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Wednesday format:




 
 
 
Applied Methods Lecture (30-60 minutes)


 
 
 
Code review 
 



 
 
 
Round-table discussion











 
UC Berkeley 
 
 
Molecular and Cell Biology BA program


 
 
 
 
 
 
Genetic Genomics Development


 
 
 
 
 
 
 
Thomson Population Genetics Lab


 
 
 
 
 
 
 
Sjolander Berkeley Phylogenomics Lab





 
Pfizer Inc.  
 
 
Principal Scientist


 
 
 
 
 
 
 
Algorithm Development


 
 
 
 
 
 
 
Antibody engineering


 
 
 
 
 
 
 
Repertoire sequencing


 
 
 
 
 
 
 
Antibody library design


 
 
 
 
 
 
 
Precision medicine biomarker discovery





 
Distributed Bio 
 
Chief Science Officer


 
 
 
 
 
 
 
Cloud-based repertoire analysis platforms


 
 
 
 
 
 
 
High throughput sequencing algorithms


 
 
 
 
 
 
 
Bioengineering applications





 
Stanford 
 
 
 
Immunology PhD program


 
 
 
 
 
 
Computational and Systems Immunology


 
 
 
 
 
 
 
Mark Davis Lab


 
 
 
 
 
 
 
Scott Boyd Lab






Adaptive repertoires






Affinity	
  matura,on	
  



Affinity	
  matura,on	
  

Biochemical	
  liability	
  elimina,on	
  



Affinity	
  matura,on	
  

Biochemical	
  liability	
  elimina,on	
  



Affinity	
  matura,on	
  

Biochemical	
  liability	
  elimina,on	
  

Off-­‐target	
  binding	
  removal	
  



Affinity	
  matura,on	
  

Biochemical	
  liability	
  elimina,on	
  

Off-­‐target	
  binding	
  removal	
  

Bioengineering:	
  8-­‐12	
  months	
  





Bioengineering:	
  8-­‐12	
  months	
  



Human	
  body:	
  5-­‐10	
  days	
  

Bioengineering:	
  8-­‐12	
  months	
  



Antibody repertoires





A population of distinct antibodies with a 
variety of binding specificities






Each naïve B-cell generates and 
displays a distinct binding 

surface




H1
 H2
 H3
 L1
 L2
 L3


 V             D    J             V              J   










654 human donors                                          35 billion transformants




A	
  spleen	
  



A	
  spleen	
  

10-­‐200	
  hits	
  
+/-­‐	
  100nM	
  

100-­‐300	
  hits	
  
<	
  1nM	
  



Sequencing	
  Repertoires	
  



H1 H2 H3 L1 L2 L3 
350-400bp 300-350bp 

> 700 bp 

Amplifying repertoires from a synthetic library










Require long reads without assembly










Multiplex primer design & primer bias


http://www.immunocode.org/immunol-310-3-antibody-repertoire-analysis/




Mitigating primer bias with 5‘RACE








Glanville et al, PNAS 2011


http://www.immunocode.org/immunol-310-3-antibody-repertoire-analysis/




VDJFasta




32	
  

Ask “what are the odds that mutations in very specific positions would 
cause me to erroneously classify this sequence?” 

Germline A 

Germline B 

Germline C 

100bp query sequence 

Differences between query and germline 

L=100,M=1;       Default hypothesis    

L=100,M=3,D=2; P= (98/161700) = 6.1e-4 

L=100,M=5,D=4; P= (96/3921225) = 2.4e-5 

Default hypothesis S= 1 - 6.1e-4 - 2.4e-5 = 99.94% 
Query is Germline A with 99.94% confidence    

Glanville et al, PNAS 2009


Avoiding germline mis-classification










Glanville et al, PNAS 2011


Germline classification accuracy










Glanville et al, PNAS 2009


HMM CDR recognition was evaluated structurally 
� 779 non-redundant structures were superposed 
� Sequences of references structures were extracted 
� Reference structure sequences were aligned to HMM 
� HMM-Predicted boundary positions were compared to structure 
 
HMM CDR recognition was highly accurate 
� 99.74% boundary recognition success 
� Two miscalls were both in C-terminal H3 
� One was a catalytic antibody 

CDR recognition with profile HMMs










  Repertoire      -->       Clonal lineages




Can	
  we	
  do	
  something	
  smarter	
  than	
  alignment	
  distance?	
  



