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The ribosomal RNA genes from an Indian isolate of Giardia lamblia have been cloned and characterized
with respect to size, composition and copy number. Southernblotting and rDNA cloning of Giardia lamblia
revealed that genes coding for ribosomal RNA (rRNA) are exceptionally small and are encoded within a
5.6 kb genome fragment repeat. The rDNA repeat unit of this isolate was found to be highly G-C rich like
other human isolates and the physical map showed several SmaI sites. There are 132 copies of the rDNA
repeat unit per cell in a head to tail arrangement.Two fragments correspondingto intergenic (0.2 kb and
0.3 kb) region and one (0.8 kb) containing both an intergenic region and a small part of the small subunit
ribosomal RNA (SS rRNA) have been identified within the rDNA. These were used in heterogeneitystudies
of Giardia isolated from two geographic locations as well as in the analysis of cross reactivity with other
enteric organisms. In Southern blots, all the three fragments were found to be highly specific for the
differential diagnosis of Giardia spp. from the other enteric pathogens. These findings should help in
developing a sensitive and more specific method for the diagnosis of giardiasis over currently available
techniques.
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Immunological assays showed more promising results
with Giardia representsa broad clinical spectrum,ranging over conventionalmethods (Sun 1980; Ungar et al1984;
from an asymptomatic carrier stage to severemalabsorp- Goldin et al1990; Chaudhuri et at 1991). However, the
tion, diarrhoea and weight loss (Farthing 1990). findings suffered from serious drawbacks due to cross
Epidemiological statistics suggest that the parasite is reactivity with other microorganisms. Recently, DNA
responsible for about 5% of acute diarrhoea and 20% probe-basedapproacheshave beenprovento be successful
of <;hronic diarrhoeal illness (Thompson et al 1993). in this respect (Butcher and Farthing 1989; Ey et at
Conventionally, the diagnosis is made by microscopic 1992). Experiments have shown that ribosomal RNA
examination of stool samples for the presence of cysts (rRNA) gene sequencesare highly conserved during
or trophozoites (Goka et al 1990). However, only 50 to
evolution and are distributed in almost all organisms.
70% sensitivity has been reported by this technique However, at the same time considerable variability in
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the sequencesof intragenic spacer regions amongst the
different species (Clark et al 1989) or even within the
members of the same species have been documented
(Clark and Diamond 1991). More recently, severalworkers have used the intragenic regions of rRNA genes to
distinguish between different isolates of a number of
prokaryotes and eukaryotes(Long and David 1980; Stull
et al 1988).
In the present investigation we have cloned and
characterizedthe rRNA genes from an Indian isolate of
G. lamblia and used the intergenic region for the differential diagnosis of Giardia from other commonly
known diarrheagenic enteropathogens.

