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ABSTRACT

Orientia tsutsugamushi is the causative agent of scrub typhus, a major cause of
undifferentiated fever in the Asia-Pacific region, especially Thailand. The genotypic
characterization of O. tsutsugamushi was identified based on a partial nucleotide sequence
of the 56-kDa protein-encoding gene which contained the variable domains (VD) I-IV.
There were 106 scrub typhus suspected patients whose DNA were amplified by PCR
technique using specific primers for the 56-kDa protein encoding gene. These samples
were analyzed by nucleotide sequencing and construction of a dendrogram. Samples were
identified into 4 clusters: Karp (44.7%), Kato (3.9%), Gilliam (40.8%), and TA763
(10.5%). Only 2 samples could not be grouped in any cluster. The geographical
distribution of the O. tsutsugamushi strain in Thailand was studied. However, there were
no samples from northern and eastern regions. Karp was the predominant strain in the
northeastern region while Gilliam was the dominant strain in the central region as well as
in the southern. From this information, the TA763 strain should be included in the panel
of antigens used for antibody detection. In addition, strain-specific primers were
developed based on the 56-kDa protein encoding gene of the sequences in each cluster to
identify O. tsutsugamushi strains. Karp- and Gilliam-specific primers generated
satisfactory sensitivity and specificity values with approximately 95%. The information
obtained from Orientia strain identification can be used for monitoring the prevalence of
the disease and can also be useful for further vaccine development to prevent O.

tsutsugamushi infection.
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CHAPTER|
INTRODUCTION

Orientia tsutsugamushi is a Gram-negative, obligatory intracellular
coccobacillus. Its size is approximately 0.5-Qr8@8 wide and 1.2-3.Qum long (1).
This bacterium is the causative agent of scrub typhus, a maja ohtebrile illness
in rural areas of South-East Asia throughout the Asia Pacific and Northern
Australia. The transmission of this disease involves the laritak raf most rodents,
especiallyLeptothrombidium spp. (chigger) or thrombiculid mites (2). The clinical
features of scrub typhus are acute fever, severe headache ancamyalgddition,
rash and regional lymphadenopathy are developed in some patients. Edgpeal
scrub typhus marker, is an ulcer surrounded by a red areola and covarddriyscab
on the skin. It is developed at the site of infection by the bitafetted larval mite.
However, the presence of an eschar in patients varies from 7%-97% (3).

Both humoral and cellular immunity play an important role in the pathoge
clearance (4). After an infection of wit®. tsutsugamushi, the macrophage is
activated by IFN¢ secreted from T helper 1 (Thl) cells to eliminate the pathogen.
Humoral immune response also plays a role in neutralization of thegem as well
as inhibition of adhesion to and internalization into host cell (5). Hawelie
mechanism of both immune responses depends on the st@irtsoftsugamushi (6).
The protective immune response to the homologous strain remains up teais3 y
while the immune response against the heterologous strains exigtgess than 3
months (7-9). Scrub typhus is curable by antibiotic treatment sudbxgsycline or
chloramphenicol. However, there is a report about the unresponsive tmtantibi
treatment such as doxycycline in Thailand. The significant lotigex for fever
clearance after antibiotic treatment was demonstrated (10).

Scrub typhus in Thailand was first confirmed to be the disease by
serological technique in 1953 (11Q. tsutsugamushi was first isolated from tissues of
Thai rodents Rattus and Bandicota) and found that the survival mice from Thai
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Orientia infection could resist to the homologous strain inoculation (11). Moreover,
eight species of chiggers were collected from differentsanealhailand and five
strains ofO. tsutsugamushi were identified. Karp was the most predominant strain
and followed by TA716, TA763, TA686 and Kato (12). Furthermore, the serological
identification was used to characterize Giientia isolates form 4 different parts of
Thailand. The result showed that eight strains; Karp, Kato, @illlBA678, TA686,
TAT716 (chon strain), TA763 (Fan strain) and TH1817, were identified (13).

Orientia identification was performed on the basis of the phenotypic
characterizations including serological assay and protein analydisas complement
fixation (CF), direct fluorescent antibody assay (DFA) and intifmorescent
antibody assay (IFA) (15, 16). Moreover, the polyclonal antibody was osHtei
micro-immunofluorescence (MIF) (17). IFA was considered as trek fahdard for
Orientia identification but the great antigenic diversity of antigenidogas limited
the sensitivity of IFA (18). The genetic characterizations u$lotymerase Chain
Reaction (PCR) amplification and direct sequencing were accdragli;istead of
these serological techniques to reduce time-consuming and high-&baratory
requirement. RecenthQrientia identification based on 56-kilodalton (kDa) protein
encoding gene was performed since this gene contained both conserved and
hypervariable domains (19). The hypervariation domains can occur from ambunus
degree of insertion or deletion and causes the subsequent antigensitydi{dss).
These domains caused this gene to be the most suitable candidatéorgéne
tsutsugamushi strain identification (15).

The 56-kDa protein is a major outer membrane prote®. edutsugamushi
which played an important role in attachment to or penetration intockdst(20)
Consequently, this protein has been considered as type-specific anfigemnalysis
of amino acid sequence alignment of 56-kDa gene among six strair3. of
tsutsugamushi  showed four variable domains (VDs; VD I-1IV) residing between
conserved domains. Nucleotide and amino acid sequences of the conservet domai
have very high homology. Hence, these domains are the cause of tecaaiwity
between strains or species-specific domains. The VDs showednihariges in
amino acid sequences between individual strains ranging from 50%-70% ecluilci

be responsible for antigenic variation or strain or serotype specificities (19, 21)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Immlogy) / 3

The strain identification using PCR and nucleotide sequencing was
performed in previous studies. The patients’ sample collected froed&al centers
in Thailand were identified the basis of 56-kDa protein encoding gene and
demonstrated that Karp was the major strain followed by Kato (22pwever,
Gilliam which is the one of prototype strains could not be found. Theatretudy of
the entire open reading frame (ORF) of the gene from 23 isabftesrub typhus
patients demonstrated that Karp was the predominant strain followesillgm,
TA716 and TA763 (23).

The information of strain identification in Thailand was rarely mitgd.
This information is necessary for the improvement of the antigenl pank-A
technique, the epidemiology study and vaccine consideration for furtherefdiee
the objective of this study is to determine the nucleotide sequen&éskdfa protein
encoding gene 00. tsutsugamushi Thai samples and construct the dendrogram of
nucleotide sequences for cluster analysis. The relationship be@végiisugamushi
detected from Thai patients and that from other geographical regiasmsanalyzed.
Finally, the primer sets foD. tsutsugamushi strain identification based on 56-kDa

protein encoding gene were developed.
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CHAPTERIII
LITERATURE REVIEW

1. Orientia tsutsugamushi

O. tsutsugamushi is a Gram-negative, obligatory intracellular
coccobacillus. Its size is approximately 0.5-0.8 micromeiers) (vide and 1.2-3.0
um long (1). This bacterium is classified as tRiekettsiaceae family and was
formerly known asRickettsia tsutsugamushi. Orientia was reclassified as a new genus
distinct fromRickettsia in structure that its outer leaflet of the cell wall i<kar than
the inner leaflet while other members Rifckettsia such asR. prowazekii and R.
rickettsii, their inner leaflets are thicker than the outer leaflet bfwadl. Moreover,
the cell wall of Orientia lacks the components of peptidoglycan and
lipopolysaccharide (1).0O. tsutsugamushi is the causative agent of scrub typhus, a
major cause of febrile illness in Southeast asia especiallyfhailand. The
epidemiological cycle of this disease involves mites of most redesgpecially
Leptothrombidium spp. (chigger) or thrombiculid mites. In the colonies of mites or
the ‘mite islands’, the cycle initiates with the dropping of aapitic, blood-feeding,
hexapod larva from rodents then passing through a nymphochrysalis and dotigwe
eight-legged, non-parasitic nymphal and adult stages (2). The atkdtraturn to the
rodents and finally lay eggs on the rodents (figure 1). The Vientgemission oD.
tsutsugamushi occurs in these mites when the bacteria in the cytoplasm afusari
organs including oocytes, is passed to the offspring via transoviaaredntission.
Then, the bacterium is transferred to rodent by the bite of infeutedvector. Mite is
the true reservoir but humans or other effected mammals arectidersal host.
Rarely, the bacterium is reverse-transferred from infectechadsito mites occurs
inefficiently (24). There are many strains@ftsutsugamushi which are composed of
both unique and cross-reactive serological epitopes (25). The serblmabsis has
indicated that three prototype strains which are Karp, Kato anérGilire the most
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Figurel. The epidemiological cycle of scrub typhus (MI-mite island, MH-
maintenance host, IH-incidental host, 1-a parasitic, blood-feeding, hexapod
larva, 2-nymphochrysalis, 3-eight legged, non-parasitic nymphal larva, 4-

an imagochrysalis and 5-adult mite) (2).
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prominent and represented as the major isolate®©.ofsutsugamushi (21). In
Thailand, the first isolation dD. tsutsugamushi from tissue of Thai rodent (Rattus and
Bandicota) was reported in 1954 and indicated that mice which survivedTinam
Orientia infection could resist to the homologous strain inoculation (11). Themt, eig
species of chiggers were collected form different areas&ildnd and 146 isolates of
the bacteria were characterized. Five strain®.dsutsugamushi could be identified.
Karp was the most predominant strain (60%) followed by TA716, TA763, TA686 and
Kato (12). Furthermore, the serological identification was usechaoacterize 77
Orientia isolates form 4 different regions of Thailand. The result showadeight
strains; Karp, Kato, Gilliam, TA678, TA686, TA716 (chon strain), TA763 (Faing
and TH1817, were identified (13).

2. Scrub typhus

The disease caused By tsutsugamushi has an incubation period of 5-20
days. The major features of scrub typhus are fever, severe heatachwgalgia. In
addition, rash, regional lymphadenopathy and eschar are developed in s@nts.pati
The severity of systemic infection can be ranged from symptertdeatal. The lesion
of scrub typhus initiates from a papule that develops at the dite difite of infected
larvae mite to the formation of an eschar, a typical scrub typlansem Eschar is an
ulcer surrounded by a red areola and covered by a dark scab. The prdsance
eschar in patients varies from 7% to 97% (3).

O. tsutsugamushi can infect endothelial cells, macrophages and
polymorphonuclear leukocytes (PMNs) and invade into the cells by induction of
phagocytosis. The bacteria attach to the host cells using spriatedgns. Leest al
reported that the 56-kDa protein which is the outer membrane protei@. of
tsutsugamushi can bind to host fibronectin and enhance the internalization process
(26). Moreover,O. tsutsugamushi evades the immune response by phagolysosomal
fusion inhibition after the bacterium is entrapped in the phagosomebatheria can
replicate in cytoplasm of host cell by binary fission and infettewtcells via
protrusion or budding from the infected cells to neighboring cells whgulethe

host membrane-bound or free bacteria (4).
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The basic histopathologic lesions of scrub typhus are disseminated
perivasculitis and focal interstitial mononuclear infiltrationsocasated with edema
(7). The major symptom is interstitial pneumonia with alveolamedénemorrhages,
interlobular septal edema and meningoencephalitis. Multiorgan véscalitses the
diversity of clinical manifestations. Consequently, the failureespiratory system
and peripheral vascular collapse can be the causes of death in humans.

Immunity to O. tsutsugamushi depends on both humoral and cellular
immunity which plays an important role in the pathogen clearanceask of cellular
immunity, specific T cells, especially T helper 1 (Thl) cdilsye a role in protective
immunity against O. tsutsugamushi by producing IFNy which activates the
macrophage to eliminate the pathogen. The effect ofylHidwever, depends on the
strain of O. tsutsugamushi and the infected cell type (6). Humoral immunity also
plays a role in neutralization of the pathogen by inhibition of the aathemnd
internalization process (5). This inhibition efficiency depends on titaén sof O.
tsutsugamushi.

The re-infection can occur frequently among patients living in endemic
areas. The immunity t®. tsutsugamushi is strain-specific as a result that the
protective immune response to the homologous strain last for up to is3weke the
immune response against the heterologous strains exists ontiidas3 months and
absent after a year (7-9). Although vaccines are not availablaufbans, scrub
typhus is responsive to antibiotic treatment such as doxycyclinelaramphenicol.
However, there was a report about the clinical response to doxeyaiatment with
patient in chiangrai, northern of Thailand. There were 5 out of 12 Faskawed the
significant longer time for fever clearance after antibidte@atment comparing to
patients in Mae Sod, Tak province (10).

The epidemiology of scrub typhus is confined to a definite geographic
region called ‘tsutsugamushi triangle’ extending from northern Japéme north to
northern Australia in the south and to Pakistan and Afghanistan in gigfigere 2)
(4). The first case of scrub typhus in Thailand was confirmed teebylogically
technique in 1953 (11). Recently, the infected cases of scrub typhuscameed
annually. The reported cases in 2009 presented 5,921 effected caseditynartio
9.33 per 100,000 populations) and there were 8 fatality cases (figure @t chbes
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Figure3. Reported cases of scrub typhus per 100,000 populations in Thailand
between 2000-2009 (27).
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were found in rainy season during May to October. The northern panadaid has
the highest infected cases followed by the southern part, the nogtheasid the
central region, respectively (figure 4) (27).

3. The major antigenic protein of Orientia tsutsugamushi

O. tsutsugamushi belongs to alpha-proteobacteria in ordReckettsiales.
The members of this ordef. tsutsugamushi contains the largest genome with
2,127,051 base pair (bp) and 2,008,987 bp for the whole geno@esotsugamushi
strain Boryong and Ikeda, respectively (24, 28, 29). Its genome isingla sircular
chromosome with the GC content approximately 30.5% (29). The genome stafctur
O. tsutsugamushi includes the high degree of repeated sequences in range 37 — 46%
(24, 29). Comparing to other bacteridycoplasma mycoides and phytoplasmas
contain 19.2 and 12.9% repetitive sequences, respectively (30). Even in the
Rickettsiales order,Wolbachia pipientis strain wMel andAnaplasma phagocytophilum
present 14.2 and 12.7% repetitive sequences, respectively (31). Highnetetitive
sequence causes the unique of genom®.ofsutsugamushi. The genome-based
metabolic analysis revealed that the set of genes involving indpgpitan (PG)
biosynthesis were identified. However, the genes involving degradatiB olvas
also found while those for lipopolysaccharide (LPS) biosynthesis wareletely
disappeared (24). As a result that PG and LPS were not preserttedaahl wall of
O. tsutsugamushi. Furthermore, comparison of whole genomeQoftsutsugamushi
strain Ikeda and Boryong found that 540 genes presented as a backbone @edonser
in both strains. Interestingly, there were the notable sequenagioasiin several
genes especially surface protein (24).

The expressed proteins Of tsutsugamushi were characterized by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAfEhod. There were
at least 30 major proteins including 165-, 150-, 138-, 110-, 72-, 70-, 63-, 60-, 58-, 57-,
56-, 54-, 50-, 49-, 47-, 46-, 43- and 20-kDa proteins (25, 32, 33). Most of these
proteins are the surface protein except the 60-kDa protein which texdonology to
the GroEL or heat shock protein family. This protein is expressestei
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Figure4. A map of Thailand demonstrated the reported cases of scrub typhus per
100,000 populations by province in 2009 (27).
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the rickettsial cells (21). In addition, the 47-, 56-, 70-, and 110-kDa protedres

considered as the major antigens.

3.1 Heat shock protein

The 60-kDa protein o®. tsutsugamushi is the homolog of the heat shock
protein GroEL expressed lgyoEL gene (21). Although it located in the cytoplasm of
the organism, the immunoblotting method revealed that patient seraazmwith the
60-kDa protein (34). The expression of GroEL protein is upregulated dilméng
infection especially in the early period (35). The 60-kDa proteimgkly conserved
housekeeping protein which is essential for the survival of theserinactédowever,
the nucleotide sequences of 60-kDa protein encoding gene are ablengudibed or
differentiated the genu@rientia from Rickettsia (36).

3.2 Surface proteins

3.2.1 The 47-kDa protein

The 47-kDa protein belongs to the high temperature
requirement (HtrA) family of stress response protein and iseegpd on the outer
membrane o0. tsutsugamushi. Using immunoblotting assay, the 47-kDa revealed the
cross-reactivity with heterologous antiserum (32). The SDS-Psl@iwved that the
band of 47-kDa protein moved in different distance between differemssa2).
This protein contains both scrub typhus group reactive or species-s@aafistrain-
specific epitopes to B-cells (37). However, the 47-kDa protein encagbng is
highly conserved approximately 97% identity in 25 different strains Oof
tsutsugamushi (38). Then, the 47-kDa protein and also protein encoding gene is
selected as the target to distinguiGh tsutsugamushi from other Rickettsia. The
diagnosis ofO. tsutsugamushi infection based on 47-kDa protein encoding gene
detected 3-21 copies d@rientia sequence per microlitreul] of blood (39). In
addition, the protection of re-infection was accomplished in challergitige mouse
model with the 47-kDa protein. It provided good homologous protection and cross
protection against heterologous strains (Ching WM, unpublished data). tuuafiedy,

the immune response of this protein can cross-react against a pustgin, human
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serine protease HtrAl (hHtrAl) due to very high degree of amirsh semuence
homology and may cause the autoimmune response (38).

