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SUPPLEMENTAL NOTE 

 

Mouse fragile sites analysis 

We evaluated the ability of our models derived from human data to predict 

24 known APH-induced mouse fragile sites (Elder and Robinson 1989; Helmrich 

et al. 2006), including 16 such sites for which breakage frequencies were 

evaluated from 266 mouse cells (Elder and Robinson 1989). Mouse aCFSs were 

mapped onto the mouse genome (mm8), and the genomic features identified as 

significant predictors in our human-based models (i.e. G-band coverage, 

distance to centromere, CpG islands, Twist, low complexity A/T rich region 

coverage, mononucleotide microsatellite coverage, and Alu coverage) were 

computed. Instead of Alu element coverage, for the mouse genome we 

considered “young” SINE element content (all SINEs excluding MIRs) and B1 

content. B1s in mouse and Alus in human are both derived from the 7SL RNA 

gene and they both contain mononucleotide microsatellites (Yang et al. 2004). 

B1s constitute ~38% of all mouse SINEs (Yang et al. 2004). Our optimal (Table 

2) and alternative (Table 3) logistic regression models can predict 79% and 71-

79% correct predictions, respectively (Table S10). However, we cannot estimate 

a false positive rate, because mouse fragile sites have not been screened 

genome-wide. Therefore, we cannot define mouse NFRs and estimate false 

positive rate of the model. 

Our human-based breakage frequency model did not show a high 

predictive power for mouse APH-induced fragile sites breakage frequency (data 

not shown). This lower predictive power of this model compared with our logistic 

model might come from the lower pseudo R- squared of our breakage frequency 

model. However, it is also possible that genomic landscapes that affect breakage 

frequency are not conserved between human and mouse, or perhaps that a 

larger data set is required to capture global pattern of APH-induced fragile sites 

in mouse. This issue is important to be re-investigated once the genome-wide 

screening of CFSs in other mammalian species becomes available. 
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SUPPLEMENTAL TABLES  
 

Table S1. List of aCFSs and genomic locations (hg18) in BED format.  Gaps 

in assembly were removed to ensure accuracy in coverage and density 

calculations. Therefore, some aCFSs are separated into several intervals. 

FRA Chromosome   Start                Stop 

1A chr1 0 167280  

chr1 217280 257582  

chr1 307582 461231  

chr1 511231 2624080  

chr1 2674080 3835128  

chr1 3895128 5335220  

chr1 5385220 12975585  

chr1 13025585 13142499 

chr1 13192499 13429749 

chr1 13479749 16998245 

chr1 17048245 27800000 

1B chr1 51300000 60900000 

1D chr1 84700000 94500000 

1E chr1 99400000 102000000 

1F chr1 142436048 142562525 

chr1 142612525 142807140 

chr1 142857140 142935838 

chr1 142985838 143113101 

chr1 143163101 143333770 

chr1 143383770 143422081 

chr1 143522081 144544475 

chr1 144594475 144876007 

chr1 144926007 146492662 

chr1 146542662 146727982 

chr1 146777982 146950771 

chr1 147000771 147221084 

chr1 147271084 147726269 

chr1 147776269 153300000 

1G chr1 171200000 174300000 

1I chr1 241700000 246974833 

chr1 247024833 247199719 

1K chr1 184000000 197500000 

1L chr1 60900000 84700000 

2C chr2 17000000 19100000 

2D chr2 52700000 54800000 

2E chr2 70500000 75400000 

2F chr2 134800000 136600000 

2G chr2 169500000 182700000 

2H chr2 182700000 189100000 

2I chr2 197100000 209100000 
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2J chr2 237000000 239420971 

