Available online at www.sciencedirect.com
MOLECULAR
SCIENCE DIRECT?®
@ & BIOCHEMICAL
PARASITOLOGY

k)

::'.- ;,1
ELSEVIER Molecular & Biochemical Parasitology 144 (2005) 177—186

Microarray-based comparative genomic analyses of the human malaria
parasitePlasmodium falciparum using Affymetrix arrays

Céeline Karine Carrét*, Paul Horrock$, Bernard Konforto¥, Elizabeth Winzelet,
Matloob QuresH, Chris Newbold, Alasdair Iven$

@ Pathogen Microarrays Group, The Wellcome Trust Sanger Institute, Genome Campus, Hinxton, Cambridge CBI10 1SA, UK
b Molecular Parasitology Group, Nuffield Department of Medicine, Weatherall Institute of Molecular Medicine, John Radcliffe Hospital,
University of Oxford, Oxford OX3 9DS, UK
€ MRC-Laboratory Of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK
4 The Scripps Research Institute, La Jolla, CA, USA

Received 20 June 2005; received in revised form 16 August 2005; accepted 16 August 2005
Available online 8 September 2005

Abstract

Microarray-based comparative genomic hybridization (CGH) provides a powerful tool for whole genome analyses and the rapid detection
genomic variation that underlies virulence and disease. In the figthefiodium research, many of the parasite genomes that one might wish to
study in a high throughput manner are not laboratory clones, but clinical isolates. One of the key limitations to the use of clinical samples in CG
however, is the miniscule amounts of genomic DNA available. Here we describe the successful application of multiple displacement amplificat
(MDA), a non-PCR-based amplification method that exhibits clear advantages over all other currently available methods. Using MDA, CGH w
performed on a panel of NF54 and IT/FCRS3 clones, identifying previously published deletions on chromosomes 2 and 9 as well as polymorphi
in genes associated with disease pathology.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction apy to replace those rendered ineffectual by the spread of drug
resistance. A longer-term vaccine-based strategy has met with
Malaria inflicts a serious health and economic burden orsome limited success, although the development of a cheap effi-
those countries in which it is endemic. The most severe forntacious vaccine suitable for Sub-Saharan Africa is still some
of this disease is caused Wasmodium falciparum, responsi-  distance off2].
ble for between 300 million and 500 million clinical cases and The complete annotateBl falciparum genome sequence
between 1 million and 3 million deaths annually, most of thesevas published in 20023] with subsequent gene expression
in young children in sub-Saharan Afri€H. The impact of this  [4,5] and proteomic analysg6,7] providing valuable insights
disease serves to highlight the importance of developing newnto potential new intervention targets. Comparative genomic
programmes of mosquito vector control and anti-parasitic therhybridization (CGH) provides a complementary approach to
the identification of potential vaccine and drug targets. Using
Abbreviations: CGH, comparative genomic hybridization; DOP-PCR, microarray teChHOIOg){’ genomic DNA from one isolate/clone .
degenerate oligonucleotide primed PCR; KAHRP, knob-associated histidin€c@N be compared against an arrayed reference genome and dif-
rich protein; LMP, ligation mediated PCR; MDA, multiple displacement ampli- ferences between the two identified. In cancer research, such
fication; PCR, polymerase chain reaction; PEP, primer extension preamplificgechnology is widely used not only for the identification of
tion; PfEMP3,Plasmo‘d-ium‘falciparum erythrocyte membrane protein 3; WGA,  ~5ncer-related gend8,9] but also to detect DNA copy num-
whole genome amplification ber aberrations or loss of heterozygosity (LOHD]. In the
* Corresponding author. Tel.: +44 1223 834244x7123,; . - . . ; ) .
fax: +44 1223 494919, investigation of infectious disease, CGH has assessed vaccine
E-mail address: cke@sanger.ac.uk (C.K. Carret). response heterogeneity fdiycobacterium sp.[11], investigated
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host—pathogen relationshi$2,13] and using long oligonu- samples, we have compared sevétghiciparum isolates and

cleotide microarrays, has catalogued the degree of genetic vataboratory clones. In doing so, we have been able to unequivo-

ation between laboratory lines Bffalciparum [5]. cally identify genomic differences of likely biological signif-
Comparative genomic analyses have also played an impoieance. The protocol we have developed thus lends itself to

tantrole in the annotation ®asmodium sp. genomes. Using the the investigation of sequence polymorphism in the pathology

complete genome sequence®ghilciparum andP. yoelii,com-  of clinical malaria.

parative annotation of several othRlusmodium sp. genomes

are under way (selattp://www.genedb.ory/ New initiatives to 2. Materials and methods

sequence a second laboratory isolat® gticiparum, as well

as clinicalP. falciparum isolates, has increased the power with 2.1. P. falciparum culture and genomic DNA extraction

which we can assess genomic differences between these para-

sites. Perhaps the best-studied variations are those within the P. falciparum clones and isolates were cultured in vitro in

sub-telomeric regions, where members of the multigene famdonated human type O erythrocytes as descriB2d The ref-

ilies involved in antigen variation and cytoadhesion (namelyerence clone 3D7, used in tRefuiciparum genome sequencing

var, rifin, andstevor) are located14—17] These exhibit a high project[3] and thus in the design of the scrMalaria Affymetrix

degree of polymorphism between strajt8,19] Microarray- microarray (see Sectidhb), is derived from the isolate NF54.

