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Supplementary Data S1: Prediction of B. pseudomallei Genes (ORFs) and Microarray 

Fabrication (Expanded)  

 

 The ORF prediction program GLIMMER (v2.0) was used to identify potential ORFs in 

partially assembled sequence data of B. pseudomallei strain K96243 (downloaded from the Sanger 

Centre in March 2001). Using a minimal gene length of 400 bp, 8776 putative ORFs were initially 

identified. A preliminary analysis revealed that many of these ORFs were overlapping and 

redundant, and thus the individual ORFs were consequently grouped into distinct homology 

‘clusters’ by reiteratively BLASTing each ORF against all others. 6895 unique ORF ‘clusters’ 

were defined, where each ‘cluster’ contained 1-3 members of similar directionality and sequence. 

For each cluster, a representative sequence (“RS”) (usually the longest) was chosen, and Primer 3 

software was used to design oligonucleotide primer pairs to amplify 300bp-1000bp fragments for 

each RS. To minimize the possibility of cross-hybridization to related genomic sequences, each 

amplified fragment was cross-checked for uniqueness for BLASTing its sequence against the entire 

ORF dataset. Potentially cross-hybridizing sequences were rejected and new sequences were 

selected in their place.  

To compare the results of ORF prediction using partially assembled (PA) and fully 

assembled (FA) sequences, a new round of ORF prediction was performed using a larger training 

set (40 sequences in FA vs. 30 in PA) and the fully assembled B. pseudomallei genome sequence, 

resulting in the identification of 8412 putative ORFs. To compare the results from the two 

prediction runs (PA vs. FA) the 6895 RS’s from the PA prediction were tiled against the completed 

genome to determine the specific chromosomal localization of each sequence. The FA ORF dataset 

was then queried to determine if it contained an entity at a similar chromosomal location. 

Approximately 80.5% of the PA set (5553 out of 6895) was mappable to the new FA set (within a 

tolerance of +/− 100bp). Of the remaining 1322 MC sequences, an additional 756 (11%) could be 
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matched to a member in the FA dataset of at least 50 % sequence similarity. Finally, a reciprocal 

analysis was performed where the FA ORFs were BLASTed against the 6895 PA ORFs. Using this 

analysis, only 110 ORFs from the FA ORF dataset failed to be convincingly assigned to a partner 

entity in the PA ORF dataset (P.T., data not shown).  

 
Microarray Fabrication 
 

Genomic DNA from B. pseudomallei strain K96243 was used as a template to PCR amplify 

array probes, and amplification success was visually assessed using 1.2% agarose gel 

electrophoresis where each reaction was scored for the presence of a band of the expected size. 

After PCR purification and resuspension, each array probe was printed in duplicate on 

commercially available microarray slides (Full Moon Biosystems, USA) using an SDDC-2 

Microarrayer (Virtek, USA). As a negative control, DNA primers for the hilA gene, encoding the 

pathogenicity island specific for Salmonella paratyphi (gift from Jimmy Loh and Lim Bock, 

DMRI) were also included on the array. 
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Supplementary Data S2: Distribution of Array Probes Across the B. Pseudomallei Genome 
 
Figure S2a) Frequency of Array Probe Density. The B. pseudomallei genome sequence was 
divided into a series of sequential 10 kb fragments, and the number of array probes/10 kb fragment 
was plotted as a frequency graph.  
 

 
Figure S2b) Array Probe Coverage Along Chromosome 1 and 2. Individual array probes were 
‘tiled’ against the B. pseudomallei chromosome 1 (top) and chromosome 2 (bottom) sequences.  
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Supplementary Data S3: Comparison Between Successful and Failed PCR Reactions 
 
Figure S3a) Frequency of Failed PCR Amplification Reactions Categorized by Predicted PCR 
Product (pdt) Size 

 
 
 
Figure S3b) Frequency of Successful PCR Amplification Reactions Categorized by Predicted PCR 
Product (pdt) Size 
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Supplementary Data S4: Comparison of ORF-wise standard deviation among the 3 
Burkholderia species 
 