followed by centrifugation at 600 g for 10min. The
pellet was washed twice with cold PHS (pH 7.0), and
resuspendedin 1 ml of the same buffer. Nuclei were
obtainedby lysing the cells in 1% NP-40 (Sigma Chemical
Co., USA) solution followed by centrifugation at 500 g
for 3 min. Isolated nuclei were lysed in a buffer made
up of 20 mM Tris-HCI (pH 8.0), EDTA-50 mM, 5%
N-lauryl sarcosine (Sigma Chemical Co., USA) and
500 ~g/ml proteinase K overnight incubation at 50°C.
The lysate was thenmixed with cetyl-trimethyl ammonium
bromide and sodiumchloride (CTAB/NaCI) solution (Yap
and Thompson 1987) and incubated at 65°C for 10 nUn.
Subsequently,an equal volume of chloroform: isoamyl
alcohol (24 : 1) was added,mixed gently and centrifuged
for 5 min at room temperature.The aqueousphase was
2. Materials and methods
extracted with an equal volume of phenol-chloroformisoamyl alcohol and DNA was ethanolprecipitated(PlasAxenization and cultivation of parasite
mid DNA was isolated by the alkaline lysis method
(Brinboim and Doly 1979).
Stool samples of patients admitted to the Infectious
Total RNA was isolated by solubilizing the cells with
DiseasesHospital, Calcutta, with various gastrointestinal an aqueous solution of guanidine isothiocynate (GITC,
disorders and diarrhoea, were routinely examined for the Sigma Chemical Co., USA), N-lauryl sarcosine (Sigma
presenceof diarrhoeal pathogens.Ten such patients,aged Chemical Co., USA) anQ EDTA, followed by isopycnic
between 10 and 18 years having abdominal pain, flatu- gradient centrifugation on cesium trifluoro acetate(Pharlence, diarrhoea, fever and whose stool examination macia, USA) at 1,25,000g for 16h at 15°C. After
repeatedly showed the presence of G. lamblia cysts or centrifugation RNA was recovered from the pellet using
trophozoites, were selected fot duodenal intubation. standard protocols (Chung et at 1989).
Aspirated duodenal fluid (0.1 ml) containing approxi2.4 Restriction digestion
mately 2 x 105 Giardia trophozoites was aseptically
inoculated into culture tubes containing filter sterilized Restriction endonucleasedigestions of genomic DNA
TPS-1 medium (Diamond 1968),supplementedwith 15% and plasmid DNA with various enzymes (Pharmacia,
fetal calf serum (FCS), 10% NCTC 135 (Sigma Chemical USA) were carried out according to the supplier's
Co., USA) and-/different combinations of an~ibiotics. protocols. In general, 3 flg of the genomic DNA and
Attempts were made to axenize all the strains but only
1-2 flg of the 'plasmid DNA was digested with 2 to 3
two strains (PD-I and PD-2) were bacteria-free and units of enzyme/flg of pNA.
stable on subsequentsubcultures.Thesetwo local isolates
and the reference Portland-I strain (ATCC 30888) were
2.5 DNA and RNA labelling
routinely maintained in filter sterilized TYI-S-33 medium
(Diamond et al 1978) containing vitamin mixture and DNA fragments were nick translated with [a-32P]ATP
10% heat inactivated bovine serum. The isolates were using a nick translation kit (GIBCO-BRL, USA). Large
subunit (LS) rRNA and small subunit (SS) rRNA were
sub-cultured thrice a week.
eluted from the agarose gel slice by incubating the gel
piece in an elution buffer containing 0.5 M ammonium
2.2 Cultivation of other enteric pathogens
acetate,0.1% SDS and 1 mM EDTA. The aqueous part
was extractedwith chloroform: isoamyl alcohol, followed
Entamoebahistolytica (HM1-IMSS) was grown axenically by ethanol precipitation. The eluted RNAs were then
in TYI-S-33 medium (Diamond et al 1978) whereas analysed on gel using 16S and 23S ribosomal RNA
Escherichia coli and Shigella dysenteriaewere cultured markers. The purified RNA was then dt;phosphorylated
at 37°C in tryptic soy broth (pH 7.3) containing 1.7% with calf intestinal alkaline phosphatase(ClAP) and end
bacto-~p~one, 0.3% bacto-soytone(papain digest of soy- labelled (5') with [a-32P]ATP using 1" polynucleotide
bean meAl), 85.5 mM NaCl, 14roM dextrose and 14mM kinase (BRL).
dipota~iilm hydrogen phosphate.
2.6 Southern blot hybridization analysis
2.3 Isolation of DNA and RNA
S h
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with different restriction enzymes,run on 0.7% agarose
2.10 Differentiation of G. lamblia from other