Same	
  V	
   Same	
  J	
  



CDR-­‐H3	
  similarity	
  for	
  specificity	
  

Same	
  V	
   Same	
  J	
  

Xu,	
  John	
  L.,	
  and	
  Mark	
  M.	
  Davis.	
  "Diversity	
  in	
  the	
  CDR3	
  Region	
  of	
  VH	
  Is	
  Sufficient	
  for	
  Most	
  
An,body	
  Specifici,es."	
  Immunity	
  13.1	
  (2000):	
  37-­‐45.	
  
	
  



CDR-­‐H3	
  similarity	
  for	
  specificity	
  SHM	
  for	
  direc,onality	
  

Same	
  V	
   Same	
  J	
  



CDR-­‐H3	
  similarity	
  for	
  specificity	
  SHM	
  for	
  direc,onality	
  Spurn	
  the	
  light	
  chain	
  

Same	
  V	
   Same	
  J	
  



Glanville et al, PNAS 2011


   Within 
Individual











  Between

Individuals


Empirical clone distance cutoff determination










Clone clustering and error clustering














10^14 
 
 
Theoretical IgH naïve V(D)J repertoire



10^13



10^12



10^11 
 
 




10^10



10^9



10^8 
 
 
Total B-cells in a mouse



10^7 
 
 




 
 
 
Unique clones in a mouse

10^6

                           

10^5 
 
 







10^14 
 
 
Theoretical IgH naïve V(D)J repertoire



10^13



10^12



10^11 
 
 
Total B-cells in an adult



10^10



10^9



10^8



10^7 
 
 
Non-redundant PBMC Naïve clones/adult



10^6

                           

10^5 
 
 
Non-redundant PBMC IgG clones/adult




Individual adults only sample a small part of the antibody repertoire




Redundant clones constrain library diversity


replicate	
  

replicate	
  

replicate	
  

replicate	
  

replicate	
  



Twins	
  



Highly correlated technical replicates


h_ps://www.youtube.com/watch?v=wNW0vZiaMuA	
  



Glanville et al, PNAS 2011


Detecting somatic hypermutation










Lymphocyte depletion in affected twin










Minimal Clonal Overlap


Glanville et al, PNAS 2011




Highly correlated technical replicates
Clonal Non-redundancy Removes Noise


Glanville et al, PNAS 2011




Glanville et al, PNAS 2011






Celiac	
  



Single	
  Cell	
  TCR	
  sequencing	
  

3. Barcoding + 
Paired-end addition  

for massively parallel  
sequencing 

 or  only  
 

3. Barcoding + 
Paired-end addition  

sequencing 
 or  only  

 

Single-Cell Sort 

1. One Step RT-PCR  
With combined  

 �or 
 �primers 

2. Nested PCR with 
combined 
 �or 


primers 

IlluminaTM

Paired End
Primer 1

IlluminaTM

Paired End
Primer 2

M13F
sequence

_�`�a�b
C region

sequence

PLATE (1-x)
barcode

ROW (A-H)
barcode

COLUMN (1-12)
barcode

~400-
500bp

Combine, Purify 
Sequence with 

Illumina MiSeq™  

a.

b.

for massively parallel  

V (D) J C 

1

CDR3

1

V (D) J C 

1 2 1

CDR3

2

V (D) J C 

1
3

2 2 13

CDR3

Up	
  to	
  50	
  96-­‐well	
  plates	
  in	
  one	
  run	
  
	
  
10/01/12	
   	
  7	
  million	
  
12/19/12	
   	
  7	
  million	
  
01/10/13	
   	
  4	
  million	
  
03/13/13	
   	
  4	
  million	
  
04/16/13	
   	
  10	
  million	
  
06/04/13	
   	
  7	
  million	
  

	
   	
  	
  
	
  
	
  

	
  	
  
	
  
① Custom	
  demul,plexing	
  solu,on	
  
② VDJFasta	
  algorithm	
  adapta,on	
  
③ Amazon	
  cloud	
  distribu,on	
  
④ Single	
  cell	
  analysis	
  
	
  



Clone Frequency Landscape
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Are	
  these	
  clones	
  more	
  similar	
  to	
  each	
  other	
  than	
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  random	
  handful	
  of	
  T-­‐cells?	
  



