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Abstract

Malaria affects 40% of people worldwide. Plasmodium knowlesi is found in Macaca
Jascicularis in Southeast Asian countries and can be transmitted to humans. Cytochrome c
oxidase subunit 1 gene (cox1) is an important mitochondrial DNA encoding important protein
subunits in the cellular respiratory process. Cox1 is commonly used to identify species and study
the evolution of living beings. The objective of this research is to study of genetic diversity and
genetic relationship of Mitochondrial cox1 gene of Plasmodium knowlesi in Thailand. In this
research, forty DNA samples were collected from 11 provinces in Thailand and confirmed as
P. knowlesi. Cox1 gene was used as the DNA target for amplification by PCR. The phylogenetic
tree was constructed from nucleotides sequence data of cox1 gene to classify P. knowlesi cluster
in Thailand by using the Maximum Parsimony method. The correlations between clusters and
patient data, residential area, and parasite density were analyzed. The results showed that the
phylogenetic tree can divide P. knowlesi into 13 clusters (Cluster I-XIII). Cluster I (8 isolates),
Cluster II (7 isolates), Cluster III (3 isolates), Cluster IV (1 isolate), Cluster V (4 isolates),
Cluster VI (1 isolate), Cluster VII (3 isolates), Cluster VIII (1 isolate), Cluster IX (1 isolate),
Cluster X (3 isolates), Cluster XI (2 isolates), Cluster XII (1 isolate), and Cluster XIII (5 isolates).
There were more males infected with P. knowlesi (35 males) than females (5 females). The age

group infected with P. knowlesi < 40 years old was 15 persons and age group = 40 years old
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was 25 persons. Thirty-nine persons are Thai and 1 person is Myanmar. Twenty-six patients
from 33 patients have parasite density < 10,000 /uL of blood and 7 patients have parasite
density = 10,000 /uL of blood. In conclusion, P. knowlesi were divided into 13 clusters. The
parasites in the same clusters are similar in genetics and most isolates in different areas have
different nucleotide sequences. This research is preliminary data of molecular epidemiology of
P. knowlesi in Thailand. This data can be applied in public health and planning for malaria

control and malaria eradication in Thailand.
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Fig. 1 The collection sites of P. knowlesi.
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Fig. 2 PCR results of cox? gene of P. knowlesi in agarose gel electrophoresis. Lane M: 100 bp

Fig. 3
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DNA ladder; Lane 1: Negative control; Lane 2: Positive control; Lane K1-K10: Patient isolates

PK1-PK10.
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The results of multiple nucleotides alignment of cox? sequences of P. knowlesi using the

ClustalW program from BioEdit program isolate 1-41 with outgroup base position 1-100 using

the ClustalW program from BioEdit program ClustalW version 7.2 (https://bioedit.software.

informer.com). Conserved nucleotides sequences are shown as a dot. GenBank accession

numbers were shown in parenthesis.
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PK1 SONGKHLA (0Q779218)
PK33 SONGKHLA (0Q779214)
PK9 PHUNGNGA (0Q779198)
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PK30 SONGKHLA (0OQ779226) Cluster 1l
PK32 SONGKHLA (0Q779223)
PK23 PHUNGNGA (0OQ779209)
PK31 SONGKHLA (0Q779222)
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Cluster 11l

PK28 SONGKHLA (0Q779212)

PK29 YALA (OQ779213)
PK7 TRAT (OQ779196) Cluster IV

PK11 CHUMPHON (OQ779219)
PK18 CHUMPHON (OQ779205)

Cluster V
PK26 UTHAITHANI (OQ779211)
PK24 CHUMPHON (OQ779221)
PK16 SURATTHANI (0Q779203) | Cluster VI

PK4 SONGKHLA (0Q779193)
PK40 RANONG (0Q779217) Cluster VII
PK37 CHUMPHON (OQ779215)
PK12 CHUMPHON (OQ779200) Cluster Vill
PK10 TRAT (OQ779199) Cluster IX
PK5 SONGKHLA (0Q779194)

PK8 RANONG (0Q779197) Cluster X
PK38 CHUMPHON (OQ779216)
PK2 SATUN (0Q779191) Chistsr:XI
PK3 SONGKHLA (0Q779192)

{PK41 RANONG (0Q779224) | Cluster XII

—
s L
u
|
PK6 CHUMPHON (OQ779195)
PK36 RANONG (0Q779223) P
PK17 TRAT (OQ779204) uster

PK15 TRAT (OQ779202)
PK13 CHUMPHON (0Q779220)
P coatneyi (AB354575)
P fragile (AY722799)
P fieldi (AB444133) Outgroup
| [ P vivax (AY598035)
‘ l—p cynomolgi (AB444131)
P inui (AB444112)

