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• Leishmania is flagellated protozoan parasite belonging to the order of

Kinetoplastida and to the family of Trypanosomatidae

• Transmitted by sandflies

• It alternates between an amastigote stage in macrophage and a promastigote

stage in the digestive tract of sandflies

• It is responsible of leishmaniasis, a parasitic disease for which there is no

vaccine and existing drugs are toxic

1) Leishmania
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Genome structure and content
• The leishmania major genome is about 33 Mb organized in 36 Chromosomes
• 8272 protein coding genes
• Organized into 133 clusters of genes
• GC content is 59.7%

Transcription
•Transcription is polycistronic (genes are grouped in large units of
transcription)
• The protein coding genes are almost never interrupted by introns
• The mature mRNAs are generated from primary transcripts by trans-splicing
and polyadenylation
• The mature mRNAs appear to be regulated by post transcription

1) Leishmania
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• In order to study the impact of intracellular infection on the expression of

macrophage genes, LIVGM has developed three SAGE libraries:
• Non-Infected Macrophages (NS, 32332 TAGs, 13938 unique TAGs)

• Leishmania promastigote (Mj, 33906 TAGs, 9530 unique TAGs)

• Macrophages Infected by Leishmania major (amastigote) (Lm, 62136 TAGs, 24418

unique TAGs)

• To analyse the latter two libraries, and translate them into more

comprehensive and functional information, it was a necessary to:
• Locate the Leishmania TAGs on Leishmania genome

• Assign TAG to corresponding gene

• Evaluate the parasite genes expression

2) Objectives
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CDS TAG

START STOP

5’-UTR 3’-UTR

EST

• Very few full length Leishmania cDNA are available

• The only Leishmania genes evidences are the CDS predictions available in

GeneDB

• The TAGs are normally located in 3’UTR (outside the CDS)

2) Objectives
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The First step was to map all TAGs to the parasite genome by BLAST against

the last parasite genome release (downloaded from www.genedb.org)

7766 matching TAGs

Last Leishmania
genome

BLASTN9530 TAGs Mj
promastigotes

3) TAGs assignment
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• Then we mapped other data that could have been useful for addressing our

problem:
• All L. major ESTs,

• TAGs from other Leishmania,

• All CATG.

• All these mappings were very helpful to identify the strategy to follow.

3) TAGs assignment
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Integration and visualisation of data
• Configure and Integrate all mapped data into the ARTEMIS files

(downloaded from GeneDB)

• Each data type (single match, double match...) was labelled with a colour

• Using ARTEMIS for mapped data visualization (Rutherford et al, 2000)

3) TAGs assignment
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Results of mapping TAGs and ESTs

7766 Matched TAGs
4191

1919

1656

1567 Matched ESTs
1167

336

73

catg143862

Count Color codeDataset

One match
Two matches

More than two matches

One match
Two matches

More than two matches
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Assignment of single match TAGs
• Using the Leishmania gene catalogue and what is known about the size of the

3’UTR of Leishmania genes, we were able to easily assign 3007 TAGs:
• TAGs that are inside the genes and in the same direction (“sens”)

• TAGs that are inside the genes and in the opposite direction (“anti-sens”)

• TAGs that are in the 1000nt that follow the STOP of genes (3'UTR) and in the same

direction (“sens”)

• TAGs that are in the 1000nt that follow the STOP of genes (3'UTR) and in the

opposite direction (“anti-sens”)

3) TAGs assignment
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CDS

+ 1000nt

FWD_COMP“sens”

“anti-sens”
CDS

+ 1000nt

FWD_COMP

~1875
~420

~180 ~532

Results: Assignment of single match TAGs
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Extract the distance between each TAG and the STOP codon of the
corresponding gene

Estimation of distance “STOP-TAG” for the assigned
3007 TAGs

CDS TAG

START

5’-UTR 3’-UTR

STOP_TAG

STOP

3) TAGs assignment
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• These histograms illustrate the distribution of the recorded distances between
the TAGs and the closest STOP (gene).

Population=“assigned TAGs”, Size=3007
• We need to extract out of this sample a statistic that reflects the behaviour/
distribution of the recorded distance

"sens"

0

20

40

60

80

100

120

140

160

180

-8950-7550-6150-4750-3350-1950-550 850

DISTANCE

F
R
E
Q
U
E
N
C
E

"antisens"

0

10

20

30

40

50

60

-8950-7600-6250-4900-3550-2200-850 500

DISTANCE

F
R
E
Q
U
E
N
C
E

3) TAGs assignment
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• We used the Gaussian Kernels in order to estimate the «density distribution»

of the distances «STOP_TAG».

• The formula of the Gaussian Kernels follows:

H: is the bandwidth (estimated from data in order to minimize SSE,

N: sample size

K: a standard Gaussian normal distribution.

• The estimated density will be used to assign the multiple match TAGs to their
genes

3) TAGs assignment
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« sens »« anti-sens »

0 ≤ P ( x ≤ dist < x+50 ) < 0.024 <<< 1



18

Assignment of the multiple match TAGs
• 13617 “mappings” correspond to the 3575 TAGs with multiple matches

• The distance between these “mappings” and the STOP of the nearest gene has

been extracted

• The most likely distances have been kept

P(x ≤dist <x+50) close to 1, means that the distance between the TAG

and the STOP is likely to correspond to a distance between the TAG

and the gene it belongs to

This TAG can probably be assigned to this gene
These statistics allowed to assign 1315 out of the 3575 TAGs with multiple
matches (P≥0.01)

3) TAGs assignment
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• 9530 TAGs in SAGE library ( Leishmania promastigote) )

• 7766 matching TAGs (a single or a multiple match)

• 4322 TAGs were assigned to the corresponding genes

3) TAGs assignment: Results
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4) Differential expression

Evaluation of the expression of Evaluation of the expression of LeishmaniaLeishmania genes genes

• 1778 TAGs have been kept to evaluate the level
of expression of the corresponding genes

Ambiguous

Leishmania

Human
Leishmania

Lm Mj

TAGs common to
Lm and Mj libraries
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Evaluation of the expression of Evaluation of the expression of LeishmaniaLeishmania genes genes
• We applied a probability based on the binomial distribution, used by our

collaborators from Skuld-Tech (France), for the identification of differentially

expressed TAGs

• P close to “0” means that there is a biologically meaningful expression

variation                 genes are differentially expressed

•  P close to “1” means that the expression difference is not biologically

significant genes are not differentially expressed

4) Differential expression
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94 genes differentially expressed (P ≤ 0.01)

4) Differential expression: Results

≤
0.01
<
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4) Conclusion

1. Assign Leishmania TAGs to the corresponding gene
Gaussian Kernels

Successful for 4305/9530 TAGs
1184 single match TAGs, 2260 multiple match TAGs and 1764 no match
TAGs (5208 TAGs)are still not assigned:
• Some are due to sequencing errors (false positives) or due to the genetic variations

between the strains.
• Some belong to new genes absent from the catalogue.
• The multiple match TAGs exist everywhere in the genome

2. Identify differentially expressed genes
Binomial distribution

94 genes are differentially expressed
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• Increasing the number of assigned TAGs

• Clustering the Leishmania genes using their expression level

• Analyzing functionally these genes

5) Perspectives
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THANK YOU


