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Abstract

The genome sequence of the protistan par&sitenoeba histolytica HM-1:IMSS has been completed recently. Among the findings has been a
unique organisation for the tRNA genes in this organism. Forty-two of the tRNA isoacceptor types are encoded in tandem arrays that vary in uni
length from 490 to 1775 basepairs and contain from 1 to 5 tRNA genes. In three cases a 5S RNA gene is also present in the unit. An estimated 10
of the genome is made up of these arrays. Interspersed between RNA-encoding sequences are short tandem repeats that are polymorphic betv
isolates and, in some cases, within isolates. The number and organisation of tRNA gerigsiryrica is unprecedented. In addition to encoding
the tRNAs of the organism we propose that the arrays may fulfil a structural role in the genome.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Large families of transcribed but apparently untranslated ‘genes’
have also been describgq.

As more genome projects reach completion it is to be antici- We previously identified a small number of polymorphic loci
pated that novel ways of organising genes and genomes will ki E. hisrolytica containing variable numbers of short (8—16 bp)
uncovered, such as the evidence for a whole genome dupliceandemly repeated A + T-rich sequences (STBE)These clus-
tion in Saccharomyces [1] and chromosome-sized transcription ters of short repeats were themselves organised into tandem
units in kinetoplastid$2]. The recently completed genome of arrays of larger unit size. Database comparisons identified the
Entamoeba histolytica [3], the parasite responsible for amoebic presence of tRNA-related sequences adjacent to the STRs in
dysentery and amoebic liver abscesses, was already known ¢ach case (Zaki and Clark, unpublished). We have extended our
have some unusual features prior to the start of the sequencimgalysis of such sequences to the entire genome and in this report
project. Its ribosomal RNA genes are carried on 24 kb circuladescribe the unique organisation of tRNA genes in this organism.
episomes with two transcription units in an inverted repeat, and
these circles make up about 20% of the total cell DMA A 2. Materials and methods
number of less abundant nuclear DNA circles of varying sizes
have also been described but their function is not knfW8l. 2.7 Genome sequencing

TheE. histolytica HM-1:IMSS genome was sequenced using

Abbreviations: STR, short tandem repeat four distinct libraried3]. Two contained small inserts (ca. 2 kb)
* Corresponding author. Tel.: +44 20 7927 2351; fax: +44 20 7636 8739. and two contained medium-sized inserts (ca. 8 kb). Twenty-nine
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2.2. tRNA array identification [8]. For PCR analysis of unit variation, 30 cycles of
94°C for 30s, primer-specific annealing temperature for
Both assembled and excluded sequences were scanngdds and 72C for 30s were employed. Primers used
using tRNA-scan SH9]. Reads encoding the same tRNA were: W-I: W-I5 GCCGGTCAGTGGTTCAATCC and W-13
isoacceptor type were alignedt{p://prodes.toulouse.inra.f/ GCGACCCTGGCGTTATTAGC, annealing temperature €3
multalin/multalin.htmj [10]), manually edited, and a consen- E-Y: E-Y5 TACATAAGTCGTGGTAAAGAGAAG and E-
sus sequence obtained. Consensus sequences of tRNA arddy CTACATCTACAGTCCTCCGCT, annealing temperature
units are available in the Third Party Annotation Section of the52°C; V-F: V-F5 GGTTTCATGGTGTAGTTGGT and V-
DDBJ/EMBL/GenBank databases under the accession numbeF8 GAACTTCAGTCTAACGCTGC, annealing temperature

BK005648—-BK005672. 55°C.
2.3. STR, codon usage and S/MAR identification 2.5. Copy number estimation
Tandem Repeat Finderhtfp://tandem.bu.edu/trf/trf.html Genomic DNA was extracted from a known number of cells

[11]) was used to identify the STRs in between tRNA genesand PCR products produced from defined regions of array units
although the precise repeat sequences and boundaries of there quantified using fluorescence on a gel (Phoretix soft-
repeat regions are often ill-defined. Codon usag&faistolyr-  ware) by comparison to a standard (Hyperladder I, Promega).
ica was obtained from the Codon Usage Databagp(/www.  Slot blots were produced carrying a range of dilutions of both
kazusa.or.jp/codop/ Scaffold/matrix attachment region genomic DNA (16-5x 10* cells) and PCR products (3610*
(S/MAR) prediction was performed using MARSCARt{p://  copies). Portions of tRNA array units were amplified for use as

ngfnblast.gbf.de/cgi-bin/emboss.@etion=input&app= a probe using species-specific primgr3]. These primers min-

marsca imize the tRNA gene content of the probe and eliminate cross
hybridization with arrays encoding related tRNA genes. In each

2.4. DNA analysis experimental hybridization, cross-hybridization was evaluated

by including a control slot-blot carrying 1Ccopies of every
E. histolytica HM-1:IMSS was cultured[12] and DNA  STR region. Hybridizations were exposed to a Phosphorimager
was isolated, PCR amplification performed, and PCR prodscreen and the results quantified using ImageQuant 5.0 software
ucts separated in 1.5% agarose gels as previously describ@imersham BioSciences).

Table 1

tRNA array unit characteristics

Array name Isoacceptor types Unit length (bp) 5S RNA? GenBank accession number
[AACC) Ala”CC 559 X BK005648
[ALL] Ala CCC, Leu™A, LeltA 1154 x BK005649
[ASD] AlaTCC, sefCT AgptTC 1166 x BK005650
[GCCY GlyGce 813 x BK005662
[GTCC GlyTee 490 x BK005663
[HCTG] HisCTC 634 x BK005664
[LS] LeuCAC, Sef-GA 961 x BK005667
[LT] LeuPAG, ThiACT 935 x BK005666
[MR] eMetCAT ArgTCC 1031 x BK005653
[NK1] AsnCTT, LysCTT 1006 x BK005655
[NK2] AsnCTT, LysCTT 1251 x BK005656
[PTCC) Pro’G6 761 x BK005669
[RTCT] ArgTcT 686 X BK005654
[R5] ArghCc 846 Yes BK005651
[RT] ArgCCT, ThACT 964 x BK005652
[SD] SerGA Asp®TC 767 x BK005657
[SPPCK] SefCA | Prd*CC, Prd°CC, CysSCA LysTTT 1775 x BK005659
[SQCK] SefCA, GINCTG, Cy<ECA |ysTTT 1403 x BK005658
[TQ] ThrCCT, GInTTC 767 x BK005660
[TX] ThrTeT 1107 X BK005670
[V5] Val TAC 812 Yes BK005671
[VF] ValCAC pPh&AA 965 x BK005668
[VMES5] ValCAC iMetCAT, GIuCTC 1466 Yes BK005672
[wi] TrpCCA, 1leAAT 1135 x BK005665
[YE] TyrGTA GIuTTC 938 x BK005661

tRNA isoacceptor types are given with their anti-codon. One unit length is given but other length variants are sometimes present, differipgnpnimatvéér of
STRs. Consensus sequences and unit organisations are ghtgm/&tomepages.Ilshtm.ac.uk/entamoeba/units/units.htm
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