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Construction and Application of Genomic 
DNA Libraries 

Hye Ran Kim, Tae Jin Yang David A. Kudrna and Rod A. Wing 
Ari::::ona Genomic. In fitlll e, Department of Plant cience., The 111iver ity of Ari::::ona, 

Tue on, AZ, 

INTRODUCTION 

Crop failur , pathogeni utbreak and famine 
are eriou problem facing ·oci t . nder tanding 
an organi m' gen m will h Ip pr vid th genetic 
tool needed to olv the omple pr blem in a 
horter time and with le . er effort. To effici ntly 
tudy an organi m' genome, it can b partitioned 

into a permanent and tabl olle tion of D A 
fragment , called a library. u h librari pro ide 
con enient acce • to a g n m [i r both laborator 
and breeding applicati n . n mi librarie can 
b u ed as ub trate l ph i ally map and 
cqu nee entire genom , I ne agri ulturall) 

important gene and to inve tigat en pre ion 
pattern . Further, genomi librarie al o pr vidc 
p werful tool and re ·ource r e aluating 
germpla m con er ation t ck · and biological 
diver ity. Since the ongoing e plo ' i n f geneti 
data and molecular clone re ·ource • ha · opened 
new ientific po ibilitie with unfamiliar term 
and acronym to re earch rs v nturing aero· all 
a cnue of applied science, we have inclu<lc<l a ta le 
of u ef ul terms and abbr viation for thi chapter 
(Table 5.1 ). 

Seriou con ideration mu t be gi en to th 
variou • kind of librarie that can be c n ·tru t d 
with re pe t to different in ert ·ize , fragmen­
tati n method , vector , overag , d wn tream 
op ration , tc. Though down tr am appli ati n 

HanJho"k uj />lam Biu/echnulogy. Ed11cd by Paul hn tou and HJrry Kkc. 
20(),4 fohn \\'ilc. on Ltd. I B 0-47 1- 5199-. 

( ee the pplications ection of this chapter) differ 
for type of libr, rics. fragmentation size i the fir t 
con iderati n in g n mic library con tructi n. 
Gen mic ON Jibrarie are la sified a hotgun 
librarie , m dium- iz in ert librarie and large 
in ertlibrari d p nding on in rt ize . hotgun 
library, with a ·mall r in ·ert ize generall 1.5 
10 kbp), i made u ing high- op pla mid ector. 
It i th mo ·t c mm n re ource for com pl t 
equencing of large g n mi D clone (e.g. 

co mid, P , B and clone and large 
D fragm nt (P R pr du t and re tri lion 
fragment ). ith th intr du tion of capillary 
equencer for larg - ale, high-throughput D A 
equencing, the . h tgun library approach i 

con idered a ·tal1(.lard method for generating 
equence-ready ublibraric • for g nom projects 

and po itional cloning tudi . 
Co mid and fo ·mid libraric ontain medium-

sized in erl (35-45 kbp). mid, are hybrid of 
)..-phage and pla mid ·. Th an r pli ate in the cell 
like a pla mid duet the pla mid replicati n origin 
and be packaged like a phag b au ·e of exi ting 
cos ites. Sine m t f the >.-phag tru ture ha 
b en deleted, the can can- D in rt up to 
45 kbp. Thi type of librar i u ful fi r I ning 
Ludie becau of it irn Ii it) and economic 

efficienc for con truction in mpari n with 
large in ert library con tructi n. he fo mid 
cloning y tern i imilar in ·iz to o mid and 
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Table 5.1 Reference terms and abbreviations used 

Term/abbreviation Definition, literature reference 

ABRC 
AGI 

Arabidopsis Biological Resource Center, http://www.arabidopsis.org/abrc/ 
Arizona Genomics Institute, http://www.genome.arizona.edu 

BAC 
Chimerism 
Cos 
Cosmid 
Coverage 
CUGI 

Bacterial artificial chromosome, Shyzuya et al. (J 992) 
Cloning of two or more unlinked DNA fragments in a single molecule 
Cohesive end in DNA of bacteriophage lambda 
Cohesive end site (cos) of bacteriophage). DNA containing plasmid, Hohn ( 1979), Hohn et al. ( 1988) 
Number of subclones that span the source clone or genome 
Clemson University Genomics Institute, http://www.genome.clemson.edu 

