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Diagram showing the major morphological events of the procyclic T. brucei cell cycle on the basis of data in [11,12] (a) The trypanosome cell cycle is
separated into nuclear and kinetoplast compeonents. Cell cycle duration for exponentially growing procyclic trypanosomes is B.5 h. Kinetoplast
replication (S} intiates before nuclear S phase, but is considerably shorter and conseguently kinetoplast segregation (D) occurs before the

onset of nuclear mitosis (M). The phase annotated on the kinetoplast cycle as 'A’ refers to the ‘spportioning' phase during which basal bodies
continue to move apart. (b) Schematic representations of trypanosome cells taken from various time points through the cell cycle. The black arrow

indicates the direction and position of the cleavage furrow.
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Fig. 3. Molecular karotypes ol three 7. -brucei field isolates, TRUE927/4, STIB257/L and STIB 386AA. The lelt panel shows an ethidium bro-
mide-stained gel of the PFGE-separated chromosomes of the three 7. hrucei field isolates and of Saccharomyces cerevisiae (felt and right lanes).
The sizes of some of the S. cereviviae chromosomes are indicated on the left. The right panel summarises the results ol multiple Southern blot hy-
bridisations of similar PFGEs with numerous ¢cDNA probes used to identify the homologues of chromosomes 1- VI (colour-caded). The PFGE
was conducted under conditions that are optimal for separating DNA molecules between 1 and 4 Mb, Other clectrophoretic conditions are
necessary to maximally resolve DNA molecules more than 4 Mb (chromosomes 1X-X1) and less than | MDb [the intermediate chromosomes
(intermed) and minichromosomes (mini)]. In this PEGE the DNA molecules larger than 4 Mb are in the compression zone or the gel well. Note
that in TREUY927/4 the chromosome 111 Lomologues are 1.7 1.8 Mb, whereas in STIB 247/L they are 4 Mb or larger. Adapted from [55] and
web site http://parsun |path.cam.ac.uk/xsom.git.http://parsunlpath.cam.ac.uk/xsom. gil.



A3.7: Genome Sizes of Selected Parasites,
Their Hosts and Some Related Organisms

-

Organlsm Haplold Genome (G+C) Content Ref
Size (bp) (2%) :
M13 phage 7 x 10° 1)
Lambda phage 4,8 x 104
Eschericiua coll 4.7 x 108 50% I6]
Yeast (S. cercvisiae) 1.3x107 39% 16}
Amoeba : 2.x 10!
Trypanosoma brucel 4x107 17
" Letstunania donovanl 4.6 x 107 18]
Etneria tenella 7.0x 107 191
Plasmodiu. falciparum 8x 107 20% (10,11}
Dirg/ilarta tmmitls 7.9 x 107 27% 1121
Brugla malayt 8.1x 107 27% 113,14)
Caenorhalxlitts elegans I x10% 36% [15]
Trypanosoma cruzi 1.2 x 108 (16}
Drosophitla melanogaster 1.7 x 10° 410% 117]
Sciustosoma mansont 2.7 x 108 34% 18]
Mosquiloes 2x10%-1x10°
Ascar(s lumbricoldes (sce Note 1) 5.8 x 108 [19])
Mouse 3x10? 58%
Human 3x10° 59%
Notes :

1, Ascarld nematcdes cluninate a high proportion of DNA from all somallc cells: only
germ line cells retain the full complement, In Ascarts lwnbricoldes the somalic
haplold DNA conlent Is .2 x 10 bp,



Proyectos genoma:

Caenorhabditis elegans

Ascaris lumbricoides
Echinococcus granulosus
Echinococcus multilocularis
Fasciola hepatica
Haemonchus contortus
Necator americanus
Onchocerca volvulus
Schistosoma mansoni

S. haematobium
Trichuris muris
Trichinella spiralis

Taenia solium

Blastocystis hominis

Babesia bigemina

Babesia bovis

Crithidia deanei

Dictyostelium discoideum
Eimeria tenella

Entamoeba dispar
Entamoeba histolytica
Entamoeba invadens
Entamoeba moshkovskii
Entamoeba terrapinae
Leishmania braziliensis
Leishmania infantum
Leishmania major (TriTryps)
Leishmania mexicana
Neospora caninum
Plasmodium berghei
Plasmodium chabaudi
Plasmodium falciparum
Plasmodium gallinaceum
Plasmodium knowlesi
Plasmodium reichenowi
Plasmodium vivax