gel, and transferred on to a Nytran membrane which
diarrhoeagenic pathogens using intergenic l'fTS
was then baked at 80°C for 2 h. The membrane was
region as probe
incubated for 4 h at 65°C with prehybridization solution
and then hybridized with end labelled total RNA (which The test was performed as described by Southern(1975).
contains mainly rRNA) for 20 h at 68°C. Subsequently In brief, 3 Jj.gof DNA from different organismswas run
the membranewas washed with decreasingconcentrations on a 0.7% agarosegel. DNA was transferred to a Nylon
of sodium chloride, sodium citrate (SSC) and 1% SDS.The
filter (Amersham), after depurination with 0.25 M HCI,
membrane was dried and exposed to X-ray film
denaturationand neutralization and then UV -crosslinked.
for 48 h.
Filters were hybridized with a clone rDNA fragments
labelled with [a-32P]dCTPby standard nick translation
2.7 Cloning of rDNA
procedures (Boehringer, Manheim). Hybridization was
performed in 3XSSC/5X Denhardt's solution (0.1% SDS,
G. lamblia genomic DNA was completely digested with 10% Dextran sulphate, 5 Jj.g/ml sonicated denatured
Bg/II enzyme, and separated on 0.7% agarosegel. The herring sperm DNA) at 65°C overnight. Filters were
5.6 kb band was eluted, ligated into the Bamill site of washed at 60°C with stepwise decreasingconcentration
the pGEM4Z (Promega, USA) vector and transformed of SSC from 3 to 0.1 X in the presence of 0.1% SDS.
into XL-l Blue cells (Stratagene,USA). Isolated plasmid Filters were autoradiographedat -70°C with an intenDNA was digested with BamBI and grouped on the sifying screen.
basis of digestion patterns.
Plasmid DNA of each group was screenedby radioResults
labelled total RNA (Southern 1975; Chung et al 1989;
Sambrook et al 1989). For further confirmation, insert
Characterization of the rDNA clones
DNA from one of the positive clones purified and
radiolabelled with [a-32P]ATP and used as a probe in In an effort to identify the rDNA cistron of G. lamblia
Northern blot hybridization analysis against total RNA trophozoites,genomic DNA was digested to completion
of Giardia (Sambrook et al 1989).
with BamHI, BglII, EcoRI, PstI and KpnI restriction
enzymes,fractionated on 0.7% agarose gel (figure lA)
and transferred"to nytran membranes.In Southern blots,
5' end-labelled total RNA showed a number of bands
A restriction map was constructed by using the over- in autoradiography(figure lB) and all of them correspond
lapping method. In brief, the plasmid DNA containing to the bright bandsobservedon ethidium bromide agarose
rRNA gene was subjectedto single and double digestion gels. This indicates that like many, other organisms,
with different restriction enzymes. The DNA fragments Giardia also contains multiple copies of rRNA genes.
generated were separated on a 0.8% agarose gel. The The presenceof a single band was observed with more
size of each fragment was determined by .plotting the than one restriction enzyme, but the largest one
log moleculor mass versus mobility taking )..HindIlI-rj> « 21 kb) was noticed with EcoRI digestion (figure lB,
X 174 Haelll (BRL) markers as controls. DNA fragments lane 3). The second largest band was observed with
obtained from the single digestion with two differ~nt BglII digestion at 5.6 kb (figure lB, lane 2). The DNA
enzymeswere compared with their correspondingdoubledigested
bandsobtained with other restriction enzymeswere found
products and the overlapping fragments wereidentified.
to be smaller than 5.6 kb (figure lB). The 5.6 kb BglII
A restriction map was constructed based onthefragment was then cloned and the transformed colonies
data obtained from different digestion and hybridi- were screened by digestion with BamHI and showed
zation analysis.
three different types of patterns. Though the BglII and
Batnffi staggeredends were compatible, on ligation theydo
2.9 Estimation of copy numbers of rDNA repeat unitThe not generateeither BglII or Bamffi sites. The Southern
number of rDNA genes in the G. lamblia genome hybridization with labelled LS and 55 rRNA proberevealed
was determined by co-electrophoresing the knownamounts that only class3 representsthe clone of ribosomal
of recombinant clone DNA and genomic DNAof RNA gene.