chr2 239453971 239466915 

chr2 239496915 240449069 

chr2 240474069 242751149 

3A chr3 23800000 26400000 

3B chr3 58500000 63700000 

3C chr3 184200000 189400000 

3D chr3 150400000 161200000 

4A chr4 5200000 8783740 

chr4 8933740 10900000 

4C chr4 139500000 141700000 

4D chr4 10900000 31421166 

chr4 31492166 32468752 

chr4 32527752 35500000 

4F chr4 88200000 99100000 

5C chr5 130400000 135400000 

5D chr5 91900000 97300000 

5E chr5 18500000 29300000 

5F chr5 97300000 97589886  

chr5 97612886 109600000 

6B chr6 4100000 7000000 

6C chr6 23500000 26100000 

6E chr6 160900000 164400000 

6F chr6 104800000 113900000 

6G chr6 87500000 92100000 

7B chr7 34000 327567 

chr7 477567 7200000 

7C chr7 35600000 37500000 

7D chr7 43300000 46600000 

7E chr7 90900000 92600000 

7F chr7 97900000 107200000 

7G chr7 114400000 117200000 

7H chr7 130100000 132400000 

7I chr7 147500000 153901567 

chr7 154001567 154737899 

chr7 154817899 158821424 

7J chr7 71800000 74353660 

chr7 74603660 77400000 

8B chr8 93500000 99100000 

8C chr8 117700000 127300000 

8D chr8 140000000 144006276 

chr8 144106276 145396296 

chr8 145403396 146274826 

9B chr9 113900000 116700000 

9D chr9 89600000 91000000 

10D chr10 71300000 74600000 

10E chr10 111800000 114900000 
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10F chr10 119100000 125859462 

chr10 125909462 127400000 

10G chr10 42100000 45746970 

chr10 45896970 46849175 

chr10 46999175 47262482 

chr10 47412482 47575713 

chr10 47725713 48715542 

chr10 48865542 50807416 

chr10 50857416 51068851 

chr10 51118851 53300000 

11C chr11 16100000 21600000 

11D chr11 26000000 27200000 

11E chr11 31000000 36400000 

11F chr11 85300000 87366026 

chr11 87378026 87900000 

11G chr11 115400000 120700000 

11H chr11 69200000 69437111 

chr11 69454899 70700000 

12B chr12 78700000 91200000 

12E chr12 107500000 107857874 

chr12 107914874 121006020 

chr12 121156020 131272065 

chr12 131317065 132289534 

13A chr13 32900000 34700000 

13C chr13 57600000 60500000 

13D chr13 93800000 100500000 

14B chr14 55800000 67000000 

14C chr14 67000000 69300000 

15A chr15 55800000 65300000 

16C chr16 65200000 69400000 

16D chr16 78200000 80500000 

17B chr17 54900000 55600000 

18A chr18 31000000 35500000 

18B chr18 52000000 59800000 

20B chr20 9000000 11900000 

22B chr22 27900000 30500000 

XB chrX  6000000  9500000  

XC chrX  98200000  102500000 

XD chrX  140100000  141900000 
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Table S2.  List of NFRs and genomic locations (hg18) in BED format. Gaps 

in assembly were removed to ensure accuracy in coverage and density 

calculations. Therefore, some NFRs are broken into several intervals. 

 

NFR Chromosome   Start                Stop 

1 chr1 27800000 29750669 

chr1 29800669 34400000 

2 chr1 46500000 51300000 

3 chr1 102000000 103636494 

chr1 103686494 103843838 

chr1 103893838 107000000 

4 chr1 117600000 120498679 

chr1 120548679 120700000 

5 chr1 153300000 154800000 

6 chr1 163800000 171200000 

7 chr1 174300000 184000000 

8 chr2 12800000 16171403  

chr2 16221403 17000000 

9 chr2 19100000 21012571 

chr2 21037571 23900000 

10 chr2 47600000 52700000 

11 chr2 54800000 61100000 

12 chr2 75400000 83700000 

13 chr2 102100000 108600000 

14 chr2 113800000 118600000 

15 chr2 129600000 134800000 

16 chr2 136600000 144700000 

17 chr2 189100000 197100000 

18 chr2 209100000 215100000 

19 chr2 221300000 233711985 

chr2 233731985 237000000 

20 chr3 14700000 23800000 

21 chr3 26400000 32100000 

22 chr3 54400000 58500000 

23 chr3 63700000 66115833 

chr3 66375833 71800000 

24 chr3 74200000 87200000 

25 chr3 104400000 115000000 

26 chr3 144400000 150400000 

27 chr4 0 1413146 

chr4 1464146 3883456 

chr4 3963456 5200000 

28 chr4 40900000 45600000 

29 chr4 59200000 59429326 

chr4 59479326 69275441 
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chr4 69375441 71536854 

