
Swati Ranade, Heather Peckham, Joel Malek, Chris Clouser, Jason Warner, Jeffery Ichikawa, Clarence Lee, Brittney Coleman, Michael Laptewicz,  Alena Antipova, Alan Blanchard, Gina Costa and Kevin McKernan
Advanced Genetic Analysis, Applied Biosystems, 500 Cummings Center-Suite 2400, Beverly MA 01915, USA

GENOME VARIABILITY ANALYSIS OF YORUBA IN IBADAN, NIGERIA ((NA18507) BY SOLID MEDIATED 
WHOLE GENOME RE-SEQUENCING Poster Number

Summary
High-throughput sequencing technologies have greatly increased the power of human genome variability 
studies. We have prepared multiple paired end libraries with insert sizes ranging from 500bp to 10kb and 
fragment libraries with an average insert size of 60-100bp using the NA18507 DNA belonging to a Yoruba 
individual. These libraries are being extensively sequenced using SOLiD (ABI’s next generation sequencing 
platform). The deep sequence coverage obtained from these diverse libraries, not only helps identify SNPs in 
this genome but also submicroscopic structural variations like insertions/deletions. In this high density genome 
re-sequencing effort we address the challenges of constructing multiple sized mate pair libraries of complex 
genomes.

Coverage vs. G/C Content –

 

Fragment Library •

 

Data from recent 50 mer 
(10 cycles) fragment library 
sequencing run.

•

 

Random and unique 
coverage for chromosome 
17 shown, illustrating 
minimal bias relative to 
G/C content.

Coverage vs. G/C Content –

 

Mate Pair Library

•

 

Random and unique coverage vs. 
% G/C content plotted for 
chromosome 17 showing no 
sequencing bias for a single tag of 
a mate pair library.

SOLiD Sequence Data Mate Pair Library Construction
CORIELL repository, Yoruban 18507 DNA used in the International

 

HAPMAP project (Catalog ID NA18507)

HPLC  Conditions

Column: TOSOH TSKgel DNA-NPR 2.5u 4.6X75 Column, no guard column, no sample filter.  
Column not thermostated, Room temp = 22-24 C
Solvents:  (TMA = Tetramethylammonium): “A”: 1.0 M TMA-Formate, 20 mM TRIS base, HCl to pH 9.0/ “B”: 1.5 M TMA-Formate, 20 mM TRIS 
base, HCl to pH 9.0
Run conditions: 0% to 100% “B”

 

linear over 30 min., 0.5mL/min. 

High physical coverage allows detection of small insertions and deletions based on deviation 
of average insert sizes spanning a genomic region

SOLiDTM for Structural Variation Studies 
The SOLiD™

 

sequencing system uses stepwise cycled ligation and has been developed for high throughput DNA sequencing. The 
fragment and mate paired library construction methods employed afford genome sequencing of short fragment (1 x <50 bases) and 
mate-paired (2 x 25 bases) DNA libraries. Recent improvements have demonstrated performance of >6 Gb per single tag (fragment 
library) and >8 Gb per dual tag (mate-pair library) for a single instrument run. This high throughput sequencing capability is only expected 
to improve making SOLiD a very amicable technology for Structural Genomic studies. Such studies however, warrant a tedious sample 
preparation process especially for paired end libraries which are extremely important for improved mapping and structural analysis of 
genomes.

We have developed HPLC mediated library construction methods for

 

high throughput mate pair library construction that facilitate 
automated sizing of sheared DNA molecules with a range of different sizes. Similarly new and improved fragment library protocols

 

have 
been developed to facilitate library construction from as low as

 

100ng of DNA. Whole genome sequencing applications for structural 
variation studies require very high physical and sequencing coverage the present study is intended to be a pilot for understanding the 
advantages of sequencing different insert sized libraries and establishing a sample preparation protocol for such studies.

Relevant talk and Poster at AGBT:

High-resolution Structural Variation Detected with Ultra High-throughput Sequencing of Paired End Libraries: Talk by 
Heather Peckham; February 7th 2008

Ligation-Based High-Throughput Sequencing and 2-Base Encoding for Large Scale Human SNP Detection: Poster by 
Stephen F. McLaughlin1

The % circularization efficiency value is also affected by the multiple precipitation and column purification steps especially due to the 
large volumes of circularization reactions. As is seen in the above table whenever the amounts of DNA was larger, the reaction volumes 

often went up to 5 to 8ml and the recovery of circles was affected. 
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7.5%300ng4µg6-7_BC11

10%204ng2.27 µg5-6kb_BC8
5.2%390ng7.5µg4-5kb-BC10
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3.5%483ng13.7µg3-4kb_BC6

5%525ng10.8 µg2-3kb_BC5

4.5%471ng10.7µg1.5-2kb_BC4

4.3%603ng14.16µg1-1.5kb_BC3

5%567ng12.3µg800bp-1kb_BC2

23%228ng1µg600bp_BC1
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Libraries in sequencing pipeline