3.2.2 The 56-kDa protein

The 56-kDa protein is the major surface protein ©f
tsutsugamushi which expressed approximately 10-15% of its total protein (40). The
function of this protein involves in the adhesion factor of bacteria tyg b the host
cell (41). The strongly reaction by immunoblotting was occurred leetwlee 56-kDa
protein to the homologous antiserum whereas the weakly reactiorppeared in the
interaction to heterologous antiserum (32). Moreover, mice immunizibdtia 56-
kDa protein could generate neutralizing antibody and resisted to dwtianf caused
by homologous strain dd. tsutsugamushi (20). The purified 56-kDa protein can also
react with strain-specific monoclonal antibodies by a dot blot immsaga§l?2).
Therefore, this protein appears to be an immunodominant antigen and estnébits
specific characteristics (21). The 56-kDa protein composed of 521-53® awids
depended on strains @. tsutsugamushi corresponded with the molecular weight in
range 54-58 kDa in different strains (19). Recently, the examinafiamino acid
sequences in databases revealed that the 56-kDa protein comprismmfaard in
range 516-541 amino acids. An unusual degree of nucleotide insertion amohdelet
may cause of amino acid lengths variation (15).

Ohashi Net al (1992) aligned the amino acid sequences of 56-
kDa protein of 6 strains (Gilliam, Karp, Kato, Kawasaki, Kuroki andrkioshi) and
revealed that there were 4 regions of VD I-IV showed the sogmifidifferent amino
acid sequences (figure 5). The amino acid identity between swamwaried from
more than 75% to less than 50%. The amino acid length is differeatinVD, VDI
comprises of 22-28 amino acids where as there are 16-26, 24-35 and 34-40 amino
acids in VD II, lll and IV, respectively (19). The VD IV is thengest domain but VD
Il showed the greatest variation of amino acid residues. Companisiie entired
ORF, O. tsutsugamushi strains demonstrated high homologies in range of 71-89%
(nucleotide sequence) and 56-82% (amino acid sequence). These VDssadered
to responsive for the antigenic variation of each strainOoftsutsugamushi.
Furthermore, the homology in each ORF generates the cross-tgactivmmune

response.



Wichittra Anukool Literature Review / 14

1 100
Gilliam MKKIMLIASA MSALSLPFSA SAIELGEEGG LECGPYGKVG IVGGMITGAE STRLDSTDSE GKKHLSLTTG LPFGGTLAAG MTIAPGFRAE LGVMYLRNIS
Karp AEEREEN ewn - Avrr Y WAYE RARREDARAN N* wae cern % JeesweTaNp
Kato ERRAANRNLE KARIXNEERS SERRNADRAR KERARNANRN VRARRRNAYE RAEILODARAG RNAQRPRARG MERSENRNE FRERERNRND ANAVEOQOUK
Kawasaki AAKRRNNNNR ARKEXRERRE KANRKADRNY AAXRKRART® URAKARKUNNYS RARRPACYD C M % s vy
Kuroki CRRRRRREAS SRXNEEIENE FRRSIEDIVR ANRSARAREN URANERARON & . ar N ARENRRENNE ARRAROREER
Shimokoshi  WR¥NNNKNN% ARSRERACWE NELIP_DUNG SNEHINEIN NNRSULGHYN ARA44DARRE PEIKY MA*ay THry ISAM*eM#VK
. Vv D/ | — , vV D Il 200
Gilliam AEVEVGKGKY DSKGEIKADS GGGTDTPIRK RFKLTPPQPT IMPISIADRD VGVDTDILAQ AAAGQPQLTV ~---BORAAD RIAWLKNYAG IDYMVPDPON
Karp RQERERRYSA KNYRNTRARR YRAKACREN KANRAARAES KNANSORYSR PATOIPNOTS Y¥STSRS*RL --ND*##E4) *#R4444CRS ¢ 44ROKNOND
Kato EEERGRO o] GIDADFR--* WA--WSHMPQ SYRNNANE4R FRNARNRRN® [AVO]DNVP* GG*NHLGDNL GANDIR®#D® *#Te#wawas yssaénsoye
Kawasaki REASLRESAT GAGAANA®ID —~—%GAVAAR SARNARNENR SANSARERIS LANRENRENN AAURROEREY B * s
Kuroki T E peers p MYS¥eNRRRR POTAIPNIP* *OMQAAYPPL —-NDQKY#WA ¥¥RARENCHE S2eabKaaye
Shimokoshi  ****L¥%¥—_M G*DANTGTTA DASAGV-*#% HKN&ASE#N S4AREEXS@E [ANW]DN-ne ~S¥KRGoe —— NVDVA##) #aaeasenes saayseegye
, v D Il . .
Gilliam PNAR-VINPY LLNITQGPPN VQPRPRQNL- ~---- DILDH GQWRHLVVGV TALSHANKPS VTPVKVLSDK ITKIYSDIKP PADIAGIDVE DTGLENSASV
Karp .'GPH'.'.I ....P.'“'. PVGN.P.RAN PPAGFA.H}" E.."...‘L A‘.'N..". AS Lais il s ] '.Q.'Q.Q.H L.".."'. ..s......'
Kato ‘Q"—Iv". '...p..". m"_-.—m QPCS__..N' D“..'...'I .'H.N"'.. .S.I'.'.E. .VQ..R.V'. '.Rv..'z.' SDP.'..'..
Kawasakl "'.—'v..' .'...'.’A'. 'N'." "N ______ hEn D."Y'.'.. i22217 .Ss..."" ..Q".’.RQ "K"N.E'. GAP."'..'
Kuroki *-GHMMV**% *¥¥*PXSN** DUGOWP*RAN QPANFAVHN® E*#NS#ANS], A#RANSARES AGHROACENE RIOKFSAIEEE SHANKEANAS AAFRS000]
Shimokoshi  $QGA-AV¥## +s#apasn+s PAGGGG-RAA ~PAAF ARwapyeeng NHSYAN SSASNINANS SGOLEASEEE LeNVESUQIS ESPAYDESYE
400
Gilliam EQTQSKMQEL NDVLEDLRDS FDGYMG-NAF ANQIQLNFVM PQQAOQQQGQ GOQOQ-AQAT AQEAVAAAAV RLLN--GNDQ IAQLYKDLVK LORHAGVKKA
K‘rp .'..N.'..' ..L..E..E' ....L'G... ARRRANRARRE ARAANRRR_ AR 2R _ b SRR AAR ~RERR RhRARARN NN ‘.....I...
Kato '.'.N..‘.' "I.DEK'.. "QCI.G". £33 '.RI hRRR A .'..'Q"'. '...A'.". .v'._ N..' .1‘.'...‘. 'K"'.I'..
Kawasak i NANNTHEMAN NHSEIEROEC NRCRDA_ GO NEONIUO)] FAERERNOE _GEA__GEUR NRREAVRNRN NARN__SaES SIHSAENERE SabataIpEn
Kuroki KERRNNTAAN GUTHRENRR® ANNNIN-F¥R UARRHARARS SDRARNNANR hhdah_dAA" FOISONRENT RRER__SGhh NANSARANAL MO OOTRES

Shimokoshi ~ DW®#N#V*## SKe*44yAES SAAPI[—#%% SODUR¥AOT #4YV-—-@hs CWSDR_ApA4E C4SLAGENL] FRLIDCRENG S[ASLNNRYS SEONYA] RES

vV D IV

r— 500
Gilliam MEKLAAQQEE DAKNQGEGDC G‘KETBFDLSH IVGQVKLYAD LFTTESFSIY AGVGAGLAHT YGKIDDKDIK GHTGMVASGA
Karp N www D**A » AN yMIRRY RERRERRRYS GRICINEROE RONRECaREE
Kato *SE*E$4DGCE CNGGGDNKKK RGASED*DAG GASPGGKAE THYHERRNER R aRtahenh AadWaddtds 2] 400adys SRANEGUERT ANRSRRCRRW
Kawasaki MRRRARAENG ADOSHYSCND YK¥*AVA*DS KAGSHWA¥ & NEFVSLARE® Rapeasssss UUARRRRANR JRGRUAVIR® SADARGAGYS —#]eysensy
Kuroki ANRKRNRNAS ARRRRRCRAN NRNRRNRN FEERRN URANRRRRNS URRRNERNAN RURKNARNES CHOA ROyt SRS ONEIUS Sysstbeass

Shimokoshi *KQ*GDELGV *QGQE*GCSK DKK*SDTTAE E-S*~#4%4K ##A[#4R0[& Anassttsns $he[DEIRYUS EETARSNNYE HARRNGNORD AORRONCH] *

545
Gilliam LGVAINAAEG VYVDLEGSYM HSFSKIEEKY SINPLMASVG VRYNF
Karp AHANANKERN SRR THOERE YANCNCNNES SANIN RO GG RN RS
Xato L L T T T T T T
Kawasaki ERRRNUYIOE SCONDAGRE RRAEANADIS GULAPTENAS HRERe
Kuroki RARRRNRNNR NCORRAAGRS SOLIRYNDIS QUEARTRRAC WRRAR

Shimokoshi —~ WW¥WANUSD® WeMBUDAGH], YH*4W*RRKS OMEAPURRAR THews

Figure5. The multiple alignment of amino acid sequences of 56-kDa proteindrom
reference strains (Gilliam, Karp, Kato, Kawasaki, Kuroki and Shintakos
The asterisk (*) represented the identical amino acid comparedlisonG
strain. Dash (-) represented the gap. VD |, Il, Il and IVesented four

variable domains (19).
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The 56-kDa protein is group-specific protein or uniquedin
tsutsugamushi which is not expressed in other bacteria (15). This protein is eshcode
from the 56-kDa protein encoding gene which presented as a single amapinimg
about 1,550 nucleotides (43). The immunodominant property of this protein
demonstrated that it is the highest expressed protein and straifiespeactivity
convinces this protein and gene as an excellent target for thepkeezit of vaccine
and disease diagnosis. Moreover, the nucleotide sequence analysiedBiis and
variable domains can be used as the major targ€. fisutsugamushi characterization
or identification (15).

3.2.3 The 70-kDa protein

The 70-kDa protein was expressed on the surfaceO.of
tsutsugamushi and was presented to react with the heterologous antisera in
immunoblotting method implying that these polypeptides contained group despec
specific antigenicity (32).

3.2.4 The 110-kDa protein

The 110-kDa protein is the one of important surface protein of
O. tsutsugamushi. Based on the affinity-purified antibodies against 110-kDa protein,
the SDS-PAGE showed the unique mobility of bands in each straingf iKato and
Gilliam protein. It was possible that the 110-kDa protein containsdrofis-reactive
and strain-specific epitopes (25).

4. Rickettsia identification based on molecular biology

There are 3 families in the ord&ickettsiales which areRickettsiaceae,
Bartonellaceae and Anaplasmataceae. The family Rickettsiaceae composes of 3
genera which ar€oxiella, Rochalimaea, Rickettsiae. More than 20 members in the
genusRickettsiae are classified into 3 groups: spotted fever group (SFG), typhus group
(TG) and scrub typhus group (STG).

Rickettsial isolates can be identified using 2 approaches whictthare

phenotypic and genotypic approaches.
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4.1 Phenotypic approaches

4.1.1 Serotyping

The phenotyping criteria for rickettsial isolate identificatioa a
based on serotyping with or without the protein analysis. The éddmdification
initiated with the cross-reaction of sera with the somatigantof different type of
Proteus spp. such as OX-19 antigen fdRickettsia in the TG, OX-2 and OX-K
antigens for the SFG and STG, respectively. This technique tdadlatfeil-Felix test.
However, this technique was not used anymore because of the lowvignaitd
specificity (18). Then, the MIF based on the serotyping techniqueused with
mouse polyclonal antisera especially Rickettsia spp. for the SFG differentiation.
This technique was developed to detect the specific epitopes of esipfatein
antigens oRickettsia such as rOmpA, rOmpB and 120-kDa protein (44). In addition,
the monoclonal antibody (mAb) was also used in MIF method but theresavas
limitation since the mAb lacked the standardized cut off to all knisetates (45).
Because there are more limitations, this technique requiresothpacison between
the new isolate to all previous approved species to interpret the result (45).

4.1.2 Protein analysis

The protein analysis such as sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was used abesnoethod in the
phenotypic criteria (46). Two outer membrane proteins of Ricket®@mpA and
rOmpB, were selected to identify the group by SDS-PAGE sinee ttveo proteins
are the major or dominant antigens expressedRickettsia (47). However, the
Rickettsia expressed few proteins then these 2 techniques were not apprapriate t
identify the intracellular rickettia (45). Furthermore, the highkgriation in the
molecular weight of rOmpA and rOmpB protein is the limitation aft@n analysis
method to differentiate the speciesRitkettsia (45).

4.2 Genotypic approaches
4.2.1 Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP)
Recently, the genotypic criteria were used for rickettsial
identification. Initiate with the PCR-RFLP, this technique wasdu® differentiate
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between group oRickettsia based on the amplification of protein-encoding gene of
rOmpA and rOmpB. The PCR-RFLP generates the high level of repbditydo
identify genotype of rickettsial isolate by comparison with tlieremce patterns (48).
For example, 9 SFG rickettsiae were differentiated by tlisnigue based on OmpA
protein encoding gene (48). Moreover, 2 new rickettsial isolates @bma were
identified as the new strains of SFG rickettsiae (49). The gewceding OmpB
protein was used to differentiate 36 strains of SFG rickettsieeptR. africae andR.
parkeri (50). The limitation of PCR-RFLP is the appropriate endonucleasgne
for analysis has been precisely chosen (51).

4.2.2 Pulsed field gel electrophoresis (PFGE)

PFGE was also used to identify the SFG rickettsiae (52) such as
10 isolates oR. conorii exhibited the same pattern distinctive from the other species.
However, it is necessary to include all rickettsial speciethe gel to compare all of
the profiles.

4.2.3 PCR amplification and direct sequencing

4.2.3.1 16S rRNA gene

About 5 genes were studied using the direct sequence
determination for the identification of rickettsiae. The 16S rRj¢Ae is universal in
bacteria and commonly used for bacterial identification and taxonb8)y (The 16S
rRNA (or DNA, in fact) is the small subunit of ribosomal molecssociated with the
large unit (23S rRNA). The nucleotide sequence of this gene is apaitely 1,550
bp in length containing both variable and conserved regions. The consenaes reg
are in both ends of sequence whereas the variable region is in behslagsed for the
comparative taxonomy (53). Among tReckettsia group, Rickettsia spp. showed the
homology of 16S rRNA sequence at least 97.5%uisutsugamushi showed only
90% homology when these 2 genera were compared.  However, the nucleotide
sequence of 16S rRNA gene was not variation enough to differentiatpeabms of
SFG rickettsiae. Then, the comparison of the 16S rRNA gene sequance
accomplish to differentiate the bacteria only at the genus baitehot the species or

strain levels (53).
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4.2.3.2 Citrate synthase genegttA gene

The citrate synthase gene gitA containing approximately
1,234 bp of species-specific sequence was studied based on the anoplifisatg the
consensus primers complemented to the conserved region at the botdsrgaine.
The citrate synthase is an enzyme of the citric acid @mtepresented in nearly all
living cells (54). The multiple alignments of these amino aciguseces
demonstrated the homology within the domdtukarya and Proteobacteria in range
46-92 and 56-75%, respectively, whereas the lower homology was observedrbetwe
domains in range 20-26% (55). The citrate synthase gene has theainferm
sequence for the identification of closely related bacteria (Bdjthermore, this gene
was expressed in the chromosomes of all rickettsiae. glfAegene of 28 bacteria
belonging to the genuRickettsia were analyzed by nucleotide sequencing and found
that the obtained phylogenies were similar to that from 16S rRgfencing analysis
(54). However, thegltA sequence analysis generated more reliable evolutionary
relationship with the significant bootstrap values for all nodes (54).

4.2.3.3 rOmpA and rOmpB protein encoding genes

The two proteins, rOmpA and rOmpB, are expressed on the
membrane ofRickettsia with the high molecular weight as 145 and 120 kDa,
respectively. The function of rOmpA involves in the intracelluldmnagased motility
and adhesion to host cells whereas rOmpB, a protective coat irerSdays as the
molecular sieve and ion trap. They were associated with the leaftat of outer
membrane (56, 57). ThampA gene could differentiate the SFG rickettsiae based on
the restriction endonuclease analysis of PCR product sing® gene has the
variability in nucleotide sequence higher than in either 16S rRNgtArgene (58).
There are the epitopes in rOmpB which are commonly found in both SFGG&Gnd
rickettsiae. They demonstrated the cross-reactivity betweetmalissin western
blotting analysis (59).OmpB gene which is approximately 4,776 bp was analyzed and
generated the phylogenetic result similar to the analysiiAdfandompA gene except
R. rickettsi and R. honei. However, the higher bootstrap was estimated in the

phylogeny ofompB but not in either oflItA or ompA (59, 60).
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4.2.3.4 56-kDa protein encoding gene

As previously described, the 56-kDa protein was expressed only
in O. tsutsugamushi. The 56-kDa protein encoding gene contains the interstrain
hypervariable regions (VD I-IV). Then, the gene sequence an@gther from the
hypervariable regions or whole gene) of 56-kDa protein encoding gene can
differentiate O. tsutsugamushi into the different strain. The homology of 56-kDa
protein encoding gene was evaluated to differen@atsutsugamushi strain.