chr4 71711854 75641303 

chr4 75671303 76500000 

30 chr4 102500000 120600000 

31 chr4 124000000 139500000 

32 chr4 141700000 155100000 

33 chr5 42400000 45800000 

34 chr5 135400000 138812257 

chr5 138817257 147200000 

35 chr6 5000 4100000 

36 chr6 7000000 9199728 

chr6 9249728 13500000 

37 chr6 15500000 23500000 

38 chr6 26100000 40600000 

39 chr6 45200000 57200000 

40 chr6 63500000 70000000 

41 chr6 75900000 87500000 

42 chr6 92100000 95737264 

chr6 95937264 99900000 

43 chr6 139100000 149100000 

44 chr6 164400000 167766922 

chr6 167784922 170021897 

chr6 170171897 170896992 

45 chr7 19500000 35600000 

46 chr7 37500000 43300000 

47 chr7 46600000 48167949 

chr7 48207949 50338125 

chr7 50378125 53900000 

48 chr7 61100000 61314455 

chr7 61364455 61554592 

chr7 61604592 71800000 

49 chr7 77400000 90900000 

50 chr7 92600000 97900000 

51 chr7 117200000 130100000 

52 chr7 132400000 137300000 

53 chr7 142800000 147500000 

54 chr8 12700000 19100000 

55 chr8 29700000 29732668 

chr8 29798768 38500000 

56 chr8 55600000 66100000 

57 chr8 74000000 86069241 

chr8 86193341 86763703 

chr8 86851003 87200000 

58 chr8 99100000 101600000 

59 chr8 106100000 117700000 

60 chr8 127300000 140000000 

61 chr9 9000000 14100000 
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62 chr9 40200000 40223029 

chr9 40273029 40415834 

chr9 40465834 40930341 

chr9 40980341 41133214 

chr9 41183214 41355793 

chr9 41405793 42603951 

chr9 42653951 43203694 

chr9 43253694 43886565 

chr9 43936565 44616642 

chr9 44666642 44848289 

chr9 44898289 45190199 

chr9 45240199 45705517 

chr9 45755517 46106426 

chr9 46156426 46351035 

chr9 46401035 46700000 

63 chr9 91000000 91533236 

chr9 91583236 91668616 

chr9 91718616 101600000 

64 chr10 6700000 12300000 

65 chr10 74600000 81231464 

chr10 81241464 89600000 

66 chr10 98000000 99400000 

67 chr10 102000000 111800000 

68 chr10 114900000 119100000 

69 chr10 127400000 128606059 

chr10 128656059 133271394 

chr10 133281394 133527517 

chr10 133577517 135374737 

70 chr11 50000 1152759 

chr11 1169335 2800000  

71 chr11 12600000 16100000 

72 chr11 21600000 26000000 

73 chr11 27200000 31000000 

74 chr11 56400000 68846377 

chr11 68848982 69200000 

75 chr11 70700000 85300000 

76 chr11 87900000 92300000 

77 chr11 110000000 115400000 

78 chr11 120700000 134452384 

79 chr12 36500000 44600000 

80 chr12 53100000 56300000 

81 chr12 69800000 74791940 

chr12 75041940 78700000 

82 chr12 91200000 94800000 

83 chr12 100000000 107500000 

84 chr13 18400000 32900000 

85 chr13 34700000 39500000 
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86 chr13 52200000 57600000 

87 chr13 60500000 72100000 

88 chr13 100500000 109100000 

89 chr14 23600000 31800000 

90 chr14 36900000 41000000 

91 chr14 43200000 48300000 

92 chr14 69300000 72900000 

93 chr14 78400000 88900000 

94 chr15 23300000 24687593 

chr15 24731593 25169606 

chr15 25270606 25700000 

95 chr15 31400000 37900000 

96 chr15 65300000 70400000 

97 chr16 0 8576922 

chr16 8594422 14700000 

98 chr16 16700000 21700000 

99 chr16 69400000 78200000 

100 chr16 80500000 82700000 

101 chr17 0 296854 

chr17 343376 11200000 

102 chr17 28800000 31699961 

chr17 31799961 33429230 

chr17 33529230 35400000 

103 chr17 47600000 54900000 

104 chr17 55600000 59900000 

105 chr18 7200000 15400000 

106 chr18 23300000 31000000  

107 chr18 35500000 50313134 

chr18 50360134 52000000 

108 chr19 11000 7297004 

chr19 7302004 8593198 

chr19 8598198 12600000 

109 chr20 5000000 9000000 

110 chr20 11900000 17800000 

111 chr20 21200000 25700000 

112 chr20 37100000 41100000 

113 chr20 49200000 54400000 

114 chr21 38600000 41877429 

chr21 41878628 43505733 

chr21 43507092 46944323 

115 chr22 16300000 18889431 

chr22 18939431 27900000 

116 chr22 30500000 39300000 

117 chr22 42600000 43057958 

chr22 43107958 47356150 

chr22 47366250 48750436 

chr22 48767136 49087576 
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chr22 49089176 49107103 