Perkinsus marinus

Theileria annulata

Theileria parva

Toxoplasma gondii
Trichomonas vaginalis
Trypanosoma brucei (TriTryps)
Trypanosoma cruzi (TriTryps
Trypanosoma congolense
Trypanosoma brucei gambiense
Trypanosoma vivax
Tetrahymena thermophila



Table 1. Summary of the T. brucel genome. Ge-
nome size and chromosome numbers exclude in-
termediate and mini-chromosomes. Details of
contig coverage for each chromosome are de-
scribed in table 51, Intergenic regions are regions
between protein-coding sequences (CDSs). The
exact number of spliced leader (sl) RMA copies
cannot be resolved in the assembly.

Parameter Mumber
The genome
Size (bp) 26/075,396
C—C content (%) 46.4
Chromosomes 11
Sequence contigs 30
Percent coding S0.5
Protein-coding genes
Cenes 5068
Pseudogenes 804
Mean CDS length (bp) 1592
Median CDS length (bp) 1242
G—C content (%) 50.9

Cene density (genes per Mb) 37
Intergenic regions

Mean length (bp) 1279
C—C content (%) 41
RMNA genes
transfer RMA 65
ribosomal RMA 56
slRMA =28
small nuclear RMA 5
small nucleolar RMA 353

Table 1. Summary of the T. cruzi annotated ge-
nome, For RMA genes, see details in table 53,
tRMA, transfer RMA; snRMA, small nuclear RMA;
srpRMA, signal recognition particle RMA,

Parameter Mumber
The genome
Size® (bp) 60,372 297
G+C content (%) 51
Sequence scaffoldst B3B
Seguence contigs 4,008
Percent coding 5B.9
Protein-coding genes
Mo. of gene models 23,216
Mo, of genest 22,570
Estimated no. of genes ~12,000
per haploid genomed
Pseudogenes 3,590
Mean CC5 lengthll (bp) 1,513
Median CCS lengthll (bp) 1,152
G+C content (%) 33.4
Cene density (genes per Mb) 385
Intergenic regions
Mean length (bp) 1,024
G+C content (%) 47
RNA genes
tEMA 113
rEMA 219
slRMA 192
snRMA ]
snoRMA 1,447

srpRMA 2

Table 1. Summary of the L major genome.

Parameter Mumber
The genome
Size (bp) 32,816,678
G+C content (%) 59.7
Chromosomes 36
Sequence contigs 36
Percent coding 47.9
Protein-coding genes
Genes 8272
Pseudogenes 39
Mean CDS length (bp) 1901
Median COS length (bp) 1407
G+C content (%) 62.5
Cene density (genes per Mb) 252
Intergenic regions™
Mean length (bp) 2045
G+C content (%) 57.3
RNA genes
TRMA 83
rEMAT 63
siRMNAT 63
snRMA 6
snoRMA 6395
srpRMA 1
*Region between protein-coding CDS. tThe exact

rumber cannot be determined because of misassembly.



T brucel geane clusters

T. cruzigene
clusters

L. majfor gene
clusters

Table 1. General features of the Tritryp genomes. We found 5812 syntenic three-way COGs and 346
nonsyntenic three-way COGs. Mbp, mega=base pairs; NC, not computed.