In 1999, 31 strains dD. tsutsugamushi were classified based on
the nucleotide sequence homology of 56-kDa protein encoding gene (61).
Approximately 91% of whole gene encompassed all 4 hypervariable regenms
sequenced. The strain ©f tsutsugamushi were clustered in phylogenetic tree and
presented that the strains distributed in northeastern and southeastarrare
different types (61). Similarly, 14 strains @. tsutsugamushi in Taiwan were
characterized based on the nucleotide sequencing of whole gene wthehsame
region of Enatsu &t al, 1999 (61). The result showed that the homology of gene was
greater than 99% in the same type or strain where as the pkoreatogy was less
than 95.84% in different strains (62). The VD Il and Il of the issldtom Malaysia
were determined and the percent divergence between all pairsquénse was
generated. The local strains of Malaysia were more closkdied to Karp, Gilliam
and TA strains from South-East Asia (63). The nested PCR wdstasgentify O.
tsutsugamushi Thai isolates based on the 56-kDa protein encoding gene followed by
the nucleotide sequencing of PCR product. The result showed that thetidecle
sequences of 240 patients from 8 Regional Medical Sciences Chkatkithe high
homology (at 96%) to Karp strain in majority (22). Only VD IV imggwas used to
characterize 12 isolates @. tsutsugamushi from scrub typhus patients. These
isolates showed the relationship on a dendrogram based on the percent of
disagreement (distances) among the reference isolates. liomde#ch isolate could
be classified based on the homology related to TA716 or Kato (89% homology)
Japanese strain LAl with 93% homology (64). Moreover, 2 hypervariabtseg
VD Il and lll, were also used to characterize 10 specimens $wyab typhus patients
in Thailand. The nucleotide sequences of 2 isolated specimens assiiell based

on the percent of similarity clearly belongs to Karp clustenweéier, some isolates
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that were not related to any reference strains were consideredw or undescribed
genotypes (14). There was a report that the analysis of efRiFeoD56-kDa protein
encoding gene to construct the phylogenetic tree by nucleotide sequgenamgted
more information than the analysis of few regions. The 23 straif$haif isolated
were characterized and clustered in the majority of Karp (23)his Tesult
corresponded to the previous study which only approximately 200-400 bp were

analyzed by nucleotide sequencing (22).
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CHAPTER 111
MATERIALSAND METHODS

1. Patient samples

There were 430 samples from patients who exhibited the symptoms of

febrile illness and headache in 4 regions of Thailand during the2(&ér to 2010.
The numbers of samples were showed in table 1. All samplesdiegreosed using
IFA technique as the standard method for scrub typhus at Division dtitidnie
Diseases and Tropical Medicine, Department of Medicine, FaculMedicine Siriraj
Hospital, Mahidol University. Suspected patient’s sera wereatetleon acute and/or
convalescent period. The IFA assay was performed as descrilig. bifdhe sera
samples were interacted with pooled antigen®.ofsutsugamushi strain Karp, Kato
and Gilliam provided by The National Research Institute of HeblliH)( Ministry of
Public Health, Thailand. Then, fluorescein isothiocyanate (FITC)-catgdganti-
human IgG or FITC-conjugated anti-human IgM was added to bind with éserged
IgG or IgM in suspected patient, respectively. The bound antibody bsasved by a
fluorescent microscope. A positive result of scrub typhus infecti@»wla400 for a
single IgM or IgG titer againdD. tsutsugamushi or > 4-fold rising for IgG titer in
paired sera. This study was a part of the clinical study (65peggroy the Ethical
Review Subcommittee of the Public Health Ministry of Thailand, amitas
Institutional Review Board Faculty of Medicine Siriraj Hospitdghidol University.
Patients provided informed consent before sample collection.

There were 2 types of the patient samples in this study whick wer

Ethylenediaminetetraacetic acid (EDTA) blood and chromosomal DNA samples.



Wichittra Anukool Materials and Methods / 22

Table 1. The information of patient samples in this study.

Types of samples
Regions of Thailand Total
EDTA blood DNA

Northeastern part 86 204 290
Northern part 4 NA® 4
Southern part 10 20 30
Central part 84 22 106
Total 184 246 430

#NA: no sample available
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1.1 EDTA blood samples

One hundred and eighty four of blood samples with EDTA blood samples
were prepared to collect the buffy coat layer. Five mélistof EDTA blood samples
were centrifuged at 3,080 for 10 minutes at room temperature and then buffy coat
was collected. Red blood cell contaminants were lysed withlelilstivater (DW)
(66). The procedures of red blood cell lysis initiated by 2 téig (ml) of DW was
added into red blood cell contaminated buffy coat, gently mixed and laftroom
temperature for 1 minute. Subsequently, 0.9% of NaCl or normal saliagon was
added up to 15 ml and centrifuged at 3)@@r 5 minutes. The supernatant was
discarded and the pellet was repeated with red blood cellugsisit contained only
white blood cell. The pellet of white blood cell was used for DX#aetion or stored
at -20°C until used.

1.2 Chromosomal DNA samples

Two hundred and forty six chromosomal DNA samples which were

obtained from the previous study were kept irf€0ntil used.

2. Chromosomal DNA preparation

Chromosomal DNA of. tsutsugamushi was extracted from white blood
cell pellets of EDTA blood samples based on the minipreparation tdrlzgenomic
DNA method (67). The pellet was resuspended with TE buffer pH 8.Gageandix
) up to final volume of 60@l. The 3ul of 20 mg/ml proteinase K (see appendix 1) in
30 pl of 10% of SDS (see appendix I) was added and incubated®@tf87 1 hour.
Then, 100ul of the mixture of 10% of CTAB/ 0.7 molar (M) NaCl (see apperiylix
and 80ul of 5 M NaCl (see appendix I) was added before incubated°at &5 20
minutes. DNA was purified by adding 1 volume of the mixture of chloroficoamyl
alcohol (24:1) (see appendix 1), mixed thoroughly by vortexing for 1 miaaote
centrifuged at 12,00@ for 5 minutes. The top layer of the solution was transferred to
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a new 1.5 ml-microcentrifuge tube. One volume of the mixture of phétaiedorm-
isoamyl (25:24:1) (see appendix ) was added and mixed thoroughly before
centrifuged at 12,00 for 5 minutes. The top layer of solution was transferred to a
new 1.5 ml-microcentrifuge tube. DNA was precipitated after 0.6 welwh
isopropanol was added and mixed gently. The mixture was lefCafto4 15 minutes

and then centrifuged at 12,0@0for 10 minutes. The supernatant was discarded and
the DNA pellet was washed with 1 ml of 70% ethanol (see appendixy I)
centrifugation at 12,00Q for 10 minutes. The 70% ethanol was discarded. DNA
pellet was air-dried for 10 minutes then resuspended withh 58 buffer (pH 8.0) and

kept at -20C until used.

3. Quantification of chromosomal DNA

DNA concentration was determined by spectrophotometric measurement a
the absorbance of both 260 and 280 nm. TE buffer was used as blank. The
conversion factor for DNA of 1 Olgo was 50 mg/ml. Purity of DNA was determined
by the ratio of the absorbance at 260 and 280 nm. The ratio of 1.7-1.9 vesentgad
as purified DNA.

4. Amplification of 56-kDa protein encoding gene of O. tsutsugamushi

4.1 Primer design

The 56-kDa protein encoding gene @f tsutsugamushi was amplified by
nested PCR technique using two primer sets of external and indetnalhese primer
sets were designed by alignment of the nucleotide sequences of edtrgins; Karp
(accession number M33004), Kato (M63382) and Gilliam isolate UT196 (EF213079)
which was derived from GenBank. These nucleotide sequences vggredalising
BioEdit software version 7.0.9.0 (68). The conserved regions were debectihe
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priming site of both sets of primers (see appendix Il and tabléZR amplification

product from these primers encompassed the variable domain (VD) I-IV (19).

Each primer length was designed in the range of 20-23 bases with the
approximately 60% of G-C content. Primer verification was pewdrim silico by
OligoCalc software (69) to avoid the secondary structure formatibime melting
temperature (Tm) values which ranged from 50cb5vere determined by Primer-
BLAST program.

4.2 Nested polymer ase chain reaction (nested PCR)

For the first round of PCR amplification, 0.4 micromola¥j of sense and
antisense of the external primer set were added in to théoreaukture containing 5
ul of 10x PCR buffer, 20uM of each of dNTP, 1 unit of a thermostable DNA
polymerase (TopTag DNA polymerase, Qiagen, Germany) and approlyiniate
microgram fig) of DNA samples. DNase/RNase free sterile watetrdU—PURE™,
Gibco, invitrogen) was added to bring the total volume up toul50 The PCR
condition was initiated at 9& for 2 minutes, then 35 cycles of DNA denaturation at
95°C for 1 minute, annealing at 8D for 1 minute and extension at®@for 2 minutes
followed by the final extension at %2 for 5 minutes in a GeneAmp PCR System
9700 (PE-Applied Biosystem Inc., CA, USA). The new PCR reactionpnegsared,
for the nested round. The internal primers were mixed in theioeaotixture
containing the same reagent as the first round. Thew,dd the first round PCR
product was added. The amplification cycle was also the sarhe disst round of

amplification.

5. Detection of PCR products by agarose gel electrophoresis

Agarose gel (SeaKemn LE Agarose, Cambrex) was prepared at a
concentration of 0.7% (w/v) in 1x TBE buffer (see appendix ). The sggpewas

melt in microwave oven until completely dissolved then poured into the gel casting
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Table 2. Oligonucleotide primers for nested PCR amplification of 56-kDa protein

encoding gene.

Primers Nucleotide sequences$33’) Position$ Polarity

El GCTAAAGTTGGAGTTGTTGGAGG 661-683 sense
E2 CCACATACACACCTTCAGCAGC 2056-2035 antisense
11 CCATTTGGTGGAACGTTGGCTGC 766-788 sense
12 GTCAGCATAGAGTTTAACTTGGC 1896-1874 antisense

& The positions were given according to the sequence of 56-kDa proteidirenc
gene ofO. tsutsugamushi with accession number M33004.
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tray with an appropriate comb. Gel was left for polymerizatioroem temperature
for at least 30 minutes. Comb was removed and the gel was placed i
electrophoresis tank (PowerP¥¢BioRad, USA). TBE (1x) buffer was added in the
tank until submerged the gel.

Ten microlitres of PCR product was mixed withul2of 6x DNA loading
buffer (see appendix I) and loaded into the gel slots. Two migsobfel kilobasepair
(kb) DNA ladder (GeneRul&Y, Fermentas, CA, USA) was also loaded in the first gel
slot as a DNA marker. Gel was electrophoresed at constange@its30 V for 1 hour.
The gel was stained in the solution of 10 mg/ml of ethidium bromake gppendix I)
in sterile water for 30 minutes at room temperature. Then, theagedestained in
sterile water for 15 minutes at room temperature to elimittegeexcess ethidium
bromide. The ethidium bromide-stained gel was examined by UVittemsiator
and taken a photograph using GeneGeNiugSYNGENE, MD, USA) gel

documentation system. The expected band of nested PCR product was 1,131 bp.

Samples which exhibited the expected band were considered as the posit
samples. These positive samples were selected for furthersianaking DNA

sequencing method and phylogenetic analysis.

6. DNA sequencing

6.1 Preparation of DNA template

Whole PCR product was run on 0.7% (w/v) agarose gel and stained with
ethidium bromide as previously describe. The gel was then visudiygedV-
transilluminator (Ultra-Lum, Inc., CA, USA). A clean, sharp sdalpas used to
excise the expected DNA band (1,131 bp) in the gel. The excessighl was not
including DNA was trim out for the minimum size of gel. Theisad gel containing

DNA was transferred to a new 1.5 ml-microcentrifuge tube for purification.
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6.2 DNA purification asa template for automated DNA sequencing

DNA in the excised gel was purified as in the protocol of QIAquiek
Extraction kit (Qiagen, Germany). Briefly, the excised gelswweighed and
considered as 1 volume of gel. Three gel volumes of QG buffer prowvdie ikit
was added into the tube then incubated &C5@r 10 minutes or until the gel
completely dissolved. After incubation, 0.6 gel volume of isopropanol wasl aaidie
mix thoroughly. Then, the mixture was applied to a QIAquick spin columrthis
protocol, all centrifugation steps carried out at 13@0for 1 minute. The flow-
through solution was discarded after centrifugation step angus®i0QG buffer was
added to column, then centrifuged and the flow-through solution was discarted.
column was washed with 750 of PE buffer, after that the column was left at room
temperature for 5 minutes before centrifugation once to eliminaextiess salt which
affected in direct sequencing. The flow-through solution was discaadddthe
column was centrifuged for an additional 1 minute to eliminate tlvessxbuffer.
After that, the column was placed into a new 1.5 ml-microcentrifuige for elution
step. DNA elution was performed by addition ofy @@f EB buffer onto the center of
membrane of the column and centrifuged for 1 minute. DNA was kep0& until
used as a template for automated DNA sequencing. The purity amenthent of
DNA were evaluated by agarose gel electrophoresis.

6.3 Automated DNA sequencing using BigDye™ Terminator

The nucleotide sequence of purified PCR product of 56-kDa protein

encoding gene was analyzed using ABI BigBy@erminator v3.1 Cycle Sequencing

Kit (Applied Biosystems, CA, USA). The principle of this kithased on Sanger’s
dideoxy sequencing protocol. Each sequencing reaction contaideaf §erminator
Ready Reaction Mix with 3.2 picomoles (pmoles) of primers. Instiigdy, 2 primers,

I1 and 12 (table 2), were used as sequencing primer for each Diplate to
generated the sense and anti-sense stranded of DNA, respeclivayquantity of
template was in range 10-40 nanograms (ng) when the PCR product was
approximately 1,000-2,000 bp. Deionized water was added to adjust the tatakvol

to 20 ul. The reaction cycles were initiated with°@for 1 minute followed by 25
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cycles of 96C for 10 second, 5C for 5 second and 8G for 4 minutes. The excess
or unincorporated dye terminators were removed using ethanol preocipitagithod to
reduce the obscure results. Each sequencing reaction was mixed 6yl of
deionized water and 64l of 95% ethanol and incubated at room temperature for 15
minutes to precipitate the products followed by centrifugation at 1€go@a 15
minutes at 4C. The supernatant was completely discarded by inverting the tube onto
a paper towel. The tube was left until the pellet was dried appatedy 10 minutes.
Each pellet was resuspended in @50f template suppression reagent and mixed
thoroughly. The reaction was denatured &C%r 2 minutes after that chilled it on
ice and mixed thoroughly. Subsequently, the reaction was loaded on tH&/ 3l
96-capillary automatic DNA Analyzer (Applied Biosystems, CA,A)S The DNA
was automatically injected into the capillary at 2.5 kV and sudgjefcr 2 hours to the
POP-7M polymer for capillary electrophoresis of long read sequencing atki2.2
50°C. The ABI Sequencing Analysis Software v5.2 (Applied BiosysterAs,USA)

was used to display instrument status and record the raw datal imre situation.
The chromatogram was displayed and analyzed using Sequence ScarwareSof
v1.0 (Applied Biosystems, CA, USA).

7. Analysis of nucleotide sequencing data

7.1 Editing and assembling of nucleotide sequences

The chromatogram and nucleotide sequence data were editing using
ChromasPro software v1.5 (Technelysium Pty. Ltd., Australia). The sgujutences
were in Applied Biosystems format (.abl). The chromatogram antexihdile of
nucleotide sequences could be displayed. The undefined nucleotides (sh&in as
which were found at 5’-end from the excess dye peaks and at 3'-endifr@adable
nucleotides were observed by the software. These nucleotides emeosed for
further analysis. However, it was necessary to check manuallythk whole

sequences. The anti-sense stranded DNA was reverse-complemefbeel be
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assembled to the sense stranded DNA. Eventually, the consensus segagnce

generated for further analysis.

7.2 Multiple nucleotide sequences alignment

The nucleotide sequences contained hypervariable (VD) I-IV regions of
each samples were aligned with the nucleotide sequences ohcefened prototype
strains obtained from GenBank database (table 3). The ClustalWoiiOns in
BioEdit program version 7.0.9.0 (68) was used for multiple alignment of the

nucleotide sequences. A sequence alignment file (.aln) was generated.

8. Phylogenetic analysis

The Molecular Evolutionary Genetics Analysis (MEGA) programiverg
(71) was used to analyze and cluster the obtained nucleotide sequéheesaln file
from ClustalW was imported to this program then converted to ME&@Afdrmat
(.meg) before analysis. The nucleotide sequence alignment fig)(was activated
then the parameters were set up for dendrogram construction. Nejgjiniboy-
algorithm based on a distance algorithm was chosen and the distaite was
calculated to generate a dendrogram. A reliability of consttudésmdrogram was
estimated by bootstrapping with 1,000 replications. In each bootstrappingewhe
dendrogram was generated and compared to the original one. If oneotlaee
dendengram is presented in the original clade, a score will be 4cor will be 0
when there is not the original clade in a new dendrogram. A thousaondparisons
were estimated in bootstrapping method. The number that showed on elsdieew
times of a pattern of clade occurred in the bootstrap replicéteaddition, pairwise
distance values were computed by the MEGA v.4 program to establighffdrent

sites between two sequences in a multiple alignment.
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Table 3. Description of prototype and reference strain®asutsugamushi used in

multiple alignments.