Basic stats B. pseudomallei B. mallei B. thailandensis 
average 0.156 0.102 0.149 
median 0.118 0.069 0.117 
mod range 0.0875~0.1 0.0125~0.025 0.0875~0.1 

 
ORF(row)-wise standard deviations were calculated for each ORF, for each individual species, 
then summarised in terms of statistics (average, median and mod). Based on the average and 
median,  the ORF-wise standard deviation can be shown to be generally higher for B. pseudomallei 
compared to the other 2 species, indicating that the fluorescence ratio cut-off threshold of 0.6 used 
in the manuscript can also be applied to B. mallei and B. thailandensis.  Using 0.6 as a threshold 
value, in fact, is a stricter form of filtering out false positives for amplification and deletion in B. 
thailandensis and B. mallei. 
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Supplementary Data S5: Verification of Amplified ORFs by Quantitative Real-time PCR 
 
 

To address the issue of ‘amplified’ ORFs, quantitative real-time PCR experiments were 

performed to verify the results obtained from the microarray experiments. 

Microarray data associated with two ‘amplified’ ORFs are shown in Table S5.  Microarray 

experiments revealed ORF 3026602 to be amplified in B. mallei at 99.99% but absent in B. 

thailandensis at the confidence threshold; while ORF 3041002 was amplified in both B. mallei and 

B. thailandensis, at 99.99% and 99.95% confidence threshold respectively (Table S5). 

 

 

 

Table S5a :  ‘Amplified’ ORFs used in quantitative real-time PCR verification. 

 

Quantitative real-time PCR was carried out in an I-Cycler (BioRad) with the same PCR 

conditions used for the PCR amplification of array probes except for the additional of fluorescent 

SYBR® Green dye.  Figures S4a and S4b show the results obtained for ORF 3026602 and ORF 

3041002 respectively. 

 

NCCID Annotation  Accession No. 
Mean in 
B. pm 

Mean in 
B. m 

Mean in 
B. thai. 

Remarks 

3026602 

TnpB 

[Burkholderia 

mallei] 

gb|AAN64700.1| 0.24809 4.109215 -3.8448 

Amplified in B. mallei at 

99.99%; 

absent in B. thailandensis 

at 99.99% 

3041002 

Transposase 

[Burkholderia 

mallei] 

gb|AAG02082.1| -0.11280 1.79559 1.53525 

Amplified in B. mallei at 

99.99%; 

amplified in B. thailandensis 

at 99.95% 
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Real-time PCR of the ‘amplified’ ORFs was performed at least twice to verify the results.  The 

results obtained from both microarray experiment and quantitative real-time PCR show that these 

ORFs are present in multiple copies in the B. mallei genome. 
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Supplementary Data S6: Intensity-Dependent z-scores Analysis 
 
We have also analysed the microarray data set using the intensity-dependent z-scores 
methodology. A z-score was calculated for each hybridization value by subtracting the row-wise 
(ORF-wise) average, and dividing by the row-wise standard deviation. The area under the 
Gaussian distribution curve between the smallest (largest) Z-value to each negative (positive) z-
score was calculated, as shown in Figure S5. For this analysis, we have focused on deletions. 
 
Figure S6: Calculation of confidence level with z-scores analysis 
 

 
 

1-Area 
=confidence level 
of deletion if z<0 

1-Area 
=confidence level 
of amplification 
if z>0 

z-score
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Supplementary Data S7: Comparison of t-test and z-scores Analysis 
 
Table S7: Analysis of Flanking Probe Deletions at >95% and >99.99% confidence levels for B. 
mallei and B. thailandensis, compared to B. pseudomallei, using z-scores as measure of confidence 
level (cf Table 2 in Main text) 
 

