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I. Gorilla Comparative Cytogenetic Framework 

To determine the long-range synteny between the gorilla and human genomes, we began by assaying 788 BAC 

clones as probes distributed on average every 4 Mbp across the human genome. Bicolor and single-color FISH were 

performed on gorilla and human metaphase chromosomal preparation to determine synteny in the marker order. This 

cytogenetic comparative analysis between the two species allowed us to confirm previously reported chromosomal 

rearrangements and precisely identify corresponding breakpoints(Egozcue and Chiarelli 1967; Miller et al. 1974; 

Dutrillaux 1980; Yunis and Prakash 1982; Montefalcone et al. 1999; Muller et al. 2000; Carbone et al. 2002; Eder et 

al. 2003; Locke et al. 2003; Misceo et al. 2003; Ventura et al. 2003; Ventura et al. 2004; Misceo et al. 2005; 

Cardone et al. 2006; Cardone et al. 2007; Stanyon et al. 2008). Where possible, split signals and breakpoints relative 

to the human genome were identified (Supplementary Note Table 1 and Table S1). Digital images were obtained 

using a Leica DMRXA2 epifluorescence microscope equipped with a cooled CCD camera (Princeton Instruments). 

Cy3-dCTP, FluorXdCTP, Cy5-dCTP, and DAPI fluorescence signals, detected with specific filters, were recorded 

separately as gray-scale images. Pseudocoloring and merging of images were performed using Adobe Photoshop 

software. 
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Supplementary Note Table 1. 

 

 

Other than the fusion between chromosomes 12 and 13 that gave rise to human chromosome 2, the resulting gorilla 

karyotype can be distinguished from human by eight pericentric inversions (2, 4, 8, 9, 10, 12, 14 and 18), one 

paracentric inversion on chromosome 7, and one translocation (t5;17) (Supplementary Note Figure 1). Previous data 

reported a pericentric inversion involving the centromere on human chromosome 1 between human cytogenetic 

bands 1p11.2 (a 154.2 kbp interval) and 1q21.1 (breakpoint region to a 562.6 kbp interval)(Szamalek et al. 2006a; 

Szamalek et al. 2006b). Several FISH experiments were performed to verify this inversion. Due to the abundance of 

segmental duplications (SDs) in the pericentromeric region of chromosome 1, we were not able to distinguish 

between an inversion or centromere repositioning (data not shown). In order to define the ancestral chromosomal 

form for the rearranged chromosomes, we performed reiterative FISH experiments utilizing the same panel of 

probes on orangutan (Pongo pygmeaus, PPY) and on macaque (Macaca mulatta, MMU) used as an outgroup of the 

great apes. We showed for chromosomes 4, 7, 8, 10, 12 and 14 that human retained the chromosomal structure most 

resembling the ancestral form; likewise, gorilla showed the ancestral form for chromosomes 2, 9, and 18 
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(Supplementary Note Figure 1).  
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Supplementary Note Figure 1. Gorilla karyotype ideogram and overview of chromosomal rearrangements. A 

represented-banded, Q-banded and a schematic ideogram is shown for each gorilla chromosome. Red and green 

arms represent p and q arms, respectively, according to human chromosome organization. Chromosomal 

rearrangements compared to human are shown with arrows next to the chromosome ideogram. Empty arrows 

indicate a cytogenetically defined breakpoint, blue arrows (in GGO6 and GGO19) indicate a breakpoint not 

completely resolved due to the enrichment of large SDs, and filled red arrows indicate a breakpoint fully 

characterized at the sequence level. A, ancestral chromosomal synteny; D, derivative chromosomal synteny. 

 

II. Gorilla Genome Sequencing 

Sequencing libraries were constructed from genomic DNA isolated from whole blood obtained from a male 

silverback gorilla housed at the Lincoln Park Zoo (Kwan, Gorilla gorilla, studbook #1107). The blood was drawn 

and stored in EDTA pretreated vials and DNA isolation was performed using Puregene Core KitA (Qiagen). Library 

adaptors and oligonucleotides were synthesized by Integrated DNA Technologies and resuspended in nuclease-free 

water to a stock concentration of 100 mM. Double-stranded library adaptors SLXA_PE_ADAPT_Up 

([phos]GATCGGAAGAGCGGTTCAGCAGGAATGCCGAG) and SLXA_PE_ADAPT_Lo 

(ACACTCTTTCCCTACACGACGCTCTTCCGAATC*T) were prepared to a final concentration of 50 mM by 
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incubating equimolar amounts at 95ºC for 5 min and then leaving the adaptors to cool to room temperature in the 

heat block. The annealed adaptors were labeled and stored at -20ºC. 