Accession number  Geographical Strain | solate References
Origin
M33004 New Guinea Karp Karp 21
EF213078 Thailand Karp uUT96 23
EF213098 Thailand Karp FPW2031 23
M63382 Japan Kato Kato 19
EF213085 Thailand Gilliam FPW2016 23
EF213079 Thailand Gilliam UT196 23
U80635 Thailand TA6G86 TA6G86 Unpublished
U80636 Thailand TA763 TA763 Unpublished
U19904 Thailand TAG678 TAG678 Unpublished
U19905 Thailand TA716 TA716 Unpublished
L04956 South Korea Kuroki Boryong 72
AF173033 Japan JG Ikeda 61
M63380 Japan Kuroki Kuroki 19
M63383 Japan Kawasaki Kawasaki 19
M63381 Japan Shimokoshi Shimokoshi 19




Wichittra Anukool Results / 32

CHAPTER IV
RESULTS

1. Amplification of 56-kDa protein encoding gene of O. tsutsugamushi

The nucleotide sequences of 56-kDa protein encoding gen®. of
tsutsugamushi prototype strains obtained from GenBank database were aligned for
PCR primer design. Two sets of oligonucleotide primers, extanwhinternal pairs,
were designed for nested PCR amplification. The product of nest&l VRS
approximately 1,131 bp (figure 6). Then, the amplification products welfeeduand
served as the sequencing template. The direct DNA sequencingev@sned using
the automated DNA sequencer. There were 106 of 430 samples fromtygdrub
suspected patients that could be positively amplified by these printawever, only
78 of 106 amplification products generated the satisfactory results of sequencing.

The detection of scrub typhus based on IFA technique showed 304 positive
samples (70.7%) including 147 with single high IgM or IgG titer and 1i#7 4vfold
rising titer where as 106 positive results (24.7%) were demortstfaden the
amplification of 56-kDa protein encoding gene (table 4).

2. Phylogenetic analysis of partial nucleotide sequences of 56-kDa
protein encoding gene of O. tsutsugamushi

2.1 Multiple sequence alignment and phylogenetic analysis

There were readable and assembled 78 nucleotide sequences of tthe neste
PCR amplified products. The obtained sequences from samples weyarednwith
15 reference sequences from GenBank database which shown in tablel 3. Al
sequences were aligned using the Clustal W (70) and the aligresahtwas saved in
the fasta file format (.fas). The sequence identity matag valculated using BioEdit

program to demonstrate the similarity of each sequence to the ¢ihlele 5). Sixty-
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Figure 6. Agarose gel electrophoresis of PCR product amplified using the &6-kD
protein encoding gene primers. The size of PCR product is 1,131 bp. Lane
2 -13 were the clinical samples which the 56-kDa protein encoding gene
was amplified in lane 3, 5, 7, 10 and 11. Lane 14 was the positive DNA

and lane 15 was the reagent negative control. The 1 kb DNA marker wa
shown in lane 1.
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Table 4. The positive results by IFA technique comparing to the amplification of 56-

kDa protein encoding gene.

Positive results based on
Regions (n of samples)

56-kDa protein encoding gene

IFA, .
amplification,
0

n (%Y n (%}
Northeastern (290) 216 (74.5) 62 (21.4)
Central (106) 59 (55.7) 31(29.2)
Southern (30) 25 (83.3) 11 (36.7)
Northern (4) 4 (100) 2 (50)
Total (430) 304 (70.7) 106 (24.7)

@ The percentage was calculated from the positive result in each region augioais r
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (page 1 of 10).

Paients 111 BP2B8 KP112 KPI16 KPe8 KPIS9 KP171 KP133 KP67 KPI74
References
Karp M 33004 0742 0963 0736 0919 0924 0954 0988 0756 0989  0.989
Karp UT76 0742 0907 0736 0997 0.899 0905 0920 0739 0921 0921
Karp FPW2031 0741 0974 0737 00915 093 00947 0973 0761 0974 0974
Kato M 63382 0714 0721 0708 0705 0715 0727 0720 0686 2107 0.721
Gilliam FPW2016 ~ 0.947 0727 094 0743 0720 0731 0734 0711 30.730.733
Gilliam UT 196 0996 0737 0991 0743 0731 0743 0745 0721 0745 0745
TA686 U035 0723 0749 0715 0730 0749 0746 0745  0.696 460.7 0.746
TA763 U80636 0731 0854 0724 0844 0835 0.862 0.8580.776 0.859  0.859
TA678 U19904 0.692 0746 0686 0739 0743 0757 0743 0674 4407 0.744
TA716 U19905 0689 0711 0684 0703 0713 0717 0715 0679 160.7 0.716
i'é.ﬂ;??[oi%%(’”g 0738 0915 0734 0875 0910 0906 0.909  0.767 100.9 0.910
i%'?'%%m'a‘e 0.946 0727 0940 0731 0723 0732 0732 0702 320.7 0.732
Kuroki_K uroki 0739 0919 0735 0878 0913 0909 0912 0768 130.9 0.913
isolate M 63380
,\Kﬂae‘ggzki 0.88 0707 0879 0715 0700 0710 0712  0.697 120.7 0.712
oosh 0690 0671 0684 0664 0665 0669 0673 0658 730.6 0.673

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass
4 variable regions (VD I-1IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The identity values were calcolated
BioEdit program (cont.) (page 2 of 10).

Patients KP20 KP137 KP115 RAP117 KP66 BP269 KP155 CHUP50 BP5 BP41
References
Karp M 33004 0.785 0.987 0.919 0.787 0.956 0.917 0.989 0.709 0.786 0.919
Karp UT76 0.776 0.919 0.997 0.778 0.907 0.995 0.921 0.709 0.778 0.997
Karp FPW2031 0.804 0.972 0.915 0.805 0.949 0.913 0.974 0.707 050.8 0.915
Kato M 63382 0.682 0.719 0.705 0.683 0.726 0.704 0.721 0.699 830.6 0.705
Gilliam FPW2016 0.679 0.731 0.743 0.68 0.730 0.743 0.733 0.876 00.680.743
Gilliam UT 196 0.687 0.743 0.743 0.689 0.742 0.742 0.745 0.913 0.688 0.743
TA686 U80635 0.751 0.745 0.730 0.753  0.746 0.728 0.746 0.713 520.7 0.730
TAT763 U80636 0.861 0.857 0.844 0.868 0.864 0.842 0.859 0.693 0.865 0.844
TA678 U19904 0.717 0.742 0.739 0.718 0.757 0.737 0.744 0.680 180.7 0.739
TA716 U19905 0.714 0.714 0.703 0.715 0.718 0.702 0.716 0.675 150.7 0.703

Kuroki_ Boryong

furoki_Bory: 0.802 0908 0875 0804 0908 0873 0910 0.702 030.8 0.875
JG_lkedaisolate

s 0.686 0730 0731 0687 0731 0730 0732 0.888 870.6 0.731
Kuroki_ Kuroki 0.804 0911 0878 0806 0911 0876 0913 0.703 050.8 0.878
isolate M 63380 ' : : : : : : : 80.

K awasaki

Kawos 0.677 0712 0715 0678 0709 0714 0712 0.871 780.6 0.715
m@%‘l@hi 0.651 0672 0664 0655 0669 0665 0673 0.675 530.6 0.664

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (cont.) (page 3 of 10).

PAlenS  ohi6  BP64  BPIOD BPIO7 BP143 BPISL BP25O BP263  RAPS  RAP39
References
Karp M 33004 0743 0953 0919 0781  0.786 0956 0742  0.742 0741  0.919
Karp UT76 0743 0906 0997 0772 0778 0907 0742  0.742 0.741 0.997
Karp FPW2031 ~ 0.742 0946 0915 0.800  0.805 0949 0741 0741  400.7 0.915
Kato M 63382 0714 0727 0705 0679 0683 0726 0714 0714 1207 0.705
Gilliam FPW2016 0.948 0729  0.743  0.676  0.680 0.730  0.947 0947  450.9 0.743
Gilliam UT 196 0995 0740 0743 0684 0688 0742 099  0.996 0994  0.743
TA686 U035 0724 0746 0730 0748 0752 0746 0723 0723 2107 0.730
TA763 U80636 0731 0.862 0.844 0860 0865 0.864 0731 0731 0.728  0.844
TA678 U19904 0692 0758 0739 0714 0718 0757 0.692 0.692  900.6 0.739
TA716 U19905 0689 0718 0703 0711 0715 0718 0.689 0.689  870.6 0.703
i'é.ﬂ;??[oi%%(’”g 0739 0907 0875 0798 0803 0908 0738 0738 370.7 0.875
i%'?'%%m'a‘e 0.945 0729 0731 0683 0687 0731 0946 0946 4409 0.731
Kuroki_Kuroki 42,5 0910 0878 0800 0805 0911 0739 0739  380.7 0.878
isolate M 63380
,\Kﬂae‘ggzki 0.885 0707 0715 0676 0678 0709 0.886 0.886 840.8 0.715
oosh 0690 0667 0664 0649 0653 0669 0.690 0.690 880.6 0.664

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The identity values were calcolated
BioEdit program (cont.) (page 4 of 10).

Patients RAP64 CHUP20 CHUP30 CHUP40 CHUP68 KL36 KL53 KL102 BL8
References
Karp M 33004 0.708 0.838 0.742 0.720 0.833 0.7420.988 0.919 0.739
Karp UT76 0.701 0.823 0.742 0.720 0.823 0.742 0.920 0.997 0.739
Karp FPW2031 0.709 0.848 0.741 0.718 0.847 0.741 0.973 0.915 380.7
Kato M 63382 0.961 0.703 0.714 0.704 0.702 0.714 0.720 0.705 0.712
Gilliam FPW2016 0.699 0.718 0.947 0.919 0.711 0.947 0.732 0.743 440.9
Gilliam UT 196 0.713 0.731 0.996 0.952 0.723 099%  0.744 0.743  0.993
TA686 U80635 0.720 0.764 0.723 0.710 0.765 0.723 0.745 0.730 210.7
TAT763 U80636 0.704 0.967 0.731 0.714 0.925 0.731 0.858 0.844 0.727
TA678 U19904 0.797 0.736 0.692 0.681 0.735 0.692 0.743 0.739 900.6
TA716 U19905 0.838 0.729 0.689 0.682 0.732 0.689 0.715 0.703 870.6

Kuroki_ Boryong

olate 04955 0.708 0.853 0.738 0.717 0.845 0738 0909 0875 360.7
i%'?'%%m'a‘e 0.702 0.727 0.946 0.909 0721 0946 0731  0.731 4309
furoKl_K roKd 0.709 0.855 0.739 0.718 0847 0739 0912 0878 370.7
l\KAaG‘ggzki 0.693 0.706 0.886 0.867 0698 0886 0711 0715 830.8
3‘(;';%‘109“ 0.653 0.664 0.690 0.672 0.666 0.690 0.672 0.664 880.6

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (cont.) (page 5 of 10).

PAien'S o9 BL13 BPI3 RAP2S BPI20 RAP2 SO0 S002  S005  Si006
References
Karp M 33004 0.919 0989 0709 098 0989 0742 0919 0787 0740  0.742
Karp UT76 0997 0921 0702 0920 0921 0742 0997 0778 0740  0.742
Karp FPW2031 0915 0974 0710 0973 0974 0741 0915 0.805 0739  0.741
Kato M 63382 0705 0721 0965 0722 0721 0714 0705 0683 0711 0714
Gilliam FPW2016 ~ 0743 0733 0701 0732  0.733 0947  0.743  0.680 440.9 0.947
Gilliam UT 196 0743 0745 0715 0744 0745 0996 0743  0.689 0993  0.99%
TA686 U035 0730 0746 0722 0745 0746 0723 0730 0.753 190.7 0.723
TA763 U80636 0.844 0859 0705 0.856  0.859 0731  0.8440868 0728  0.731
TA678 U19904 0739 0744 0798 0745 0744 0692 0739 0718 900.6 0.692
TA716 U19905 0703 0716 0839 0717 0716 0689 0703 0.715 870.6 0.689
i'é.ﬂ;??[oi%%(’”g 0.875 0910 0709 0909 0910 0738  0.875 0.804 360.7 0.738
i%'?'%%m'a‘e 0731 0732 0705 0731 0732 0946 0731  0.687 4209 0.946
Kuroki_K uroki 0.878 0913 0710 0912 0913 0739  0.878  0.806 370.7 0.739
isolate M 63380
,\Kﬂae‘ggzki 0715 0712 0694 0711 0712 0886 0715 0.678 840.8 0.886
oosh 0664 0673 0653 067 0673 0690 0664 0.655 50.68 0.690

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The identity values were calcolated
BioEdit program (cont.) (page 6 of 10).

Patients ! ! ! ! ! ! ! ! ! !
Sio07 Sioo8 Si009 Si010 Sio11 Si012 Si013 Si015 Si016  Sio18
References
Karp M 33004 0.710 0.742 0.739 0.945 0.742 0.742 0.742 0.969.924 0.741
Karp UT76 0.703 0.742 0.739 0.913 0.742 0.742 0.742 0.909 850.8 0.74
Karp FPW2031 0.710 0.741 0.740 0.952 0.741 0.741 0.741 0.976 0.916 0.739
Kato M 63382 0963 0.714 0.710 0.726 0.714 0.714 0.714 0.723 0.713 120.7

Gilliam FPW2016 0.700  0.947 0.943 0.734 0.947 0.947 0.947 0.729 110.7 0.945

Gilliam UT 196 0.715 0.996 0.994 0.744 0.996 0.996 0.996 0.739 0.722 0.994
TAG86 U80635 0.721  0.723 0.718 0.762 0.723 0.723 0.723 0.75 60.73.721
TA763 U80636 0.705 0.731 0.727 0.862 0.731 0.731 0.731 0.856 410.8 0.73
TAG678 U19904 0.798 0.692 0.688 0.756 0.692 0.692 0.692 0.748 440.7 0.69
TA716 U19905 0.839  0.689 0.686 0.722 0.689 0.689 0.689 0.713 010.7 0.687

Kuroki_ Boryong

isolate L 04956 0.709 0.738 0.737 0.921 0.738 0.738 0.738 0.917 8 0.80.736

JG_lkedaisolate

AF173033 0.704  0.946 0.943 0.733 0.946 0.946 0.946 0.729 110.7 0.944

Kuroki_ Kuroki 0710 0739 0738 0924 0739 0739 0739 0921 830.8 0.737

isolate M 63380

K awasaki

Kawos 0695 0886 0883 0715 0886  0.886 0886 0709 900.6 0.884
m@%‘l@hi 0654 0690 0686 0676  0.690 0690 0690 0.673 550.6 0.689

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (cont.) (page 7 of 10).

Patients
RAP13 BP32 BP119 Si019 CHUP140 RAP107 KP128 CHUP138 RAP36

References
Karp M 33004 0.939 0.742 0.741 0.937 0.742 0.741 0.735 0.743 3%0.7
Karp UT76 0.916 0.742 0.741  0.905 0.742 0.741 0.735 0.743 350.7
Karp FPW2031 0.948 0.741 0.74 0943 0.741 0.74 0.736 0.742 0.734
Kato M 63382 0.723 0.714 0.713 0.724 0.714 0.712 0.706 0.714 080.7
Gilliam FPW2016 0.731 0.947 0.946 0.733 0.947 0.943 0.937 0.947 380.9
Gilliam UT 196 0.741 0.996 0.995 0.743 0.996 0.992 0.987 0.996 0.984
TAB686 U80635 0.755 0.723 0.722  0.755 0.723 0.718 0.712 0.722 170.7
TA763 U80636 0.856 0.731 0.730 0.850 0.731 0.728 0.723 0.732 240.7
TA678 U19904 0.75 0.692 0.691 0.749 0.692 0.691 0.684 0.693 60.68
TAT716 U19905 0.717 0.689 0.688 0.718 0.689 0.688 0.682 0.690 840.6
Kuroki_ Boryong
isolate L 04956 0.917 0.738 0.737 0.912 0.738 0.737 0.733 0.739 310.7
JG_lkedaisolate
AF173033 0.73 0.946 0.945 0.732 0.946 0.941 0.937 0.945 80.93
Kuroki_ Kuroki
isolate M 63380 0.92 0.739 0.738 0.915 0.739 0.738 0.734 0.740 20.73
Kawasaki
M63383 0.710 0.886 0.885 0.713 0.886 0.883 0.878 0.887 780.8
Shimokoshi
M 63381 0.672 0.690 0.689 0.668 0.690 0.686 0.680 0.688 840.6

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (cont.) (page 8 of 10).

Patients ) . ) ) . ) . . )
CHUP65 Si020 Si021 Si022 S023 S04  Si025  S026  Si027  Si028
References
Karp M33004 0713 0919 0735 0737 0989 0989 0919 0919 0736  0.742
Karp UT76 0712 0997 0735 0737 0921 0921 0997 0997 0736  0.742
Karp FPW2031 0721 0915 0736 0736 0974 0974 0915 0915 3707 0.741
Kato M 63382 0797 0705 0707 0709 0721 0721 0705 0705 080.7 0.714
Gilliam FPW2016 0666 0743 0941 0943 0733 0733 0743 0743 4209 0.947
Gilliam UT196 0682 0743 0992 0992 0745 0745 0743  0.743 0993  0.99%
TA686 US0635 0779 073 0716 0718 0746 0746 0730 0730 70.71 0.723
TA763 U80636 0740 0844 0723 0725 0859 0859 0844 0844 2407 0.731
TAG678 U19904 0782 0739 0684 0686 0744 0744 0739 0739 8506 0.692
TA716 U19905 0850 0703 0682 0684 0716 0716 0703 0703 0683 8%.6
Kuroki_Boryong 0730 0875 0733 0733 0910 0910 0875 0875 340.7 0.738
isolate L 04956
JG_lkedaisolate
s 0676 0731 0941 0941 0732 0732 0731 0731 4209 0946
Kuroki_ Kuroki 0732 0878 0734 0734 0913 0913 0878 0878 3507 0.739
isolate M 63380 ' ' : : ' ' ' : 70
K awasaki
Kawos 0665 0715 0878 0881 0712 0712 0715 0715 79.8 0.886
m@%‘l@hi 0642 0664 0682 0684 0673 0673 0664 0664 850.6 0.690

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The identity values were calcolated

BioEdit program (cont.) (page 9 of 10).