Species Coverage No. of 
Probes 

Probability (%) of Flanking 
Deletions 

  (% Confidence)  Two Sides One Side Isolated 
        

B. mallei Whole Genome (>95%) 1105 74.84 18.28 6.88 
  Whole Genome (>99.99%) 961 79.81 17.27 2.91 
          
  Chr 1 (>95%) 356 65.17 23.60 11.24 
  Chr 1 (>99.99%) 302 70.53 24.17 5.30 
          
  Chr 2 (>95%) 749 79.44 15.75 4.81 
  Chr 2 (>99.99%) 659 84.07 14.11 1.82 
           

B. thailandensis Whole Genome (>95%) 1563 41.59 34.17 24.25 
  Whole Genome (>99.99%) 1144 51.22 33.04 15.73 
        
  Chr 1 (>95%) 654 36.09 33.03 30.89 
  Chr 1 (>99.99%) 461 46.20 32.10 21.69 
          
  Chr 2 (>95%) 909 45.54 34.98 19.47 
  Chr 2 (>99.99%) 683 54.61 33.67 11.71 

 
 
Figure S7: Venn Diagrams of ORFs found to be deleted at 95% and above confidence level 
using the Student’s t-test (lightly shaded areas), and overlap (darker shade) with ORFs found 
to be deleted at 99.99% and above confidence level using the z-scores method (unshaded 
areas). 
 

B. mallei      B. thailandensis 

 
 
 
 

187 

774 
38 320

824 145
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Supplementary Data S8a: Reiterative Analysis of Flanking Probe Deletions (Detailed 
Analysis Using t-test as a Measure of Confidence) 
B. mallei (Overall)       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 59.01 58.43 58.47 59.24 1.45 8.25 
one sided 33.72 33.95 33.22 32.51 3.65 7.05 
none 7.27 7.62 8.31 8.25 94.90 84.69 
No. of deletions (accumulated) 344 433 602 812   

B. thailandensis (Overall)       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 49.01 45.90 42.43 41.49 1.50 7.12 
one sided 33.22 34.43 35.28 35.09 10.40 13.87 
none 17.76 19.67 22.29 23.43 88.10 79.01 
No. of deletions (accumulated) 304 488 839 969   
B. mallei Against B. 
pseudomallei Chr 1       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 45.28 45.38 46.77 48.78 0.84 3.74 
one sided 42.45 43.08 41.40 37.40 2.51 4.62 
none 12.26 11.54 11.83 13.82 96.65 91.64 
No. of deletions (accumulated) 106 130 186 246   
B. mallei Against B. 
pseudomallei Chr 2       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 65.13 64.03 63.70 63.78 2.48 14.75 
one sided 29.83 30.03 29.57 30.39 5.57 10.54 
none 5.04 5.94 6.73 5.83 91.95 74.71 
No. of deletions (accumulated) 238 303 416 566   
B. thailandensis Against B. 
pseudomallei Chr 1       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 46.79 45.56 42.37 41.84 0.84 4.67 
one sided 32.11 32.78 30.53 30.53 7.16 9.35 
none 21.10 21.67 27.10 27.63 92.00 85.98 
No. of deletions (accumulated) 109 180 321 380   
B. thailandensis Against B. 
pseudomallei Chr 2       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs 

both sides 50.26 46.10 42.47 41.26 2.59 10.64 
one sided 33.85 35.39 38.22 38.03 15.68 20.33 
none 15.90 18.51 19.31 20.71 81.73 69.02 
No. of deletions (accumulated) 195 308 518 589   

 
 
There is no statistically significant difference in the flanking probabilities across the different 
confidence intervals (p>0.05 for all pairwise comparisons). Flanking probabilities from the last 
range (>95%) were taken as representative of the 4 ranges in the main text. 
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Supplementary Data S8b: Reiterative Analysis of Flanking Probe Deletions (Detailed 
Analysis using z-scores as measure of confidence) 
 
B. mallei (Overall)            

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs

both sides 79.81 78.74 76.96 74.84 0.95 12.80 
one sided 17.27 17.56 18.07 18.28 4.22 6.47 
none 2.91 3.69 4.97 6.88 94.83 80.73 
No. of deletions (accumulated) 961 1002 1046 1105   
B. thailandensis (Overall)       
deletion at >99.99% >99.9% >99% >95% (ALL 

