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Haplotype-resolved de novo assembly is the 
ultimate solution to the study of sequence 

variations in a genome



The primary goal of Shasta is to produce the 
most accurate and complete phased 

assemblies

and do it

fast 



Sequence assembly for a human genome takes 2-5 hours on 
a machine of appropriate size, depending on coverage.

~40x coverage takes about 3 hours to run

Memory requirement is currently 6 bytes per input base. 

A 1 TB machine can run a human assembly at 50x.

How fast?



New ONT Q26 Chemistry

For optimizing and benchmarking Shasta we used the following data:

● Two Ultra Long (SQK-ULK114) runs, basecalled using the model 
dna_r10.4.1_e8.2_400bps_sup@v5.0.0 

● The HERRO corrected data of the above two runs

Both datasets are part of “London Calling 2024: a Nanopore-only 
telomere-to-telomere (T2T) assembly dataset” and are available here:
https://labs.epi2me.io/lc2024_t2t/

~100Kb N50
~40x coverage

https://labs.epi2me.io/lc2024_t2t/


New ONT Q26 Chemistry

HERRO corrected reads 
achieve an average Q40 

HERRO

RAW



Shasta, simplified (1) Represent reads as “markers”
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Shasta, simplified (1) Represent reads as “markers”

(2) MinHash/align reads as marker sequences

(3) Construct read overlap 
graph to prune overlaps

(5) NEW: Trace haplotypes in MG to 
assemble sequence - aka “Mode 3”

(4) Construct marker graph (MG) 
representing aligned reads



SHASTA v0.13.0 (HERRO) September 2024

N50 ~43Mb



SHASTA v0.14.0 (HERRO) January 2025

N50 ~80Mb



In case you are wondering about the N50…

Hifiasm v0.24.0 using HERRO/Dorado corrected Q26 ONT UL 
reads

~98Mb N50
Shasta v0.14.0 using HERRO/Dorado corrected Q26 ONT UL 

reads
~80Mb N50

Verkko v2.2.1 using HERRO/Dorado corrected Q26 ONT UL reads
~40Mb N50



Does this mean that Hifiasm perform better than 
Shasta and Verkko?

Or, to phrase it differently, does this mean that 
Verkko has the worst performance?

N50 is a “weak” metric if it is not paired with metrics 
on how accurate the assembled contigs are



How to best evaluate/improve the assembly methods?

The data used to 
optimize and 

benchmark Shasta 
come from HG002 

samples released by 
ONT in May 2024, in 
both raw and error 

corrected form

Luckily, we have the 
most accurate 

HG002 reference 
genome in our toolkit 



Let’s have a closer look



Previous Shasta release performed 
suboptimally on sex chromosomes

SHASTA v0.13.0 (HERRO)
September 2024

Contig mappings against the T2T HG002v1.1 
reference genome

chrY

chrX



Shasta v0.14.0 (HERRO)

The new version of Shasta 
performs very well on the 

sex chromosomes



VERKKO v2.2.1 (RAW + HERRO)

VERKKO performs very well on the 
sex chromosomes



HIFIASM v0.24.0 (HERRO)

Hifiasm assembles chrY T2T 
but 

chrX is fragmented

Hifiasm assembles 
some small extra 

erroneous contigs

 This happens across 
all chromosomes



chrX SHASTA v0.14.0 VERKKO v2.2.1 Hifiasm v0.24.0

Mismatches 34 30 187

Insertions 3,504 47,997 3,812

Deletions 10,745 10,907 10,674

Sex chromosome assemblies compared to T2T HG002v1.1 Q100 
Reference

Note: The numbers reported are number of bases (that is, longer errors count more)

chrY SHASTA v0.14.0 VERKKO v2.2.1 Hifiasm v0.24.0

Mismatches 11 12 22

Insertions 614 555 612

Deletions 2,271 5,861 2,197



HIFIASM v0.24.0 (HERRO)

Q48*

Q29*

chr2

Hifiasm generate some contigs with 
haplotype switches

*Mismatch Q phred score



VERKKO v2.2.1 (RAW + HERRO)

Q63*
Q66*

Q67* Q65*

Q64*

chr2

*Mismatch Q phred score



Shasta v0.14.0 (HERRO)chr2

Q65*
Q68*

Q70*

*Mismatch Q phred score



Q65*

Q65*

HIFIASM v0.24.0 (HERRO)chr4

*Mismatch Q phred score



Q67* Q63* Q68*

Q67*
Q67*

Q65*

Q65*

VERKKO v2.2.1 (RAW + HERRO)

Without extra HiC/PoreC data, 
Verkko makes more 

conservative choices regarding 
phasing, leading to lower N50 

but producing contigs with 
good accuracy

*Mismatch Q phred score



Shasta v0.14.0 (HERRO)chr4

Shasta v0.14.0 manages to assemble both haplotypes T2T while maintaining it’s 
good accuracy performance  

Q67*

Q66*

*Mismatch Q phred score



HIFIASM v0.24.0 (HERRO)

Q64*

Q65*

*Mismatch Q phred score



VERKKO v2.2.1 (RAW + HERRO)

Q64*

Q59*

*Mismatch Q phred score



Shasta v0.14.0 (HERRO)

Q64*

Q66*

Compared to Verkko, Shasta 
HERRO has:

- 5 times fewer mismatches 
- Half the insertions 
- Fewer deletions 

*Mismatch Q phred score



Shasta v0.14.0 achieves near T2T assembly on 
chrX, chrY, chr4, chr16, chr18 

while being consistently highly accurate

Let’s see a few other examples



chr1 Shasta v0.14.0 (HERRO)



chr1
Unphased region

Possible reasons:

● The reads are not long enough
● Heterozygosity is too low in that region
● Coverage is not high enough

Note: We can see 
several cases with 
coverage loss on 

only one haplotype 





Mismatches: Q67  ~1 mismatch per 5 million bases

Mismatches: Q65  ~1 mismatch per 4 million bases



chr2



chr3



chr4



chr5

None of the assemblers can 
currently solve this messy 

region on one haplotype with the 
current data used 



chr6



Known issues that need fixing



Occasionally we get a break on one haplotype due 
to coverage loss

We are working on even more robust read graph 
methods while maintaining the same accuracy and 

speed



ONT 
HERRO

ONT 
RAW

HiFi

HERRO discards reads in highly repetitive regions => minimap2 issue



What about telomeres?

We are missing in most cases the last 
~500-1500 telomeric bases

This will be fixed in future releases



chr5

We need to improve the 
detangling in very 

messy regions



chr13

chr15

What about acrocentric chromosomes?

rDNAs in acrocentric chromosomes are 
NOT assembled

We are not scaffolding



Looking Ahead… Complete Assembly

Prototype T2T Shasta protocol:
- 2 ONT UL flow cells using mod prep achieve ~40x coverage reads 

>100KB 
- 1 Hi-C/Pore-C flow cell
- Estimated cost around ~$5k 
- New Shasta “mode 3” - 3 hours on 1 compute node
- 137.5 MB NG50 - 33 / 46 validated T2T chromosomes (with Hi-C)

We have a path to achieve the same results using only 1FC over 
the next three years for a total budget of $1,000
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