Fig. 4 The phylogenetic tree of cox? gene of P. knowlesi. The P. knowlesi isolates can be divided
into 13 clusters by Maximum Parsimony (MP) method using MEGA 11 program (1,000
bootstraps) (http://www.megasoftware.net/bugs.php.) GenBank accession numbers were shown
in parenthesis as following PK1 (OQ779218), PK2 (OQ779191), PK3 (OQ779192), PK4
(©Q779193), PK5 (OQ779194), PK6 (OQ779195) PK7 (OQ779196), PK8 (OQ779197), PK9
(©Q779198), PK10 (OQ779199), PK11 (OQ779219), PK12 (OQ779200), PK13 (OQ779220),
PK14 (0OQ779201), PK15 (OQ779202), PK16 (OQ779203), PK17 (OQ779204), PK18 (OQ779205),
PK19 (OQ779206), PK20 (OQ779207), PK21 (OQ779225), PK22 (OQ779208), PK23
(©Q779209), PK24 (0OQ779221), PK25 (OQ779210), PK26 (OQ779211), PK28 (0Q779212),
PK29 (0Q779213), PK30 (0OQ779226), PK31 (0OQ779222), PK32 (OQ779223), PK33
(©Q779214), PK34 (0Q779228), PK35 (OQ779229), PK36 (0Q779223), PK37 (OQ779215),
PK38 (0Q779216), PK39 (OQ779230), PK40 (OQ779217) and PK41 (OQ779224). Outgroup
consist of P. coatneyi (AB354575), P. fragile (AY722799), P. fieldi (AB444133), P. vivax
(AY598035), P. cynomolgi (AB444131) and P. inui (AB444112).
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Fig. 5 The phylogenetic tree of cox? genes of P. knowlesi in this study and cox? genes of

#in2 66-4.indd 8871

P. knowlesi in GenBank database from Peninsular, Malaysia (PkUMMC1, PkUMMC5, PkKUMMC9,
P. knowlesi mosquito isolate (AY722797), P. knowlesi monkey isolate (AB444106), P. knowlesi
human isolate (AB444108) Sarawak, Borneo, P. knowlesi KH45 (EU880446), P. knowlesi KH176
(EUB8B0454), P. knowlesi KH229 (EU880458), P. knowlesi KH381 (EU880465), P. knowlesi
KH433 (EU880468), P. knowlesi LT4 (EU880474), P. knowlesi LT48 (EU880485), P. knowlesi
LT15 (EUBB0476), P. knowlesi LT53 (EU880489), P. knowlesi LT57 (EU880498) and Thailand
P. knowlesi A1 (AY598141). The P. knowlesi isolates can be divided into 12 clusters when
compared with GenBank accession number from Peninsular Malaysia, Sarawak, Borneo, and
Thailand with outgroup. Outgroup consist of P. coatneyi (AB354575), P. fragile (AY722799),
P. fieldi (AB444133), P. vivax (AY598035), P. cynomolgi (AB444131) and P. inui (AB444112)
by Maximum Parsimony (MP) method using MEGA 11 program (1,000 bootstraps) (http://www.
megasoftware.net/bugs.php).
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Table 1 Cluster of P. knowlesi and patients’ data (gender, age group, nationality, and parasite density).

Variable n (%) Cluster

Gender

Male 35 (87.5) ALV, VI VI VI, XX, X XL X
Female 5 (12.5) L1 VI X X

Age group (years)

< 40 15 (37.5) (R | (T AVARVARVIRRV]|

> 40 25 (62.5) ALV, VI VI VI X, X, XL X
Nationality

Thai 39 (97.5) AL 1LV, VI VI VI IX, X, XX X
Burmese 1(2.5) \Y,

Parasite density/1 pl of blood

<10,000 26 (78.8) AL IV, VL VL VI VI X, X XL X

>10,000 7 (21.2) LV, X

Table 2 Cluster of P. knowlesi and patients’ residential area.

Cluster Residential area (Province) n (%)
L L VL X, X Songkhla 10 (25.0)
[, V, VII, ViiI, Xl Chumphon 9 (22.9)
LA LIV X X Trat 7(17.5)
1, VI X, X, Xl Ranong 5 (12.5)

[, 1l Phangnga 3 (7.5)
Il Yala 1 (2.5)
X Satun 1 (2.5)
Vi Surat Thani 125
[ Chanthaburi 12595
Vv Uthai Thani 125

| Ratchaburi 1 (2.5
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Table 3 Cluster of P. knowlesi and patients’ occupations.

Cluster Occupations n (%)
AL IV, VI X, X, X X Rubber plantations 21 (62.5)
[, 1V, VI VL X Orchards 8 (20.0)
L, X Employed 4 (10.0)

V Soldiers/Police 1 (2.5

V Monks/Novices 1 (2.5

X Other farming 1(2.5)

[, VI Other 4 (10.0)
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