based CGH is a simple and efficient investigative tool to analys&he Ituxi (IT) isolate, genetically indistinguishable from many

variation and polymorphism, not only within these gene fami-FCR3 laboratory line$33], has been selected for binding to

lies, but also on a genome-wide scale. ICAM-1 [34] to derive the common laboratory clone A4. The
One limitation of CGH is the quantity of genomic DNA P1B5 clone was derived from A4 parasites selected for adhesion

required for the microarray hybridization. Analysis of small to uninfected erythrocytg85]. Limiting dilution of P1B5 gave

numbers of cells, such as those from clinical samples, requirasse to the isogenic clones 1B12, 1H2, 2A11, 1H10, 2H3, 3D9

whole genome amplification (WGA) to derive the necessaryand 1F5 used in this stud$6]. Genomic DNA was isolated and

assay material. WGA procedures such as primer extensiostored as describd@7].

preamplification (PEFRO0], degenerate oligonucleotide primed

PCR (DOP-PCR)21] and ligation-mediated PCR (LMF22] 2.2. Ligation-mediated PCR (LMP)

have all been developed as reliable approaches for DNA ampli-

fication (as reviewed ifi23]). PEP and DOP-PCR procedures The LMP protocol used has been adapted from that of

were specifically designed for the analysis of single cells or veryfangavelu and Bankier (personal communication) [A@c38]

small DNA samples. However, WGA techniques face some limi-Genomic DNA was restricted using eith@pnll, Apol or Dpnll

tations. Imbalanced amplification of microsatel[d]and SNP  andApol for 10 min at 37°C before being heat-inactivated for

(small/single nucleotide polymorphism) alle[@%,26] incom- 30 min at 65°C. Appropriate linkers were added and annealed

plete coverage of the genome in the amplification prod@ats  for 20 min at 65°C followed by a temperature ramp down to

as well as the introduction of artificial sequence variation, have.5°C at 1°C/min. Ligation was then initiated by adding 5 units

been observed. In an attempt to overcome the problems assoF T4 DNA ligase (NEB) and 1 mM of rATP to the reaction

ciated with the use of degenerate primers binding to multiplemixture and incubated for 22—-24 h at “IG.

sites in these amplification techniques, LMP was developed. The primary amplification of linker-ligated restriction frag-

Ligation of an adapter to genomic DNA fragments prior to ments was achieved by PCR, using 4.46 units of Expand Long

PCR amplification requires only a single primer in the subsePolymerase (Roche) in the<IPCR buffer provided with dNTPs

quent PCR, thus reducing the complexity of the amplification(0.4 mM each, biotin-labelled dCTP was added when direct-

protocol. Furthermore, as an alternative to PCR-based WG#Aabelling of PCR products employed) using the program: one

protocols, an isothermal procedure for rolling circle amplifi- cycle at 94 C for 4 min then 38 cycles of (94C for 40 s, 55C

cation of DNA templates, using the DNA polymerase fromfor 30s, 68 C for 1 min 45s), finishing with 68C for 5 min.

the bacteriophag®?29 [28], has been adapted as an ampli-PCR products were purified using Qiagen columns as recom-

fication method for linear templatg¢27]. Isothermal multiple mended by the manufacturer.

displacement amplification (MDA) uses random hexamers con-

taining phosphorothioate-modified nucleotides as primers, anél3. Multiple displacement amplification (MDA )

relies on the high processivity, fidelity and strand displacement

ability of the 29 DNA polymerasg29,30] Quantitative real Reagents used were supplied with the GenomiPhi DNA

time PCR analysis indicates that MDA-based WGA generategmplification Kit (GE Healthcare). Up to 80 ng of genomic

a high quality product, with the amplified DNA products essen-DNA in 1l was added to @l of sample buffer (50 mM

tially indistinguishable from that of unamplified genomic DNA Tris—HCI pH 8.2, 0.5 mM EDTA containing random hexamer

[27,31] primers) and denatured at 96 for 3 min. ®29 DNA poly-
Here we compare two WGA techniques, LMP and MDA, merase mix, including additional random hexamers, was mixed

using microarray-based CGH to assess their suitability for then ice with 9ul of reaction buffer containing dNTPs and the

analysis of the extremely AT-ricR falciparum genome. Using mixture added to the denatured DNA sample. The MDA reac-

small amounts of input DNA to mimic likely yields from clinical tion was allowed to proceed for 18 h at 3D. The enzyme


http://www.genedb.org/

Download English Version:

https://daneshyari.com/en/article/9139923

Download Persian Version:

https://daneshyari.com/article/9139923

Daneshyari.com


https://daneshyari.com/en/article/9139923
https://daneshyari.com/article/9139923
https://daneshyari.com

