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Abstract

Parasitism gene refers to a series of genes that play roles in the parasitic process and help
parasites to complete their life cycle. Researches in parasitism gene have critical
significances for revealing the origin of parasitism and the following evolutionary process
and thus these researches are able to provide important evidences for the evolution of
parasitic nematodes and even their choice of host species. Previous studies indicated that
horizontal gene transfer, gene duplication and adaptation are three likely mechanisms causing
the evolution and occurrence of parasitism genes. These mechanisms received many supports
from results of multiple researches, and among them horizontal gene transfer (HGT) may
play a very important role for the evolution of many parasitism genes. In this study, we used
multiple research methods to study evolutionary histories of parasitism genes and how to
select and identify these genes.

Evolutionary history of parasitism gene is a hotspot in nematode research. We
constructed 141 domain trees using PhyML , and identified parasitism genes were discovered
on 79 trees of them. After observing these trees, two type of clues widespreadly found in trees,
and they were closely related to evolutions of parasitism genes. One type of clues was
obviously associated with gene duplication, whereas another type of clues was closely related
to multiple evolutionary mechanisms leading to phylogenetic incongruences in domain trees,
such as HGT, adaptation to host, and pre-adaptation described in pre-adaptation hypothesis.
Moreover, we also discovered that occurrences some parasitism genes cannot be explained by
currently known mechanisms.

According to the aforementioned clues, we performed analysis of HGT-like phylogenetic
incongruences and analysis of duplications & speciation sequentially using T-REX webserver
and ETE toolkit respectively. The results showed that pre-adaptation may play more
important role on the evolution of parasitism gene than duplication, and its contribution may
be as critical as that of HGT. Furthermore, speciations may also affect the evolution of some
parasitism genes. Meanwhile, we also found that a special free-living nematode, namely
Pristionchus pacificus, could be a good model organism for many parasitic nematodes
including root-knot nematodes. Parasitism genes in these species might be described through
properties of Pristionchus pacificus genes. Similarly, Fruitfly Drosophila melanogaster was
highlighted as well due to its close relationship with parasitism genes in flatworms.

At the same time, we also performed a computational analysis of amino acids responsible
for functional divergences of parasitism genes and homologs using DIVERGE software. The
results indicated that three selection methods (Gu99, Gu2001, and Tyll) supported by
DIVERGE cannot detect general conversion pattern between parasitism genes and their
normal homologs, and the analyses using these methods contained all known functional
divergences between homologs. Moreover, conversion patterns of amino acid in more than 30
columns were observed and recoded for the reason that they often play roles in functional
divergences of homologs, but we still cannot find any general pattern. This result might
contribute to method applicability in DIVERGE analysis, or could be determined by nature of
function divergence between parasitism genes and other genes.

Considering important roles of bacterial sequences in researches of parasitism genes, we



assigned bacterial sequences from 20 types strains of multiple species to orthologous groups
and single sequences in OrthoMCL-DB by using a web tool in this database. We also
evaluated the consistency level between groups in OrthoMCL-DB and groups in HelmCoP.
The results illustrated that a total of 72443 sequences from 20 types stains were assigned to
9084 groups and 4702 single sequences successfully in OrthoMCL-DB. Random sampling of
common sequences also suggested that there is a quite high consistency level between groups
of these two databases.

Based on all results, we finally designed an evaluation algorithm of T-REX analysis
results to evaluate and identify important events causing phylogenetic incongruence.
Consequently, we managed to identify parasitism genes in 20 domain trees through this
algorithm. As a result, most identifications were fairly correct. According to this algorithm,
we also built a completed pipeline for selecting and identifying parasitism genes, so that we
are able to select and identify many parasitism genes in results from HGT-like Pls analysis,
and in turn to predict the likelihood of occurrences of these genes. According to the test
results, approximately 60% to 70% of all parasitism genes can be identified from orthologous
groups by using this analysis. This study might open a new prospect for application of
bioinformatics methods in researches of parasitism genes.