Fl factor 
Fosmid 

Fertility factor of E. coli, Cavalli-Sforza (1953), Hayes (1952), Willetts and Skurray (1987) 
F-based cosmid, Kim et al. (1992) 

Genome The total genetic content contained in an organism 
Genomic library 
High copy plasmid 
Insert 

A set of DNA clones obtained from one original DNA sample 
A circular, double-stranded unit of DNA that replicates > 100 copies, independent of chromosomal DNA 
Foreign DNA to be inserted into vector 

PAC 
PCR 

Pl artificial chromosome. loannou et al. (1994) 
Polymerase chain reaction 

Physical mapping 
Positional cloning 
Shotgun 

Assembly ofa whole (or partial) genome using large clones like BACs, YACs or PACs 
The isolation ofa gene based on its position on a genetic and/or physical map 
Random 

Vector Agent that transfers genetic material 
YAC Yeast artificial chromosome, Burke et al. (1987) 

the vector is derived from the endogenous 
E. coU Fl factor that maintains inserts in a single­
copy state adding to the fidelity and stability of 
the DNA insert. The fosmid system is useful for 
easy generation of medium-sized insert (45 kbp) 
genomic libraries produced from small amounts 
of source DNA such as flow-sorted chromosomal 
DNA (Gingrich et al., 1996). 

Large-insert genomic DNA libraries are essen­
tial for physical mapping, positional cloning and 
genome sequencing of complex genomes. There 
are two principal large-insert cloning systems: 
yeast and bacterial artificial chromosome systems 
(YACs and BACs). The YAC cloning system was 
first developed in 1987 (Burke et al., 1987), and uses 
Saccharomyces cerevisiae as the host and maintains 
large inserts (up to 1 Mb) as linear molecules 
with a pair of yeast telomeres and a centromere. 
Although used extensively in the late 1980s and 
early 1990s, this system has several disadvantages 
(Anderson, 1993; Zhang and Wing, 1997). The 
recombinant DNA in yeast can be unstable. DNA 
manipulation is difficult and inefficient. Most 
importantly, a high level of chimerism-cloning 
of two or more unlinked DNA fragments in 
a single molecule- is inherent within the YAC 
cloning system. These disadvantages impede the 
utility of YAC libraries and subsequently this 

system has been gradually replaced by the BAC 
cloning system introduced in 1992 (Shizuya et al., 
1992). 

The BAC system uses a derivative of the 
E. coli F-factor as a vector and E. coli as the 
host, making BAC cloning and subsequent down­
stream procedures efficient and easy to perfom1. 
Recombinant DNA inserts of up to 200 kb can be 
efficiently cloned and stably maintained as single­
copy plasmids in E. coli. BAC libraries have been 
developed for essentially all major crop plants, as 
well as model plant species, such as Arabidopsis 
thaliana and rice, and can be accessed from the lab­
oratories that made the libraries or through various 
stock centres (e.g. AGI, CUGI and ABRC). 

In this chapter we will present the details for 
small- and large-insert library construction and 
their applications. 

Shotgun Libraries 

Shotgun libraries of whole genomes or individual 
BAC clones are extremely useful for generating a 
draft or complete sequence ofagenome or genomic 
region. The term shotgun refers to fragmenting 
the target DNA into small fragments that can 
be easily cloned and sequenced. For BAC and 
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Table 5.2 Procedures. methods and considerations for msens of shotgun libraries 

Procedure Consideration Method Reference 

I. Target DNA 
isolation 

E coli genomic DNA 
contamination free 

Quantity (more than 2 µg) 
Easy and simple for high 

throughput 

(a) CsCI-EtBr gradients 
method 

(a) Sambrook er al. (200 I ) 
(b) http://www.genome.arvona.edu/ 

information/protocols/BAC D /\ 
prep.html 

(b) Double /\cctatc 
precipitation method 

(c) Qiagen large construct kit (c) hllp://www l .qiagen.com/ literature/ 
handbooks/INT /plklit.asp;.,. 