Patients  karp Karp Karp Kato Gilliam Gilliam  TA686 TA763
M33004 UT76 FPW2031  M63382 FPW2016  UT196 U80635 U80636

References
Karp M 33004 ID 0.918 0.964 0.713 0.731 0.742 0.741 0.850
Karp UT76 0.918 ID 0.913 0.703 0.742 0.742 0.728 0.842
Karp FPW2031 0.964 0.913 ID 0.714 0.731 0.743 0.747 0.847
Kato M 63382 0.713 0.703 0.714 ID 0.700 0.714 0.727 0.711
Gilliam FPW2016 0.731 0.742 0.731 0.700 ID 0.948 0.709 0.720
Gilliam UT 196 0.742 0.742 0.743 0.714 0.948 ID 0.723 0.731
TA686 UB0635 0.741 0.728 0.747 0.727 0.709 0.723 ID 0.763
TA763 U80636 0.850 0.842 0.847 0.711 0.720 0.731 0.763 ID
TA678 U19904 0.738 0.737 0.741 0.801 0.680 0.692 0.748 0.743
TA716 U19905 0.710 0.701 0.706 0.850 0.675 0.689 0.792 0.739
Kuroki_Boryong 0901 0873 0.925 0.714 0.727 0.740 0.762 0.838
isolate L 04956 . : : . : . : .
JG_lkedaisolate
AFT73033 0.729 0.730 0.732 0.705 0.906 0.949 0.713 0.726
Kuroki_ Kuroki
isolate M 63380 0.904 0.876 0.928 0.715 0.728 0.741 0.764 0.84
K awasaki
V163383 0.709 0.714 0.708 0.697 0.850 0.886 0.695 0.707
Shimokoshi
MB3381 0.667 0.662 0.669 0.653 0.672 0.689 0.673 0.662

The bold number represented the highest values in each samples
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Table5. The sequence identity matrix of 78 nucleotide sequences which encethpass
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The identity values were calcolated
BioEdit program (cont.) (page 10 of 10).

. Kuroki_ IG Ikeda Kuroki_
Patients TA678 TAT716 Boryong olate Kuroki ~ Kawasaki  Shimokoshi
Res U19904 U19905 isolate APL72033 isolate M 63383 M 63381
erences L 04956 M 63380
Karp M 33004 0.738 0.710 0.901 0.729 0.904 0.709 0.667
Karp UT76 0.737 0.701 0.873 0.730 0.876 0.714 0.662
Karp FPW2031 0.741 0.706 0.925 0.732 0.928 0.708 0.669
K ato M 63382 0.801 0.850 0.714 0.705 0.715 0.697 0.653
Gilliam FPW2016 0.680 0.675 0.727 0.906 0.728 0.850 0.672
Gilliam UT196 0.692 0.689 0.740 0.949 0.741 0.886 0.689
TAB86 US0635 0.748 0.792 0.762 0.713 0.764 0.695 0.673
TA763 US0636 0.743 0.739 0.838 0.726 0.84 0.707 0.662
TAG678 U19904 ID 0.822 0.742 0.685 0.745 0.675 0.655
TA716 U19905 0.822 ID 0.710 0.687 0.712 0.669 0.645
Kuroki_Boryong 0.742 0.710 ID 0.727 0.994 0.702 0.664
isolate L 04956 : : : : : :
i%'?'%g'so'a‘e 0.685 0.687 0727 D 0.728 0.880 0.676
:;HI;?Z'M 'é;srgg' 0.745 0.712 0.994 0728 ID 0.703 0.665
m’;gzk' 0.675 0.669 0.702 0.880 0.703 1D 0.676
mgg(lomu 0.655 0.645 0.664 0.676 0.665 0676 ID

The bold number represented the highest values in each samples
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eight nucleotide sequences showed the highest identity values when edmjir

the prototype nucleotide sequences whereas 10 nucleotide sequenceedeherat
highest identity scores when compared to original Thai strains, TA¥@&8icleotide
sequences) and TA716 (1 nucleotide sequence). Among 68 nucleotide sequences,
thirty-four nucleotide sequences were highly similar to KarpirstraThirty-one
nucleotide sequences showed the high identity values to Gilliam while 3
nucleotide sequences were similar to Kato strain. The randeglofdentity scores

were shown in the comparison to prototype strains as 0.924-0.997, 0.961-0.965 and
0.913-0.996 for Karp, Kato and Gilliam, respectively. On the other hand, theshig
scores in the lower ranges were shown in comparison of TA763 and TADLB/&s

0.967 and 0.850, respectively. However, the highest scores were not shown when
compared to other stains, Kuroki, Ikeda, Boryong, Kawasaki and Shimokoshi which
were originally identified in Japan or Korea.

The identity scores of nucleotide sequence of samples compared to the
references sequences were corresponded to the distance matuatezl/aby the
MEGA4 program (71) (table 6). The lowest value in each samplegyteaped in the
same strains of identitying evaluation. There were 34 nucleotiiesees displayed
the lowest distance matrix in comparison to Karp strain witliahge of 0.000-0.042.
Moreover, 31 and 3 nucleotide sequences showed the lowest distance valliano G
and Kato with the range of 0.004-0.068 and 0.039-0.043, respectively. For Thai
strains, 9 nucleotide sequences showed the lowest scores to TA763 (0.030-0.207)
whereas 1 nucleotide sequence displayed the lowest score to TA716 (0.159) strain.

The dendrogram was constructed from the distance values (tableel) bas
on the Neighbor-Joining (N-J) algorithms. The reliability of brascvas tested by
1,000 bootstraps then the 1,000 topologies of tree were generated. However, the
slightly different was found in dendrogram generated by the MEGA4amo¢71) as
shown in figure 7. The most frequently generated topology was extlecpresented
on a dendrogram and the percentage of reconstructed times was ndtedbcanth.

At least 4 clusters were divided and demonstrated on a dendrogramwditeeKarp,
Gilliam, TA763 and Kato.
Karp cluster contained 34 nucleotide sequences corresponded with the

group based on the highest and lowest of identity and distance scepestikely.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The distance values were calbalsged

on the maximum likelihood algorithm available on the MEGA4 program
(page 1 of 10).

Patients P11 BP288  KP112 KP1I6 KPS KPI1SO KPI7L KPI33 KP67  KPIi7a
References
Karp M 33004 0219 0017 0230 0044 0051 0018 0004 0225 0004 0004
Karp UT76 0.225 0046 0236 0000 0050 0044 0042 0230 0042  0.042
Karp FPW2031 0229 0014 0237 0051 0042 0028 0019 0224 0019  0.019
Kato M 63382 0222 0215 0233 0227 0220 0208 0217 0255 1702 0.217
Gilliam FPW2016 ~ 0.009 0217 0018 0218 0227 0208 0212 0238 1202 0212
Gilliam UT196 0004 0224 0010 0225 0231 0213 0217 0238 0217 0217
TA686 US0635 0.227 0226 0242 0240 0224 0226 0231 0282 3102 0.231
TA763 U80636 0241 0120 0252 0120 0135 0113 0114 0207 0114  0.114
TA678 U19904 0.261 0188 0270 0195 0190 0182 0192 0279 920.1 0.192
TA716 U19905 0.267 0239 0277 0250 0232 0231 0238 0277 3802 0.238
!252?5':5%%%"”9 0235 0069 0242 0087 0077 0080 0073 0218 73.0 0.073
i%'?'%gm'a‘e 0051 0232 0059 0235 0234 0221 0229 0262 290.2 0.229
Kuroki_ K uroki 0.233 0064 0240 0083 0073 0076 0069 0216 69.0 0.069
isolate M 63380
m’;gzki 0.094 0240 0.103 0240 0250 0234 0236 0249 3602 0.236
A oKosh! 0278 0204 0290 0313 0305 0298 0298 0324 980.2 0.298

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 2 of 10).

Patients KP20 KP137 KP115 RAP117 KP66 BP269 KP155 CHUPS50 BP5 BP41
References
Karp M 33004 0.150 0.005 0.044 0.150 0.017 0.044 0.004 0.254 0.150 0.044
Karp UT76 0.160 0.043  0.000 0.160 0.043 0.000 0.042 0.260 0.160 0.000
Karp FPW2031 0.136 0.020 0.051 0.136 0.027 0.051 0.019 0.266 360.1 0.051
Kato M63382 0.253 0.219 0.227 0.253 0.210 0.227 0.217 0.249 530.2 0.227
Gilliam FPW2016 0.279 0.213 0.218 0.279 0.210 0.218 0.212 0.068 0.279 0.218
Gilliam UT 196 0.283 0.219 0.225 0.283 0.215 0.225 0.217 0.070 830.2 0.225
TA686 U80635 0.175 0.233 0.240 0.175 0.226 0.240 0.231 0.242 750.1 0.240
TAT763 U80636 0.083 0.116 0.120 0.083 0.111 0.120 0.114 0.286 0.083 0.120
TA678 U19904 0.204 0.194 0.195 0.204 0.182 0.195 0.192 0.282 040.2 0.195
TA716 U19905 0.210 0.240 0.250 0.210 0.231 0.250 0.238 0.293 100.2 0.250

Kuroki_ Boryong

isolate L 04956 0.145 0.074 0.087 0.145 0.079 0.087 0.073 0.281 450.1 0.087
JG_lkedaisolate

AFT73033 0.275 0.230 0.235 0.275 0.223 0.235 0.229 0.093 750.2 0.235
_Kuroki_Kuroki 0.142 0.070 0.083 0.142 0.074 0.083 0.069 0.279 420.1 0.083
isolate M 63380

K awasaki 0.280 0.235 0.240 0.280 0.236 0.240 0.326 0.118 800.2 0.240
M 63383

|\S|/|qg|3g]308k105h| 0.318 0.298 0.313 0.318 0.300 0.313 0.298 0.301 180.3 0.313

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The distance values were calbalsged

on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 3 of 10).

Patients

BP46 BP64 BP100 BP107 BP143 BP151 BP259 BP263 RAP8  RAP39
References
Karp M33004 0.219 0018 0044 0156 0150 0017  0.219 0.219 0221  0.044
Karp UT76 0.225 0044 0000 0166 0160 0.043  0.225 0.225 0.227 0.000
Karp FPW2031 0229 0028 0051 0142 0136 0027 0229 0229 3102 0.051
K ato M 63382 0222 0210 0227 0260 0253 0210 0222 0222 2602 0.227
Gilliam FPW2016  0.009 0212 0218 0287 0279 0210  0.009 0.009 1100 0.218
Gilliam UT196 0004 0217 0225 0291 0283 0215 0004 0004 0006  0.225
TAB86 US0635 0.227 0228 0240 0182 0175 0226  0.227 0227 3102 0.240
TA763 U80636 0241 0113 0.120 0089 0083 0.111 0241 0.241 0.245  0.120
TA678 U19904 0261 0182 0.195 0211 0204 0.182 0261 0261 6502 0.195
TA716 U19905 0267 0231 0250 0217 0210 0231  0.267 0267 7102 0.250
Kuroki_Boryong 535  g0gg 0087 0152 0145 0079 0235 0.235 370.2 0.087
isolate L 04956
JG_lkedaisolate
AP T73053 0.051 0225 0235 028 0275 0223 0051 0.051 540.0 0.235
Kuroki_ Kuroki 0233 0076 0083 0.148 0142 0074 0233 0233 3502 0.083
isolate M 63380 : : : : : : : : - o
K awasaki 0.094 0238 0240 0284 0280 0236  0.094 0.094 970.0 0.240
M 63383
,\Sﬂhé?;gﬁos'“' 0278 0302 0313 0326 0318 0300 0278 0278 8202 0.313

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 4 of 10).

Patients RAP64  CHUP20 CHUP30 CHUP40 CHUPG68 KL36 KL53 KL102 BL8
References
Karp M 33004 0.231 0.131 0.219 0.227 0.131 0.219 0.005 0.044 0.223
Karp UT76 0.230 0.143 0.225 0.232 0.139 0.225 0.043 0.000 0.229
Karp FPW2031 0.232 0.123 0.229 0.236 0.119 0.229 0.020 0.051 330.2
Kato M 63382 0.043 0.238 0.222 0.228 0.242 0.222 0.219 0.227 0.226
Gilliam FPW2016 0.223 0.242 0.009 0.013 0.256 0.009 0.214 0.218 0.011
Gilliam UT 196 0.225 0.244 0.004 0.020 0.260 0.004 0.219 0.225 0.006
TA686 U80635 0.250 0.171 0.227 0.235 0.169 0.227 0.233 0.240 310.2
TAT763 U80636 0.243 0.030 0.241 0.245 0.063 0.241 0.116 0.120 0.245
TA678 U19904 0.163 0.195 0.261 0.257 0.196 0.261 0.194 0.195 650.2
TA716 U19905 0.147 0.204 0.267 0.269 0.198 0.267 0.240 0.250 710.2

Kuroki_ Boryong

o TS 0.246 0.119 0.235 0.246 0125 0235 0075  0.087 3%.2
ﬁ%‘%@is‘)'a‘e 0.234 0.242 0.051 0.062 0254 0051 0230  0.235 540.0
g;‘:gi,\—/lg;gggi 0.244 0.115 0.233 0.243 0122 0233 0070  0.083 370.2
l\KA%";g;'gki 0.241 0.252 0.094 0.101 0273 0094 0238  0.240 970.0
fﬂhé?%ﬁosm 0.300 0.310 0.278 0.288 0308 0278 0300 0313 820.2

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 5 of 10).

Patients
BL9 BL133 BP13 RAP25 BP120 RAP22 Si001 Si002 Si005 Si006
References
Karp M 33004 0.044 0.004 0.229 0.005 0.004 0.219 0.044 0.150 0.222 0.219
Karp UT76 0.000 0.042 0.228 0.043 0.042 0.225 0.000 0.160 0.229 0.225
Karp FPW2031 0.051 0.019 0.230 0.020 0.019 0.229 0.051 0.136 330.2 0.229
Kato M63382 0.227 0.217 0.039 0.215 0.217 0.222 0.227 0.253 0.227 0.222

Gilliam FPW2016 0.218 0.212 0.220 0.213 0.212 0.009 0.218 0.279 130.0 0.009

Gilliam UT196 0.225 0.217 0.222 0.219 0.217 0.004 0.225 0.283 0.008 0.004

TAG86 UB0635 0.240 0.231 0.246 0.233 0.231 0.227 0.240 0.175 340.2 0.227
TA763 U80636 0.120 0.114 0.241 0.116 0.114 0.241 0.1200.083 0.244 0.241
TAG678 U19904 0.195 0.192 0.161 0.190 0.192 0.261 0.195 0.204 640.2 0.261
TAT716 U19905 0.250 0.238 0.145 0.236 0.238 0.267 0.250 0.210 710.2 0.267

Kuroki_ Boryong

isolate L 04956 0.087 0.073 0.244 0.075 0.073 0.235 0.087 0.145 380.2 0.235

JG_lkedaisolate

AF173033 0.235 0.229 0.230 0.230 0.229 0.051 0.235 0.275 560.0 0.051

Kuroki_ Kuroki 0.083 0069 0242 0070 0.069 0233 0083 0.142 360.2 0.233

isolate M63380

Kawasaki 0240 0236 0239 0238 023 0094 0240 0.280 970.0 0.094
M 63383

fﬂhé?%ﬁ“h' 0313 0298 0300 0300 0298 0278 0313 0.318 880.2 0.278

The bold number represented the lowest distance values in each samples.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Immwy) / 51

Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 6 of 10).

Patients
Si007 Si008 Si009 Sio10 Siol1 Sio12 Sio13 Sio15 Si016 Sio18
References
Karp M 33004 0.227 0.219 0.224 0.034 0.219 0.219 0.219 0.0140.028 0.219
Karp UT76 0.227 0.225 0.230 0.041 0.225 0.225 0.225 0.043 400.0 0.225
Karp FPW2031 0.228 0.229 0.231 0.031 0.229 0.229 0.229 0.011 0.036 0.229
Kato M63382 0.040 0.222 0.229 0.211 0.222 0.222 0.222 0.211 0.217 220.2

Gilliam FPW2016 0.220 0.009 0.014 0.211 0.009 0.009 0.009 0.213 190.2 0.009

Gilliam UT196 0.222  0.004 0.006 0.218  0.004 0.004 0.004 0.220 0.224  0.004
TAG86 UB0635 0.246 0.227 0.236 0.212 0.227 0.227 0.227 0.224 370.2 0.227
TA763 U80636 0.240 0.241 0.246 0.111 0.241 0.241 0.241 0.117 160.1 0.241
TAG678 U19904 0.160 0.261 0.266 0.179 0.261 0.261 0.261 0.185 890.1 0.261
TAT716 U19905 0.143 0.267 0.272 0.228 0.267 0.267 0.267 0.236 400.2 0.267

Kuroki_ Boryong

isolate L 04956 0.242 0.235 0.237 0.069 0.235 0.235 0.235 0.066 840.0 0.235

JG_lkedaisolate

AF173033 0.230 0.051 0.055 0.226 0.051 0.051 0.051 0.228 320.2 0.051

Kuroki_ Kuroki 0240 0233 0235 0065 0233 0233 0233 0062 800.0 0.233

isolate M 63380

Kawasaki 0.237  0.094 0098 0230 0094 0094 0094 0236 420.2 0.094
M 63383

fﬂhé?%ﬁ“h' 0296 0278 0286 0291 0278 0278 0278 0290 140.3 0.278

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 7 of 10).