T. brucei T. cruzi L. major
Haploid genome size (Mbp) 25% 55 33
Mo. of chromosomes (per haploid genome) 1= ~2B7 36
Mo. of genes (per haploid genome) o06B1 ~ 12,0008 B311
Total regions with synteny blocks (Mbp) 18.9 MNC 30.7
Mean CDS size (bp) in syntenic three-way COGs 1511 1457 1731
Mean inter-CDS size (bp) between syntenic three-way COGs 721 561 1431
*Excluding ~100 mini- and intermedizate-sized chromasomes (totaling ~ 10 Mb). fThe exact number is not known

and homalogs can differ substantially in size. fholudes 904 pseudogenes. §The exact number of haploid genes
tes not been determined in T. cruzi lncludes 34 pseudogenes.
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TS retrotransposons: ingl, DIRE, L1Te VIFER
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Fig. 3. Prototypes of Tritryp subtelomeric regions. Subtelomeric regions are defined here as the
area that extends from the telomeric hexamer repeats to the first nonrepetitive sequence. Boxes
indicate genes and/or gene arrays. Genes and/or gene arrays shown above the line are oriented
toward the telomeres, whereas those shown below the line are oriented in the opposite direction.
The size range of the subtelomeric regions in each genome is indicated on the right. The TS and
TS/GP-85 boxes depict the trans-sialidase and GP-85 trans-sialidase superfamilies, respectively.



Tao's 1 Plasmodium faleiparum nuclear genome summary and comparison to other organisms

Waus
Fastura
E falsiparum & pamba £ coravdzizs O dizoaideum A thalianz

Sza o) 22,853,784 12,482 837 12,435,882 8,100,000 115,403,343
(G + C) cantant {3) 19.4 38.0 3343 22.2 34.3
MNa, af ganas 5,268" 4528 5,770 2,738 25,488
Waan gana langtht o) 2283 1,428 1,424 1,628 1,310
Gans dansty oo o gang) 4338 2528 2,088 2,800 4 528
Par cant cadir 52.8 5.5 T0.5 58.3 28.8
Sanas with ntrang () 53.9 43 5.0 63 T3
Exans

Murritar 12874 MND MND 6,388 132,382

ML pEr gans 233 WD MA 2.23 5.18

5 + C) eartant (3) 237 33.8 2810 28.0 MND

Maan langth {og) 343 WD MND 711 170

Total langth fog) 12,028,350 MND ND 4,548,978 33,248,250
Irtrans

Murritar 7408 4,730 272 3,587 107,784

5 + C) cortant 3 13.5 WD MA 13.0 MD

WMaan langth og) 178.7 a1 MA 177 170

Total langth oo 1,323,508 383,130 MD 843859 18,055,421
Irtargania ragians

5 = C) contant {3) 13.8 WD WD 14.0 WD

WMaan langth og) 1534 352 515 788 MND
ArAg

k. af tANA ganas 43 174 ND 73

Mo, of 55 rANA ganas 3 aa MND MA

Mo, af 585, 185 and 285 rANA units T 200-400 MND MA
WD, motdetermined; MA, notapoicatie. ‘Mo, of genes ' ior O dlacoicewm are for chromaosomea 2 {ref. 155) and in some cases regresent extrapolations 1o the enting genomea. Sourcas of dats for the othar
arganEma: 5 pombef®, 5. cerewvigae’®, . diacoioeum’® and A thallans™T.

*70% of thess genes matchad sxoresssd ssgquencs 1808 or encodsd protens detscied oy protsomics analyess e,
T Excluding imtrona.

Cromosomas 14 3 16 6 5




Table 1
Summary of the T. vaginalis genome sequence data. Assembly size (bp, base pairs) includes all contigs and
differs from estimated genome size of ~160 Mb (4). The scaffold size 15 the minimum scafTold length, such that
more than half the genome 1s contained in scaffolds of at least that length. The number of predicted genes may
include low-complexity repeats or novel transposable elements rather than true T. vaginalis genes, but in the
absence of decisive evidence these remain in the gene set. The number of evidence-supported genes includes
those with either similarity to a known protein (E< 1 = 107!9 >25% length of protein) or similarity to an expressed
sequence tag (>93% identity over >90% length of the gene). A total of 763 rDNA fragments (258 copies of 2858,
254 copies of 185, and 251 copies of 5.85) were identified.