2. Fragmentation Reproducibility (a) Partial digestion (a) Maniatis et al. ( 1982) 
Narrow range of fragment sizes 
rragment length 

(b) DNasc l 
(c) Sonicauon 

(b) Anderson (1981) 
(c) Ocinmger ( 1983) 

1 ligh yield fragmentation 
Randomness 

(d) Nebulisation (d) Bodenteich et al. (1994) 
(e) Oefner et al. ( 1996); (e) Hydroshear 

http://www.geoemachines.com/ 
hydroi;hcar /index.html 

3. End repair Less reaction and purification 
steps to mm1m11e loss 

(a) T4 DNA pol) merase. (a) Wilson and Mardis ( 1997) 
(b) r..piccntre End-it kit 

http://wW\\.epicentre.com 
(c) Wilson and Mardis (1997) 

of the ~ample 
Beller ends for ligation 
T4 D A polymerase: 5' 

overhang filling and 3' 
overhang digestion 

K.lenow enzyme and T4 
polynucleotide kinase 

(b) mixed enzyme kit 
(c) mung-bean nuclease 

Kienow enzyme: 5' overhang 
repair 

T4 polynucleotide kinase: 
phosphorylate 5' ends 

4. Size selection 
and elution 

lligh yield 
Endonuclcase free 

(a) Agarose gel elcctrophores1s 
and gel elution 

(a) Qiagen QJAEX ll gel ex traction system 
ht tp://\\--ww.qiagen.com 

Simplicity for high throughput (b) Column chromatography (bl Clonctcch CHROMA SPIN Columns 
ht tp://wW\\.clOntcch.com 

whole-genome sequenci ng, two types of libraries 
are typically constructed: 2 5 ki lobase (kb) 
insert libraries in standard high-copy plasmid 
vectors, and 10 kb insert libraries constructed in 
medium-copy vectors. The most effective shotgun 
library construction method is blunt-end cloning 
of randomly fragmented DNA. This ensures that 
the library is as random as possible and it is not 
dependent upon the frequency of a particular 
restriction site. Shotgun library construction 
follows the general scheme below: 

( I) BAC or genomic DNA is isolated using 
standard protocols. The D NA is fragmented to 
the desired size (e.g. GeneMachine's hydroshea r, 
ncbulisation and sonication}, end repaired to 
generate blunt ends, size selected on agarose gels, 
eluted and concentrated. 

For making shotgun libraries from large-in 'ert 
genomic clones (cosmid/fosmid/BAC/PAC), the 
clones are first checked for cross contamination 
by comparing restriction-digestion patterns from 

at least ten isolated single colonies, and the clone 
identity is validated by fingerprin ting, hybridisa­
tion or BAC-end seq uencing. The most common 
methods for favourable insert preparation are 
summarised in Table 5.2. 

(2) High-copy or medium-copy vectors are 
digested with a blunt-end restriction endonuclease 
(e.g. EcoR V) and then dephosphoryated using calf 
intestinal alkaline phosphatase (Cl P). 

The choice of the shotgun-cloning vector 
depends on the strategy for sequencing. Shotgun 
cloning vectors are classified as single-stranded 
bacteriophages, double-stranded plasmids and 
phagemids (double-stranded D 1 A vectors that 
produce single-stranded products by helper bacte­
riophages). The features of these various shotgun 
cloning vectors are summarised in Table 5.3. 

The single-stranded DNA approach. using M 13 
bacteriophage vectors, is a simple method that 
produces a high-quality sequence-grade template. 
Although these advantages are utilised in high­
throughput approaches, the bacteriophage vector 
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Table 5.3 Features of shotgun library vectors 

Antibiotic Jnserl Blunlend Optimal 
Size* Copy selection selection cloning insert size 

Class Name (bp) Replicont numbcrt marker~ gene site (kb) Reference 

Bacteriophage Ml3 seriei. 7300 PISA KM lacZ Sma l 1.5 Yanisch-Perron e1 al. 
(1985) 

Phagemid pBluescript 3000 pMBI 500-700 Amp lacZ EcoRV <10 Strategene http://www. 
series strategenc.com 

Plasmid pUC series 2700 pMBl 500 700 Amp lacZ Sma r <10 Yanisch-Perron et al. 
(1985) 

Plasmid pZERO series 3297 Co!El 500-700 KM ccd B EcoRV <10 Invitrogen http://www. 
invitrogen.com 

Pla,mid pCUGlblu21 3064 pMBI +rop >25 KM lacZ EcoRV < 10 Yang et al. (2003) 

Plasmid pCUGJbtu3 1 2401 ColEI 500-700 KM lacZ Eco RV < 10 Yang e1 al. (2002) 

• Small vec1or size 1s recommended for sequence-finishing phase. 
The pl\181 origin of rcplicauon is closely related 10 Lha1 of Col El. 

