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ASSEMBLY VERSUS ALIGNMENT 
After sequencing fragments of DNA to obtain reads, most genomic pipelines follow one of two steps. The reads can be de novo 
assembled to construct longer stretches called contigs from scratch, with overlapping sequences on the ends dictating which 
read pieces belong next to each other (left). Alternatively, reads can also be aligned to a reference genome to identify small 
genetic variations (right). Where de novo assembly can be thought of as assembling a puzzle without the use of the picture on 
the box, alignment is the equivalent of piecing together a puzzle by looking at that picture. However, because a singular refer-
ence genome fails to capture all of the genetic diversity across humans, some sections of DNA might not be able to align to the 
reference genome well.

DE NOVO ASSEMBLY ALIGNMENT TO REFERENCE
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Reference genome

that an incomplete reference genome may partially explain why 
we still don’t fully understand the genetic causes of most diseases, 
even those that clearly have a genetic basis, as they are very often 
passed down from parent to child. 

In addition, it has become clear that certain regions of the 
human genome with high genomic diversity are also poorly served 
by the reference genome. These regions have elevated levels of 
structural variation—complex sequence differences involving long 
stretches of DNA—compared to more-conserved regions of the 
genome. They are so highly variable that no single sequence could 
adequately represent the entire human species. Many sequences 
are so divergent that alignment algorithms do not recognize them 
as belonging anywhere in the reference genome. In recent releases, 
the GRC has distributed a small number of divergent alternative 
sequences for targeted regions, but these are infrequently used, in 
part because genomic tools have not quite caught up.

Enter the scientists on a quest for ultimate genome complete-
ness. The initial goal: to complete the full sequence, telomere-to-
telomere, of every chromosome of a single human genome. The 

ultimate goal: to construct a reference genome that can capture 
genetic variation in all regions of the genome for all humans.

Leaps in technology propel genome sequencing
The Sanger sequencing that the original HGP primarily relied on 
was a time- and resource-intensive but extremely accurate way 
to determine the sequence of a DNA fragment up to about 1,000 
bases long. In the two decades following the HGP, a handful of 
different sequencing modalities have been developed (see illus-
tration on page 16), and the Telomere-to-Telomere (T2T) Consor-
tium has capitalized on this new technology to help finally com-
plete the sequence of a human genome of each and every one of 
our paired 23 chromosomes. 

Two of these new modalities, short-read sequencing by syn-
thesis and long-read nanopore sequencing, proved very impor-
tant to the T2T Consortium’s early assembly efforts. Both are 
much higher throughput than the now outdated Sanger sequenc-
ing, but each has its own limitations. Long-read sequencing can 
sequence DNA fragments of more than 10,000 bases, simplifying 

https://www.istockphoto.com/vector/puzzle-background-pattern-gm1305507790-396377052