Patients RAP13 BP32 BP119 Si019 CHUP140 RAP107 KP128 CHUP138 RAP36
References
Karp M 33004 0.035 0.219 0.221 0.036 0.219 0.220 0.233 0.217 320.2
Karp UT76 0.035 0.225 0.227 0.044 0.225 0.227 0.240 0.223 380.2
Karp FPW2031 0.032 0.229 0.231 0.034 0.229 0.231 0.240 0.227 0.242
Kato M63382 0.213 0.222 0.224 0.209 0.222 0.225 0.238 0.222 330.2
Gilliam FPW2016 0.213  0.009 0.010 0.210 0.009 0.014 0.020 0.009 190.0
Gilliam UT 196 0.220 0.004 0.005 0.216 0.004 0.009 0.013 0.004 0.017
TA686 U80635 0.221  0.227 0.229 0.218 0.227 0.236 0.246 0.229 360.2
TA763 U80636 0.119 0.241 0.243 0.121 0.241 0.244 0.256 0.239 520.2
TA678 U19904 0.185 0.261 0.263 0.184 0.261 0.262 0.276 0.259 710.2
TA716 U19905 0.234  0.267 0.269 0.228 0.267 0.269 0.282 0.265 770.2

Kuroki_ Boryong

o Cotoes 0072 0235 0237  0.073 0.235 0236  0.246 0.233 4802
ﬁ%‘%‘;is"'a‘e 0228 0051 0052  0.225 0.051 0058  0.062 0.052  600.0
iglg:zi,\—/l 'é;gé’gi 0.067 0233 0235  0.069 0.233 0.234  0.244 0.231 460.2
l\KA%";g;'gk‘ 0240 0094 0095  0.236 0.094 0.098  0.106 0.093 040.1
fﬂhé?%ﬁosm 0302 0278 0280  0.303 0278 0286  0.296 0282 880.2

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 8 of 10).

Patients

CHUPG65 Si020 Sio21 Si022 Si023 Si024 Si025 Si026 Si027 Si028
References
Karp M 33004 0.233 0.044 0.231 0.228 0.004 0.004 0.044 0.044 0.230 0.219
Karp UT76 0.227  0.000 0.238 0.234 0.042 0.042 0.000 0.000 0.236 0.225
Karp FPW2031 0.226 0.051 0.239 0.238 0.019 0.019 0.051 0.051 370.2 0.229
Kato M 63382 0.195 0.227 0.235 0.231 0.217 0.217 0.227 0.227 330.2 0.222
Gilliam FPW2016 0.271 0.218 0.017 0.014 0.212 0.212  0.218 0.218 150.0 0.009
Gilliam UT196 0.273 0.225 0.009 0.009 0.217 0.217  0.225 0.225 0.008 0.004
TA686 U80635 0.195 0.240 0.240 0.236 0.231 0.231  0.240 0.240 380.2 0.227
TAT763 U80636 0.186 0.120 0.254 0.250 0.114 0.114 0.120 0.120 520.2 0.241
TAG678 U19904 0.195 0.195 0.274 0.270 0.192 0.192  0.195 0.195 720.2 0.261
TA716 U19905 0.159 0.250 0.281 0.277 0.238 0.238  0.250 0.250 0.279 670.2

Kuroki_ Boryong

isolate L 04956 0.216 0.087 0.244 0.244 0.073 0.073 0.087 0.087 430.2 0.235

JG_lkedaisolate

AF173033 0.272 0.235 0.058 0.058 0.229 0.229 0.235 0.235 560.0 0.051

Kuroki_ Kuroki 0212 0.083 0242 0242 0069 0069 0083 0083 4102 0.233

isolate M 63380

K awasaki 0.283 0.240 0.104 0.101 0.236 0.236 0.240 0.240 030.1 0.094
M63383

l\SAhér;;glioshl 0.335 0.313 0.294 0.290 0.298 0.298 0.313 0.313 880.2 0.278

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa
4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees
obtained from GenBank database. The distance values were calbals¢ed
on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 9 of 10).

Patients  karp Karp Karp Kato Gilliam Gilliam TA686 TA763
Refer onces M33004 UT76 FPW2031 M63382 FPW2016  UT196  U80635 U80636
Karp M 33004
Karp UT76 0.044
Karp FPW2031 0.023  0.051
Kato M 63382 0223  0.227 0.223
Gilliam FPW2016 0.214  0.218 0.222 0.220
Gilliam UT196 0219  0.225 0.226 0.222 0.008
TA686 U80635 0.235  0.240 0.237 0.238 0.224 0.227
TA763 U80636 0.119  0.120 0.125 0.230 0.234 0.241 0.174
TAG678 U19904 0.197  0.195 0.192 0.155 0.253 0.261 0.231 0.189
TA716 U19905 0.244  0.250 0.248 0.127 0.265 0.267 0.178 0.193

Kuroki_ Boryong

{colate 04956 0.077  0.087 0.065 0.236 0.231 0.232 0.221 0.134
ﬁ%‘%@is‘)'a‘e 0230 0235 0.234 0.229 0.048 0.048 0.234 0.239
iglg:zi,\—/l 'é;gé’gi 0073  0.083 0.060 0.234 0.229 0.229 0.217 0.130
ﬁ%ﬁg‘;‘g“‘ 0.238  0.240 0.249 0.231 0.091 0.094 0.247 0.247
fﬂhé?%ﬁosm 0304  0.313 0.306 0.299 0.277 0.280 0.303 0.312

The bold number represented the lowest distance values in each samples.
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Table 6. The pairwise distance matrix of 78 nucleotide sequences which erssadpa

4 variable regions (VD I-IV) compared to 15 reference nucleotiqeesees

obtained from GenBank database. The distance values were calbalsged

on the maximum likelihood algorithm available on the MEGA4 program
(cont.) (page 10 of 10).

Patients

References

TAG78
U19904

TAT716
U19905

Kuroki Kuroki_

Boryon§ J(iBST)II I;?ga Kur oki
isolate isolate
L 04956 AF173033 M 63380

Kawasaki ~ Shimokoshi
M 63383 M 63381

Karp M 33004

Karp UT76

Karp FPW2031

Kato M 63382

Gilliam FPW2016

Gilliam UT 196

TAG86 U80635

TAT763 U80636

TAG678 U19904

TAT716 U19905

0.144

Kuroki_ Boryong
isolate L 04956

0.200

0.248

JG_lkedaisolate
AF173033

0.262

0.261

0.243

Kuroki_ Kuroki
isolate M 63380

0.195

0.244

0.006 0.241

Kawasaki M 63383

0.270

0.285

0.264 0.090 0.262

Shimokoshi
M63381

0.310

0.334

0.316 0.294 0.313

0.289

The bold number represented the lowest distance values in each samples.
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Figure7. A dendrogram constructed from the alignment of VD | to IMaweg of the
56-kDa protein encoding gene based on the N-J algorithm with 1,000
bootstrap values. Th@. tsutsugamushi with filled diamond represented
the reference®. tsutsugamushi strains and the strains reported from Asia-
Pacific geographical regions obtained from GenBank Databaske T

numbers at nodes demonstrated the bootstrap values (page 1 of 2).
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Figure7. A dendrogram constructed from the alignment of VD | to IMaweg of the
56-kDa protein encoding gene based on the N-J algorithm with 1,000
bootstrap values. Th@. tsutsugamushi with filled diamond represented
the reference®. tsutsugamushi strains and the strains reported from Asia-
Pacific geographical regions obtained from GenBank Databaske T

numbers at nodes demonstrated the bootstrap values (cont.) (page 2 of 2).
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This cluster was bifurcated from two reference nucleotide segsience
(Boryong and Kuroki isolate of Kuroki strain). The bootstrap value sholetiigh
percentage at 99% indicated the significant reliability or contidepattern of this
bifurcation pattern.

There were 31 nucleotide sequences in Gilliam cluster corresponttes to
scores of identity and distance matrix. The bootstrap value of 100% lifurcation
of sequences differentiated from Kawasaki strain indicated trefisant pattern.
Moreover, 89% at the lower node demonstrated that most Gilliam-té@zad
sequences were similar to the Thai-Gilliam (FPW and UT isolated Thailand) than
the Japanese-Gilliam l|keda isolate (JG lkeda isolated fromnJapal73033).
Interestingly, the nucleotide sequence of CHUP50 sample was sebficah Gilliam
cluster. However, CHUP50 showed the highest identity matrix at OH&IBit was
classified in the Gilliam cluster.

There were 3 nucleotide sequences which showed the highest identity and
lowest distance values to Kato strain. These nucleotide sequeaceslassified in
Kato cluster of a dendrogram. The bootstrap value at the node of TA7 Kasmd
bifurcation was 41% indicating the less confidence of this pattern of branch.

For TA763, the identity and distance matrix demonstrated that 9 naeeoti
sequences presented the high relationship to TA763 strain. Howevenvérerenly
8 nucleotide sequences clustered in this group with the confidence asof85%
bootstrapping, except sample KP133. With 51% of bootstrap values, ihavéat
confidence to consider that KP133 was an outgroup of TA763. Although theyidentit
matrix of KP133 was 0.776, the lowest range in this group. Blastn pmogs
performed to confirm the group of KP133. The result showed that theee 2ve
submitted nucleotide sequences had the high identity to the query KP138wdre
O. tsutsugamushi strain TT03-1 (accession no. GU120168) and TT0705a (GQ332753)
(figure8). Both nucleotide sequences were the 56-kDa protein encoding gene which
isolated from patient’s blood sample in Taiwan.

The last nucleotide sequences, CHUPG65, it was considered as high
relationship with TA716 strain when the highest identity score (0.850paang to
other reference nucleotide sequences. Moreover, the distance s@drB%twas the

lowest value comparing to others. However, a dendrogram showed th&B65HtAs
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Score E Ident
Sequences producing significant alignments: (Bits) Value (%)

gb|GU120168.1p. tsutsugamushi strain TT03-1 56-kDa ty... 1764 0.0 98
gb|GQ332753.1p. tsutsugamushi strain TTO705a 56-kDa t... 1764 0.0 98
gb|GU120147.1p. tsutsugamushi strain KM02 56-kDa type... 900 0.0 85

gb|DQ514319.1p. tsutsugamushi strain Neimeng-65 56 kD... 900 0.0 85
gb|DQ485289.1. tsutsugamushi isolate Taiwan 56kDa ty... 883 0.0 85
gb|GU120169.1. tsutsugamushi strain TT03-2 56-kDa ty... 865 0.0 92
gb|EF213095.1p. tsutsugamushi strain UT302 56-kDa typ... 839 0.0 87
gb|DQ323175.1. tsutsugamushi strain Hualien-11 56-kD... 839 0.0 87
gb|GU120173.1P. tsutsugamushi strain TT06-6 56-kDa ty... 833 0.0 87
gb|GU120172.1P. tsutsugamushi strain TT06-1 56-kDa ty... 833 0.0 87
gb|GU120162.1p. tsutsugamushi strain PHO5 56-kDa type... 833 0.0 87
gb|GU120153.1p. tsutsugamushi strain KM08 56-kDa type... 833 0.0 87
gb|GU120160.1p. tsutsugamushi strain PHO3 56-kDa type... 828 0.0 86
gb|GQ332752.1P. tsutsugamushi strain NTO707a 56-kDa t... 826 0.0 86
gbJAY787232.1|0. tsutsugamushi strain Taitung-4 56 kDa... 817 0.0 86
gb|U80636.1|RTUB063®. tsutsugamushi TSA (tsa763) ge... 787 0.0 86
gb|EF213085.1p. tsutsugamushi strain FPW2016 56-kDa t... 756 0.0 82
gb|GU120165.1. tsutsugamushi strain TT02-1 56-kDa ty... 754 0.0 82
gb|GU120166.1p. tsutsugamushi strain TT02-2 56-kDa ty... 749 0.0 82
gb|GU120149.1p. tsutsugamushi strain KM04 56-kDa type... 749 0.0 86
gbJAY335819.1|0. tsutsugamushi strain Taitung-2 56 kDa... 749 0.0 82
gb|GU120171.1p. tsutsugamushi strain TTO5 56-kDa type... 743 0.0 82
gb|GU120157.1p. tsutsugamushi strain MZ02 56-kDa type... 743 0.0 82

gb|GQ332760.1p. tsutsugamushi strain KM0606a 56-kDa t... 743 0.0 82
gb|GQ332757.1. tsutsugamushi strain KHC0707a 56-kDa ... 743 0.0 82

gb|DQ789360.10. tsutsugamushi strain Hualien-13 56 kD... 743 0.0 82
gb|DQ314548.1. tsutsugamushi strain Hualien-10 56-kD... 743 0.0 82
gbJAY834393.1|0. tsutsugamushi strain Hualien-7 56-kDa... 743 0.0 82
gbJAY834392.1|0. tsutsugamushi strain Taitung-5 56-kDa... 743 0.0 82
gb|EF213099.1p. tsutsugamushi strain UT329 56-kDa typ... 741 0.0 82
gb|GU120140.1p. tsutsugamushi strain HL02-1 56-kDa ty... 739 0.0 82
gb|GQ332743.1. tsutsugamushi strain TY0610a 56-kDa t... 739 0.0 82
gb|GU120164.1P. tsutsugamushi strain TT01-2 56-kDa ty... 737 0.0 82
gb|GQ332745.1. tsutsugamushi strain TP0708a 56-kDa t... 737 0.0 82
gb|DQ323174.1p. tsutsugamushi strain Hualien-8 56-kDa... 737 0.0 82

Figure8. Nucleotide comparison of sequence sample no. KP133 using Blastn

program.



Wichittra Anukool Results / 60

not in the same clade of TA716 even the low bootstrap value as 69% esastpd.
Blastn program was used to compare the nucleotide sequence of CHUHRG65 w
databank. The result showed 7 nucleotide sequences generated the makdantityn

as 98% to CHUPG65. All sequences were submitted from Taiwanaes@at120151,
AY222633, AY222629, GQ332763, AY222641, AY714315 and GU120163 (figure
9).

2.2 Geographical distribution

The samples in this study were collected from 4 regions of Taadnich
are northeastern, central, southern and northern regions as shown in tebden 430
samples, there were 78 samples which could be sequenced and 76 samopigs a
these were classified as strain in a dendrogram except samgie133 and CHUPG65.
The distribution of strains in each region could be analyzed as showahléen7 and
figure 10. The percentage was calculated in each region.

Most of samples in this study were collected from northeastgjionrne
Karp was recognized as the major distributed strain with 55.6%iarGilTA763 and
Kato were detected at the frequency of 33.3%, 8.9% and 2.2%, respeciivalge
four strains could also be found in central region which strain digtibutas slightly
different from the northeastern region. Gilliam were presenseth@ major strain
(47.8%), and then Karp was found at 34.8%. The distribution of Kato and TA763
could be found at an equal level of 8.7%. In southern and northern region, fewer
strains were found in comparison to other regions. Gilliam and TA763 faend in
the southern region with 71.4% and 28.6%, respectively. Karp was the ordiraine

found in the northern region.

