 58 exSTRa 4 O 607 |9 1 0.99
d|sor.d.ers is slow and costly, as each disorder requires a molotype | <——800bp——>  STR  <——800bp——> 10 loch e e Tes o Tos T
| — _‘_” o TREDPARSE-T 4 |0 585 |31 |1 |0.95
Next generation sequencing (NGS) is now common in o —— < TREDPARSE-L |4 |0 [574 (42 |1 |0.93
he di : g : : - di NCS Read origin | e WGCS_PCR_1 |3 14 exSTRa 2 |1 (343 |1 |0.67|0.97
the diagnosis and screening of genetic diseases. ) S — -— Expansionriunter 1310 1354 o 1 i
allows detection of a wide-range of genetic mutations, - STRetch 12 (33 11 10331
: . . « SR SN TREDPARSE-T 3 o [354 Jo |1 |1
bUt methOdS to deteCt repeat eXpanSIOnS are in thelr M TREDPARSE-L 3 O 354 |O 1 1
infancy. The ability to diagnose repeat expansions with | —— WCS_PCR.2 116 12 exSTRa 13 |3 1352 10 1081 1097
: : Alianed read g i —— g ExpansionHunter |8 |8 (362 |0 |0.5 |1
NGS has the potential to reduce costs and provide faster Igned reads | et STRetch n_ |5 [338 |6 069|098
results to patients i ne v(_i i | TREDPARSE-T 2 |4 [362 |0 [0.75 |1
) 5 (vi unaligned) | 5 TREDPARSE-L 11 5 362 |0 0.69 |1
| : ion disord Identifying reads for repeat scoring. The expanded haplotype V\égi—fCR—z b 12 EXSTR? — 133 z ig; g 8’21 10'99
Examp es of repeat expansion disorders represents an actual DNA sequence, with reads labeled from i to v. Reads - S?EZE]O” = 1 1z 1320 12 loeo 099
. Fra gi| e X site A are aligned by software to a reference genome. Reads marked with * are TREDPARSE-T 13 3 [362 |0 |0.81 |1
further analysed dueto their proximity and direction to the STR; when their TREDPARSE-L 9 |7 362 |0 10.56 1
. .l . . . WGS_PCR_2 |16 2 exSTRa 12 |4 354 |8 0.75 [0.98
» Intellectual disability pairappearstooverlap the STR (blue/orange), its repeat content is counted. v Expansionriunter 18 18 1362 |0 |05 i
) STRetch 11 5 336 |8 0.69 [{0.98
» Most common: 1 0of 4,000-6,000 males TREDPARSET 13 13 1362 o o T
: : Each read overlapping the STR gives one observation. TREDPARSE-L |10 |6 |362 |O |0.62 |1
. Huntlngton disease IOIO. 5 5 : WGS_PF* 78 40 exSTRa 60 |18 (2329 |71 |0.77 |0.97
Longer repeats typically have more reads with larger ExpansionHunter™ |62 |16 12394 |6 0.79 |
» 1 0f 10,000-20,000 affected repeat scores. Repeat expansions are classified using an STRetch 62 |16 |2206 |76 |0.79 |0.97
. . TREDPARSE-T 52 |26 2383 |1/ 0.67 |0.99
. Spinocerebellar ataxias (dominant) outlier detection method. 66 |52 TREDPARSE-L 34 [32 2396 |16 |0.52 |0.99
WGS_PF 96 22 exSTRa 63 [33 |2314 |68 [0.66 |0.97
»10f 15,000-100,000 affected (FRAXA pre)* ExpansionHunter** [95 |1 2374 |8 |0.99 |1
ECDFs of repeat score STRetch 62 |34 (2188 |76 |0.65|0.97
I I it I TREDPARSE-T /2 |24 |2364 |18 |0.75 |0.99
» Coordination difficulties ECDF visualisation of repeat score (x) for several disease loci. 75 46 TREDPARSE-L 48 |24 12383 123 |067 1099
» More than 10 caused by repeat expansions Expansions can be observed by a shift to the right on larger quantiles. WGCS_PF 62 |56 exSTRa 52 |10 |2231 |67 |0.84|0.97
(no FRAXA)* ExpansionHunter** |61 |1 2292 (6 |0.98 |1
» Approximately 30 other rarer genetic causes Whole exome sequencing (WES_PCR) STRetch 62 10 12104 176 |1 1097
HD (coding CAG) norm: :19 (59bp) , exp: 36 (108bp) score ECDF SCA2 (coding CAG) norm: : 23 (70bp) , exp: 32 (96bp) score ECDF TREDPARSE_T 52 ‘]O 228‘] 17 084 099
| %] A 51 67/ TREDPARSE-L 34 |17 2293 |16 |0.67 |0.99

Short-tandem repeat (STR) and expansions

CAG motif:

~CTCAAGTCCTTCCAGCAGCAGCAGCAGCAACAGCCGCCACCGC... z
~CTCAAGTCCTTCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGCCGCCACCAC...