Key Words: Nematode; Parasitism Gene; Evolutionary Mechanism
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Table 1.1 Cy4t, root-knot nematode parasitism genes and their amounts

KA YrhL T 4 HE KA T2 | HE
Globodera rostochiensis 2 . Meloigoyne incognita 1
ST £ S KR goyne neod
— Globodera tabacum 2 B Heterodera glycines 1
-1,4- N ) 6 5 1 - =
P & Heterodera glycines 6 Heterodera schachtii 1
i Heterodera schachtii 2 EZ LN Meloigoyne incognita 1
Meloigoyne incognita 3 I i BE T 2 A Globodera rostochiensis 1
Globodera rostochiensis 1 B-1,4-NUIA R WERE | Meloigoyne incognita 1
Heterodera glycines 1 JEEER 2 A Heterodera glycines 1
Rz i g Heterodera schachtii 1 Heterodera glycines
i _ JUT it _
Meloigoyne javanica 1 Heterodera schachtii 1
Meloigoyne incognita 2 [SEDRISEEEREIR A0
- - - B Heterodera schachtii 1
Meloigoyne javanica 1 1-1,4-B- 2 FLPEE
BN Heterodera glycines 2 Heterodera glycines 2
2y S R i gly
Globodera pallida 1 2k Heterodera schachtii 2
Ei=?
Meloigoyne incognita 2 Globodera rostochiensis 2
Globodera rostochiensis 3 Meloigoyne incognita 1
RAN 4558 H Globodera pallida 1 B Heterodera glycines 2
: 2 EIEME "
Globodera mexicana 1 Heterodera schachtii 2
R E R Y
Heterodera glycines 1 Hez b4 5 | Heterodera glycines 2
NP TEE
THEEA Globodera pallida 1 EEAS| Meloigoyne incognita 1
o Heterodera glycines 2 T FR g Meloigoyne incognita 1
KWL U R o goyne need
A Heterodera schachtii 2
Meloigoyne incognita 1

PRLRIE: Mitchum %% Application of biotechnology to understand pathogenesis in nematode plant pathogens. In:
Biotechnology and Plant Disease Management. 2007, CABI, London, UK.
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ABAT G — ek 8] 44 Pk 42 B0 5 BRSO /N5 % 2T 2 1 e A 2 5 — N - BER S 1
— RN A ZIRETNA B A TR RS h T 58, AR MR TEME . 5
a4 28 H (Caenorhabditis elegans) & L2171, H R IEAALTRA Z ML, B 2R
AN LG —RbRE . HRATE Lk R (Brugia malayi)Zik X 44 S Bt 2 R i i
FE MRS HelmCoP #4#5 2 1) John Martin 4 fit ¥ 22 PRI 4 2 3047 1, FH 3 R s 2 PR R IR o

FEZFRAT, Bl i Bz A S SR A s P 4 R B ER BT R A T BT RN
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TEAR L RRFUNER 1.2 4115 P (RN #4712 24

% 1.2 &% 18 # HelmCoP #Fh 7 H £ FR &S Bil

Table 1.2 M odification examples of gene names of all 18 HelmCoP species

WRBLT 4 KPR A HelmCoP Ji 3 K| % B 7 T A 4 7 BHUERIZEE 2K
Homo sapiens
ENSP00000284562 HS00284562
A~ Human
Mus musculus
N ENSMUSP00000004136 MMO00004136
/N« House mouse
Arabidopsis thaliana
. At1g10370.1 AT110370_1
IR FT . Thale cress
Glycine max
_ Glyma08g01690.1 GM801690_1
K. Soybean
Drosophila melanogaster
. FBpp0082046 DM0082046
AR, Fruit fly
Saccharomyces cerevisiae
) YIR038C SCYIR038C
B PG i2RE . Brewer's yeast
Caenorhabditis elegans
o Y1H11.2 Y1H11_2
F5IFEAF £ L. Roundworm
Caenorhabditis brenneri
CBN14802 CBN14802

TH 4. Nocommon name

Caenorhabditis briggsae
Aty B YD HEFEAT £ de CBG22411 CBG22411

No common name

Caenorhabditis japonica
. CJAL7340 CJAL7340
T34+ No common name

Caenorhabditis remanei
CRE11845 CRE11845

Td 344 . No common name
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