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Millions and millions of reads… 



Alignment 101: The perfect read 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1 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1 unique alignment 



Alignment 101: Some cases 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1 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3 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Only 1 is the correct gene 



Alignment 101: Worst case 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Correct  

1 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2 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Both are misalignments 



Individual geneFc variaFon may affect read 
alignment. 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A “One reference aligns all” strategy. 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How does geneFc variaFon affect alignment 
of RNA‐Seq reads? 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Based on known gene annotaFons, we expect that 
>50% of 100bp CAST reads will have at least one SNP 

that differs from the reference.  



100bp SE Reads from CAST liver 

Compare Results 

Align to CAST Pseudotranscriptome 
5’‐ATCGGCGTCTTACATTAGCTCAAGGGTGCC‐3’ 
5’‐ATCGGCGTCTTGCTCAAGGGTGCC‐3’ 

Align to B6 Transcriptome 

5’‐ATCGGCGTCTTACATTAGCTCAAGGGTGCC‐3’ 

To what degree do these differences affect alignment of RNA‐Seq reads 
and gene abundance esFmates? 



More CAST reads align with fewer mismatches 
to the CAST transcript sequences. 

Aligned to REF  Aligned to CAST 

Total Reads 11,795,344  11,795,344 

Reads with valid alignments 
(≤ 3 mismatches) 

8,832,341 (74.9%) 
 

9,085,246 (77.0%) 
 

Difference  +252,905 (2.1%) 

Reads with perfect matches 
(zero mismatches) 

4,201,180 (35.6%) 
 

5,183,409 (43.9%) 
 

Difference  +982,229 (8.3%) 

Total valid alignments  45,607,883 46,131,288 



CAST/EiJ 

How are gene expression esFmates affected by 
alignment to REF or CAST? 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CAST/EiJ 

Align to REF = Above threshold expression 
Account for CAST SNPs/indels = 0  
Mostly pseudogenes 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Ftl2 pseudogene 
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Where do the pseudogene reads go? 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r  0.77 -> 0.91 

CAST/EiJ 

Nlrp1a 
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Hprt 
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Bhmt 

Ftl1 

Alb 

Alignment to CAST pseudotranscriptome improves 
gene abundance esFmates. 



But how do you align RNA‐seq reads from outbred 
mice? Or from humans for that maker? 



Building an individualized diploid transcriptome. 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More DO reads align more uniquely to the 
individualized DO transcript sequences. 

Sample F66  Aligned to REF  Aligned to Individ 

Total Reads 13,053,816  13,053,816 

Reads with valid alignments 
(≤ 3 mismatches) 

10,835,301 (83.0%) 
 

10,989,682 (84.2%) 
 

Difference  +154,381 (1.2%) 

Reads with perfect matches 
(zero mismatches) 

7,143,400 (54.7%) 
 

7,983,351 (61.2%) 

Difference  +839,951 (6.5%) 

Total valid alignments  57,872,246 (scaled) 54,516,518 



Alignment to individualized transcriptomes improves 
gene abundance esFmates from outbred mice. 

Nlrp1a 

Rps3a 

Hprt 

Vcp Gapdh 

Slco1b2 

Bhmt 

Ftl1 

Alb 

r  0.83 -> 0.93 
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Hbp1 Aligned to NCBIm37 
Aligned to DO PRGs 

Downstream analyses like expression QTL 
mapping are highly sensiFve to alignment 

strategy. 



Conclusions 

•  RNA‐seq enables us to ask new quesFons in 
geneFcally diverse populaFons/species. 
–  Increased informaFon = Increased analyFcal 
complexity. 

•  Individualized reference genomes improve read 
alignment and gene abundance esFmates. 
– Alignment to the common reference masks local 
geneFc associaFons for many genes. 

•  Avoid the “one reference aligns all” approach. 
•  There is sFll room for improvement. 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