 

Shotgun libraries were generated from 5 µg of genomic DNA (gDNA) using a modified Illumina protocol(Bentley 

et al. 2008). gDNA in 300 ml 1xTris-EDTA was first sonicated for 2 cycles of 15 min each using a Bioruptor 

(Diagenode) set at high, then purified by QIAQuick kit (Qiagen), and finally eluted in 32 µl EB buffer. Shared DNA 

was end-repaired for 45 min in a 50 µl reaction volume with 1X End-It Buffer, 1X dNTP mix, and 1X ATP from the 

End-It DNA End-Repair Kit (Epicentre). Further purification and elution in 89 µl of EB buffer were performed after 

the end-tailing step using a QIAQuick kit (Qiagen). The fragments were then A-tailed for 30 min at 70ºC in a 100 µl 

reaction volume with 1X PCR buffer (Applied Biosystems) containing 1.5 mM MgCl2, 0.5 mM dATP, and 2.5U 

AmpliTaq DNA polymerase (Applied Biosystems). Purification and elution were further performed by QIAQuick 

kit (Qiagen) in 12 µl of EB buffer. Next, library adaptors SLXA_PE_ADAPT_Up and SLXA_PE_ADAPT_Low 

were ligated to the A-tailed sample in a 30 µl reaction volume with 1x Quick Ligation Buffer (New England 

Biolabs) with 2.5 µl Quick T4 DNA Ligase (New England Biolabs) and each adaptor in 10X molar excess of 

sample. Samples were purified on QIAQuick columns (Qiagen) and DNA concentration determined on a Nanodrop-

1000 (Thermo Scientific).  

 

Each sample was subsequently size-selected for fragment sizes between 250–350 bp by gel electrophoresis on a 6% 

TBE-polyacrylamide gel (Invitrogen). A gel slice containing the fragments of interest was excised and transferred to 

a siliconized 0.5 µl microcentrifuge tube (Ambion) with a 20 G needle-punched hole in the bottom. This tube was 

placed in a 1.5 µl siliconized microcentrifuge tube (Ambion) and centrifuged in a tabletop microcentrifuge at 14,000 

rpm for 5 min to create a gel slurry that was then resuspended in 200 µl 1x Tris-EDTA and incubated at 65ºC for 2 

h, with periodic vortexing. This allowed for passive elution of DNA, and the aqueous phase was then separated from 

gel fragments by centrifugation through 0.2 mm NanoSep columns (Pall Life Sciences) and the DNA recovered 

using QIAQuick columns (Qiagen) in 30 µl of EB buffer. The eluted DNA was used in 3 aliquots of 10 µl for the 

following PCR reaction with 1x iProof High-Fidelity Master Mix (Bio-Rad), 0.1x Syber Green, and 200 mM each of 

primers  

SLXA_FOR_AMP 

(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T) and 

SLXA_REV_AMP 

(CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATTC*T) in a 

total volume of 50 µl per tube. Amplification conditions were 98ºC for 30 s, 29 cycles at 98ºC for 10 s, 60ºC for 30 s 

and 72ºC for 50 s, and finally 72ºC for 10 min. All reactions were monitored by an RT-PCR machine and stopped 

before reaching the plateau phase during the amplification (at 16 cycles). PCR products were purified across three 

QIAQuick columns (Qiagen) and all eluants pooled. A second size selection on 6% TBE-polyacrylamide gel 

(Invitrogen) and PCR amplification using SLXA_FOR_AMP and SLXA_REV_AMP primers was performed as 

above. 
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All sequencing of postenrichment shotgun libraries was carried out on an Illumina Genome Analyzer II as paired-

end 36 bp reads, following the manufacturer’s protocols and using the standard sequencing primer. Image analysis 

and base calling was performed by the Genome Analyzer Pipeline version 1.3 with default parameters, but with no 

prefiltering of reads by quality. 