Feature Value
Cremome
Size of assembly (bp) 176,441,227
G+C contant (%) 327
No. of scaffolds 17,280
N scaffold size (bp) &8 338
Provein-coding genes
No. of predicted genes 59,881
No. of evidence-supported genes 25,548
Mo, of genes with introns 63
Mean gene length (bp) H2k.6
Gens G+C contant (%) 335
Ciene density (bp) 2958
Mean length of intergenic regions {bp) 11654
Intergenic G+C contant (%) 28.8
Nop—protetn-codi ng genegs
Predicted tRNA genes 478

Predicted 5.85, 185, and 285 rDNA units ~23()




Fig. 1.
Karyotype and fluorescent in situ hvbridization (FISH) analysis of 7. vaginalis chromosomes

(A) Metaphase chromosome squashes of T vaginalis reveal six chromosomes (I to VI). (B)
FISH analysis using an 185 rDNA probe shows that all ~250 rDNA units localize to a single
chromosome. (C) In contrast, the Tvmar/ transposable element ( 8) 15 dispersed throughout the

genome

Science 315, 207-212 (2007)
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Modelo de cromosoma en tripanosomatidos

(Tomando como referencia el crom. 1 de L. major)
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RNA polimerasas:
Procariotas: RNApol Unica

Regulacion de la transcripcion mediada por estructura secundaria de
MRNA y factores proteicos

Eucariotas: tres tipos de RNApol
RNApol | RNApol I RNApol Il
Vertebrados: rRNA MRNA y snRNA tRNA y snRNA

Tripanosomatidos: rRNAy mRNAtel. SL-RNAymRNA  SL-RNAy snRNA

Resistencia a
o-amanitina: R S variable
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The splicing reaction proceeds through discr2"2 stages in which splicecc~me formation involves the interaction of « - ;
components that recognize the consensus sequences. !

Exan Intron Exon

v GU UACUAAC —AG ——
Left Branch Right
consensus site consenrus

-—_’ - UACUBAC s AG —=—= U1 binds 5 SPﬁ“ site

U2 binds branch site

i m——

" USMUA/UG trimer binds | A
US binds exon at §° site |- h
U6 binds U2 |

Ul is releosed | =% 4
‘ C 3 US saits from exon to in
™" UACUAAC —pg ——— s

U4 is released s
. U6 cotalyzes transesterific:
5' site cleaved & lariat io!

" 3" site cleaved & exons lig
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LbRiE
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U1 snRNA base pairs with the donor splicing junction
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The E complex forms by interactions involving both splice sites

Exon Intron Exon
GU UACUAAC— Py- A@
5' Branch Pytract 3'
splice site site splice site
ASF/SF2 ‘
U1 snRNP and .
factor ASF/SF2 GU UACUAAC— Py-AG ————

bind &' splice site U1 snRNP

U2AF bind ‘ U2AF65  U2AF35
inds
Py tract and — 9 UACUAAC—Py-AG—

3' splice site ‘

SF1/BBP — a8
F1/BBP
connects S Py-AG———
U1 snRNP to U2AF ) (
UACUAAC
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B ANA = polymerase | =) telomere
B protein-coding gene = polymerase Il H 70 bp repeats
|] tAMNA/small RNA » polymerase || T transposons etc.