• High copy number plasmid is desirable for high-throughput sequencing and medium-copy number plasmid is desirable for construction of relatively 
largc-inscn (up10 10 kbp) library Thi, medium copy number pla,mid is derived from pBR322. The diffcrc11cc i11 copy number is due to difTerences in 1he 
rop gcnc. I unclional rop gene mainlains the copy number at about 25 copies per cell by preventing access of DNA polymerase I to the RNA 11 primer. 
and thus inhib11ing DNA rcplicauon of the plasmid. 
I Amp1cillin 111 ,election media rc,ults in undesirable satellite colonies: carbenicillin or pcnicillin-G i, more stable. 
1/a<· /. gene is a reporter gem: 10 allow selection of positive protein protein interactions by assaymg for galactosidase acllvily. ccd B gene is 1he lethal 
1:;. rnli gene thal allows uirect ~election of inserl via disruption of lethal gene. 

performs poorly in regions containing repeated 
DNA sequence because of clone instability during 
growth and rcplicalion. 

Double-stranded vectors provide a better rep­
resentation with less clone bias, as well as stable 
maintenance of repetitive regions. With the devel­
opment of cycle sequence protocols (Gyllensten, 
1989) and simpler, easier plasmid template 
generation methods (Kim, in preparation), the 
shotgun approach with a double-stranded vector 
is pref erred. 

Phagemid vectors can be used lo generate 
both single- and double-stranded products, which 
introduce the advantage of stability from double­
stranded vectors and high-quality sequence read­
ing from single-stranded vectors. This type of vec­
tor has become more useful with the development 
of high-throughput template generation of plas­
mids and improved cycling sequencing chemistry, 
which is desirable for either single- or double­
strand template generation. Since a single­
stranded template can be easily generated from the 
phagemid subclones, which are just like phagemids, 
they can be more useful for removing low-quality 
regions that are GC rich or contain a complex 
secondary structure. 

Larger-insert shotgun librarie (e.g. 10 kbp, 
50 kbp) require construction and the use of 

medium- or low-copy number vectors for stable 
maintenance of inserts. The pCUGiblu21 vector 
(Table 5.3), a derivative of the medium-copy plas­
mid vector pBR322 (25 copies/cell), was created 
for larger-insert shotgun library construction and 
is publicly available (Yang et al., 2003). 

(3) The size-selected target D A and linearised 
vector are ligated together and then electroplated 
into E. coli. The transformation mixture is plated 
onto a selective medium and grown overnight. 
Before picking sufficient clones for a library, a 
quality check is performed as a preliminary test. 
Templates of clones (e.g. 96 samples) are prepared 
and sequenced. The sequence is ana lysed by 
comparison to the E. coli genome sequence and 
vector sequences using the cross-match program 
(http://www.phrap.org/). In general, a library 
with less than 5% contamination is considered 
useful, and would be picked into 384 well-cultured 
plates containing appropriate media, stored at 
-80~ C prior to convenient sequencing. 

Bacterial Artificial Chromosome Libraries 

In 1994 our group was the first to construct 
a BAC library for a plant using the 750 Ylb 
genome of Sorghum bicolor (Woo et al., 1994). 
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Since then we have constructed a substantial 
number of deep-coverage BAC libraries, including 
Arabidopsis (Choi et al .. 1995). rice (Chen er al., 
2002), melon (Luo et al., 2001), tomato (Budiman 
er al., 2000), soybean (Tomkins et al., 1999) 
and barley (Yu et al.. 2000), and have pro­
vided them to the community for genomics 
research (http://www.genome.arizona.edu and 
http://www.genome.clemson.edu). 

Se,·eral detailed protocols have been publi hed 
for the construction of high-quality plant and 
animal BAC libraries (Amemiya et al .. 1996; Birren 
et al., 1997; Osoegawa er al .. 1998; Zhang et al., 
1996; Choi and Wing, 1999; Peterson et al., 2000; 
Luo and Wing. 2003) including four from our 
laboratory. The construction of BAC libraries is 
different from that of a shotgun or lambda DNA 
library used as described above and follows the 
following general scheme: 

I. Megabase-size DNA is isolated by embedding 
nuclei or protoplasts in agarose followed by 
DNA purification in situ (Wing et al., 1993; 
Zhang et al., 1995; Birren and Lai, 1993). 
The result is a 'porous bag' of high molecular 
weight DNA that has never been subjected 
to shearing. DNA in this state can be stored 
indefinitely and can easily be digested with 
restriction enzymes. 