 

III. BAC End Mapping 

A gorilla large-insert genomic bacterial artificial chromosome (BAC) library, CHORI-255 

(http://bacpac.chori.org/gorilla255.htm), consisting of 176,000 clones was end sequenced by Washington University 

Genome Sequencing Center as part of a white-paper initiative to discover structural variants and facilitate the 

sequence and assembly of the gorilla genome. We downloaded gorilla BAC end sequences (BES) from the NCBI 

Trace Archive (http://www.ncbi.nlm.nih.gov/Traces/trace.cgi) using the query “species_code = 'Gorilla Gorilla' and 

center_name = 'WUGSC' and trace_type_code = 'Cloneend'”. We successfully aligned 353,761 BES to the human 

reference genome NCBI35 using MegaBLAST (parameters: -p 80 -s 90 –v 7 –b 7 –w 12 –t 21) for initial 

recruitment of map locations. A score threshold (-s 90) allowed for the flexibility to detect shorter alignments with 

higher similarity or longer alignments with lower sequence identity, such as those due to base-calling errors in poor 

quality trace. Additionally, an 80% identity threshold (-p 80) was set to avoid recruiting numerous pairwise-

representing related transposable/repetitive elements. Following the procedures previously described(Tuzun et al. 

2005; Kidd et al. 2008), we optimally realigned all initially recruited BES using an in-house Needleman-Wunsch 

implementation (match = +10, mismatch = -8, gap opening = -20, gap extension = -1, no penalty for terminal 

gaps)(Needleman and Wunsch 1970). The percent identity for each global alignment was then recalculated base-by-

base to include only those aligned bases where BAC end bp were of high quality (any bases with a phred score <30 

were ignored). Each paired-end map location is scored by a previously described, 13-point scoring scheme(Tuzun et 

al. 2005) to select the “best” or “tied” map locations. Finally, we identified putative rearrangements by requiring at 

least two independent discordant BAC clones to support the same type of rearrangement at the same genomic 

locus(Newman et al. 2005; Tuzun et al. 2005; Kidd et al. 2008)(Table S2). 

 

IV. BAC Sequence Analysis 

BACs spanning regions of SD or evolutionary rearrangement breakpoints were completely sequenced and 

assembled using capillary-based sequencing methods. The corresponding genomic sequence of each insert was 

annotated for genes, common repeats, and SDs. Common repetitive sequences and short tandem repeats were 

identified using RepeatMasker(Chen 2004), Tandem Repeats Finder(Benson 1999), and WindowMasker(Morgulis 

et al. 2006). SDs were defined by SegDupMasker(Jiang et al. 2008) and by identifying regions of excess read-depth 

(whole-genome shotgun sequence detection or WSSD)(Bailey et al. 2002). Whole-genome shotgun (WGS) 

sequence data were obtained from four hominids (human (NA18507), chimpanzee (Clint), gorilla (Kwan) and 
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orangutan (Bornean)). WGS sequence data were fragmented and mapped against each masked BAC sequence using 

mrFast(Alkan et al. 2009). Read-depths were calculated and normalized based on %GC content in 5 kbp (unmasked) 

windows and duplication thresholds were set based on an analysis of control regions within NCBI35 (as described 

previously(Alkan et al. 2009; Marques-Bonet et al. 2009)). All putative SD regions greater than 10K were reported 

and copy number estimates were also calculated in sliding 1 kbp windows. All BAC sequences were compared to 

the human reference genome (NCBI35) using MegaBLAST (parameters: -D 2 -v 7 -b 7 -e 1e-40 -p 80 -s 90 -W 12 -t 

21 -F F). We identified all alignments larger than 1K with identity greater than 90% and concatenated colinear 

regions >5 kbp distance creating larger pieces. The largest and most identical regions in the human genome were 

compared to the gorilla sequence using Miropeats(Parsons 1995) and Parasight (Bailey et al., unpublished). 

Breakpoints were further refined by local alignment (ClustalW).  