chr22 49126803 49591432 

118 chrX 0 34821   

chrX 84821 171384  

chrX 201384 967557  

chrX 1017557 1054113 

chrX 1104113 1184234 

chrX 1274234 2028238 

chrX 2128238 6000000 

119 chrX 9500000 37008177  

chrX 37033177 37500000 

120 chrX 65100000 67700000 

121 chrX 76000000 76570348 

chrX 76590348 98200000 

122 chrX 102500000 113403924 

chrX 113473924 115596318 

chrX 115616318 120700000 

123 chrX 137800000 140100000 

124 chrX 141900000 143335010 

chrX 143365010 146900000 
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Table S3. A list of 54 genomic predictors considered in the study 

 

Predictors Type of dataa Data source Previous studiesb 

Global Genome Organization    

G-banding Coverage (Furey and Haussler 

2003) 

 

[-, (Mishmar et al. 1999)] 

Distance to the telomere Distance Genome-wide screen 

 

  

Distance to the centromere Distance Genome-wide screen 

 

  

Purine percent Average Genome-wide screen 

 

 

GC content (% base G+% base C) Average Genome-wide screen 

 

[-, (Mishmar et al. 1999)] 

[+, (Tsantoulis et al. 2008) ] 

Gene Expression/Chromatin 

Structure 

   

Gene region  Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

[+, (Helmrich et al. 2006)] 

CpG island Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

Transcription start site Density (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

Nuclear lamina binding sites Coverage (Guelen et al. 2008) 

 

 

H3K4me1 sites Coverage (Barski et al. 2007) 

 

 

H3K9Ac sites Coverage (Wang et al. 2008) 

 

[-,(Jiang et al. 2009)] 

H3K14Ac sites Coverage (Wang et al. 2008) 

 

[-, (Jiang et al. 2009)] 

RNA polymerase II binding sites Coverage (Barski et al. 2007) 

 

 

miRNA sites Coverage (Griffiths-Jones et al. 

2007) 
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DNA Sequence Elements    

Alu repeats Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

[+, (Tsantoulis et al. 2008)] 

MIR (type of SINE) repeats Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

LINE1 repeats Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

LINE2 repeats Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

  

L1 endonuclease cleavage sites Density 

 

Genome-wide screen  

DNA transposons Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

MER (type of DNA transposon) 

repeats 

Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

Twist value calculated from sequence Average Genome-wide screen [+, (Mishmar et al. 1998)] 

[0, (Helmrich et al. 2006)] 

[-, (Tsantoulis et al. 2008)] 

Low complexity A/T rich regions Coverage (Karolchik et al. 2003) 

(Rhead et al. 2009) 

 

Mononucleotide microsatellites (>9 

repeats) 

Coverage (Abajian)  

(Kelkar et al. 2010) 

 

  

Dinucleotide microsatellites (>5 

repeats) 

Coverage (Abajian)  

(Kelkar et al. 2010) 

 

  

Trinucleotide microsatellites (>4 

repeats) 

Coverage (Abajian)  

(Kelkar et al. 2010) 

 

  

Tetranucleotide microsatellites (>4 

repeats) 

Coverage (Abajian)  

(Kelkar et al. 2010) 

 

   

All A/T motif microsatellites Coverage (Abajian) 

 

 

G-Quadruplex forming repeats Coverage (Cer et al. 2010) 

 

  

Z-DNA motifs Coverage (Cer et al. 2010)   
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Inverted repeats Coverage (Cer et al. 2010) 

 

   

Cruciform motifs Coverage (Cer et al. 2010) 

 

  

Directed repeats Coverage (Cer et al. 2010) 

 

  

Slipped motifs Coverage (Cer et al. 2010) 

 

  

Mirror repeats Coverage (Cer et al. 2010) 

 

  

Triplex motifs Coverage (Cer et al. 2010) 

 

  

A-Phased repeats Coverage (Cer et al. 2010) 

 

  

DNA Replication    

Replication timing (Woodfine) Assigned value (Woodfine et al. 2004) 

 

  

Replication timing (Ryba) Assigned value (Ryba et al. 2010) 

(Weddington et al. 