2. Megabase-size DNA is then partially digested 
with a restriction enzyme(e.g.1/ind llI, EcoRl. 
Mbol) to generate a majority of D A 
fragments in the size range of 100 300 kb. 
DNA fragments in the size range of I 00 
300 kbs are then size selected using pulsed-field 
gel electrophoresis in IO o agarose gels. 

3. The size-selected D A fragments arc eluted 
from the gel. concentrated and then ligated to 
an appropriately digested and dephosphory­
lated BAC vector. The most commonly used 
BAC vectors are pBeloBAC 11 or plndigo­
BAC536 (Shizuya and Kouros-Mehr, 2001). 

Two BAC plant transformation vectors, 
binary BAC (BlBAC: Hamilton, 1997) and 
transformation-competent artificial chromo­
some (TAC: Liu et al., 1999), have been 
developed, and can be used to integrate large 
D A fragments into plant genomes. Libraries 
in such vectors have the potential to streamline 
positional cloning projects by eliminating the 
subcloning of individual candidate genes into 

conventional plant transformation \'ectors 
(Liu et al., 1999). 

4. After ligation. the D A is electropolated 
into high-efficiency, competent £. coli. The 
transformation mixture is then plated onto a 
selective medium and finally, the recombinant 
clones are individually picked into 384-well 
microtitre plates, grown overnight and stored 
at -80 C until further use. 

5. Once a BAC library is constructed it needs 
to be in a format that is easily accessible to 
the researcher. One of the most convenient 
methods available is to grid the library 
onto 22 cm x 22 cm nylon filters. After colony 
growth, the colonies are lysed and the DNA is 
denatured and fixed to the filter. The filters may 
be probed with single or pooled radio-labelled 
probes and the positive signals detected by 
autoradiography. 

Library Coverage 

When constructing a genomic DNA library. the 
number of clones required to obtain adequate 
coverage can be calculated using the following 
formula (Clarke and Carbon. 1976): 

N = In(] - P)/ ln(l - I / GS) 

where N is the number of clones, P is the proba­
bility, I is the insert size and GS the genome si?e. 

In general, a 5X genome-equivalent library will 
give a 95°,o chance of obtaining a particular clone 
of interest. In practice, for BAC libraries, a I OX 
genome-equivalent BAC library is sufficient for 
most purposes. However, if one is considering using 
BAC libraries to generate sequence-ready physical 
maps or to sequence a complete genome, then 2-3 
I OX BAC libraries should be constructed from 
two to three different restriction enzymes. Such a 
collection of libraries will help to ensure that most 
of the genome is covered with BAC clones. 

For shotgun-sequencing libraries, clones are 
assembled by overlapping sequence reads. Because 
of the probabilistic nature of the overlaps, high 
redundancy is required for complete coverage. 
Coverage is defined as the number of subclone 
sequence reads that span the large-insert source 
clone. Theoretically, an eight-fold average redun­
dancy covers 99°1<> of target DNA with 500 bp read 
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length. This. or even higher redundancy is required 
for higb accuracy and completeness for whole­
genome sequencing. 

The number of reads for desired coverage can be 
determined by the formula: 

N=(CS/L)/R 

where N is the number of reads, C is the desired 
coverage, S is the size of the target DNA, L is 
the high-quality sequence read length and R is the 
sequencing successful ratio (0Ai). 

However, for positional cloning, when the 
primary purpose of a shotgun I ibrary is to identify 
and isolate single-candidate coding exons. the 
precision and completeness of the sequencing 
become less important. Cleverie (1994) reported 
that 2.5-fold coverage is sufficient to determine 
approximately 92% of a target sequence of any 
length which will allow most coding exons to be 
discovered in a positional cloning experiment. 

Applications 

Positional Cloning 

Positional cloning can be defined as the isolation 
of a gene based on its position on a genetic 
map and usually involves four basic steps: (a) fine 
genetic mapping of the target gene with molecular 
markers; (b) determination of the relationship 
between genetic and physical distance (PFGE, 
FISH); (c) chromosome walking or landing using 
a BAC library; and (d) gene identification (e.g. 
genetic complementation, shotgun sequencing). 