1 KB Ladder (Invitrogen)
1.0 - 1.5 M TMA-Formate/30 min
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Time based fraction collection

A

Lane # 2: BC1: ~600bp

Lane # 3: BC2: ~800bp-1Kb

Lane # 4: BC3: ~1-1.5Kb

Lane # 5: BC4: ~1.5-2Kb

Lane # 6: BC5: ~2-3Kb

Lane # 7: BC6: ~3-4Kb

Lane # 8: BC7: ~4-5Kb 

Lane # 9: BC8: ~5-6Kb 

Lane # 10: NEB Qick-Load-1kb ladder 

B
Lane # 3: BC10: ~4-5Kb
Lane # 4: BC11: ~5.5-6.5Kb
Lane # 5: BC12: ~8-11Kb
Lane # 6: Blank
Lane # 7: NEB Qick-Load-1kb ladder 
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SOLiDTM Library Construction
Fragment Library (directed re-sequencing)

Mate Pair Library (whole genome re-sequencing)

DNA Fragment

60-100 Bases

1µm
bead

Forward
Adapter

Reverse
Adapter

1µm
bead

Forward
Adapter

Reverse
AdapterInternal Adapter25 base

Tag #1

25 
base

Tag #2

Genomic DNA
Sheared  DNA

EcoP15I CAP linkers with 
2bp overhang ligated on to 
Sheared  DNA

EcoP15I 
digestion

Circulari

 

zati

 

on reacti

 

on 
with Bi

 

otinylated 
internal adaptor with 
complimentary sticky 
ends

Bioti

 

nyl

 

ated 
internal 
adaptor with 
complimentar

 

y sticky ends

P1-P2  ligated 
library molecules

EcoP15I 
digested 
molecule with 
25bp tags from 
genomic DNA

Genomic 
DNA

Sheared  DNA P1-P2 ligated molecules

Fragment Library Construction
Flexible  shearing protocols

Tested on 1-10µg of genomic DNA 
Shearing at 75 psi for 5 minutes in 75% glycerol 
and 0.5X TE with the nebulization cup immersed 
in  an ice bath 

For DNaseI treatment :
100ng

 

1 µg 10 µg              Genomic DNA
1X

 

1X 1X                   DNase I reaction buffer
0.005 units

 

0.05 units 0.5 units          NEB DNase I (M0303L)
H2O

 

H2O

 

H2O
--------------------------------------------------------------------------------------------------
5 µl 50 µl 500 µl              Reaction volume 

Incubate in 15°C thermal cycler for 16 min
To inactivate DNase I, add 5 mM EDTA and immediately add reaction mix 

to 3 vol Buffer QG and 1 vol isopropanol 
column purify with MinElute.  Elute into 20 µl 
Buffer EB.

DNaseI
25 bp 
ladder DNaseI

25 bp 
ladder

Tested on 100ng -10µg of 
genomic DNA  

DNase I Nebulization
25 bp 
ladder

25 bp 
ladder

Nebulized 
DNA

Nebulized 
DNA

New Covaris Shearing Protocol
25 bp 
ladder

25 bp 
ladder

Covaris 
DNA

Covaris 
DNA

Covaris-40 minute shear

AMELIA20070917_2_Yoruban110Frag_
F3.all_chromosom.sfasta.ma.35.2

126448489 total beads found

Total Beads

0 mismatches  4762258 (  3.77%)    
1 mismatches 14143299 ( 11.19%)     18905557 ( 14.95%)
2 mismatches 14057021 ( 11.12%)     32962578 ( 26.07%)

Uniquely Placed Beads

0 mismatches   750954 (  0.59%)    
1 mismatches  2974119 (  2.35%)      3725073 (  2.95%)
2 mismatches  2625810 (  2.08%)      6350883 (  5.02%)

Starting Points within Uniquely Placed Tags

Number of Starting Points                 11359309 
Average Number of Reads per Start Point       1.31

Coverage of Uniquely Placed Tags
Bases Not Covered            2785491751(90.43%)

Ratio of uniquely placed tags: total beads  25%

Nebulizer sheared library

AMELIA_20071010_1_Yoruban_110_Frag_B_
F3.all_chromosomes.csfasta.ma.50.2

75626849 total beads found

Total Beads

0 mismatches  6594318 (  8.72%)    
1 mismatches  7745216 ( 10.24%)     14339534 ( 18.96%)
2 mismatches  7665764 ( 10.14%)     22005298 ( 29.10%)

Uniquely Placed Beads

0 mismatches  4782538 (  6.32%)    
1 mismatches  5649332 (  7.47%)     10431870 ( 13.79%)
2 mismatches  6096111 (  8.06%)     16527981 ( 21.85%)

Starting Points within Uniquely Placed Tags

Number of Starting Points                 15570148 
Average Number of Reads per Start Point       1.06

Coverage of Uniquely Placed Tags
Bases Not Covered            2430465771(78.90%)