2008) 

 

 

Early replicated regions in lymphocyte 

cell line (Hansen) 

 

Coverage (Hansen et al. 2009)  

Origins of replication computationally 

predicted from base skew (Chen) 

 

Density (Chen et al. 2011)  

Origins of replication from purified 

origin-centered nascent strand using 

union set of lambda exonuclease 

digestion and anti-bromodeoxyuridine 

immunoprecipitation assays (Karnani) 

 

Density (Karnani et al. 2010)  

Origins of replication from ENCODE 

data 

 

Density (Cadoret et al. 2008)  

Topoisomerase I motif (CAT) Density Genome-wide screen [+/-, (Arlt and Glover 2010)] 
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Topoisomerase I motif (CTY) Density Genome-wide screen 

 

[+/-, (Arlt and Glover 2010)] 

Topoisomerase I motif (GTY) Density Genome-wide screen 

 

[+/-, (Arlt and Glover 2010)] 

Topoisomerase I motif (RAK) Density Genome-wide screen 

 

[+/-, (Arlt and Glover 2010)] 

Topoisomerase I motif (YCCTT) Density Genome-wide screen 

 

[+/-, (Arlt and Glover 2010)] 

Topoisomerase I motif (YTA) Density Genome-wide screen 

 

[+/-, (Arlt and Glover 2010)] 

Recombination and Mutational 

Pathways 

   

Sex-averaged recombination rates Assigned value (Myers et al. 2005) 

 

  

Hotspots of recombination Coverage (Myers et al. 2005) 

 

  

Hotspot of recombination motif 

(CCNCCNTNNCCNC)(Myers et al. 

2008) 

Density Genome-wide screen   

Evolutionary breakpoint regions Coverage (Larkin et al. 2009) 

 

[0, (Ruiz-Herrera et al. 

2006)] 

Homologous synteny blocks Coverage (Larkin et al. 2009)   

 

a Type of value for each predictor. Coverage = the percentage of particular fragile 

or non-fragile region that overlaps with predictor. Assigned value = the value of a 

predictor in an interval. If there is no predictor interval that overlaps with query 

interval, query interval is marked as “NA”. If there is more than one predictor 

interval overlapping with query interval, assigned value will be calculated as a 

weighted average based on proportions of overlap with each predictor interval. 

Average = the average value of that predictor value within that query interval. 

Density = the count of a feature normalized by the length of the interval. Distance 

= the distance measured from the region terminus closest to the telomere or 

centromere.  
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b Prediction column composed of a symbol and a literature reference in square 

brackets. Symbols: ‘+’ -- predictor is enriched in fragile sites (positive predictor); ‘-

’ -- predictor is enriched in non-fragile sites (negative predictor);  ‘0’ -- non-

significant;  ‘+/-’ -- unknown.  
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Table S4. Standardized coefficients and VIFs (variance inflation factors) in 

alternative multiple logistic regression models contrasting autosomal 

aCFSs with NFRs. Numbers in cells are standardized coefficients. Sign of 

coefficient indicates the relationship between a predictor and fragility. VIFs are in 

parentheses.  

 
 
 
 
a VIF (variance inflation factor) 

b VIF(variance inflation factor) higher than 5 

 

Predictor 

Standardized coefficient (with VIFa in parentheses) 

Model 
1 

Model 
2 

Model 
3 

Model 
4 

Model 
5 

Model 
6 

Model 
7 

Model 
8 

G-band coverage 
- 9.62 

(5.03)b 

- 6.04 

(1.68) 

- 6.25 

(1.91) 

- 5.45 

(1.26) 

- 6.22 

(2.51) 

- 6.09 

(2.42) 

- 8.43 

(2.67) 

- 5.28 

(2.63) 

Twist (DNA flexibility index)     
2.13 

(2.73) 

2.48 

(3.61) 

- 0.24 

(2.73) 

1.91 

(2.74) 

Low complexity A/T-rich 
region coverage 

3.69 

(8.05)b 
       

H3K4me1 site coverage  
- 1.53 

(2.25) 
      

CpG island coverage (log)   
- 2.19 

(2.44) 
     

Transcription start site 
density (log) 

   
- 1.22 

(2.07) 
    

Distance to the centromere 
1.43 

(1.62) 

1.09 

(1.41) 

1.02 

(1.29) 

0.87 

(1.24) 

1.02 

(1.25) 

0.95 

(1.28) 

0.64 

(1.05) 

0.73 

(1.13) 

Alu repeat coverage (log) 
1.85 

(3.42) 