Over 130 plant genes have been positionally 
cloned in the past 10 years with a majority of 
examples using BAC clones. 

Physical Mapping 

Since high-quality deep-coverage BAC libraries 
exist for the majority of crop p lants, it is now 
practical to consider the development of whole­
genome physical maps for these crops. Whole­
genome physical maps are constructed by generat­
ing restriction fragment fingerprints for each BAC 
clone of a library and assembling the fingerprints 
into a contig based on shared bands using software 
like FPC (Fingerprint Contig: Soderlund et al., 

l 997). Additional information can be added by 
sequencing the ends of all the BAC clones to 
generate a sequence-tagged connector database. 

Whole-genome physical maps have been pub­
lished for Arabidopsis and rice and several others 
are in progress including maize. sorghum. tomato, 
wheat. cotton, medicago and soybean. 

For rice, Chen et al. (2002) fingerprinted over 
72,000 BAC clones from t\.vo libraries representing 
20X the genomic coverage. The fingerprints were 
assembled into 458 contigs, half of which could be 
easily anchored to the rice genome. 

A new method of fingerprinting called high­
information content fingerprinting technique 
(HICF) (Ding et al., 200 I) is emerging. This 
method employs a double restriction enzyme diges­
tion (a type II 4-base cutter and a type IIS 6-base 
cutter) leaving one 5' overhang available for a fill-in 
reaction with nuorescently labelled dNTP. Chro­
matograms arc analysed following electrophore­
sis on a nuorcsccnce-dctccting DNA analyser. 
Fragment siLes, and the identities of the labelled 
base at the 5' end, arc uploaded into an adapted 
FPC program called multiFPC. Assembly is five­
to seven-fold more efficient relative to aga rose 
and the average number of fragments per clone 
increases from 25 for agarose to 90 with HTCF. 
Probability ratios arc also dramatically reduced by 
three- to fivefold. Utilisation of high-throughput 
DNA capillary sequence analysers also will 
streamline this improved method. Data handling is 
accomplished completely by mechanical means as 
opposed to a semi-manual scoring of fragments of 
gel images, thusallowingfordigital files of sizes and 
tagged bases at markedly improved throughput 
rates with significant reductions in errors. 

As fingerprinted genomes become a, ailable, 
greatly reduced numbers of BACs may be tiled 
together to represent a genome. These minimum 
tiling libraries consist of identified BACs from a 
fingerprinted library such that one BAC overlaps 
the next BAC and so forth, encompassing an 
entire chromosome. These minimum-tile physical 
mapping libraries will provide researchers with 
concise resource~ lo reduce time and costs. 

Shotgun Sequencing 

Shotgun sequencing is a standard approach for 
complete DNA sequencing oflarge-inscrt genomic 
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clones (e.g. cosmids, PACs and BACs) as well as 
entire genomes (e.g. Arabidopsis, human. yeast, 
fruitny and many microbial genomes). :'.\!fore than 
1000 completely sequenced organisms, and those 
\.\hose sequencing is in progress (e.g. rice and 
corn), are summarised in the Entre.l Genome 
database. (http://www.ncbi.nlm.nih.gov/entrez/ 
qucry.tcg1'!db=Genome). 

There arc two strategies for large-scale genomic 
D A sequencing using the shotgun approach. 
The fir t is clone-by-clone shotgun sequencing 
(Figure 5.1) \\hich was u cd for yeast, C. elegans 
(GofTeau et al., 1996: The Caenurlwhditis elegans 
Sequenc111gConsort1um, I 998). human (The Inter­
national Human Genome Mapping Consortium, 
200 I) and A rabid op is genomes (The Arabidopsis 
Genome l111tiat1\C, 2000). This strategy requires 
a complete sequence-ready physical map. A 
sequence-ready physical map is a set of cloned 
D A fragments whose position in the genome, 
relative to each other. is known. The selected 
clones are randomly fragmented and subcloned 
into an appropriate vector. The randomly 

Clonebv clane 9batam 

Clone 9l!ll!doll ~IOYAC) 

Basedonsap!lla!niadJ~nap 
l 

Clor.:wilt.Aii, 

l 
Tagl!lotMiscMallhm smdlJd dme 

l 
Frag,,elliiliw, of isdad agdotM 

l 
Endnipa-

l 
Sn s D lanand,._(2-3Dbp) 

fragmented shotgun libraries are sequenced to 8X 
coverage. assembled and finished (remove gaps 
and ambiguous or 10\\,-quality regions). Some 
disad\'antages of this method are that a physical 
map is required and the procedure is slO\\, and 
has significant overlaps between adjacent clones. 
However. it is commonly used as a standard 
procedure for eukaryotic genomes that have many 
repeats or hcterochromatin regions. 