DELETION) 
≤95%  (NON 
DELETION) ALL ORFs

both sides 51.22 48.74 45.02 41.59 2.53 11.39 
one sided 33.04 33.82 34.48 34.17 19.17 22.57 
none 15.73 17.44 20.50 24.25 78.30 66.04 
No. of deletions (accumulated) 1144 1233 1395 1563   
B. mallei Against B. 
pseudomallei Chr 1       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs

both sides 70.53 69.62 67.27 65.17 0.49 6.15 
one sided 24.17 24.05 24.62 23.60 3.45 5.21 
none 5.30 6.33 8.11 11.24 96.06 88.64 
No. of deletions (accumulated) 302 316 333 356   
B. mallei Against B. 
pseudomallei Chr 2       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs

both sides 84.07 82.94 81.49 79.44 1.78 22.36 

one sided 14.11 14.58 15.01 15.75 5.58 8.28 
none 1.82 2.48 3.51 4.81 92.64 69.37 
No. of deletions (accumulated) 659 686 713 749   
B. thailandensis Against B. 
pseudomallei Chr 1       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs

both sides 46.20 43.54 40.25 36.09 1.79 7.30 

one sided 32.10 33.00 33.04 33.03 14.60 17.56 

none 21.69 23.46 26.71 30.89 83.62 75.14 
No. of deletions (accumulated) 461 503 569 654   
B. thailandensis Against B. 
pseudomallei Chr 2       

deletion at >99.99% >99.9% >99% >95% (ALL 
DELETION) 

≤95%  (NON 
DELETION) ALL ORFs

both sides 54.61 52.33 48.31 45.54 3.86 17.26 
one sided 33.67 34.38 35.47 34.98 27.25 29.74 

none 11.71 13.29 16.22 19.47 68.89 53.01 

No. of deletions (accumulated) 683 730 826 909   
 
There is no statistically significant difference in the flanking probabilities across the different 
confidence intervals (p>0.05 for all pair-wise comparisons). Flanking probabilities from the last 
range (>95%) were taken as representative of the 4 ranges in the main text.
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Supplementary Data S9: Distribution of Deleted ORF Cluster Sizes (using t-test or z-scores, 
cut-off at ≥95% level) 
 
The Y-coordinates of the plot represent the number of clusters whose sizes are equal to or larger 
than the values of corresponding X-coordinates (ORF density is taken as a measure of genomic 
cluster size). Deleted clusters in B. mallei are larger than clusters in B. thailandensis. Figures 9a 
represents ORFs identified as deleted by t-test, and Figure 9b by z-scores.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9a: Frequency Graph of Deleted Clusters by Cluster Size (t-test) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9b: Frequency Graph of Deleted Clusters by Cluster Size (z-scores) 
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Supplementary Data S10a: Statistical Analysis of Flanking ORF Deletions in B. mallei and B. 
thailandensis (using t-test as measure of confidence) 
 

A chi-square analysis was performed to compare the patterns of ORF deletion in B. mallei 
and B. thailandensis. (Bm = B. mallei, Bt = B. thailandensis, 2s = Deleted ORFs flanking both 
sides, 1s = Deleted ORFs flanking one side, none = no flanking deleted ORF). The 95% confidence 
level was used as a cut-off criterion to define a ‘deleted’ ORF.  
 
Observed 
>95% Bm Bt  
2s 481 402 883
1s 264 340 604
none 67 227 294
tot 812 969 1781
 
Expected 
2s 402.58 480.42 883
1s 275.38 328.62 604
none 134.04 159.96 294
tot 812 969 1781
 
Chi-square  
Pvalue 2.15E-20 
 

An Odds-Ratio Calculation was performed to determine the likelihood that a deleted ORF 
in B. mallei would be flanked on both sides by other deleted ORFs (i.e. would belong to a deleted 
ORF cluster), as compared to B. thailandensis.  
 