G. lamblia. Taking a genomic complexity of about3.0
x 107bp and the size of the recombinant clone as8.35
Restriction mapping of rDNA unit
kb, the number of copies of the rRNA genes wereestimatecd
by comparing the amount of plasmid DNAnecessary
After combining the results of single and double digestion,a
to give a signal comparableto that of a defined
tentativephysical map ofrDNA is constructed(figure 2).The
amount of genomic DNA.
presenceof two closely spaced KpnI sites in the
Construction of restriction map
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map probably accounts for the single band of slightly
smal1er than 5.6 kb in KpnI digest~d genomic DNA
(figure IA. lane 4). The map also demonstratesthe
presenceof one or more bandsfol1owing PstI and BamHI
digestion. The cloned 5.6 kb fragmentwas further mapped
with EcoRV, SmaI. SfiI, PvuII, HindIII, XbaI, Saii and
EcoRI enzymes. The extended restriction map with
approximate locations of the rRNA genes as determined
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by hybridization is also shown in figure 2. SmaI digestion
yielded several small fragments which indicates that the
G : C content of this gene is fairly high.
Figure 3 shows the LS rRNA and SS rRNA hybridization patternsof rDNA clone digested with BamHI. LS
rRNA hybridizes ~~iththe 1 kb and 4.6 kb bands whereas
S'S rRNA hybridized only with the 2.4 kb band. This
indicates that the 2.4 kb band representsthe SS rRNA
gene and the other bands belong to the LS rRNA gene.
In the subsequentanalysis it was observed that 0.2 kb
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Figure 2. Restriction and hybridization map of the rDNA
clone: B, BamHI; Bg, Bgm; K, KpnI; P, PstI; S, 8ftI; Pv,
PvuII. Boxes and single line representrDNA geneand intragenic
region respectively. 5' and 3' ends of the LS and SS rRNA
genes are not determined.
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Figure 1. Southernanalysis of the restriction enzymedigested
PD-I genomic DNA using end-labelled total RNA. Lane I,
BamHI; lane 2, Bgill; lati'eJ!3,EcoRI; lane 4,' KpltI;:)lane 5,
PstI and M, marker. (A) Ethidium bromide stained0.7%;agarose
gel. (B) Autoradiography of the nytran membr~e. "-',.
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Figure 3. Southern blot analysis of BamHI digested rDNA
clone probed with labelled rRNA components. (A) Ethidium
bromide stained 0.8% agarosegel. (B) Autoradiography of the
nytran membraneprobed with LS rRNA. (C) Autoradiography
of the nytran membraneprobed with SS rRNA.
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and 0.3 kb fragments obtained from the Pst! digestion
did not hybridize with any of the rRNA componentsin
Northern blot assays and thus suggested that they are
present in the intergenic region. Furthermore,the 0.8 kb
fragment obtained after Pst! digestion of the 2.4 kb
BamHI fragment hybridized moderately with SS rRNA,
thereby indicating that it also contained some portion of
SS rRNA gene. As this fragment is adjacent to the
0.3 kb fragment, it may comprise both intergenic and
SS rRNA genes.
Digestion of genomic DNA with limiting amount of
BglII for varying lengths of time followed by probing
with labelled rDNA produced a ladder of bands with
approximately 5.6 kb spacing (figure 4).' Thus the TDNA
operon in G. lamblia is apparently organized as head
to tail tandem repeats of 5.6 kb units.
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that 2 ~g of genomic DNA is equivalent to 73.6 ng of
plasmid DNA. Taking a genomic complexity of about
3 x 107 bp and the size of the recombinant clone as
8.35 kb, an estimate of the number of copies of the
rRNA gene can be calculated to be 132 in each cell.
3.4 lntergenic fragments for differentiating between
G. lamblia and other enteric pathogens
In Southern hybrieization, all three fragments showed
genus specificity and none of them could differentiate
the strains of Giardia as they hybridize only with Giardia
and showed no hybridization with the DNA obtained
from E. coli, Entamoeba histolytica or Shigella dysenteriae (used in the same experimentas control). Figure 6
representsthe hybridization patterns obtained with the

