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• Color space and 2-base-encoding

• Quality Values and filtering

• Mapping algorithm and considerations 

• Estimate accuracy

• Coverage
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Color Space Color Space –– Properties Of 2Properties Of 2--Base Encoding (2BE)Base Encoding (2BE)

1 3 1 3 1 3 2 3
5’- A C G T A C G A T -3’
3’- T G C A T G C T A -5’

1 3 1 3 1 3 2 3

5’ 3’

3’ 5’

• Two dibases that agree in just one base have different colors

• color(bd) � color(be) and color(bd) � color(ed)

• A dibase and its reverse have the same color

• color(bd) = color(db)

• Repeated-base dibases have the same color

• color(bb) = color(dd)
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C A T

C C T C T TC G T

Reverse Colors Other two colors (both orientations)

Isolated single color changes are likely due to detection error

““ValidValid”” Adjacent Color Substitutions Adjacent Color Substitutions 
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““InvalidInvalid”” Adjacent Color Substitutions Adjacent Color Substitutions 

C A T

T C T G T TA G T

C C A C T GC G C

Color changes inconsistent with SNP, 
likely due to detection error
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• A score calculated based on the probability of an error call 
at that base

• Similar to those generated by phred and the KB Basecaller
for capillary electrophoresis sequencing

• A QV score of 10 represent 10% error rate, whereas a QV 
score of 20 represents a 1% error rate

Quality Value (QV) For Color CallQuality Value (QV) For Color Call

pq 10log10-=
p = probability of color call error
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QVsQVs –– How Are They Generated?How Are They Generated?

• Algorithm uses a variety of inputs, most important 
are angle of vector and intensity, and a lookup 
table (pre-computed from training data sets) to 
predict QV

• Each color call (cycle) is computed independently
• No information from preceding or later cycles, 

nor any sequence context is used
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Challenge of Challenge of QVsQVs

• QVs can only be trained using color calls from reads matched to 
reference sequence, and QVs may not be as predictive for non-
matched reads

• Four main classes of beads
• Monoclonal beads – good data

• Polyclonal beads - “melded” signal
• Failed beads – sequence and chemistry specific
• Beads with no signal – algorithm still assigns color

• Hard to distinguish different classes of “bad” beads by QV alone



10 © 2008 Applied Biosystems

Filtering By QV Filtering By QV -- Two ChoicesTwo Choices

• Filter
• Filter out reads based on QV values and patterns

• Reduces total amount of reads and raw error rate 

• Increases % of reads mapped

• Lose some otherwise good matching reads 

• Don’t filter
• Filter the data by matching 

• Low quality reads won’t match
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Mapping AlgorithmMapping Algorithm

• Challenge:
• In order to align a read to a reference, an initial hit (seed) is needed 

before beginning extension

• With short reads if using a continuous word pattern approach for
mapping, then a very small word size is needed. This is more 
computationally and time intensive.

• Key feature:
• Multiple discontinuous word patterns allow for faster searching and 

guarantee finding all hits up to certain number of mismatches



13 © 2008 Applied Biosystems

Discontinuous WordsDiscontinuous Words

• Continuous words: searching for a perfect match 8/8 
bases (word size 8, e.g. used by BLAST) 
ATTTTTTGGGTAGCCCCTTGGATGAGT

||||||||
AGGGGTAGCCTGATGATGGT

• Discontinuous words: searching 8/18 matches (effective 
word size is also 8)
ATTTTTTGGGTAGCCCCTTGGATGAGT

||     ||     ||||
TTGACCGGCATGGGGGAT
110000011000001111
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Mapping to reference with discontinuous words Mapping to reference with discontinuous words 

• For a read length of 15, we can find all matches with 1 mismatch
(15_1) using discontinuous words in the 3 schemas of word size 10

# schema_15_1

111111111100000

000001111111111

111110000011111

• Using continuous words , word size must be at most 7 to find all 
matches with 1 mismatch � 40 times slower than the three schemas 
above

Ref 002321031332122013220
1111111111

Read 32103133 3122013

Ref 002321031332122013220
1111111111

Read 32103133 3122013

Ref 002321031332122013220
11111     11111

Read 32103133 3122013

Ref 002321031332122013220
11111111 111111

Read 32103133 3122013
extend

?

?