Ratio of uniquely placed tags: total beads  75%

DNaseI-no heat kill

AMELIA_20071010_2_Yoruban_110_Frag_D2_
F3.all_chromosomes.csfasta.ma.50.2

63129108 total beads found

Total Beads

0 mismatches  5744408 (  9.10%)    
1 mismatches  6694108 ( 10.60%)     12438516 ( 19.70%)
2 mismatches  6685099 ( 10.59%)     19123615 ( 30.29%)

Uniquely Placed Beads

0 mismatches  3687202 (  5.84%)    
1 mismatches  4253105 (  6.74%)      7940307 ( 12.58%)
2 mismatches  4863226 (  7.70%)     12803533 ( 20.28%)

Starting Points within Uniquely Placed Tags

Number of Starting Points                 12109536 
Average Number of Reads per Start Point       1.06

Coverage of Uniquely Placed Tags
Bases Not Covered            2561134091(83.14%)

Ratio of uniquely placed tags : total  beads 66.9%

New Covaris shearing method

LIZ_20071107_1_Yoruban_Frag_CGB_12_
F3.all_chromosomes.csfasta.ma.50.2

63497395 total beads found

Total Beads

0 mismatches  2060656 (  3.25%)     
1 mismatches  7871452 ( 12.40%)      9932108 ( 15.64%)    
2 mismatches  7319115 ( 11.53%)     17251223 ( 27.17%)    

Uniquely Placed Beads  

0 mismatches  1478642 (  2.33%)    
1 mismatches  5777010 (  9.10%)      7255652 ( 11.43%)     
2 mismatches  5330030 (  8.39%)     12585682 ( 19.82%)     

Starting Points within Uniquely Placed Tags 

Number of Starting Points                 20000799 
Average Number of Reads per Start Point       1.08

Coverage of Uniquely Placed Tags 
Bases Not Covered            2284198686(74.15%) 

Ratio of uniquely placed tags: total beads 72.9%

Mate Pair library Performance Matrix

Fragment Library Performance

Coverage by uniquely placing 
single reads

Coverage by mate-paired 
reads

Multiple Mate Pair Libraries are 
advantageous as the varying insert lengths 
can span the unmapable repetitive regions 

Resolving smaller indels –

 

Mate Pair Rescue

2kb 3kb

•A dip in sequence coverage combined 
with an increase in broken mates indicates 
unplaceable reads

Genome 
Coverage

Conclusion:

SOLiDTM

 

sequencing of both fragment (60-100 bp) and mate pair (600bp-10K 
insert size) libraries though not yet complete, has already yielded us at least 100 X 
physical and about 4.49X sequence coverage of the Yoruba-

 

NA18507 DNA  

SNP detection 

Chr

 

7: At 4X Sequence Coverage: 75% in dbSNP

10 ENCODE Regions:

 

91% Found in dbSNP

We have prepared multiple mate paired libraries with a range of insert sizes for SOLiD 
mediated comprehensive re-sequencing of the Yoruba (NA18507) genome. SOLiD 
sequencing produced short sequencing reads with almost 100X physical and about 4.9X 
sequence coverage. Paired end libraries consisting of two short tags that were originally 
separated by a known distance in the target genome, allowed assembly where the target 
genome has deletions, insertions, duplications, inversions and rearrangements. The use of 
paired ends also overcame the problem with placement of short reads on repetitive genomes. 
As more data is being generated we are able to establish a high-resolution map of the diploid 
structural variations present in this Yoruban individual compared to the human genome 
reference sequence. Once all the libraries are sequenced, this study will help us establish a 
sample preparation pipeline for re-sequencing of complex genomes

Structural variations detected 

Deletions 45,252
Homozygous

 

44,310
Heterozygous

 

942

Insertions 22,387

Homozygous

 

22,358

Heterozygous

 

29

Double Deletions 93

PCR validation of selected deletions
1 2 3 4 5 6 7 1kb ladder 

0.5Kb

1Kb

1.5Kb

2Kb

3Kb

4Kb

5Kb

6Kb

8Kb

10Kb√ √ √√ √X ?

 

±

Lane # 1: chr20_HOM-6098831-6099707

expected size: 1.2Kb Observed size: Sanger 
sequence validated

Lane # 2: chr20_HOM-62372359-62373523

expected size: 1.7Kb

 

Observed size: Sanger 
sequence validated

Lane # 3:chr20_HOM-23051228-23052110

expected size: 2.2Kb: Observed size: 2.2Kb

Lane # 4:chr20_HET-60505984-60507631

expected size:1.9Kb: Observed size: 0.5Kb

Lane # 5: chr20_HOM-3742963-3743874

expected size: 1.9Kb

 

Observed size: 2Kb

Lane # 6: chr20_HOM-61195145-61196679

expected size:1.7Kb Observed size: 1.7Kb

Lane # 7: chr20_HET-15659497-15660826

expected size: 2.6 &1.8Kb

 

Observed size: 2.6& ~1kb
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99.45% of the genome is spanned by a cl

 

one.

97.33% of the genome is =>20X physical coverage

90% of the genome is =>66X physical coverage

*(Ns are disregarded in these )

Physical Coverage
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