3.3 Estimation of the rDNA repeat unit
The 2 ~g of the genomic DNA gives a signal equivalent
to approximately 70 to 80 ng of cloned DNA (figure 5).
Densitometer scanning of this autoradiograph showed
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Figure 4.

Autoradiography of 0.3% agarose gel of BglIl

digested PD-l genomic DNA probed with labelled rDNA fragment. One J.1gof DNA was digested with 0.5 unit of enzyme
for 0 min (lane 1), 4 min (lane 2), 8 min (lane 3), 12 min
(lane 4) and 2.5 h (lane 5).

Figure 5. Gene copy numberanalysisof rDNA repeat.G. Lamblia DNA (G) was digested with Bglll and electrophoresedin
parallel with different amount of the recombinantplasmid (P)
containing the rDNA insert cut with EcoRI and Hindlll.
Following electrophoresis, the DNA was transferred arid
hybridized to [32P]-labelledrDNA insert and autoradiographed.
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Figure 6. Southern assay of DNA isolated from different
enteric pathogensprobed with 0.3 kb rDNA fragment. Lane 1,
E. coli; lane 2, E. histolytica; lane 3, S. dysenteriae;lane 4,
G. lamblia. (A) Ethidium bromide stained 0.7% agarose gel.
(B) Autoradiography of the nytran membrane. Similar results
were also observed with 0.2 and 0.8 kb fragment.

0.3 kb fragment. Similar results were observed with the
0.2 and 0.8 kb fragments.

4.

Discussion

In this study, we have cloned and partially characterized
the rRNA genes from a local strain of G. lamblia so
as to use the intergenic region of rDNA for the development of a possible Giardia specific DNA probe. If
we were able to characterize and identify the intergenic
region of rDNA from a local isolate of Giardia that
could be usedto analyseisolates from different geographic
locations as well as in the specific diagnosis of an
infection as being causedby Giardia as opposedto other
enteric pathogens. Further, progress on anti-parasitic
agents targeting protein synthesis systemshas beenlimited, in part due to the belief that parasite and host
ribbsomes are so similar as to preclude selective toxicity
of the agent. Structural characterizationof rRNA from
different systemsindicates however that there are striking
differences among the most conserved rRNA genes in
inter and intragenic regions.
Restriction digestion analysis revealed that as in other
eukaryotes, repetitive gene families are present in the

Giardia genome. Ribosomal genes represent one such
multigene family with a moderate repetition. In the
present investigation we used the total RNA as a probe
to identify the rRNA genessince rRNA constitutes 95%
of total RNA. Hybridization analysis and later, analysis
with LS and SS rRNA as probes (data not shown),
suggestedthat the 5.6 kb band obtained by BgLI digestion
representsthe rDNA operon. The physical map generated
in this study showed almost identical featuresas reported
for the reference(P-l) strain of G. Lamblia(Keulen etal
1991). These results strengthenthe view that the 5.6 kb
fragment of our local strain covers all total rRNA genes
and no differences exist between isolates from two
different geographic locations. These findings also confirm our earlier observations of no difference in chromosomal patterns by pulse field gel electrophoresis
(PFGE) or restriction fragment length polyroorphism
(RFLP) with the samestrains (data not shown). Moreover,
in the presentinvestigationthe hybridization with cloned
DNA of different Giardia strains also showed identical