?
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Schema Set for 25Schema Set for 25--mer Read, With Word Size = 14mer Read, With Word Size = 14
# 14 base index on 25, 0 mismatches
000000000011111111111111

# 14 base index on 25, 1 mismatches
111111111111110000000000

111110000000000111111111

000000000011111111111111

# 14 base index on 25, 2 mismatches
000001101111001110110111

110110001000101010111110

111101100111100100001001

100011110011110011011010

011110010100010111010011

101000011100111101101101

010101111011011001100100

More mismatch

longer run time
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Features Of Mapping Tool (Features Of Mapping Tool (mapreadsmapreads))

• Aligns in color space, translation of reference sequence 
done internally

• Fast, only allows mismatches (no indel)
• Allows adjacent mismatches to be counted as one, if 

consistent with SNP
• Allows masking of certain positions (bad calls) in the whole 

set of reads
• Reports all matches (up to the –Z # limit) with up to M 

mismatches
• For fixed reference sequence, running time is linear with 

number of reads
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What Are Unique Matches?What Are Unique Matches?

• Definition – Unique read only maps to one location

• Beware it is only unique for the parameters used in alignment 

• If see a single match when the alignment was carried out at 25_3 , 
you have no information that there isn't a 25_4 hit.

• How is a unique match determined? 

• Separation (parameter: clear zone) – If the closest alternative is 
more than a defined number of errors away, then accept it 

• When requiring a separation of 2, if a match at 25_2 exists, then no 
other match can occur before 25_4

• Best wins: separation = 1, 25_1 is better than 25_2

• Default in SOLiD pipelines: separation = max number mismatch 
allowed
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How Many Mismatches To Tolerate?How Many Mismatches To Tolerate?

• A SNP will generate two color mismatches

• Consider the SNP frequency in the genome when setting up 
number of mismatches allowed in a read

• The recommendation for a 50 base read

• 6 mismatches 

• or 4 mismatches with valid adjacent mismatches treated as 
a single mismatch
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Pairing Up The MatesPairing Up The Mates

• A “good” mate pair:

• Orientation

• Ordering

• Distance

5'

5'

3'

3'

R3 F3

F3 R3

5'

5'

3'

3'

R3

window to scan for F3

• “Mate rescue” – when only one of the tags mapped init ially

• Try to map the other tag in expected region with relaxed 
parameters (allow more mismatches and indels in the read)
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AccuracyAccuracy

• Accuracy is affected by the matching parameters used
• Increasing number of mismatches allowed will increase number of 

reads that map and drive up the error rate

• The accuracy after applying 2-Base Encoding (2BE) rules 
improves significantly over raw color accuracy
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Accuracy Assessment Accuracy Assessment –– With A Known GenomeWith A Known Genome

Accuracy = 99.91%
Raw accuracy (before corrected by 2BE) 97.6% 

50 base read mapped with up to 6 MM (DH10B results)

2.40%

97.60% 0.14%

0.09%

2.17%

Total number of correct CS
calls
Single mismatched calls

Invalid Adjacent

Valid Adjacent
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Effect of 2BE correction

AccuracyAccuracy

Base accuracy by position in read
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How Much Coverage Do You Need? How Much Coverage Do You Need? –– For SNPFor SNP

• 2-base encoding helps to reduce the coverage needed to 
detect SNP with high confidence

• Heterozygous SNP will need higher coverage, compared 
to homozygous, to detect both alleles

• If the coverage at a heterozygous position is less than 10X, 
the probability that one of the alleles will not be detected is 
1% or more

• If the sample preparation method is likely to introduce some 
bias in allele ratio, coverage should be increased
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Wheeler et al 
PLoS Computational Biol. 2005 

Oct;1(5):e53. Epub 2005 Oct 28.

SNP Detection At Different SNP Detection At Different CoveragesCoverages
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Coverage Coverage -- Variance In Different Genomic RegionsVariance In Different Genomic Regions

• Ideally, the coverage would follow a binomial distribution

• Possible reasons for deviations
• Characteristics of the reference genome (complexity, 

repeats, etc)
• The samples being sequenced (structural variation)
• Sample preparation and sequencing chemistry

• Mate-pair data (rather than fragment data) can largely, 
but not completely, overcome this problem

• Consistent contiguous regions of over/under-coverage 
may represent copy number variation

• Detection of SNPs or InDels in these regions should be 
treated with caution

coverage
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QuizQuiz

• Recite the SOLiD 2-base-encoding color table ;-)

• What’s the main advantage of using 2BE with the SOLiD platform?

• For a given isolated SNP, how many colors will differ between the 
reference and sample read? 

• For a position with QV = 20, what’s the likelihood of error in color call 
at that position? 

• Does the 'mapreads' tool employ discontinuous or continuous words 
patterns?

• What’s recommended depth of coverage for SNP calling? 
homozygous? heterozygous?
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Expected Number Of Errors In A ReadExpected Number Of Errors In A Read

• Given a read with QVs, one can estimate the expected 
number of errors in the read

• If the QV of the i-th call is qi, then the expected number of 
errors in the read is

�
=

=
n

i
ipm

1

10/100022.1 iq
ip -×=

Accounts for q values being 
rounded to integer


