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THE HUMAN

Two groups have been using different strategies to complete the sequencing of the human
genome. Both have now reached goals that were set—the publicly funded effort to
produce a working draft of the human genome by a map-based strategy and Celera, to
sequence the human genome by the whole-genome shotgun approach. The availability of
sequence material obtained through different approaches greatly facilitates the ability of
the entire scientific community to interpret the data. This chart provides an introduction to
these efforts and some of the revolutionary questions that can be approached with the

human genome sequence as a tool.

Strategies for Sequencing the Human Genome
The strategy originally established by the
publicly funded effort (HGP) was based on
localizing bacterial artificial chromosomes
(BACs) containing large fragments of human
DNA within the framework of a landmark-based
physical map. Ideally, sequencing would have
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DNA within the framework of a landmark-based
physical map. Ideally, sequencing would have
been done on a clone-by-clone basis, with
clones selected from the minimum BAC tiling
path (i.e., a set of BACS that, with minimum
overlap, stretched across the whole length of the
genome). The working draft, although
containing some gaps and ambiguities in order,
will be extremely useful in such efforts as
identifying disease-associated genes. The
idealized strategy of Celera was to avoid the
up-front mapping phase by subcloning random
fragments of the human genome directly.
Sequencing of both ends of fragments in
libraries of different sizes facilitated ordering.
While saving time and effort at the beginning,
the Celera approach would make the assembly
process much more dependent on algorithms
and computer time.

In their efforts to reach their goals, the
idealized strategies evolved into hybrids in
which the HGP selected more clones arbitrarily
and Celera made use of BAC maps and sequence
generated by the HGP.

Medical Applications

The last decade has seen great strides in the identification of the genetic

contribution in diseases resulting from aberrations in single genes. The availability
of a complete genome sequence will enormously facilitate the solution of the more ..
difficult problem of identifying the genetic components of the more complex and
more common disorders (such as many forms of diabetes, asthma, cancer, and

mental illness) in which multiple genetic and environmental factors interact. Using

tornhnitnnae that oan ssosciies tha avnesaceinn nof thoncandsunf conoe at a t3mo

Random "¢ vector
sequencing
phase
- 2 “ e
0 AR PO T
Sh bl e \‘ufk
Whole- Minimum
genome Regional tiling path ¢
assembly assembly  from ordered
(WGA) approach B —— —=
Rt X B, —— —
e Regional
assembler
v Tiler S . N
WGM__-_& ________ = = =%
Component
assembly Random
/ sequencing
; actaca  phase
Regional Fiiit
human
assembly
Reconciler Assembly
Working draft

Assemble sequenced clones
and integrate maps

ACTCGAGG TCAGAC CGGATCTATTCTCCTAG CGT
T S 0 S 1 T M LT T AT AETL LA

it hﬂi’{‘ :
'ﬁ-, .ﬂ-ﬁ




more common aisorders (such as many lorms ol diabetes, asthma, cancer, and
mental illness) in which multiple genetic and environmental factors interact. Ising
techniques that can measure the expression of thousands of genes at a time,
scientists are now beginning to to look globally for differences in gene expression
that are associated with, for example, the ability to respond to different drugs or
pathological states such as cancer.

Gene expression in prostate cancer

P " Chromosomal Landscape

P . The human genome is a complicated composite of many sequence features,

g i 4% such as regions of high-GC and of low-GC content, coding sequences, control

- - elements and other kinds of noncoding functional elements, gene families,

i 3 © % repeated sequences of many different types, repeat families, etc. The diversity
e - “_ . and distribution of

e . these sequences can

; shed light on genome
Analysis of telomeres is leading fo

insights into chromosome structure and  €Volution. Initial
dynamics. analyses of the human

sequence indicate a
spectacular range in the density of these features, and
their organization provides new clues to the mechanisms
that generated the current organization of genomic
material. It may even be that we will ultimately discover
that there is little or no "junk" in the genome, and that
elements in these sequences may have highly evolved
functions.
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A two-step model for the origin and dispersal of recently duplicated
segments in the human genome. Genomic segments of various
lengths from different regions of the genome were duplicated to an
ancestral pericentromeric region followed by the dispersal of a

85 kb from 4q24; blue, 9.7 kb from Xq28; yellow, 10 kb from 2p12.

Human Diversity

Within a species, such as the human, there are relatively few differences; for example, the DNA sequences of any
two humans differ by only 0.1%. Superficial differences that have had profound social implications, such as race,
are not meaningful from a genetic viewpoint as a way of characterizing humanity. Studies of sequence
polymorphisms can provide insight into such diverse areas as human migrations and the genetic basis for disease
resistance. Genomic analysis has increased the numbers of sequence-based variants available for study,
particularly single-nucleotide polymorphisms (SNPs), by orders of magnitude. There are anticipated to be several
million common SNPs in the human population, and a significant fraction of those have already been discovered.
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Within a species, such as the human, there are relatively few differences; for example, the DNA sequences of any
two humans differ by only 0.1%. Superficial differences that have had profound social implications, such as race,
are not meaningful from a genetic viewpoint as a way of characterizing humanity. Studies of sequence
polymorphisms can provide insight into such diverse areas as human migrations and the genetic basis for disease
resistance. Genomic analysis has increased the numbers of sequence-based variants available for study,
particularly single-nucleotide polymorphisms (SNPs), by orders of magnitude. There are anticipated to be several
million common SNPs in the human population, and a significant fraction of those have already been discovered.
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F AR determine their function. Examination of the
9 o-o-oo & ® *—o—o sequence suggests that there are far fewer

Sequence variations of four donors, including one Caucasian, one Hispanic, one  genes in the human genome than the long-

Chinese, and one African, in a 2800-bp region with 15 SNPs. The blue and orange E i
circles are used to represent biallelic variations. Heterozygous sites in donor B expected 100,000—now the estimates indicate

were labeled as half-blue, half-orange circles. numbers closer to 30,000 to 40,000. Gene
prediction is currently in a state of flux, with

considerable ongoing research aimed at deriving the best algorithms to recognize a gene from the nucleotide sequence.

Although various motifs can give clues, laboratory work will also be required to establish function. Of the open reading
frames identified by sequence analysis, many have no predicted function at this time.
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