Controls have no known repeat expansion, that is, do not have
symptoms for a repeat expansion disorder. Non-expanded loci in cases
are negative conditions. Tests Bonferroni corrected by number of tests
at each locus (including STRetch results). TREDPARSE-T is a repeat
expansion size threshold method. TREDPARSE-L uses a likelihood ratio
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AC motif: ° test based method and uses the inheritance model (recessive loci require
AGAGATAGACACACACACACACACAAACAAGCAT.. | e | | B - F both alleles expanded). *The WGS_PF cohort is from Dolzhenko et al’.
..AGAGATAGACACACACACACACACACACACACACACAAACAAGCAT... 0 o o ® w ; ©  w % @ e These were also tested using a lower premuation threshold for FRAXA

R st and without FRAXA. **ExpansionHunter results of WGS_PF cohort
GGGCCT motit: Who'i%ﬁﬂ ofnes(ec)l uer:c",ngW' th PCR libra ryp(repa)ratlc()n) (W(GS)PCR‘Z) used original Dolzhenko et al results that were aligned with a different
..GCCGCAGACAGGGCCTGGGCCTGGGCCTGCCCTGGGAA... 2 . aligner (Issac).

.GCCGCAGACAGGGCCTGGGCCTGGGCCTGGGCCTGGGCCTGGGCCTGCCCTGGGAA. .. Overall wefoundthat no particu larmethod outperformed

the others. The correctly identitied expansions ditfered
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T i@ | coding > — oma between methods, suggesting the use of multiple methods
AR SBMA (3) _ = Intermediate : e : pesn. : e ey e e
AN SOAT (3) - T et mance - : to obtain greater sensitivity. Findings from these methods
ATXN2 SCA2 (3) — e WaSTHL 12 . . . .
ATXN3 SCA3 (3) - Vertical bar lengths e T e
e SOR) gl . £ : S E will require validation, but the use of these methods can
| p HiSeq X inser was WaSToL 15 . o[ . o . .
St ohT T TR Q CER significantly reduce loci requiring expensive testing.
ATN1 DRPLA (3) — ° oo : ° L : : [ o :
— exon_var_spliced ————- | — 150 0 50 100 150 .
e A | SUTR " S i We have shown that repeat expansions can be detected
2 e —— =] [T | FRAXA (5'UTR CGG) norm: 20 (62bp) , exp: 200 (600bp) score ECDF intron : 6 (20bp) , exp: 200 (600bp) score ECDF . . . . .
vk ow@ | outh o | o e ), o0 s in WGCS data with or without PCR-free library preparation,
- intron_1 — - - - AN ¢ ] : A S5
s “ome () - — - - fry as well WES data. These methods may be used on
C9orf72 FTDALS (6) Tt ----- o | @ o . e . .
NoPss  soAds(©) | e oo - ° : preexisting NGS data to find repeat expansions that were
ATXN10 SCA10 (5) intron_9 —— | = = == = - - - = = . . . .
css Pt (12) | promotor — b — :- : previously difficult to find.
PPP2R2B SCA12 (3) — = =
ATXNS/ATXNSOS SCAS (3) utRNA Se— |- 3> £ oS - WaSHL07 . .
; r B - T : The exSTRa package is available from:
Aepea lenih (o9 - T ; T https://github.com/bahlolab/exSTRa
Repeat expansiondisorders. Normal (healthy), intermediate and pathogenic (expanded) il + nes + e
allele size ranges in bp on logarithmic scale. Diseases are HD: Huntington disease, SBMA: g i + Vs g T e
Kennedy disease, SCA#: Spinocerebellar type #, DRPLA: Dentatorubral-pallidoluysian atrophy, ° " . ()‘°° h ’ " N ()1°° b Acknowledgments
HDL2: Huntington disease-like 2, FRAX*: Fragile-X site ¥, DM#: Myotonic dystrophy #, FRDA: . . . . . .
o . o . . Whole genome sequencing with PCR-free library preparation (WGS_PF) We thank Egor Dolzhenko and Michael Eberle (lllumina) foraccess to the
Friedreich ataxia, EPM1: Myoclonic epilepsy of Unverricht and Lundborg. The number in | _ _ _ _ _
. . ' . - FRAXA (5'UTR CGG) norm: 25 (75bp) , exp: 200 (600bp) score ECDF HD (coding CAG) norm: 21 (64bp) , exp: 36 (108bp) score ECDF WGS_PF COhOrt dataset EGAOOOO1003562 from the European Genome_
brackets after each disease indicates the number of bases in each repeat unit of the locus."? o — - o A —E———

Phenome Archive, along with specification files for ExpansionHunter.
Additional control datasets provided by Leslie Burnett, Ben Lundie,
Katie Ayres, and Andrew Sinclair. Kate Pope and Creta Gillies assisted
with recruitment and sample preparation.
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