3. Strain-specific amplification of O. tsutsugamushi

The nucleotide sequences of 56-kDa protein encoding gene within and

between clusters were compared and used for strain identificatioredtgd PCR
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Score E Ident
Sequences producing significant alignments: (Bits) Value %

gb|GU120151.1p. tsutsugamushi strain KM06 56-kDa type.. 1801 0.0 98
gbJAY222633.1|0. tsutsugamushi strain TW44R 56kDa type... 1801 0.0 98
gbJAY222629.1|0. tsutsugamushi strain TW62R 56kDa type... 1801 0.0 98
gb|GQ332763.1p. tsutsugamushi strain KHC0606b 56-kDa ... 1796 0.0 98
gbJAY222641.1|0. tsutsugamushi strain TWyull 56kDa typ... 1796 0.0 98

gbJAY714315.1|O. tsutsugamushi strain Hualien-4 56-kDa... 1796 0.0 98
gb|GU120163.1P. tsutsugamushi strain TT01-1 56-kDa ty... 1790 0.0 98
gb|U19905.1|RTU1990%. tsutsugamushi TA716 56 kDa ty... 1024 0.0 86

gb|EF213087.1p. tsutsugamushi strain FPW1038 56-kDa t... 966 0.0 84
gb|GU120142.1. tsutsugamushi strain HL03-1 56-kDa ty... 852 0.0 85
gb|GQ332751.1p. tsutsugamushi strain KHC0704a 56-kDa ... 852 0.0 85
gb|DQ852664.1P. tsutsugamushi strain Hualien-14 56kDa... 852 0.0 85
gbJAY222635.1|0. tsutsugamushi strain TW381 56kDa type... 852 0.0 85
gb|GU120139.1. tsutsugamushi strain HLO1 56-kDa type... 846 0.0 85
gb|GQ332752.1. tsutsugamushi strain NTO707a 56-kDa t... 846 0.0 85
gbJAY222630.1|0. tsutsugamushi strain TW521 56kDa type... 846 0.0 85
gb|GU120141.1p. tsutsugamushi strain HL02-2 56-kDa ty... 841 0.0 85
gbJAF173050.1|AF173050. tsutsugamushi strain LF-1 56 ... 841 0.0 83

gb|GQ332761.1p. tsutsugamushi strain HC0605a 56-kDa t... 835 0.0 82
gb|EF213095.1p. tsutsugamushi strain UT302 56-kDa typ... 835 0.0 86
gbJAY714317.1|0. tsutsugamushi strain Hualien-6 56-kDa... 835 0.0 82
gbJAY836148.1|0. tsutsugamushi train Taiwan CDC Kato ... 830 0.0 82
gb|AF173040.1|AF173040. tsutsugamushi strain Omagatri ... 830 0.0 82
gb|M63382.1|RIRTST56AR. tsutsugamushi 56 kDa type-sp... 830 0.0 82
gbJAF173041.1|AF173040D. tsutsugamushi strain Akita-7 ... 826 0.0 82

gb|U80635.1|RTUB063%. tsutsugamushi TSA (tsa686) ge... 826 0.0 85

gb|GU120149.1p. tsutsugamushi strain KM04 56-kDa type... 824 0.0 85
gb|GU120148.1p. tsutsugamushi strain KM03 56-kDa type... 824 0.0 82
gb|GQ332762.1. tsutsugamushi strain KM0607b 56-kDat... 824 0.0 82

gbJAY636101.1|O. tsutsugamushi Hualien-3 56 kDa type-s... 824 0.0 82
gb|U80636.1|RTUB063®. tsutsugamushi TSA (tsa763) ge... 824 0.0 85
gbJAY714316.1|0. tsutsugamushi strain Hualien-5 56-kDa... 819 0.0 82
gb|GU120160.1p. tsutsugamushi strain PHO3 56-kDa type... 802 0.0 85
gb|GU120143.1p. tsutsugamushi strain HL03-2 56-kDa ty... 802 0.0 81
gb|GU120173.1P. tsutsugamushi strain TT06-6 56-kDa ty... 797 0.0 85

Figure9. Nucleotide comparison of sequence sample no. CHUPG65 using Blastn

program.
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Table 7. The geographic distribution @. tsutsugamushi strains in Thailand.

Strain Distribution

Regions(n of sequence)

Karp, Kato, Gilliam, TAT763,

n (%) n (%) n (%) n (%)
Northeastern (45) 25 (55.6) 1(2.2) 15 (33.3) 4 (8.9)
Central (23) 8 (34.8) 2 (8.7) 11 (47.8) 2 (8.7)
Southern (7) NA? NA? 5(71.4) 2 (28.6)
Northern (1) 1 (100) NA? NA? NA?
Total 76 sequences 34 (44.7) 3(3.9) 31 (40.8) 8 (10.5)

& NA: no sample available
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Karp 1 (100%)

Karp 25 (55.6%)
Gilliam 15 (33.3%)
TA763 4 (8.9%)
Kato 1(2.2%)

Gilliam 11 (47.8%)
Karp 8 (34.8%)
Kato 2 (8.7%)
TA763 2 (8.7%)

Gillam 5 (71.4%)
TA763 2 (28.6%

Figure 10. Geographical distribution oD. tsutsugamushi strains in 4 regions of

Thailand. The percentage in parenthesis was calculated from &he/ @ot
nucleotide sequences.
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detection. Primers were designed by manually select the codseyien and the
hypervariable which was shown (appendix Ill). Primers for eadh wtre evaluated
in silico by OligoCalc software (69) to avoid the secondary structure fmmat
Primer-Blast program was used to compare and search for thetdelgequences of
primers to sequence in databank. The details of primers were shown in table 8.

The nucleotide sequences of the well-characterized strain based on a
dendrogram were amplified by all 4 sets of primers by nestedt® @&ify the strain-
specific primers. Then, the result of PCR amplification was pewed with a
classification result.

The conditions of nested PCR initiated with the DNA samples. The
external primers E1 and E2 (table 2) were used to amplified tHéD&6protein
encoding gene. After that the PCR product was used as the terfoplé#te nested
PCR amplification using the strain-specific primers. The amadninagnesium
chloride (MgC}) solution and annealing temperature were optimized for each primer
set as shown in table 9. However, the other reagents such @dsol®x Green
GoTad’ Flexi Buffer, 10 millimolar (mM) of each of dNTP, 1.25 unit of a
thermostable DNA polymerase (GoTaBNA polymerase, Promega, USA) andil2
of DNA template were used for every reaction. DNase/RNasgesterile water (Ultra
PURE™, Gibco, invitrogen) was added up to @0 The PCR condition was initiated
at 95C for 2 minutes, then 35 cycles of DNA denaturation &C9%r 1 minute,
annealing at temperature according to the primer set for 30 sendneiktension at
72°C for 30 second followed by the final extension atZZor 5 minutes in a
GeneAmp PCR System 9700 (PE-Applied Biosystem Inc., CA, USA). PR
product was analysed by 1.5% (w/v) agarose gel electrophoresisPCRgroducts
were 254, 316, 277 and 194 bp for specific primers of Karp, Kato, Gilliam and TA763,
respectively (figure 11).

The efficiency of these specific primers was evaluated by aomgpaith
O. tsutsugamushi strains that were identified using dendrogram as a referegited
DNA sample no. KP133 and CHUP65 were excluded because their branches in
dendrogram were not included in any clusters. Eventually, 76 sequences we

analyzed for this efficiency testing.
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Table 8. Oligonucleotide primers for nested PCR amplification of 56-kDa prote

encoding gene of each strain.

Primers Nucleotide sequences$3’) Position§ Polarity ~ Product siZe
(bp)

Amplification of Karp strain

STRAIN_F CCTCAGCCTACTATAATGCCTATAAG 961-986 sense 254
KARP_R CCAACAGGATTAGGGTTACCC 1214-1194 antisense
Amplification of Kato strain

KATO_F GCTCTGATGCTGATATTAGATCTGGT  882-908 sense 316
KATO_R GGCATTAGGCGGACCTTGAGGAA 1197-1176 antisense
Amplification of Gilliam strain

STRAIN_F CCTCAGCCTACTATAATGCCTATAAG 448-473 sense 277
GILLIAM_R GGTCAAGTATGTTAAGATTTTG 724-703  antisense
Amplification of TA763 strain

STRAIN_F CCTCAGCCTACTATAATGCCTATAAG 409-434 sense 194

763_R CGCCCAGGATTATTAGGATCCTTC 602-579  antisense

& The positions were given according to the nualeosequence of 56-kDa protein encoding gene of
O. tsutsugamushi in each strain that would be amplified. Primef&Karp strain amplification were
compared to Karp reference sequence (M33004). rEference sequences Gilliam FPW2016
(EF213085), TA763 (U80636) and Kato (M63382) wepecsfied the position of priming site @i.
tsutsugamushi Gilliam, TA763 and Kato strains, respectively.

® The product size was evaluated using Primer-Biasgram.
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Table9. The optimal amount of Mgglnd optimal annealing temperature of each set

of primer forO. tsutsugamushi strain-specific amplification.

Strain-specific primer set MgCl,* Annealing temperatute
(mM) (°C)

Karp 1.0 62

Kato 1.0 63

Gilliam 3.0 62

TA763 15 65

2 25 mM available in GoTdgFlexi DNA polymerase, Promega, USA

® The reaction was perform on a GeneAmp PCR System 9700 (PE-Applied
Biosystem Inc., CA, USA).
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A.
1 2 3456789 101112131415
500 bp
300 b
P 254 bp
B.
1 234567 8910111213 14 15
500 bp
300 bp 316 bp

Figurell. Agarose gel electrophoresis of PCR product amplification based on

nested PCR using strain-specific inner primers for Karp (Ajo KB),

Gilliam (C) and TA763 (D). Lane 1, 100 bp DNA marker; lane 2 — 13,

DNA samples; lane 14, positive DNA for each specific primeunse |15,

reagent as negative control. The numbers on the right of each panel

indicated product size of each pair of primer pair (page 1 of 2).
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C.
1 234567 8910111213 14 15
500 bp—»
300 bp—» 277 bp
D.
1 234567 8910111213 14 15
500 bp
200 bp 194 bp

Figurell. Agarose gel electrophoresis of PCR product amplification based on

nested PCR using strain-specific inner primers for Karp (Ajo KB),

Gilliam (C) and TA763 (D). Lane 1, 100 bp DNA marker; lane 2 — 13,

DNA samples; lane 14, positive DNA for each specific primeunse |15,

reagent as negative control. The numbers on the right of each panel

indicated product size of each pair of primer pair (cont.) (page 2 of 2).
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All 34 sequences in Karp cluster were amplified by Karp-spegifioers.

The primers did not amplify 40 of 42 sequences in non-Karp cluster. enlsdigity

and specificity of Karp-specific primers were evaluated as showable 10 (A). The
sensitivity and specificity was 100 and 95.24%, respectively. Theaktsreould be
implied that 100% of DNA samples in Karp cluster were amplifigdKarp-specific
primers whereas approximately 95% of DNA samples in non-Karpeclusdre not
amplified by these specific primers. The positive predictiveVjP&d negative
predictive (NPV) values as shown in table 10 (B) were approxin&4% of

probability that the positive result of nested PCR came from BhAples in Karp
cluster whereas 100% of the negative result of nested PCR denved®NA samples

in non-Karp cluster.

The efficiency of Kato-specific primers was also evaluateche Tigh
percentage of sensitivity, specificity and NPV was demonstrasedi00, 95.89 and
100%, respectively (table 11A and B). The low percentage was mdsanthe PPV
as 50% which means there was only 50% of positive result of nesiRavRICh came

from the real Karp cluster.

The high percentage of evaluation was shown in Gilliam-specifiogps
(table 12A and B). Among 31 DNA samples in Gilliam cluster, 90%her could be
amplified by the primers when 96% of non-Gilliam cluster DNA saspbuld not be
amplified. Moreover, the probability that the positive result of We®€R derived
from Gilliam cluster was the same ratio with the probabihigt the negative result of

nested PCR derived from non-Gilliam cluster at 93%.

The evaluation values of TA763 specific primers were similaheos/alues
of Kato-specific primers. The high percentage of sensitivityciBpigy and NPV
values could be found at 100, 91 and 100%, respectively (table 13A and B). However

the low percentage was presented in the PPV at only 57%.
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Table10. The evaluation of Karp-specific primers in comparison to strain

identification using dendrogram.

A.
Strain identification by dendrogram
Total
Karp Non-Karp

PCR positive 34 2 36

PCR negative 0 40 40

Total 34 42 76
B.
Evaluation Calculation Values (%)
Sensitivity 34/34 100
Specificity 40/42 95.24
Positive predictive value (PPV) 34/36 94.44
Negative predictive value (NPV) 40/40 100
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Tablel1l. The evaluation of Kato-specific primers in comparison to strain

identification using dendrogram.

A.
Strain identification by dendrogram
Total
Kato Non-Kato

PCR positive 3 3 6

PCR negative 0 70 70

Total 3 73 76
B.
Evaluation Calculation Values (%)
Sensitivity 3/3 100
Specificity 70/73 95.89
Positive predictive value (PPV) 3/6 50

Negative predictive value (NPV) 70/70 100
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Table12. The evaluation of Gilliam-specific primers in comparison toais

identification using dendrogram.

A.
Strain identification by dendrogram
Total
Gilliam Non-Gilliam

PCR positive 28 2 30

PCR negative 3 43 46

Total 31 45 76
B.
Evaluation Calculation Values (%)
Sensitivity 28/31 90.32
Specificity 43/45 95.56
Positive predictive value (PPV) 28/30 93.33

Negative predictive value (NPV) 43/46 93.48
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Table13. The evaluation of TA763-specific primers in comparison to strain

identification using dendrogram.

A.
Strain identification by dendrogram
Total
TA763 Non-TA763

PCR positive 8 6 14

PCR negative 0 62 62

Total 8 68 76
B.
Evaluation Calculation Values (%)
Sensitivity 8/8 100
Specificity 62/68 91.18
Positive predictive value (PPV) 8/14 57.14

Negative predictive value (NPV) 62/62 100
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CHAPTER YV
DISCUSSION

O. tsutsugamushi is the causative agent of scrub typhus. There was a
report in Thailand that 16% of 845 patients with acute undifferentiated fever were
diagnosed as scrub typhus (73). Although this disease is curable with antibiotics, late-
or mis-diagnosis can cause the severity of disease from non- or delayed-treatment.

Protective vaccines for scrub typhus had been developed using severd
technologies such as recombinant protein vaccine, DNA vaccine and combined
technology (74). However, the protective antigens of O. tsutsugamushi are different
among strain-specific epitopes. The protective immunity was high and approximately
1-3 years against O. tsutsugamushi homologous strain infections while the protective
immunity was low and short-lived only about 1-3 months against heterologous strains
(6,9).

The indirect immunofluorescense assay (IFA) was considered as the gold
standard assay for scrub typhus diagnostic using antibody detection (18). However,
the sensitivity of this technique was low because of the high antigenic diversity of 56-
kDa protein of the bacteria. At least 8 strains were identified as common strain in
Thailand, Karp, Kato, Gilliam, TA678, TA686, TA716 (Chon), TA763 (Fan) and
TH1817 (13). The information of strain prevalence in local areais the important part
in orders to select the country specific or local antigenic strains for the diagnostic test
and vaccine production.

Among severa antigenic genes of O. tsutsugamushi, the 56-kDa protein
encoding gene was used to identify strains or study in phylogeny because of the
diversities of this gene. The analysis of this gene using 31 strains of the bacteria
indicated that all isolates originated in Southeast Asia (61). Moreover, 14 samples of
O. tsutsugamushi isolated from Taiwan were classified into 10 strains based on this

gene and indicated that these strains were different from the distribution in other
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countries (62). In addition, the 56-kDa protein encoding gene was targeted to study
the distribution of antibiotic resistant strain of O. tsutsugamushi in Thailand (64).

In this study, the 56-kDa protein encoding gene was used for O.
tsutsugamushi identification. The sensitivity of PCR amplification of this gene was
lower than IFA method with 24.7% and 70.7%, respectively. The results of IFA assay
was indicated from serum titer of primary blood collection with high titer and
secondary blood collection with 4-fold rising titer. These causes IFA has more chance
to show the positive result. However, the serologic identification requires a large
panel of specific antisera therefore this approach can be performed only in reference
laboratories (18). The sensitivity of PCR amplification of 16S rRNA gene was
demonstrated more sensitivity than 56-kDa protein encoding gene (3). The low
variation in nucleotide sequence of 16S rRNA limited the bacteria genus
identification (53). The 56-kDa protein encoding gene was expressed only in O.
tsutsugamushi which contained 4 hypervariable regions (15, 19). The PCR amplifying
and direct sequencing were the methods of choice to gain the nucleotide sequence
information of the gene. The genus specific primers were selected from the site in the
conserved regions of the 56-kDa protein encoding gene from reference nucleotide
sequences (see appendix 11) by encompassing all variable regions. After that, the PCR
product was analyzed by nucleotide sequencing and each nucleotide sample was
compared using the similarity and the distance values. The dendrogram was generated
and demonstrated that four clusters of O. tsutsugamushi strains were classified. Karp
was the predominant strain followed by Gilliam, TA763 and Kato, respectively. Karp
and Gilliam were the predominant strains in many countries of Asia. In Japan, several
methods such as monoclona antibody typing, RFLP, indirect fluorescent antibody
assay (IFA), indirect immunoperoxidase assay (IP) and nucleotide sequencing of 56-
kDa protein encoding gene were used to identify strains of multi-sourced samples
(human, rodent and mite). Karp was the predominant strain in most regions followed
by Gilliam and other local strains such as Kawasaki and Kuroki (15, 61, 75). Gilliam
showed the high prevaence in Shandong province, China (15). However, TA763 was
detected in human samples as the dominant strain in Malaysia but the major strain of

mite samples was infected with Karp (15).
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Severa studies in Thailand reported that Karp was a predominant strain.
The nucleotide sequences of prototype strains and patient samples showed very high
similarity in range of 93-96%. Moreover, the nucleotide sequences of samples were
similar to Karp (M33004) strain with approximately 92-99%, whereas, the similarity
among different prototype was 67-75%, 69-86% and 68-80% in comparison to
Gilliam, TA763 and Kato, respectively. Another prototype strain, Gilliam, the high
similarity to the reference strain (EF213085 and EF213079) was shown in this study in
arange of 91-99% in which related to the previous study with 88.9-91.8% of similarity
(23). Although there is one sequence sample was separated from the Gilliam cluster
(No. CHUP50) but with 91% of similarity value indicated that this sample was closely
related to Gilliam than lkeda group of Japanese isolate. In Kato cluster, three
nucleotide sequences showed the similarity of 96-97%. These data were corresponded
to the values of previous study at 97% similarity (22).

The previous study, TA763 could be found in 28% of 146 mite samples
collected in Thailand which was reported to express the weakly reactive to antibody in
the direct fluorescent assay (DFA) (12). However, there were few publications about
the identification of TA763 based on molecular techniques. In this study, a
dendrogram demonstrated that samples were identified into TA763 with different
similarity level both high and low relationships. The sample no. CHUP20 showed the
highest similarity to TA763 at 96.7% indicated that this sample closely related to
TA763 while 7 samples (CHUP68, RAP117, Si002, BP5, KP20, BP107 and BP143)
demonstrated the weak relationship to TA763 (the similarity in a range of 77.6-
86.8%). However, the distance values of these 7 samples were smallest in a range of
0.063-0.089 comparing to TA763 whereas higher values were shown when compared
to other reference sequences (0.119-0.318). As a result, the taxa of these 7 samples
demonstrated the closer positions to TA763 than other reference strains in a
dendrogram.