The second approach is the whole-genome shot­
gun (WGS) approach (Venter et al., 1996). This 
procedure. outlined in Figure 5.1, uti lises whole 
genome libraries with a variety of insert si,es (mi­
crobial genome: Fleischmann et al., 1995, Fraser 
and F leischmann, 1997; Drosophila genome: 
Adams et al., 2000: human genome: Weber and 
Myers, 1997; Venter et al., 200 I). Genomic DNA 
is fractionated into th ree sized fractions (e.g. 2 kbp, 
IO kbp and 50 kbp) and used to construct plasmid 
libraries to cover the enti re genome in an unbiased 
manner, thereby reducing potential misassemblies. 
These libraries are used for sequencing. generating 
roughly ten-fold coverage and assembled using 
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Fig. 5.1 Strnteg1es of clone-by-clone. shotgun am.I \\hole-genome shotgun libraries u-.ctl for large-scale genomic DI\IA sequencing 
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software (Celera Assembler for Drosophila WGS. 
Myers et al., 2000; ARACHlNE Assembler for 
mouse WGS, Jaffe er al., 2003; JAZZ Assembler 
for Fugu rubripesWGS, Aparicio el al., 2002; RePS 
Assembler for rice, indica, WGS, Yu er al., 2002; 
Myriad Assembly Program fo r rice, japonica, 
WGS, Goff et al., 2002; Phusion Assembler for 
mouse WGS, and C. briggsae WGS, Mullikin and 
Ning, 2003). The WGS approach is a rapid and 
economic strategy for sequencing some genomes 
because it does not require any preliminary 
data. However, it is not a good approach for 
complex eukaryotic genomes with repeats and 
heterochromatin regions that will cause sequence 
misassemblies and/ or poor coverage. 

For both sequencing approaches, different sets 
oflibraries (different enzymes or sizes) are required 
for gap filling or coverage with lesser bias. Ten 
kilobase shotgun libraries (shotgun library with 
10-kbp insert size) have become popular as addi-

Sequencing gap 

tional resources for large DNA sequencing due to 
their ease and efficient construction in comparison 
with larger insert libraries (e.g. BAC library or 
cosmid and fosmid library). The insert size, IO kb. 
is ideal for filling sequencing gaps identified after 
an assembly of small-insert library sequences 
and for filling clone gaps with minimal overlap, 
adding to its cost effectiveness (Figure 5.2). 
Moreover, whole-genome 10 kb libraries are 
valuable resources for an isolation of complete 
gene structures because most of the predicted 
genes from higher organisms are less than 8 kb 
in si,1e. These libraries may be used for small­
scale comparative genome studies by orthologous 
gene comparison or for identification of full gene 
structure v. ith expressed sequence tags (ESTs). 

Shotgun approaches are also important tools for 
positional gene cloning. Because many agricultur­
aJly important traits are controlled by genes, whose 
products are unknown, the final step in positional 
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Fig. 5.2 Utilisation of shotgun libraries for contiguous genome sequence assembly. A sequence-ready physical map is 
produced, a large-insert BAC clone is chosen and a number of DNA sequences are generated by shotgun sequencing of a 
3 kb shotgun library. These sequencing reads are subsequently assembled by a computational algorithm and the DNA sequence 
assembler merges DNA fragments with overlapping ends into larger fragments (contigs). Due to non-clonable sequences, randomness 
of shotgun libraries is repeated, some regions of the actual DNA sequence are not covered by the comigs and gaps are observed 
(sequencing gaps). The sequence-ready physical map from the BAC clones contains clone gaps. IO kb insert size library is ideal for 
filling sequencing gaps identified after assembly of small-insert library sequences and/or for filling clone gaps with minimal overlap 
thus adding to its cost effectiveness in comparison to whole BAC sequencing 
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cloning is isolating the target gene from a larger 
genomic DNA insert clone. Subclone shotgun 
libraries that are created from a differentially 
fragmented target gene, a containing large clone, 
provide a systematic approach to final gene 
identification and sequencing. 
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