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ANALYSIS
biotechnology

Building the sequence map of the human
pan-genome

Ruigiang Li'27, Yingrui 1i'7, Hancheng Zheng!7, Ruibang Luo'37, Hongmei Zhu!, Qibin Li, Wubin Qian?,
Yuanyuan Ren', Geng Tian', Jinxiang Li', Guangyu Zhou', Xuan Zhu', Honglong Wu'#, Juniic Qin', Xin Jin'%,
Dongfang Li"*%, Hongzhi Cao'#, Xueda Hu', Héléne Blanche!, Howard Cann*, Xiuging Zhang', Songgang Li',
Lars Bolund"%, Karsten Kristiansen'~, Huanming Yang', Jun Wang™* & Jian Wang'

Here we Integrate the de now assembly of an Aslan and an genetic differences at the individual level. P(eliminln' nalyses have
Afrizan ganome with the NCBI reference human genome, asa revealed that these genomes contain uq s that could not be
step toward constructing the human pan-genome. We Identified Fp genom It
~5 Mb of novel sequances not present In the reference genome ing inthe proposal that the majority of xhw sequences likely Nlong
In each of these assemblies. Most novel sequences are Individual  to the gap regicos in the £ the b
o population spectfic, as revealed by their comparison to all blytz, When fosmid clones from HapMap zamples were sequensed.
avallable human DNA sequence and by PCR validation using 525 sequence: lentified that mapped instead to highly poly-
the human genome diversity cell line panel. We found novel morphic structur. iant regions, among which 172 sequences
saquences present In patterns conslstent with known human appeared tobe specific o the individual rather than tobe sequences
migration paths. Cross-specles conservation analysis of predicted  missing asa res nl« of gaps inthe reference genome®, Thus,| the variable
genes Indicated that the novel sequances contaln potentially part o th ition in the human g
functional coding regicns. We estimate that a completa human specific seque m.es may contribute \am».ienhk sequence divergence
pan-genome would contain ~19-40 Mb of novel sequence not ition to substitutions, base- pair level indels. rearrangements
present In the extant referance genome. The extersive amount or number changes present in the commonly shared part of
of novel sequence contributing to the genetic variation of the human genomes. Substantial effcet has been taken Io:eﬁne senomic
pan-genome Indicates the Importance of using complete g reference i.nlm nih.
sequencing and de novo assembly. ). but thulwgh vide characterization is still
Decessary togaina ing of individual
The Human Gencme Project’ established the foundation for buman  cific sequences.
gemomics studies, t analyses unveiled genetic variations and  These intriguing findings and the limited amount of information
identified their efects on phenotypic diversity and differenses in s about the extent and range of divesity that these individual-spesifi
case suscepibiliy. Guided by he National Cente foe Biotshnlogy — sequenses oniribae fo humman seoctic rariation prompled us o begin
NCBI) reference. human mu. tobuild the hurnm the

@ © 2009 Nature America, Inc. All rights reserved.

variaticn focused lirgely co identifying’ and cataloging®* of all buman DN in i populaticn. We
otds polymorphisens (SNPs) and stuching ther asscittcn to human  wsembled de o mh Asian and African complete individual genome
diseases’. sequenzes and compared them 1o the NCBI reference buman gencene.
has also b il dandyoed - Ot findings shoneed that buman genomes contain 8 Lrge amount of

in the human gencene™10, Additicoal

The availatility of 3 number of individual buman genomes' ! analy i 8 i
bas prorided an unpeecedented opportusity 1o investigate detiled - expeckedto exist betwsen any beo individuulsas wellas obsin nforms.-

he peesence of potentially 1 within
these pavel saquences.

Our study also shows that combining individual specific sequences
with shared coee human genome sequences will enable the creation of
a human pan-genome that will be important for better understanding
persanal gepomes and theix ws in medical seoomiss stodics. Based on

ar itisalsocl ¥ pan.
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