Fig. 1. Schematic diagram of a generic Tbrucei chromosoma. The diagram is meant only to show typical features. It does not illustrate a particular
chromosome and is not to scale. Information is taken from Myler et al. (1999), personal communications, other references in the text and the websites
listed below. Trypanosomes and leishmanias are diploid. Although homologous chromosomes can differ considerably in size, this is mostly due to
variations in the numbers of tandemly repeated genes or non-coding epeated sequences, particularly sub-temomeric epeats. Haploid genome sizes
range from 30 to 40 Mb with ~10 000 genes, and most chromosomes are 0.3-10 Mb long. Trypanosoma brucei also has many smaller ‘intermediate’
and ‘minichromosomes’ that have epetitive regions, tRNA genes and VSG genes; at the end of some of the large Tbrucei chromosomes there are
VSG expression sites transcribed by RNA polymerase . Current mlevant websites are http:/fwww.chs.diu.dk/services/Genome Atlas/Evuk aryotes/
Leishmania/major/Friedlin'Lmajor_Friedlin_ | structureatlas linhtml;  hitpwww sanger.ac.uk/Projects/L_major  httpe/www. tigrorg/tdb'mdb/thdb/
index.shtml;  httpedfwww tgroorgfdh’s  hitpe/fparsunl.pathcamaac. ok’ htpe/foww sangerac.ek/Projects/T_brucei/;  httpe/fwww.ehbi.ac.uk/parasites/
paratable. html#Feruzi.
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FIG. LI Bioge esis of trypanosomatid mRNA. A schematic view of trypanosome gene expression. Mature
MmRNAs are generated from polycistronic pre-mRNAs vin two RNA processing reactions, frans-splicing and
po'yadenylation. For details, see text.
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FIG. 2. Coupling betwesn srans splicing and polyadenylation. Probably as soon as they are synthesized, intergenic transeripts of the polycistronic units are cleaved
end processed by rany splicing and polyadenylation. These two events are coupled, probebly through the binding of the processing machinery to intergenic
palypyrimiding tracts (pPY), ORF, open reading frame; 3AS, splice acceptor site; (A), polyedenylation site; ME, minigxon, The arrow in the DNA map denotes the
transcription promater,
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FIG. 4. Anatomy of the V53 gene transeription units. The bloodstream (B) and metacyelic (M) V8G transcription undts are hoth telomeric. While the metacyelic
units contain only the ¥V5G gene, the bloodstream units also harbor a collection of ESAGsS, numbered in ths map of the AnTat 1 3A V8G expression site (7, 110, 144,
152). ESAG 7 and § encode the subunits of a heterodimeric transferrin receptor, ESAG 4 encodes a recepior-like transmemhrane adenylate cyclase, ESAG 8 encodes
& nuclear factor with a ring finger (rf) and a leucine repeat domain (1r), and ESAG 3, 2, and 1 are minor surface proteins of unknown function. A 13-kb region provided
with another copy of the W56 promoter characterizes the 5 extremity of approximately half of the expression sites. This region contains ESAG 10 as well as a
ransposable element. The small squares and circles represant the arrays of 76-bp repeats and telomeric repeats, respectively. T, transferring ¥, W5G.
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Fig. 2. The PGK locus of Thbrucei, showing patterns of ranscription, processing, ranslation and protein targeting in bloodstream forms and procyclic
(tsetse fly) forms.
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Fig. 3. mRNA degradation in mammals and oypanosomes. Some of the known Saccharomyces cevevisiae participants are shown to the left; corres-
ponding Fbrucei proteins are on the ight. Red pacmen are exonucleases. Where clear homologues are not yet established, the protein is illustrated in
grey with a dotted border. Processes are: (A) deadenylation reducing the polyv(A) tail to oligo(A); (B) decapping: (C) 5'=3" degradation; (D) 3'=5"
degradation. For references, see the text.
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Fig. 1. Replication of kONA minicirciea oocurs free of e networnk
matri. In & non-gynchronized population of cella moal minkcinciea
are catenated winn ;me netword (2] and ony & amal percentage
arg in e ool of free minicncie repocation Imermedates o).
Replication begina with the decalenation of covalenty cioged
manomer miniginciea (b, jolowed by RWA-primed unidirectional
DhA aynineala via heta giruciure intenmediaiss

{c and d}, segregaton of daughier circlea (path 4A, andfor patha
48 plua 5) and reattachment of indhedual daughters (1) 1o the
netword. The newly aynineazed DNA relaina nicka or gapa 1hat are
nol repared unt &0 mincnzes have reoocaisd and e double aze
netwon B ready 1o divide.
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Figure 3. Phylogeny of RNA editing in kinetoplastics

A phylogenetic tree of kinetoplastids is given, adapted from [250] which was based ¢n
185 rRNA sequences. On the right-hand side, editing patterns of seven nRNAs are
shown (net drawn to scale) as Jar as known for cach species. The buxes indicate (the
regions of) the transcripts that are edited (black) or wnedited (white). A hatched box
indicates that the editing status of the correspondin 8 RNA segment is vot known,
Adapted from [13].
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Figure 11, Model cxplaining the loss of RNA editing via recombination

I this example, a crypric gene is converted into a (partially) “edited’ gene via

J logous r bination with a (pariially) “edited’ cDNA. The transeript of the new
gene no longer requires extensive editing. For details see text. Taken Jrom (13,

homologous l




Table 11.

