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Whole!Genome!Ampli6ication!

1)  MDA:&Mul2ple&displacement&amplifica2on&

2)  DOPKPCR:&Degenerate&oligonucleo2deKprimed&PCR&

3)  MALBAC:&Mul2ple&annealing&and&loopingKbased&
amplifica2on&



MDA!



MALBAC!



DOP?PCR!

•  Degenerate&base&pairing&

•  Low&ini2al&annealing&temperatures&



Copy!Number!Variants!



Copy!Number!Variants!

Dele$on'

Structural'Varia$on'



Copy!Number!Variants!

Amplifica$on'

Structural'Varia$on'



Underlying!Concept!



Data!is!noisy!



Data!is!noisy!

•  Riddled&with&biases&
•  WGA'
•  Wet&bench&
•  Sequencing&
•  Introduced&through&downstream&analysis&



Implementation!



:!6ixed!vs.!variable!length!bins!

T'T' C'

•  Variable&length&bins&
!  Extract&read&from&each&posi2on&across&genome&(3.2&billion&in&total)&
!  Uniquely&map&reads&to&genome&
!  Generate&bins&such&that&each&bin&shares&the&same&number&of&uniquely&
mappable&posi2ons.&

F'

V'

1)!Binning!



2)!Normalization!



3)!Segmentation!

Circular&Binary&Segmenta2on&(CBS)&

i& j& j& j& j&i& j&i&



4)!Estimating!Copy!Number!
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Demo:!tumor!metastasis!

hWp://qb.cshl.edu/ginkgo/&

Breast&
Sample&

Liver&
Sample&

8&single&cells&from&
breast&tumor&

7&single&cells&from&
liver&tumor&

Tumor'evolution'inferred'from'single'cell'sequencing.'
Navin,!N.!et!al.!(2011)!Nature.!















































Probing!the!limits!of!single!cell!analysis!

•  Valida2on&

•  Exploring&the&effects&of&WGA&on&data&quality&
1)  GC&biases&
2)  Coverage&dispersion&
3)  Detec2ng&integer&copy&number&states&

•  Recommenda2ons&for&single&cell&projects&



Validating!Ginkgo!(5!independent!studies)!





Reproducible'copy'number'variation'patters'among'single'circulating'tumor'cells'of'lung'cancer'patients.'
Ni,!Xiaohui!et!al.!(2013)!PNAS.!



Comparing!Single!Cell!
Sequencing!Techniques!



GC!Biases!

45.9%'

94.0%'

99.6%'

%'Bins'w/'
Bounded'
GC'Bias'



Coverage!Dispersion!

MDA'

MALBAC'

DOPIPCR'



Measuring!Coverage!Dispersion!

Median&absolute&devia2on&(MAD)&–&median&of&the&absolute&devia2on&
from&the&data’s&median.&&Measure&of&the&sta2s2cal&dispersion.&
&
Calculate&all&pairwise&differences&between&neighboring&bins&(d)&
&
MAD&=&median&(&|&di&–&median(d)&|&)&



Coverage!Dispersion!
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Coverage!Dispersion!
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Coverage!Dispersion!

MDA'

MALBAC'

DOPIPCR'



Detecting!Integer!Copy!Number!States!





Conclusions!and!Recommendations!

•  Don’t&use&MDA!&&For&CNV&analysis&we&recommend&using&DOPKPCR&
for&WGA.&
•  Sequence&healthy&diploid&cells&for&reference&
•  Plan&for&25%&of&cells&to&be&filtered&out&
•  Save&your&FACS&data&
•  Start&with&500kb&bins:&100&reads/bin&(~1K1.5&million&reads&per&cell)&
•  Control&for&gender&
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