1.42 

(2.05) 

1.76 

(1.79) 

1.16 

(2.11) 
    

Mononucleotide 

microsatellite coverage 
(log) 

    
1.49 

(1.70) 
   

Mononucleotide 

microsatellite coverage 
inside Alus (log) 

     
1.63 

(2.20) 
  

Mononucleotide 

microsatellite coverage 
outside Alus (log) 

      
2.16 

(4.42) 
 

Coverage of AT-containing  
microsatellites (log) 

       
1.09 

(1.42) 
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Table S5. Multiple logistic regression model comparing aCFSs with NFRs 

using autosomes and X chromosomes 

 

Predictor Standardized 

coefficient 

VIFb P-value Relative 

contribution 

G-band coverage - 6.5944  1.732 5.67 x 10-5 87.43 

Twist (DNA flexibility) 2.1815 3.203 6.85 x 10-3 5.73 

Alu repeat coverage (log)a 2.0238 2.868 2.16 x 10-2 3.76 
Distance to the centromerea 1.1112 1.326 2.22 x 10-2 3.50 

Pseudo multiple R-squared    83.65 
a Not significant after Bonferroni correction for multiple testing  
b VIF (variance inflation factor)   
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Table S6. Alternative breakage frequency multiple regressions using 

various combinations of genomic predictors. Numbers in cells are relative 

contributions (partial R-squared). Predictors’ P-values are in parentheses. Red 

color indicates positive predictor. Blue color indicates negative predictor.  

 

Predictor 

Relative Contribution (P-value) 

Model 1 Model 2 Model 3 Model 4 

Evolutionary breakpoint region 

coverage 
22.76 (5.9e-5) 23.22 (3.2e-5) 27.33 (5.7e-6) 25.45 (1.8e-5) 

Distance to the centromere 25.42 (1.9e-5) 20.91 (8.8e-5) 23.98 (2.6e-5) 22.22 (7.4e-5) 

CpG islands coverage (log)    21.84 (8.7e-5) 

Transcription start site density (log) 19.54 (2.3e-4)    

H3K4me1 site coverage  2.77 (0.175)a   

Twist   4.78 (0.076)a  

Coverage of low complexity A/T rich 

regions 

 
  8.15 (0.021)b 

Multiple R-squared 46.41 35.01 40.04 44.74 

Adjusted R-squared 43.86 32.05 37.28 41.23 

 

a Not significant  

b Not significant after Bonferroni correction 
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Table S7. Standardized coefficients and VIFs (variance inflation factors) in 

alternative breakage frequency multiple regression models. Numbers in cells 

are standardized coefficients. Sign of coefficient indicates correlation with the 

level of fragility. VIFs are given in parentheses.  

 

Predictor 

Standardized coefficient (with VIFa in parentheses) 

Model 1 Model 2 Model 3 Model 4 

Evolutionary breakpoint region 

coverage 
0.45 (1.02) 0.49 (1.01) 0.52 (1.01) 0.48 (1.01) 

Distance to the centromere 0.48 (1.01) 0.46 (1.04) 0.48 (1.03) 0.45 (1.08) 

CpG islands coverage (log)    - 0.62 (2.07) 

Transcription start site density (log) - 0.41 (1.02)    

H3K4me1 site coverage  - 0.15 (1.04)   

Twist   0.19 (1.02)  

Coverage of low complexity A/T rich 

regions 
   - 0.35 (2.05) 

 

a VIF (variance inflation factor) 
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Table S8. List of 12 autosomal cloned aCFSs and their clonally and 

cytogenetically defined coordinates (hg18).   

 

Gaps in assembly were removed to ensure accuracy in coverage and density 

calculations. Therefore, some aCFSs are separated into several intervals. 

  

FRA 
Cytogenetic level Cloned level  

Overlap 
Chromosome   Start                 Stop Chromosome  Start             Stop 