 

V. Structural Variation Detection 

Next-generation gorilla genome sequence datasets were aligned to the human reference genome using the mrFAST 

mapping algorithm(Alkan et al. 2009). Deletions and mobile element insertions were detected using VariationHunter 

(Hormozdiari et al. 2009; Hormozdiari et al. 2010) while SDs (>20 kbp) were detected and copy number quantified 

using measures of read-depth(Sudmant et al. 2011).  

 

Read Pair Analysis 

We mapped 1.6 billion reads generated from three paired-end library preparations and sequenced with Illumina 

Genome Analyzer IIx to the human reference genome [NCBI build 36 (NCBI36)] using mrFAST(Alkan et al. 2009), 

a read mapping algorithm that tracks all possible locations of the reads within given edit distance. For this study, we 

required an edit distance of ≤2 bp for the 36 bp reads. We calculated the average paired-end span and standard 

deviation statistics (Supplementary Note Table 2) and classified discordant read pairs with mapping span 

>average+4std. Using VariationHunter(Hormozdiari et al. 2009), we initially predicted 21,431 deletions (56.4 Mbp); 

however, conversion of the NBCI36 coordinates to NCBI35 coordinates using the LiftOver tool reduced our call set 

to a total of 21,323 deletions that correspond to 52.6 Mbp, overlapping 4,744 genes (Supplementary Note Table 3 

and Supplementary Note Figure 2). 

Supplementary Note Table 2 
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Supplementary Note Table 3 

 

 

 

 

Supplementary Note Figure 2. Length distribution of deletions based on paired-end read placements. The deletion 

sizes are shown in 50 bp, 1 kbp, 10 kbp and 100 kbp bins. Most predicted deletions are small (<1 kbp), and an 

increased number of deletions of lengths 300 bp and 6 kbp are visible in the histogram, corresponding to Alu and L1 

deletions, respectively. 

 

 

We designed a custom oligonucleotide microarray (Roche NimbleGen, 2.1 million probes) to validate putative 

deletions (see Section IV for a full description on array design and analyses). For this specific validation, we 

excluded deletion calls from the sex chromosomes, then filtered the deletion intervals that intersect (>30% over the 

deletion interval) with gorilla SDs. We excluded intervals with >80% repeat content and intervals <500 bp. A total 

of 2,755 calls (18 Mbp) were represented in our validation microarray design with ≥10 probes. An interval was 

considered as validated when the median log2 ratio of the region was beyond 1 standard deviation of the 
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hybridization (log2 ≈0.3). In total, we validated 1,820 deletion intervals (6.7 Mbp) corresponding to 593 genes 

(Supplementary Note Table 3). 

 

Mobile Element Discovery 

VariationHunter(Hormozdiari et al. 2009) was used to cluster gorilla read pairs where one end can be mapped to a 

repeat element consensus sequence and the other end anchored to a position on the human reference genome not 

flanked by a common repeat. Using a modified version of mrsFAST (http://mrsfast.sourforge.net), we remapped 91 

million one-end anchored and 58.8 million discordant read pairs to both the reference genome (NCBI36) and our 

consensus repeat library. To facilitate direct comparison with our other results, we then converted the predicted loci 

to coordinates in NCBI35 using the LiftOver tool. As a postprocessing step, we removed any insertion calls that lie 

within 50 bp of annotated repeat elements in the human reference genome and any calls supported by less than four 

read pairs. This process yielded 263 PTERV1, 4272 Alu, 325 SVA, 299 L1, and 716 subterminal tandem repeat 

insertions. We found no evidence of PTERV2 insertions in the gorilla genome. Experimental validation was carried 

out on 30 selected new full-length Alu insertions (300 bp). Flanking, 150 bp regions were selected free of 

duplication and repetitive elements and oligonucleotide primers were designed for a PCR assay. 27/30 sites 

confirmed a complete novel Alu insertion in the gorilla genome but not in the human genome (450 bp amplification 

products). The three remaining were dimorphic (alu9, 12 and 27; Supplementary Note Table 4) with both a 150 (null 

allele) and 450 (insertion allele) bp PCR product being observed (Figure S5). These correspond to heterozygous 

polymorphisms and may have arisen as a result of an ancient polymorphism or lineage sorting. We assessed our 

false negative rate by analyzing 20 gorilla BAC clones sequenced in entirety using capillary technology (4.2 Mbp) 

and performed a direct comparison with the human reference genome. We found 19 new Alu insertions in the gorilla 

genome using this method (Supplementary Note Table 5). We observed that VariationHunter accurately predicted 

