Supplemental data

Materials and Methods

Dataset assembly and analysis of repeat variability

The following TRF (Benson 1999) parameters wereduseatching weight 2,
mismatching penalty 5, indel penalty 5, match philiig 0.8, indel probability 0.1, score
>40 and maximum period 500. For each repeat foutsdgeénomic coordinates and
characteristics (such as unit size, number of umgpeat purity, base composition,
consensus sequence) were stored in a MySQL databa&e then investigated if the
found repeats vary between the three available-biyerageS. cerevisiae genomes,
namely strains S288C, RM11-1A (version 1; RM11-1Aq&encing Project. Broad
Institute of Harvard and MIT) and YJM789 (version cerevisiae YIJIM789 Genome
Project, Stanford Genome Technology Center). Wl Wercator (Dewey and Pachter
2006) and MAVID (Bray and Pachter 2004) to perfomnole genome multiple
alignment of the three sequences. Using defaudrpaters, more than 95 % of S288C,
YJIJM789 and RM11-1A genomes were covered by thenadant, 11,653,400 nt. (95.8%),
11,371,262 nt. (95.1%) and 11,366,133 nt. (96.8%gpectively. S288C genomic TR
positions were subsequently mapped onto this wheteme alignment. The alignment
was sliced at the edges of each TR positions @ust.2on each side. To determine if the
same basic repeat is conserved between the thm@asstthe consensus pattern was
subsequently re-aligned onto each sub-sequenceg uainWrap-around dynamic
programming algorithm (TrlocalS from USC Sequentigrinent Package).

At this moment, there are only 3 high-coverage/fgyghlity genome sequences &f
cerevisiae strains available. Low-coverage sequences olutamih today’s single-
molecule sequencing techniques do not yield acewaquencing of tandem repeats. The
use of (only) three strains to assess repeat viyatould lead to a high “false negative”
rate,i.e. variable repeats that are categorized as nonblarlzecause they do not vary
between the three strains used in our analysis.eslimate this false negative rate, we
calculated the number of variable repeats if aligidle combinations of only 2 genome
sequences are used and compared the number twmlitehed by comparing all 3
genomes. This analysis yielded a rather smak faégative rate of 5.5%.

The human dataset was assembled from a whole gemadigrenent betweerHomo
sapiens (Hg18, NCBI build 36.1)Pan troglodytes (panTRo2, Build 2 version 1) and
Macacca mulata (rheMac2, preliminary assembly, UCSC genome browSéhe plant
dataset was built from the alignment between #wabidopsis thaliana accessions:
Columbia full genome (version January 22 2004) bawdsberg erecta traces (Jander et
al. 2002), using Blastz. The insects dataset wdd rom the whole genome alignment
of 3 closely related species from tBeosophila melanogaster group O. melanogaster,

D. sechellia and D. simulans), downloaded from
http://www.biostat.wisc.edu/~cdewey/fly CAF1/. Thackerial Neisseria meningitides
dataset was built from two different strains: Z24@efseq NC_003116) and MC58
(Refseq NC_003112). Thdycobacterium tuberculosis dataset was also built from two
different strains: H37Rv (Refseq NC_000962) and @b&l1 (Refseq NC_002755).



Bacterial genomes were aligned with Mercator andWIA The same procedure as
described above was used to determine variablenanevariable repeats from these
species. This resulted in 392,753 conserved repeatbe human dataset (188,769
variable and 203,984 non-variable), 29,974 conskrepeats in the plant dataset (4,524
variable and 25,450 non-variable), 15,314 conserepeats in the drosophila dataset
(1,764 variable and 13,550 non-variable), 461 coesk repeats in theéNeisseria
meningitides dataset (51 variable and 410 non-variable) an8&@nserved repeats in
the Mycobacterium tuber culosis dataset (114 variable and 2,742 non-variable).