patterns (data not shown). All these findings provide
good evidence in support of a global distribution of
G. Lamblia.
The cloned 5.6 kb fragment which representsthe rDNA
of G. Lamblia is unusually smaller compared to other
eukaryotesand prokaryotes(Boothroyd et al J987; Edlind
and Chakraborty 1987). These variations are probably
due to the difference in the length of intergenic regions
or non-transcr.ibed
regions (Keulen et alI991). The large
numberof fragmentsobtained by SmaI digestion possibly,
indicates an unusual high G: C content of' this gene
(since the SmaI site representsthe CCCGGG sequence).
The G: C content of local strains was found to be an
averageof 50.8%, which agreeswell with earlier reports
(Kuelen et al 1991; Boothroyd et al 1987), but do not
with the results of Nash et al (1985). The differences
could be due to the strains and proceduresused in two
studies. In the presentstudy, 132 copies of rDNA repeat
units per cell of the local isolate of G. lamblia, instead
of 63 copies in reference (P-l) strain (Boothroyd et al
1987),has been demonstrated.These copies are arranged
in tandemrepeats,such an arrangementof rDNA repeat
units are a common feature in most eukaryotes(Adams
1991). The copy number of rDNA unit in Giardia is
much higher than in protozoans like Babesia bigemina
and Plasmodiumberghei where only three to four copies
of rDNA units have been reported respectively (Chakraborty et al 1992). On the other hand Tetrahymena,
Naegleria and Entamoebarevealed numerous copies of
rDNA in extrachromosomalDNA elements. So far no
information is available regarding the presenceof rDNA
as extra chromosomalDNA in G. Lamblia.
Sequencevariability at the intergenic regions of rDNA
gene is now well known and shows considerable inter
and intra-speciesdiversity (Stull et al 1988; Edlind and
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Chakraborty et al 1987; Upcroft 1994). Even within the
same species intergenic regions may display restriction
site polymorphisms (De Jonckheereeet al 1989). In the
present investigation, all the three fragments (0.2 and
0.3 kb correspondingto intergenic spacerregion and one
0.8 kb containing both spacer and a small part of SS
RNA gene) were found to be genus specific and not
strain specific as these fragments selectively and specifically hybridize with all three Giardia sp. and show
no reaction with other enteric pathogens. All the three
fragments could be potential targets for amplification by
polymerase chain reaction (PCR) for rapid and sensitive
diagnosis of this parasite in clinical materials. This
approach will help to improve the currently available
conventional methods viz., microscopic examination of
stool, intestinal fluid, small bowel biopsy and immuno~
logical tests for antigen and antibody detection, which
are time consuming and require invasive proceduresand
trained personnel.
The detection of infectious diseasein an area of science
that is currently in the process of modernization. This
article demonstratesan alternative approach,the detection
of rRNA which was describedby Waters and McCutchan
.'
(1990) as "Nature's own polymerase-amplIfied
target"
in the diagnosis of the infection. The promise of this
system for assuring a role in diagnosis, epidemiology
and laboratory handling of the parasite is great. The
reproducibility of measurementsfrom patient samples in
field situations still needs to be assessed.