8/19 of these Alu elements in the correct location and also assigned the correct subclass (AluY, AluSx, etc.). Close 

inspection of the new Alu elements missed by VariationHunter (n = 11) revealed that 7/11 Alu elements lie within 

50 bp of another Alu repeat annotated in the human genome and, thus, were filtered out. Of the 11, two represent 

clustered Alu elements located within 100 bp of each other and one is spanned by two new SVA elements, 

preventing the mapping of read pairs as required by the VariationHunter algorithm. 1/11 Alu element (275 bp) was 

potentially a false negative prediction within unique sequence. We note, however, that the BAC libraries were 

generated from the genome of a different gorilla individual, which may account for some of the non-overlapping 

predictions by the two methods. 
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Supplementary Note Table 4 
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Supplementary Note Table 5 

 

 

 

Segmental Duplications (SDs) 

We used the WSSD method to identify regions >20 kbp in length with a significant excess of read-depth within 5 

kbp overlapping windows(Bailey et al. 2002). We applied different correction methods specific to next-generation 

sequencing data as previously described(Alkan et al. 2009). In brief, we mapped the gorilla genome sequences to a 

repeatmasked version of the human genome (NCBI35) to detect regions with excess of depth-of-coverage(Marques-

Bonet et al. 2009). After eliminating sequence duplicates, we constructed an SD map based on 1.5 billion sequences 

(effective coverage 9.6X). We initially detected 112 Mbp (99 Mbp >20 kbp) of duplication in the Kwan genome. 

This is slightly larger than what has been detected in previous genomes (Supplementary Note Table 6). We detected 

100 Mbp (>20 kbp) in NA18507(Alkan et al. 2009), 77 Mbp (>20 kbp) in chimpanzee (Sanger sequencing, 
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sequences were cropped in 76 bp to obtain comparable sequences to Illumina reads (Illuminazation)), and 33 Mbp 

(>20 kbp) in orangutan (Sanger sequencing) (Supplementary Note Figure 3).  

Supplementary Note Table6 

 

 

 

Human NA18507
Chimpan zee Clint

Orang Susie
Gorilla Kwan

Macaque

 

 

Supplementary Note Figure 3. Primate comparative SD map. SDs (>95% sequence identity; >10 kbp) from each 

chromosome were extracted and concatenated based on human chromosome coordinates. Each line represents a 

different primate species where interstitial SDs (dark) are distinguished from pericentromeric and subtelomeric SDs 

(light color). The species are color coded: human, individual NA18507 (blue); common chimpanzee, Clint (green); 

gorilla, Kwan, (dark red); orangutan, Susie (orange); and macaque (brown). The specific intersections for different 

primate genomes are shown (Supplementary Note Table 7). 
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Supplementary Note Table 7 

 

 

VI. ArrayCGH Validation 

We performed a series of interspecific array comparative genomic hybridizations (arrayCGH) to confirm gorilla 

specific deletions and duplications. Two designs were employed. First, a customized oligonucleotide microarray 

(Roche NimbleGen, 2.1 M isothermal probes) targeted to predicted gorilla duplications and deletions. As part of this 

design, we also selected four regions (600 kbp) of single-copy DNA to serve as copy number not variable control 

regions for the analysis of the hybridizations. We initially interrogated 160 Mbp of sequence (GGOchip) with a 

density on average of 1.3 probes every 100 bp. Second, a standard 2.1 million standard Roche NimbleGen 

arrayCGH microarray with the probes evenly distributed throughout the human genome (~1 probe per kbp). Human 

DNA from sample NA18507 and Kwan gorilla blood were co-hybridized and dye-swap replicates were performed 

between the test and reference. After normalization we selected only those probes that performed reciprocally and 

reproducibly within dye-swaps (87% of the probes in the standard 2.1 array and 81% of the probes in the custom 

designed array).  