1E chr1 99400000 102000000 chr1 97660567 98160567 No 

2C chr2 17000000 19100000 chr2 14852340 15598790 Yes 

2G chr2 169500000 182700000 chr2 169182739170182739 Yes 

2H chr2 182700000 189100000 chr2 182954118191779297 Yes 

3B chr3 58500000 63700000 chr3 59600000 63800000 Yes 

4F chr4 88200000 99100000 chr4 90421845 97461845 Yes 

6E chr6 160900000 164400000 chr6 159949579165849579 Yes 

6F chr6 104800000 113900000 chr6 111500000112600000 Yes 

7B chr7 34000  327567 

chr7 477567  7200000 

chr7 34000        327567 

chr7 477567 12358621 
Yes 

7E chr7 90900000 92600000 chr7 79193285 84693285 No 

7G chr7 114400000 117200000 chr7 110393285116893285 Yes 

7H chr7 130100000 132400000 chr7 130053285130493285 Yes 

7I chr7 147500000 153901567 

chr7 154001567 154737899 

chr7 154817899 158821424 

chr7 143672652145959490 

No 

9E chr9 113900000 116700000 chr9 107960266117460267 Yes 

11F chr11 85300000 87366026 

chr11 87378026 87900000 

chr11 83931848 87366026 

chr11 87378026 91537002 
Yes 

11G chr11 115400000 120700000 chr11 113119646117662914 Yes 

13A chr13 32900000 34700000 chr13 34400000 35200000 Yes 

16D chr16 78200000 80500000 chr16 76700000 77500000 No 
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Table S9. Predicted probability of 18 aCFSs to be fragile sites, as evaluated 

using their cytogenetically defined, clonally defined or intersected (between 

cytogenetically and clonally defined) coordinates.  

 

aCFS 
Predicted probability ratio to be aCFS/NFR 

Cytogenetic level Intersected coordinates 

FRA 1E 0.99938 No overlap 

FRA 2C 0.99749 0.99536 

FRA 2G 0.99488 0.99984 

FRA 2H 0.00240 0.00253 

FRA 3B 0.99436 0.99619 

FRA 4F 0.00345 0.01003 

FRA 6E 0.00041 0.00041 

FRA 6F 0.99953 0.99921 

FRA 7B 0.22692 0.22692 

FRA 7E 0.99932 No overlap 

FRA 7G 0.99958 0.99957 

FRA 7H 0.99700 0.99970 

FRA 7I 0.89246 No overlap 

FRA 9E 0.99709 0.99709 

FRA 11F 0.99859 0.99859 

FRA 11G 0.97974 0.96741 

FRA 13A 0.99801 0.99982 

FRA 16D 0.99570 No overlap 

 

 

  



 21 

Table S10. Validation of multiple logistic regression models in mouse 

fragile sites.  

Predictor Model 

1 

Model 

2 

Model 

3 

Model 

4 

Model 

5 

Model 

6 

Model 

7 

Model 

8 

G-band coverage - - - - - - - - 

Distance to the 

centromere 

+ + + + + + + + 

CpG island coverage 

(log) 

 -  -    - 

Twist +  +      

Low complexity A/T-

rich region coverage 

     + +  

Mononucleotide 

microsatellite coverage 

 + +   +   

B1 coverage (log) +   + +  +  

Coverage of newly 

evolved SINEs 

       + 

Number of fragile sites 

predicted correctly (out  

of 24) 

15 18 17 19 19 19 18 19 

Percentage of sites 

predicted  correctly 
63 75 71 79 79 79 75 79 

 

“+”and “-“ indicate positive and negative role of predictor of fragility, respectively  
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SUPPLEMENTAL FIGURE LEGENDS  

 

Figure S1. 233 genomic regions in Mrasek et al. (2010) ranked by coefficient of 

variation of breakage frequency among three individuals. The 76 APH-induced 

CFSs are in red, rare fragile regions and previously unreported fragile regions 

are in blue.  

 

Figure S2. Scatter plot of expected (according to the optimal multiple regression 

model) and observed breakage frequency of all 73 autosomal aCFSs mapped at 

cytogenetic level and super-imposed to 14 aCFSs mapped clonally. Dots are all 

73 aCFSs mapped at cytogenetic level. Black crosses are 14 aCFSs modeled 

according to intersection of their cytogenetic and clonally defined coordinates. 

Red pluses are the same 14 aCFSs modeled according to their cytogenetic 

coordinates.  

 

Figure S3. Regression diagnostics. (A) Histogram of residuals has normal 

distribution. (B) Plot between fitted value and residuals. Variances are constant. 

Plots between evolutionary breakpoint regions coverage (C), CpG islands 

coverage (D), distance to the centromere (E), and G-banding (F), and their 

respective residuals. Each predictor has a linear relationship with its residuals. 

Local polynomial regression fitting lines were drawn to show tendencies of the 

data. Sixty-six percent of data were used to draw local fitting at each data point. 
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