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Who am I?

https://www.research.manchester.ac.uk/portal/en/researchers/peter-causeyfreeman(f3b9aafa-80b7-48fd-
be97-04f835bd0363).html



• Diverse global user 
community

• User feedback evolved 
the software to meet the 
community need

• Automatic lift-over 
between GRCh37 and 38

• 5 years of headaches!
• Technical issues
• Helping users

What I do



A brief history of the human genome 
sequence

And why GRCh37 like an out-of-date map on 
a Sat-Nav



The human genome project 
1990 - 2003

• 13-year-long, publicly funded project

• OBJECTIVE – Determine the sequence of the 
entire euchromatic human genome
– Lightly packed chromatin 

– Enriched in genes

– ~92% of the human genome

• Major funding from the US NIH and DOE
– Budgeted $3BN US

– Estimated final cost ~$5BN



An international sequencing 
project



2001- the draft  genome 
sequence released



Key analysis findings

• ~22,300 protein coding genes
– ~25% of the genome

– ~1% is exon

• Significantly more segmental duplications than expected
– Nearly identical, repeated sections of DNA

– Functional gene copies (e.g. insulin)

– Pseudogenes

• Huge number of Short Interspersed Nuclear Elements
– Primarily Alu elements

– ~15% of the genome



The average sequence of the 
average human (right????)

• DNA collected from a large number of donors 
(estimated ~30?)
– blood (female)

– sperm (male)

• Only a few processed into DNA libraries
– insures anonymity

• Much of the sequence came from 3 donors
– 2 female

– 1 male



The average sequence of the 
average human (right????)

• Due to quality 
considerations, 
>70% of the 
sequence came 
from the 1 man
– Mr RP11

– From Buffalo, New 
York



Difference between the draft 
and final genome sequences 

• Defined by coverage and accuracy

• 2001
– ~90% genome coverage (euchromatic)

– ~1/1,000 error rate

– ~150,000 gaps (un-sequenced regions)

• 2003
– ~99% genome coverage (euchromatic)

– ~1/10,000 error rate

– ~400 gaps



There are still gaps and errors

• GRCh37
– ~300 gaps

– ~550 genes with indel errors

• GRCh38
– ~89 “unresolved” gaps as of June 2019 (GRCh38.p13)

– A few hundred genes with indel errors (GRCh38.p1)

• GRCh39? 
– It’s coming!



Our map needs regular updates 
because roads keep changing



Potential hazards of an out-
of-date map map?



How the genome reference sequence 
evolves

A basic overview of patches and Alt Loci



What is a patch

Add information to the assembly without 
disrupting chromosome coordinates or 
sequences

• Reference sequences with unique identifiers

• Assembly units used to create/correct genomic 
reference sequences

• Given Chromosome context by alignment to the 
current genome build



Fix patches correct gaps or 
sequence errors

• Within the ABO 
gene, GRCh38 has 
an absent base 
– Incorrect switching 

between scaffolds

• Patch scaffold 
created that “fixes” 
the error

https://www.ncbi.nlm.nih.gov/grc/help/patches



Novel patch

• An alternate “structure” for a chromosomal 
region, e.g. CYP206 duplication



How patches affect the genome 
build

• Coordinates and 
sequence of the 
primary assembly  
only change during 
major releases

• Patch reference sequences deprecated at the major release



Some genes only found on 
patches or ALT loci

• Some genes have missing exons in the GRCh38 
primary assembly (e.g. SHANK3)

• Some genes are not represented in the GRCh38 
primary assembly (e.g. HLA-DRB4)

• A few hundred genes like ABO still have indel 
errors in the GRCh38 primary assembly 
– Many clinically relevant genes corrected GRCh37 > 38



Improvement GRCh37 > 38

• NC_000015.9:g.72105933del (GRCh37) 
– NR2E3

– Retinal Dystrophy gene panels

– Additional base in the GRCh37 chr15

– gnomAD AF (linked via VV) ~99%

https://variantvalidator.org/



Hypothetical issue: have you 
checked your data for -

• NC_000015.9:g.72105929= (GRCh37) 
– Extrapolate gnomAD AF - could be up to ~1%

• NC_000015.10:g.71813592dup (GRCh38) 
– Variation would likely have been identified



Reference genome sequences and genes

My take on a few issues waiting in the wings!



Gene annotations (The basics)

Alignment file from source
• Chromosome IDs
• Transcript ID
• Exon to genome aln. data
• Orientation
• Other metadata (e.g. coding vs 

non-coding, CDS  coordinates)

Reference sequence record
• Transcript sequence
• Metadata

 CDS start/end
 Translation ID / Sequence
 Publications
 Features

Variability dependent on the source



RefSeq vs Ensembl approach

RefSeq – Transcript to Genome
• Transcript and genomic sequences are independent

– May disagree

• The same version of the transcript can usually align to 
GRCh37 and GRCh38 
– Not always

• In rare cases, silent re-annotation occurs (e.g. alignment 
software update)
– Exon boundaries shift without changes to the reference 

sequence

– No incrementing in the version number

• HGVS now recommend recording the genomic variant



RefSeq vs Ensembl approach

Ensembl – Genome to Transcript
• Transcript and genomic sequences not independent

– Always

• New transcript version created for each genome build
– Requires update to the transcript variant

– More difficult to lift-over between genome builds

• The major annotation is fixed
– Exon boundaries cannot shift without incrementing



Updating your GRCh37 data

• Best case – Transcript aligned to both 37 and 38



Updating your GRCh37 data

• Transcript does not aligned to both 37 and 38



Updating your GRCh37 data

• Project to genome and select updated transcript



LRG?

• Static reference sequences with static 
annotation
– Update requires the creation of an entirely new LRG

– Defeats the intended “scope” of the project

– What happens when GRCh39 is released?

• Could RefSeq align NM_000022.2 (LRG_16t1) 
to GRCh38?
– Cannot expect them to do this – replaced by .3

– MANE project > NM_000022.4

– Some existing LRGs refractory to Ensembl transcripts



What’s in a name?

• HGVS are stressing the use of complete and 
unique reference sequence identifiers (Why?)
–http://varnomen.hgvs.org/bg-material/consultation/svd-wg008/

• Which of these statements is correct?
1. chrM (GRCh37) == chrM (hg19)

2. chr1 (GRCh37) == chr1 (GRCh38)

3. HSCHR6_MHC_MCF_CTG1 (GRCh37) == HSCHR6_MHC_MCF_CTG1 (GRCh38)

4. HSCHR6_MHC_MCF_CTG1(GRCh37) == chr6_ssto_hap7 (hg19)



• Common Mistake (Alamut Visual)
– chr6(GRCh37):g.135726089del

• Easily becomes
– chr6:g.135726089del

• Use a unique reference sequence ID
– NC_000006.11:g.135726089del

• And take care with your software
– NC_000006.11:g.135726092del

What’s in a name?



• GRCh39 intends to represent different 
populations in the assembly

• How may chr1(GRCh39) will there be?
– If >1, chr1(GRCh39) is not unique

• Use unique identifiers
– GRCh38 - NC_000001.11

– GRCh39 - NC_000001.12, NC_000001.13 etc. (?)

Think ahead?



Concluding remarks

• Reference sequences are rapidly evolving
– Push to GRCh39

– MANE

• Data are becoming more complex

• Humans like data to be simple

• For the most part, we will likely get away with it 
during GRCh37 > 38

• Simple (boring) changes can be implemented 
now and might save us a headache when we are 
back here talking about GRCh38 > 39 