Model development and selection

All models were trained on a balanced training sitazomprising 320 of all naturally
occurring repeats in th& cerevisae genome (training dataset). To select the most
relevant repeat characteristics for inclusion ie fmal model, we applied a forward
variable selection procedure using LS-SVMs withRBF kernel. The selection criterion
we used was the Area Under the Receiver OperatiragaCteristic (ROC) Curve (AUC)
performance on the remaining 2423 repeats in Sheerevisiae genome (validation
dataset). Starting with the single variable tlesutted in the highest AUC performance
on the validation set, we iteratively added a sngiriable that contributed the most to
optimizing this criterion, until no further incremsn the AUC performance on the
validation dataset was obtained. The model pammsete., the regularization parameter
vy and the kernel parameter were tuned by optimizing the ‘10-fold cross-valion’
performance (generalization performance) on ther8@éats in the yeast training dataset.
This procedure selected the following repeat charetics in the order mentioned:
‘number of units’, ‘unit length’, and ‘purity’. Tdan normalization procedure in LS-
SVMlab labeled all three variables as continuou3herefore, each variable was
normalized (zero mean and unit standard deviati®hl optimal values foy and ¢*
obtained after tuning were 2154.4 and 12.9 respagtiwhich resulted in an optimal 10-
fold cross-validation performance of 92.66%. Thiaeasmall value fos® suggestshat
the final model was able to capture a substantmbumt of nonlinearity without
overfitting the training data since the general@atperformance was optimized. The
AUC performance of this model was 98.71% for thaning set and 96.20% for the
validation set.

Model benchmarking

The performances of our model (SERV) and othertiegjamethods were tested on the
different datasets described above. For each mgthechumbers of true positives (TP),
false positives (FP), true negatives (TN) and falsgatives (FN) was calculated. We
also computed the sensitivity (SN), specificity YaRd Matthew’s correlation coefficient
(MCC) based on these values, using the followinghfdas.

L
(TP+FN)

SD:L
(TN + FP)



TP.TN - FP.FN

MEE = P+ NN + FP)(TP + FRJTN + FN)

ROC curves and the corresponding AUC performaneeg®mpnances were calculated as
described previously (Hanley and McNeil 1982). nfigance of differences between the
AUC performances of the different models was caliad as described by Hanley and
McNeil (1983).

Experimental validation of model

To insert CA repeats in thgRA3 gene, we first PCR-amplified the Hygromycin B
(HYGB) resistance marker cassette from plasmid pA@8ing primers 609 and 610.
This generates a product containing the HYGB mafletked by 35 CA repeats on
either end, which are in turn flanked by a 20-mempmg sequence. These priming
sequences correspond to 20 nucleotides upstreardaamustream of th&/RA3 START
codon, respectively. In a second round of PCR dicggion, the former PCR product is
used as a template, using primers 612 and 613s Jégond PCR generates the long
homologous ends that are necessary to target t&raot to the genomidRA3 gene.
Transformants were selected on YPD plates con@i@®0 pg mi* hygromycin B
(Sigma Aldrich). After 3 days incubation at 30Yowing colonies were replica-plated
onto SC plates containing 1 g*I5-fluoroorotic acid (5-FOA, Toronto Research
Chemicals Inc.) to select for Uraells (Boeke et al. 1987). Correct insertion loé t
construct in th&JRA3 gene was confirmed by PCR using primers 607 ad &&ing the
flanking CA repeats, the HYGB marker was subseduémbped out by plating the cells
onto SC-Ura plates. This procedure selects for BY&@pouts that retained a number of
repeats that does not alter tb&®A3 reading frame. The number of repeats in these
strains was subsequently determined by PCR usimgep 754 and 755. The PCR
products were visualized on a 2.5 % agarose gél avi50 nt. size marker (Invitrogen),
and the number of repeats was determined fromethgth of this PCR product. Other
repeats with different repeat purity or repeat Uenigth were inserted in essentially the
same way, except for the use of other primer gairthe first PCR reaction (primers 738
to 753, see Supplemental Table 4).

Mutation rates were measured as described eaMersirepen et al. 2005). Each
switching rate was corrected for the fact that garage, only two thirds of mutation
events lead to an out-of-frame mutation, and omig third of all events leads to an in-
frame mutation. Changes in repeat numbers werdromd by PCR. All experiments
were repeated at least 3 times and the median nmuohlo®lonies was used to calculate
the mutation rate.
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