 ODDS RATIO  
 Bm Bt 

2s 481 402
not 2s 331 567
P(2s) 0.59 0.41
P(not 2s) 0.41 0.59
P(2s)/P(not 2s) 1.45 0.71
 
An Odds ratio metric of P(2s)/P(not 2s) was obtained for both species 
A deleted Bm ORF is  2.05 times more likely to have 2s flanking 

(Bm/Bt) 
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Supplementary Data S10b: Statistical Analysis of Flanking ORF Deletions in B. mallei and B. 
thailandensis (using z-scores as measure of confidence) 
 

A chi-square analysis was performed to compare the patterns of ORF deletion in B. mallei 
and B. thailandensis. (Bm = B. mallei, Bt = B. thailandensis, 2s = Deleted ORFs flanking both 
sides, 1s = Deleted ORFs flanking one side, none = no flanking deleted ORF). The 99.99% 
confidence level was used as a cut-off criterion to define a ‘deleted’ ORF.  
 
Observed 
>99.99% Bm Bt  
2s 767 586 1353
1s 166 378 544
none 28 180 208
tot 961 1144 2105
 
Expected 
2s 617.69 735.31 1353
1s 248.35 295.65 544
none 94.96 113.04 208
tot 961 1144 2105
 
Chi-square  
Pvalue 6.35E-45 
 

An Odds-Ratio Calculation was performed to determine the likelihood that a deleted ORF 
in B. mallei would be flanked on both sides by other deleted ORFs (i.e. would belong to a deleted 
ORF cluster), as compared to B. thailandensis.  
 

 ODDS RATIO  
 Bm Bt 

2s 767 586
not 2s 194 558
P(2s) 0.80 0.51
P(not 2s) 0.20 0.49
P(2s)/P(not 2s) 3.95 1.05
 
An Odds ratio metric of P(2s)/P(not 2s) was obtained for both species 
A deleted Bm ORF is  3.76 times more likely to have 2s flanking 

(Bm/Bt) 
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Supplementary Data S11: Experimental Validation of Other Deleted ORFs 
 
Figure S11: PCR amplification reactions were performed using ORF Primer Pairs on three 
different species of Burkholderia. Results are presented in the following arrangement : First lane- 
Burkholderia pseudomallei, Second Lane - Burkholderia mallei, Third lane : Burkholderia 
thailandensis 
 

 
 
 
 
Lanes  ORF Name  Annotation    Deleted in 
 
Set A  ORF 3361902  ABC Transporter Subunit  B. mallei   
Set B  ORF 2812502   Fe-pyochelin Receptor Precursor B. mallei 
Set C  ORF 3174502   Nitrate reductase (delta subunit) B. mallei 
Set D  ORF 2847802   Nitrate reductase (beta subunit) B. mallei 
Set E  ORF 2847902  Nitrate reductase (alpha subunit) B. mallei 
Set F  ORF 3365602   Nitric Oxide Reductase  B. thailandensis 
 
 

 
 
 
 
Lanes  ORF Name  Annotation    Deleted in 
 
Set G  ORF 3414002  beta-lactamase    B. mallei 
Set H  ORF 2874802  WbiH (Type II OPS)   B. thailandensis 
Set I  ORF 3234402  AraC-related Trans Factor  B. thailandensis 
Set J  ORF 3176002  Quorum Sensing Trans Factor B. mallei 
Set K  ORF 3418002  AHL Synthase    B. mallei 
 

A     B   C    D        E    F  

G    H   I    J       K  
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Supplementary Data S14: Relationships of RD1-RD12 Among B. pseudomallei molecular 
subtypes 
 
 
RD Chr Pattern Description 
RD01 1 P1 Deleted in G3 
RD02 1 P3 Deleted in G2 and G3 
RD03 1 P3 Deleted in G2 and G3 
RD04 1 P5 Amplified in G1 
RD05 1 P2 Amplified in G1, Deleted in G3 
RD06 1 P4 Deleted in G1 and G2 
RD07 2 P4 Deleted in G1 and G2 
RD08 2 P1 Deleted in G3 
RD09 2 P3 Deleted in G2 and G3 
RD10 2 P3 Deleted in G2 and G3 
RD11 2 Mixture Mixture of G1 deletion and G2/G3 deletions 
RD12 2 P4 Deleted in G1 and G2 
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Supplementary Data S15: Deletion of the RD2 CTX-like Cluster in B. pseudomallei Isolates. 