 

To validate gorilla-specific duplications and deletions, we used a combination of two methods given the complexity 

of the regions: 1) a previously described segmentation algorithm(Day et al. 2007) applied to the average log2 of 

each probe. An interval was considered as validated if there was >50% overlap with the HMM (Hidden Markov 

Model) calls (based on 1 standard deviation) and 2) if the median log2 of all the probes of the region was beyond 1 

standard deviation for all signals across the entire experiment (~log2 threshold = ~0.3). This threshold was selected 

to result in a false discovery rate of <1%(Marques-Bonet et al. 2009) based on our invariant control regions. Only 

sites with at least 10 probes (custom design) or 5 probes (standard 2.1 design) were analyzed. In most cases (~85%), 

both metrics were in agreement, but the union criteria ensured the detection of copy number differences in more 

complex regions where both gains and losses were occurring in close proximity. (Note, these regions are particularly 

problematic because they lead to a nonuniform distribution of log2 signal intensity by segmentation.) We obtained a 

good correlation coefficient between a computational log2 ratio (based on the estimated copy number inferred from 

read-depth) and the experimental log2 from the standard 2.1 arrayCGH (Supplementary Note Figure 4; R2 = 0.57). 
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Supplementary Note Figure 4. Correlation of computational copy number and arrayCGH log2 per site. The 

computational log2 was calculated with the estimated copy numbers based on read depth-of-coverage, and the 

arrayCGH values were obtained with the median of experimental log2 of consistent probes in both experiments, the 

2.1 dye swap experiment and the 2.1 custom designed array. We denote (in pink) the median log2 threshold used for 

defining a region as validated. 

 

To assess the evolution of great ape SDs (Section V), we made use of previously published inter-specific 

hybridization microarrays (Apechip1 and 2), which specifically included great ape SDs discovered in chimpanzee 

and orangutan(Marques-Bonet et al. 2009) (Supplementary Notes Table 8). Use of these microarrays combined with 

the gorilla customized design, facilitated designation of lineage-specific and shared duplications based among 

human and great ape species. 
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Supplementary Note Table 8 

 

Specie1 Specie2 Array Cate gor y
HSA G248 PTR Cl int Apechip HSA/PTR
HSA G248 GGO Baha ti Apechip HSA/GGO
HSA G248 PTR P R00238 Apechip HSA/PTR
PTR Cl int GGO Baha ti Apechip2 PTR/GGO
HSA G248 PTR Katie Apechip HSA/PTR
HSA G248 GGO Kow ali Apechip HSA/GGO
HSA G248 GGO Makari Apechip HSA/GGO
HSA G248 GGO Baha ti 2.1 HSA/GGO
HSA ABC8 GGO Kwan GGO chip HSA/GGO
PTR Cl int GGO Kwan GGO chip PTR/GGO
HSA ABC8 GGO Kwan 2.1 HSA/GGO

Supplementary N ote  Tab le 8. S ummar y of th e ar rayC GH hyb ridizati ons used for  re-clas sification  of 
segme ntal  d uplicati on s

Note . Four di fferent  designs  ha ve be en us ed t o ana lyz e the da ta. Two of t he m (A pechip a nd Apechip2) w ere 
previous ly publ ishe d (M arque s-Bone t et al. 2009). These two de signs  cove r m ost of t he ape segm ental 
dupl ications  (A pe chip) a nd a pe copy num ber va riant  re gions  gre ater than 20 K bps  (Apechip2). The 2.1 a rra y i s 
a standa rd ol igonul eot ide de sign, w ith prove s evenly di stribut ed through t he genom e. Finally, the  GGOChip i s 
a custom  de sign t argeted t o dupl ications  and de letions  in the gori lla ge nom e. 

Note . Four di fferent  designs  ha ve be en us ed t o ana lyz e the da ta. Two of t he m (A pechip a nd Apechip2) w ere 
previous ly publ ishe d (M arque s-Bone t et al. 2009). These two de signs  cove r m ost of t he ape segm ental 
dupl ications  (A pe chip) a nd a pe copy num ber va riant  re gions  gre ater than 20 K bps  (Apechip2). The 2.1 a rra y i s 
a standa rd ol igonul eot ide de sign, w ith prove s evenly di stribut ed through t he genom e. Finally, the  GGOChip i s 
a custom  de sign t argeted t o dupl ications  and de letions  in the gori lla ge nom e. 