Dilferent types of conversion RNA editing

dype - Organism RNA Cisencting  Trang-acting  Mechanism  Refls
" {(Genetie system) - wee.  clements  factors :
Cwu - Physarum coxl mRNA 7 -4 2 |
polycephaliom (mi) :
higher plants many Nanking ? C deamination [24,25,78-
(mt. cp) mRNAS, also  sequence? | B0.252.254)
IRNA, IRNA
nammals {n) apul}, NF | N nworing C deaminase C deamination 128,303,
mRNAs sequence, (APQBEC-1), 50-57.255-
efficiency and  other faciors 257
AU rich
clement
mammals (n) IRNA 1 ? T - sy
marsupials (nt) IRNA T i 7 ' 2n
UiwC mammals (n) WTI mRNA 7 b | v 126.15]
also IRNA
higher planis some mRNAs  Nanking ? > [24.25)
(miep) sequence? .
Awl mammals {n) GluR-13.5.6 dsRNA JsRAD/RED! dsRNA-dependent [28,38-
and 5-1 |T;‘R structure 17), other faclors  A-deamin: tion 40.70.72)
1dNAs i
squids (n) Fy2 F¥* dsRNA . UsRAIYRED! dsRNA.-(cptndcnl [41]
chuni el sruciure 7). other factors  A-deamination
nRMA
Drosophila Aferrp S"NA - UsSRNA JsRAD/REDI dsRNA-depend:nt [42]
melanugasier (n) struciure (), other factors  A«deaminatior
human hepatitis § & protein dsRNA dsRAD(?) dsRNA-dependent [37.258.29)
virus (v) structure A-deamination
GloA niice (n) GPTmRNA 7 & base renlacement? [4d)
13
UwA humans (n) « galactosi- 7 3 bas: replacerem? [47)
dase mRNA
AwC UwC, pliypus (i) 1RNA 7 el guide base-replacemem® (48]
Uis A . sequence? )
Cro A, AwG, Acaniamoeba RNA * ? internal guide base-replacemem? [45-47)
Ut G, Ut A castellani (m1), sequence?
fungi(i)

Abbreviations: apo B, apolipoproiein B; coxl, cytochrome ¢ oxiduse subunit I; ¢p,
chlorop asi; ds, double siranded; dsRAD, dsRNA A-deaminase; GPT, GleNac- |-
phosphate transferase; GluR, glutamare recepror; 5-I{T, R, serotonin 2C receptor; mi,
mitochondrial; n, nuclear; NFI, necro® sromatosis type | gene; REDI, dsRNA-specific
editase J; v, viral; WT'I, Wilms' tumor suseeptibility gene . Adapted from (-’3}.\-\



~Table 1. " Different types of insertion/deleton RINA editing

Type Organism RNA Ciseacting  Trangsacting  Mechanism Rels
(Genetie system) clements factors
U inserionvdeletion kineioplastids (mt)  many anchoring - gRNAs, TUTase, cleavagefligation  [1,10-14]
mRNAs sequence RNA ligase, :
endonuclease,
ollier faclors
mastly C insertion,  Physarum many 7 7 1 [15-20]
also U, AA, CU, polycephalum (m1)  mRNAs also
Gu, GC (RNA, IRNA
G insertion paramyxoviruscs P mRNA slippery viral psevdo-templated (8.9)
(v) sequence polymerase uanscription
A insertion ebolaviruses (v) GP mRNA slippery viral pseudo-templated (21,
sequence polymerase trarscripton
¥ erminal A vertebrates (mt) many flanking endonuclease, cleavage/ TATase [0.71'
addition . mRHNAS tRNA TATase action
' structure
I terminal A land s1a'ls, squids  \RNA flanking endunuclease, cleavage/ TATase [22.23)
addition (n tRNA TATase action
sirocture?

Abbreviations: GP, glycoprotein; nit, mitochord 1.1; TATase, rerminal

adenylyliransferase;

TUTese, terminal uridylyltransferase; v, viral. Adapied from [13].