Lanes 1 – 19: B. pseudomallei strains - K96243 (reference R), G1 subtype - 5/96, 567/96, 21/96, 

497/96, G2 subtype - #33, #22, #11, #23, #14, G3 subtype – 20/96, 15/96, ATCC23343, #59, #9, 

78/96, 15-10, ATCC15682, #3. Lanes have been arranged to be similar to Figure 5 in the Main 

Text. M – 100bp molecular marker. ORF primer pairs are homologous to the following CTX 

proteins: 3049302 (orf 2, DNA-dependent ATPase terminase subunit), 3049402 (orf 3, presumed 

capsid scaffold), 3049502 (orf 4, major capsid protein), 3049702 (orf 5, terminase subunit), 

3049802 (head completion/stabilization protein (gene L) of phage P2), 3050002 (orf 13, tail 

completion), 3050102 (orf 14, tail completion), 3050402 (orf 18, baseplate or base of tail fiber), 

3050502 (orf 18, baseplate or base of tail fiber). 
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Figure S15: PCR Validation of RD2 In B. pseudomallei Isolates 
 

ORF 3049302 
 
 
 
 
ORF 3049402 
 
 
 
ORF 3049502 
 
 
 
ORF 3049702 
 
 
 
 
ORF 3049802 
 
 
 
 
ORF 3050002 
 
 
 
 
ORF 3050102 
 
 
 
 
ORF 3050402 
 
 
 
ORF 3050502

M    1     2    3     4    5      6     7    8    9  10  11  12  13  14  15   16  17  18  19  

R G1 G2 G3



 31

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

0 1000 2 000 3 000 4000

ORF le n gt h

Di
st

ri
bu

ti
on

 (%
) Deleted  in  B. th a ila n d en s is  a t

>9 5%
Non -d elet ion s

Supplementary Data S16: Comparison of ORF Length and Codon Usages Between “Deleted” 

and Non-deleted ORFs in B. thailandensis  

 
The 6895 ORFs were first divided into 2 groups: 

(a) Group 1: ORFs analysed as deleted in B. thailandensis at ≥95% level of confidence (969 
ORFs) 

(b) Group 2: The rest of the ORFs (5926 ORFs) (Non-deletions) 
 
(A)  ORF length 
Figure S16a: ORF-length-based Distribution for Deleted ORFs and Non-Deletions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary of ORF-length comparison between the 2 groups of ORFs 
 
 

  Median Mean Mod range 

Group 1 888 1125.75 400~600 

Group 2 1029 1196.32 400~600 
 

               Deleted in B. thailandensis at ≥95%
 
               Non-deletions 
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(B)   Codon usage frequencies 
 
For codon usage analysis, we collected the frequency of each of the 64 genetic codes for the ORFs 
in both groups.  In order to compare the codon usage statistics between the 2 groups, the raw 
frequencies obtained for the ORFs of each group were divided by the total number of codons in 
their respective groups (i.e. 363940 and 2362808 total codons for Group 1 and 2 respectively). 
These normalized frequencies (in %) were then used to make feasible comparisons between 
Groups 1 and 2, and are shown in Figure S16b. 
 
Figure S16b: Codon-usage-based Distribution for Deleted ORFs and Non-Deletions 
 

No significance difference between the 2 groups in terms of codon usage frequencies.  In fact, the 
average of differences between Groups 1 and 2 in all codon is negligible (4 × 10−17) while the 
standard deviation stands at 0.22%. 
 
 
 
 
 
 

 

 

 

 

            Deleted in B. thailandensis at ≥95% 
 
            Non-deletions 