563

the sma]] subunit rRNA genes from Trichomonasfoetus; Mol.
Biochem.Parasitol. 52 75-84
Chaudhuri P P, Das P, BhattacharyaS K and Pal S C 199]
Significance of IgM antibodies in the serodiagnosisof Giardiasis; Eur. J. Clin. Microbiol. 10 7-9
ChungC T, Nieme]aS L and Miller R ]989 One steppreparation
of competentEscherichiacoli: Transformationand storage of
bacteria] cells in the same solution; Proc. NatL Acad. Sci.
USA 86 2172-2]75
Clark C G, Cross G A M and De Jonckheerel F 1989 Eva]uation
of evolutionarydivergencein the genesNaegleria by analysis
of ribosomalDNA plasmid restriction patterns;Mol. Biochem.
Parasitol. 34 281-296
Clark C G and Diamond L S 199] Ribosomal RNA genesof
pathogenicand nonpathogenicE. histolytica are distinct; MoL
Biochem. ParasitoL 49 297-302
Danciger M and Lopez M 1975 Number of Giardia in the
faecesof infectedchildren; Am. J. Trop. Med. Hyg. 7 237-242
De JonckheereJ F, Gordts B, Kasprazak W, Majewska A C
and Miche]s PAM]
989 Cloning of a ].8 kb repeated
sequencefor the identification and comparison of Giardia
intestinalis isolates; Eur. J. Parasitol. 24 ] 62-] 67.
Diamond L S 1968Techniqueof axenic cultivation of Entamoeba
histolytica Schaudin, ]903 and E. histolytica-]ike amoeba;
J. ParasitoL 54 ]047-]056
Diamond L S, Har]ow D Rand Cunnick C C 1978 A new
medium for axenic cultivation of E. histolytica and other
Entamoeba;Trans. R. Soc. Trop. Med. Hyg. 72 431-432
Edlind T D and Chakraborty P R ]987 Unusual RNA of the
intestinalparasiteG. lamblia; NucleicAcids Res.15 7889-790]
Ey P L, Khanna K K, Andrews R H, Manning P A and
Mayarhofer G ] 992 Distinct genetic groups of G. intestinalis
distinguished by restriction fragment length polymorphism;
J. Gen. Microbiol. 138 2629-2637
Farthing M J G 1990 Immuno]ogyof Giardiasis;:SpringerSemin.
Imunopathol.12 269-282
Goka A K J, RolstonD D K, Mathan V I and Farthing M J G
Acknowledgements
] 990 The relative merits of faecal and duodenaljuice microscopy in the diagnosis of giardiasis; Trans. R. Soc. Trop.
This study! was supported by the Council of Scientific
Med. Hyg. 84 66--67
and Industrial Research, New Delhi. AS and SB are Go]din A J, Apt W, Agui]era X, Zu]antay I, WarhurstD C and
Miles M A ] 990 Efficient diagnosis of giardiasis among
greatful to the Council of Scientific and Industrial
nursery and primary schoo] children in Santiago, Chile by
Research, New Delhi for providing Senior Research
capture ELISA for the detection of faecal Giardia antigens;
Fellowships during this study. SG is grateful to the
Am. J. Trop. Med. Hyg. 42 538-545
University Grants Commission, New Delhi for providing Keulen H V, Campbe]I S R, ErlandsenS Land Jarrol E L
Junior ResearchFellowship.
]991 Cloning and restriction enzyme mapping of ribosomal
DNA of Giardia duodenalis, Giardia ardeae and Giardia
muris; MoL Biochem. Parasi~ol.46 275-284
References
Long E 0 and David I B ]980 Repeatedgenes in eukaryotes;
Annu. Rev. Biochem.49 727-764
Adams R D 1991 The biology of Giardia spp; Microbiol. Rev. Nash T E, MeCuthan T, Keister D, Dame J B, Conrard J D
55 706-732
and Gil]in F D ] 985 Restriction endonucleaseanalysis of
Boothroyd J C, Wang A, Campbell D A and Wang C C 1987
DNA from] 5 Giardia isolates obtained from human and
An unusually compact ribosomal DNA repeatin the protozoan
animals; J. Infect. Dis. 152 64-73
G. Lamblia; Nucleic Acids Res. 15 4065-4084
SambrookJ, Fritsch E F and Maniatis T ]989 Molecular cloning:
Brinboim H C and Doly J 1979 A rapid alkaline extraction
A laboratory manual 2nd edition (New York: Cold Spring
procedure for screening recombinantplasmid DNA; Nucleic
Harbour Lab. Press)
Acids Res. 7 1513-1523
Southern E M ]975 Detection of specific sequencesamong
Broke J A 1977The clinical and laboratorydiagnosisof giardiasis;
DNA fragmentsseparatedby gel electrophoresis;J. Mol. BioI.
Crit. Rev. 'Clin. Lab. Sci. 7 373-391
98503-5]7
Butcher P D and Farthing M J G 1989 DNA probes for the Stull T L, Lipuma J J and Edilind T D ]988 A broad spectrum
fecal diagnosis of G. lamblia; Biochem.Soc. Trans. 17 363probe for molecularepidemiology of bacteria,ribosomalRNA;
364
J. Infect. Di.I'. 157 280-286
Chakraborty D, Dame J B, Gutell R R and Yowell C A 1992. Sun T ]980 The diagnosis of giardiasis; Am. J. Surg. PathoL
Characterizationof the rDNA unit and sequenceanalysis of
4265-27]

564

A K Sil et al

Thompson R C A, ReynoldsonJ A and Mendis A H W 1993
Giardia and Giardiasis; Adv. Parasitol. 32 71-160
Ungar B L P, Yolken R H, Nash T E and Quinn T C 1984
Enzyme linked immunosorbent assay for the detection of
Giardia Lamblia;J. Infect. Dis. 149 90-97
Upcroft J A, Healey A and Upcroft P 1994Two distinct varities

of Giardia in a mixed infection from a single human patient;
J. Euk. Microbiol. 41 189
Waters A P and McCutchan T F 1990 Ribosomal RNA: Nature's
own polymerase-amplified for diagnosis; Parasitol. Today6 56--{)()
Yap K Wand Thompson R C A 1987 CTAB precipitation of
cestode DNA; Parasitol. Today. 3 220-222

MS received 6 September1997,. accepted 9 September1998
Corresponding editor: M S SHAlLA