  
 

 

For each pairwise species comparison (human/chimp, human/gorilla and chimp/gorilla), a global median log2 of all 

hybridizations involving the very same species was considered. To validate species-specific regions, we required 

reciprocal significance (using the aforementioned criteria). For example, to validate a duplication as gorilla-specific, 

it had to be independently validated in the human/gorilla hybridizations and chimp/gorilla hybridizations. The 

remaining categories (shared duplications) were later reclassified according to the results of arrayCGH (467 sites 

(28%) were reclassified). Final results are summarized in Supplementary Note Table 9. 

Supplementary Note Table 9 
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Of the initially predicted 13.4 Mbp of gorilla-specific SDs (>20 kbp), we validated 6.81 Mbp (50.8%) with 68 genes 

located within the duplicated regions (23 completed and 45 partial) (Supplementary Note Figure 5 and 

Supplementary Note Table 10). 

 

 

 

 

 

 

Supplementary Note Figure 5. Two examples of genes containing gorilla-specific duplications. 
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Supplementary Note Table 10 
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On NA18507, we tested 10.64 Mbp and validated 5.81 of them (54.6%). They encompassed 42 genes (19 complete 

and 23 partially duplicated) (Supplementary Note Table 11). 

Supplementary Note Table11 

 

 

Copy Number Correction 

Mapping the Illumina WGS (Whole Genome Shotgun) reads against the human reference genome to detect and 

estimate the amount of duplications introduces a potential bias since nonhuman duplications are represented as 

unique loci in the genome. To correct for this, we used the actual depth-of-coverage to estimate nonhuman SD copy 

number as described previously(Marques-Bonet et al., 2009) (Supplementary Note Table 12). 
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Supplementary Note Table 12 

 

 

 

We parsimoniously assigned duplicated basepairs to each branch of the human-ape phylogeny based on shared and 

lineage-specific duplicated basepairs from a five-way primate genome comparison. Among the 63 Mbp of 

duplications shared among human/chimpanzee and gorilla, we determined that 21 Mbp are also shared with 

orangutan and, of these, only 6 Mbp are shared with MMU (Main Text Figure 2a and Supplementary Note Table 

13).  

Supplementary Note Table 13 

 

 

 

We applied maximum likelihood methods developed in Marques-Bonet et al.(Marques-Bonet et al. 2009) to 

estimate the rates of duplication in each branch of the African great ape phylogeny and test whether the rate of 
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accumulation of SD in the gorilla branch was significantly different than in (1) the branches of humans and 

chimpanzees, (2) the common ancestor of these two species, and (3) the common ancestor of all the African great 

apes. 

 

A simple maximum likelihood model based on a Poisson rate of accumulation of duplications per time unit and on a 

20% homoplasy was used. To perform every test, we first obtained maximum-likelihood estimates for two different 

models. The simplest one assumes a single rate of accumulation in all tested branches, while the other assumes that 

the gorilla branch has its own rate. Afterwards, we performed a likelihood-ratio test between the two models. Every 

test was performed four times, considering two units of duplication accumulation (number of SD regions and 

number of SD Mbp) and two different time units (Myr and number of substitutions per kbp in the corresponding 

branch). Supplementary Note Table 14 shows all of the rate estimates and the p-values of every test we performed. 

Supplementary Note Table 14 
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These results support a “burst” of SDs near the time of the common ancestor of human and African great apes 

(shared with chimpanzee and gorilla), which continued along the gorilla lineage after divergence. We estimate that 

the rate of duplications at this time (after separation from orangutan) is 6- to 7-fold higher compared to the human 

and chimpanzee branches. The gorilla-specific branch shows a significant SD excess compared to the human (~2 to 

4X, depending on whether time or single nucleotide divergence are used to calibrate). These data suggest a burst of 

SD activity before and after speciation of humans and African great apes followed by a strong deceleration in 

humans and chimpanzees and a milder deceleration in gorillas. Interestingly, the point-mutation slowdown is 

stronger in the gorilla lineage than in humans or chimpanzees(Elango et al. 2006).  
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