There	
  is	
  TCR-­‐driven	
  clonal	
  enrichment	
  in	
  the	
  celiac	
  CD8	
  samples	
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  convergence	
  

conversion	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dispersion	
  

For	
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  For	
  each	
  paratope	
  in	
  set	
  find	
  distance	
  to	
  next	
  closest	
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  popula,on	
  

	
  For	
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  paratope	
  in	
  set	
  find	
  distance	
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  Repeat	
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1.  Can	
  we	
  detect	
  convergent	
  specifici,es	
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  known?	
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  from	
  162	
  assays,	
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56%	
  

44%	
  



§  27	
  people	
  vaccinated	
  on	
  2	
  consecu,ve	
  years	
  
§  Fv	
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Convergent antibody groups are elicited after TIV vaccination
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! H1N1 H3N2 &&&&HA&B

Age Sex CAG1 Y1
!H
AI

Y1
!N
EU

Y2
!H
AI

Y1
!H
AI

Y1
!N
EU

Y2
!H
AI

Age Sex CAG1 Y1
!H
AI

Y1
!N
EU

Y2
!H
AI

21 M 4.E.04 S S R R R R 21 M 4.E.04 R R R
23 F 5.E.03 R S R B S R 23 F 5.E.03 S S U
23 M 6.E.04 S B S S S R 23 M 6.E.04 S B S
24 M 3.E.04 R R R B R B 24 M 3.E.04 R R R
24 M 3.E.04 S R S R R R 24 M 3.E.04 S R U
27 F 4.E.04 B B S S S S 27 F 4.E.04 U S U
30 M 2.E.03 B B S S S R 30 M 2.E.03 S B R
62 M 2.E.03 R B S S R R 62 M 2.E.03 U R R
72 F 7.E.04 B B R S S R 72 F 7.E.04 U R U
83 F 4.E.04 R B S R B S 83 F 4.E.04 R B U
84 F 3.E.04 R B S B S B 84 F 3.E.04 R B R
84 M 1.E.03 S B S B S B 84 M 1.E.03 R R U
24 F ND R R R R R R 24 F ND R B R
26 F ND S B R R B B 26 F ND R B R
26 F ND R R R R R B 26 F ND R R R
61 F ND S B R B S R 61 F ND S B R
61 F ND R R R S U R 61 F ND U R U
61 M ND U R U S U R 61 M ND R R R
65 F ND R R R R S R 65 F ND U S U
66 F ND B S R S S R 66 F ND U U U
68 F ND S B R S S R 68 F ND U S U
74 M ND R R U B U B 74 M ND U R U
78 F ND R S S B B B 78 F ND U R U
84 F ND S B U R S R 84 F ND R R U
84 F ND B U U B S B 84 F ND S S U
85 M ND U R R U U R 85 M ND U S U
88 F ND S B U B S R 88 F ND U S U
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Repertoire data stores






NCBI Trace Archives

Many labs on campus


Simulated data






Repertoire labs on campus






Boyd

Davis

Quake


(many others)




Coding	
  













 
Poll results


 
Crowdsourcing assignments


 
Crowdsourcing assignment #1 – figures


 
Example assignment #1 template & code walk-through


 
Immunocode













Crowdsourcing assignments








 

Wednesday: assignments handed out



All assignments are of a similar theme


Each person gets a slightly different assignment


Collaboration is fine




Following Wednesday: assignments reviewed



Submit working code the night before


Provide code review


 
Code should work at command-line


 
Code should be useful


All code is scored and shared on immunocode


	
  



Crowdsourcing assignments








 



① 
 
 figures with ggplot2

② 
  data reformatting with plyr

③ 
 
 statistics

④ 
 
 clustering

⑤ 
 
 pattern recognition algorithms

⑥ 
 
 custom CSI

	
  







ggplot2: assignments




















(Handed out by order in sign-in sheet)






http://docs.ggplot2.org








1. Area

2. Bar

3. Boxplot

4. Contour

5. Density

6. jitter

7. Pointrange

	
  

8. Quantile

9. Dotplot

10. Histogram

11. Line

12. Smooth

13. Violin	
  
14+: something evil
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Input File (data.txt)

	
  

Output File (deluxe-fig.pdf)

	
  

Command: 
 
Rscript ggplot-scatter.R data.txt













Questions?