Interestingly, 2 samples, KP133 and CHUPG5, did not showed the relation
to any reference sequences in a dendrogram with the high distance values 0.207 for
KP133 and 0.159 for CHUPG5 in comparison to TA763 and TA716, respectively.
Even KP133 was the most similar to TA763 with 77.6% whereas CHUPG5 showed
85.0% similarity to TA716. These values indicated that the nucleotide samples might
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different from the prototype or reference sequences. The results from Blastn program
showed that these 2 sequences related to Taiwanese strains. The previous studies aso
showed that Thai isolates were more related to Taiwanese strain than Japanese strain
(23). In addition, 8 of 10 isolates in previous study which were considered as new
genotypes showed some association between Thai and Taiwanese strains (14).

The previous research articles demonstrated the geographical O.
tsutsugamushi strain distribution in Thailland based on the genotyping technique.
Although the dominant strain in Thailand of most articles was Karp, the difference
could be found among the regions of Thailand. In this study, 76 nucleotide samples
were used to analyze the strain distribution except 2 nucleotide samples which could
not grouped in any reference clusters. Moreover, the distribution in the northern
region could not be analyzed because there was only one sample which was
insufficient for dstatistically analysis. Most samples in this study were from
Northeastern region. The distribution of strain in this region was more diverse than
previous study (23). In addition to Karp, TA763 and Gilliam, one sample was
grouped in Kato cluster. The limitation of the study was the low sample numbersin
some clusters and al so some regions.

The information of the previous study (22) showed the difference in
geographic distribution of O. tsutsugamushi strains in Thailand. Only 200-400 bp of
56-kDa protein encoding gene was used for dendrogram construction. Karp was the
predominant strain in 4 regions of Thailand (northern, northeastern, central and
southern regions), and other strains were rarely found except Kato which was detected
in the southern region (22). The length of nucleotide sequences in the study might
involve in strain variety because nucleotide sequences including more VDs region can
generate higher variation between strains than only 200-400 bp of PCR products
which were sequenced in this previous study (22). Even ORFs of 56-kDa protein
encoding gene were sequenced, the less amount of samples might generate the low
variety of strain distribution (23).

Antigens of only 3 prototype strains, Karp, Kato and Gilliam were
commonly used in IFA technique but the antigenic variation of other strains had to be
concerned. The local strains of antigens should be added to improve the efficiency of

IFA technique (16). Moreover, the molecular techniques were used to identify the
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strains of O. tsutsugamushi. Several genes were studied to identify O. tsutsugamushi
strains such as 16S rRNA, groEL and 47-kDa protein encoding gene but the nucleotide
sequences of these genes were less divergence (less than 1% for 16S rRNA gene and
3.5% for groEL gene) (28, 76). The high divergence was presented in 56-kDa protein
encoding gene especiadly in VDs. Thus, the 56-kDa protein encoding gene was the
important gene for strain-specific primer selection. In this study, the specific primers
for distributed strains in Thailand were designed. Karp- and Gilliam-specific primers
were verified on clustered-clinical samples and provided the high sensitivity and
specificity values as well as positive and negative predictive value (PPV and NPV).
Kato- and TA763-specific primers also presented the high sensitivity and specificity
but the PPV was low in both primers (50% and 57.14%, respectively). It indicated
that the high rate of false positive was detected. However, the NPV of these two
specific primers was 100%.

There were many studies reported about Orientia detection using different
genes with severa molecular techniques (21). Most of the published papers showed
the primers designed from the conserved regions for Orientia species detection by
PCR amplification. The first report demonstrated the primers derived from the 56-
kDa protein encoding gene of 3 prototype strains to amplify mouse blood specimens
based on conventional PCR. These primers generated the sensitivity approximately 3-
5 MLDso/ml of infected blood and the satisfied specificity value (77). Since the most
objective of gene amplification was the detection of O. tsutsugamushi, so several
genes was selected for many techniques to accomplish more sensitivity and specificity.
The real-time quantitative PCR (gPCR) for O. tsutsugamushi detection was developed
with primers derived from 47-kDa protein encoding gene, generated more sensitivity
for O. tsutsugamushi detection than mouse inoculation (78). Moreover, duplex PCR
was reported the higher sensitivity than conventional PCR using primers designed
from groEL gene (79). Recently, the loop-mediated isothermal PCR assay (LAMP-
PCR) was developed based on groEL gene (80). However, these techniques were
emphasized only on the genus level but not the strain identification.

The first report of strain identification was demonstrated by Furuya Y et al
(81). Nested PCR was performed using primers derived from the 56-kDa protein
encoding gene of 5 strains (81). These primers were used in severa studies (3, 22,
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82). Although the specificity of these primers was almost 100%, the sensitivity of
these primers was only 29% for blood samples, and was increased as 86% when
applied to the sample from eschar (3, 82).

The information presented in this study showed that the 56-kDa protein
encoding gene can be used for identification of the O. tsutsugamushi strain in blood
sample of patient with scrub typhus. Moreover, the 56-kDa protein encoding gene of
each strain was able to be the target gene for strain-specific primer development.
These strain-specific primers were useful for the further development of strain

identification based on PCR and other molecular techniques.
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CHAPTER VI
CONCLUSION

In order to identify the O. tsutsugamushi genotypes from clinical samples,
buffy coat samples were collected from patients who was diagnosed as scrub typhus
and extracted for chromosomal DNA. Two pairs of primers were designed to amplify
the 56-kDa protein encoding gene. There were 106 of 430 scrub typhus suspected
samples showed the positively amplification which were selected for further DNA
sequencing.  Eventually, the nucleotide sequences of readable samples were
assembled.  All nucleotide sequence samples including 15 reference nucleotide
sequences obtained from GenBank database were aligned using computer software,
Clustal W. Then, a dendrogram was generated using MEGA4 software.

There were 4 clusters derived from a dendrogram, Karp, Kato, Gilliam and
TA763. Most nucleotide sequences were clustered as Karp (34/76, 44.7%) followed
by Gilliam, TA763 and Kato with 31/76 (40.8%), 8/76 (10.5%) and 3/76 (3.9%),
respectively. Two nucleotide sequences were undifferentiated in any clusters.
However, they showed the highest similarity to O. tsutsugamushi Taiwanese strains
when Blastn program was corresponded to previous study that reported the
relationship between O. tsutsugamushi Thai and Taiwanese strains was closely than
those with Japanese strains. Geograpical distribution of O. tsutsugamushi genotypes
was studied in 3 regions of Thailand, Northeastern, Central and Southern. Although
mostly sequences were in Karp cluster, it was the predominant strain only in
Northeastern. Gilliam and TA763 were commonly found in other 3 regions.

Furthermore, 4 strain-specific primer sets were designed to identify each
strain by PCR amplification. The sensitivity and specificity were also evaluated by
comparison of the result to the direct nucleotide sequencing and a dendrogram. Karp-
and Gilliam-specific primers generated the satisfactory results whereas Kato- and

TA763-specific primers should be improved.
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The results in this study were not only presented the strain distribution but
also advantaged for O. tsutsugamushi strain detection and identification based on
serological and molecular techniques. In serological diagnosis, the antigen of O.
tsutsugamushi TA763 strain should be included in pooled antigen for antibody
detection. Moreover, the Taiwanese strain should be concerned. The information
from this study might be used for developing of O. tsutsugamushi strain identification
in routine diagnosis. The strain prevalence is also useful for epidemiological study

and prevention infection by the bacteria with vaccine devel opment.
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APPENDIX A

GENERAL REAGENTS

1.0M TrisCl pH 8.0

Tris base (Sigma) 1211 gm

Dissolve in distilled water, adjust to pH 8.0 with concentrated HCI and
adjust to 100 ml final volume with distilled water. Sterilized by autoclaving for 15
minutes at 121°C, 15 Ib/square inches.

0.5M EDTA pH 8.0
EDTA (C10H14N208N8Q . 2H20) (AerSCO) 18.61 am
Dissolve in digtilled water, adjust to pH 8.0 with NaOH and adjust to 100

ml final volume with distilled water. Sterilized by autoclaving for 15 minutes at

121°C, 15 |b/square inches.

1.0 N NaOH
NaOH (Fluka) 4 gm
Distilled water 100 ml

REAGENTS FOR DNA EXTRACTION

TE pH 8.0 (10 mM TrisCl pH 8.0, 1 mM EDTA pH 8.0)
1.0 M TrisCl pH 8.0 1 ml
0.5M EDTA pH 8.0 020 ml
Dissolve and adjust the volume to 100 ml with distilled water.
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Proteinase K (20 mg/ml)
Proteinase K (Promega) 0.20 gm
Didtilled water 10 ml
The solution was aliquoted and stored at -20°C.

10% Sodium dodecy! sulfate (SDS) (w/v)
Sodium dodecy! sulfate (Sigma) 1 gm

Distilled water 10 ml

CTAB/NaCl solution (10% CTAB in 0.7 M NaCl)

NaCl (Fluka) 410 gm
CTAB (hexadecyltrimethyl 10 gm
ammonium bromide) (Fluka)
Ditilled water 100 ml
5.0 M NaCl
NaCl (Fluka) 29022 gm
Distilled water 100 ml

Chloroform:1soamyl alcohol (24:1)
Chloroform (Merck) 24 parts
Isoamy! acohol (Merck) 1 part
Mixed them together and stored in a dark bottle at room temperature.

Phenol:Chloroform:Isoamyl alcohol (25:24:1)

Phenol (Merck) 25 parts
Chloroform (Merck) 24 parts
Isoamyl acohol (Merck) 1 part

Mixed them together and stored in a dark bottle at room temperature.
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70% Ethanol
Absolute ethanol (Merck) 70 mi
Didtilled water 30 mi

REAGENTS FOR AGAROSE GEL ELECTROPHORESIS

1xTBE buffer

Trisbase (Sigma) 10.80 gm
Boric acid (Fluka) 550 gm
0.5M EDTA pH 8.0 4 ml

Dissolve and adjust the volume to 1,000 ml with distilled water.

0.7% Agarose gel (w/v)
Agarose gel (Gibco) 0.7 gm
1X TBE buffer 100 mi

Melt in microwave oven until dissolved completely.

1.5% Agarose gel (w/v)
Agarose gel (Gibco) 15 gm
1X TBE buffer 100 mi

Melt in microwave oven until dissolved completely.

6x Gel-loading buffer

Bromophenal blue (Sigma) 25 mg
Xylene cyanol FF (Sigma) 25 mg
Glycerol (Sigma) 3 mi

Dissolve and adjust the volume to 10 ml with distilled water.

Ethidium bromide (10 mg/ml)
Ethidium bromide (Sigma) 1 gm
Distilled water 100 ml
The solution was stored in a dark bottle at 4°C.
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APPENDIX B

MULTIPLE ALIGNMENT OF THE REFERENCE STRAINS OF
O. TSUTSUGAMUSHI FOR PRIMER SELECTION

Multiple sequence alignment of 56-kDa protein encoding gene of the
prototype strains of O. tsutsugamushi, Karp (accession no. M33004), Kato (M63382)
and Gilliam (EF213079) which obtained from GenBank database. Two sets of
primers were selected from the conserved regions as the priming site to amplify the
gene. Dots (.) represented the identical nucleotides to the top sequence whereas the
indel situation was replaced with dash (-).
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M33004
M63382
EF213079

MB3004
M63382
EF213079

MB3004
M63382
EF213079

M33004
M63382
EF213079

MB3004
M63382
EF213079

MB3004
M63382
EF213079

M33004
M63382
EF213079

MB3004
M63382
EF213079

MB3004
M63382
EF213079

M33004
M63382
EF213079

Multiple sequence alignment of 56-kDa protein encoding gene of prototype strains of

20 40 60
ATGAAAAAAATTATGT TAATTGCTAGTGCAATGTCTGCGT TGTCGT TGCCATTTTCAGCTAGT GCAATAG
...................................... A....A....G.............G
.................................................. G.............G
90 110 El 130
* * *
AATTGGCGEGEGEA- - - AGAAGGATTAGAGT GTGGTCCTTATGCTAAAGT TGGAGI TGT TGGAGGAATGATTAC
.......... TGA .G ... G
.......... TGA .G .. e G T
160 180 200
TGGCGTAGAAT CTGCTCGCT TGGAT CCAGCT GATGCT GAAGGCAAAAAACACT TGT CATTAACAAAT GGG
............. NS 1 I M O © o1 [ &
............. A ..o oo o LA ATTCCCTC
11 230 250 270
CTGCCATTTGGTGGAACGT TGECTGCAGGTATGACAAT CGCTCCAGGAT TTAGAGCAGAGATAGGTGITA
Ao T A A G................. C G
Ao T.A A ... G...... T ..T..A C........
300 320 340
TGTACCTTACAAATATAACT GCTCAGGT TGAAGAAGGTAAAGT TAAGGCAGAT TCTGTAGGTGAGACAAA
........ GG..G..AA.AG...G..TC.......AC.------.CC....-----------~
......... GGC GTGC TAGGI'
370 390 410
* * *
GGCAGATTCTGTAGGT GGGAAAGATGCTCCTATACGT AAGCGGT TTAAACT TACACCTCCTCAGCCTACT
T..T...AT. AG TC. .. TGC. T.o...... GCC..... Ao Ao
........... GT......T........ ... ... .CC A
440 460 480
ATAATGCCTATAAGTATAGCTGTACGTGACT TTGGGATTGATATTCCTAACCAGACCTCAGCAG: - - - CA
................. T.GAT......C.....G.............GIAC. TCA . G . GACGCT
...................... AT.....TGAG..G.....CGA .TT.TTGTCAG . T. ------
510 530 550
* * *
AGCAC- - AAGCCGCAGCCT CAGGCT TAATGATGAGCAACGT GCTGCAGCTAGGATCCCTTGGT TAAAGAA
.T...CTGG TGAT. A . . TG TGC. ... ... ATT. GG ...... AC A ...... A ... G....
-CIG----TGG .. A . A .. -....C.T...... G......... AG....T........ G....
580 600 620
* * *
TTGIGCTGGTATTGACTATAGGGTAAAAAACCCT AATGATCCTAATGGGCCTATGGT TATAAATCCGATA
AL G........ T... TCC.GT...... A ... CG---...GAA..G...... AG G
Ao T...CCC.GT...CGA .... C..--- GA ... TG G
650 670 690
TTGITAAATATTCCACAGGGT AACCCTAAT CCT GT TGGAAAT CCACCGCAGCGAGCAAAT CCGCCTGCAG
CA.......... T.A..CCG....------ LCoo ---TAGA A .. T.TG AA .. TGTA
............ AT .A.CGCA....------C.T.C G.---TAGA ---. TCGG AAGA. CTTA

O. tsutsugamushi (page 1 of 3)
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720 740 760
MB3004 GTTTTGCGATACATAACCAT GAGCAAT GGAGGCAT T TGGTAGT TGGGCTTGCTGCATTATCAAATGCTAA
M53382 .. ------ T T..Coovvin CT........ TA A ... AG..........
EF213079 AG ----- TG..... Gl..G....A............. TG.A...... G..C......
790 810 830
* * *
MB3004 TAAACCTAGCGCT TCTCCTGTCAAAGT AT TAAGT GATAAAATTACT CAGATATATAGT GATATAAAGCAT
MB3382  ........... T, A AL, GIC......... C.... GG...CG
EF213079 ......... TT A Coovinnnn A GA . A
860 880 900
MB3004 TTGGCTGATATAGCTGGTAT TGATGI TCCTGATACTAGT TTGCCTAATAGT GCATCT GT CGAACAGATAC
M53382 T...AGAG ............ AL, AGGA CC..oovvveeeee T.G......
EF213079 C..AG..... AA..C.A........ G.CCoiiiiiiia i T
930 950 970
MB3004 AGAATAAAAT GCAAGAATTAAACGAT CTATTGGAAGAGCT CAGAGAAT CTTTTGATGGGTATCTTGGTGG
MB3382 .. T AL T...A ... T C...GA......
EF213079 &C....... G..ooot a1 TA DA G G--
1000 1020 1040
* * *
MB3004 TAATGCTTTTGCTAATCAGATACAGT TGAATTTTGT CATGCCGCAGCAAGCACAGCAGCAGGEGECAAGGG
MB3382  ......... G G..T..... e
EF213079 ........... T T..... AL, &G . T..... ---...G A..CA..... A
1070 1090 1110
MB3004 CAGCAACAGCA- - - AGCTCAAGCT ACAGCGCAAGAAGCAGT AGCAGCAGCAGCTGTTAGGCTTTTAAATG
MB3382  ........... GCA .ottt C..G....ooiiiin. G....... A
EF213079 ........... GCA..GA ... T...... T..... T C..... T GC.o..o. ..
1140 1160 1180
MB3004 GCAATGATCAGATTGCGCAGT TATATAAAGATCTTGT TAAATTGCAGOGT CATGCAGGAATTAAGAAAGC
M53382 A ATAA A AL
EF213079 .T..... AL, ATA. G..G
1210 1230 1250
* * *
MB3004 GATGGAAAAAT TAGCT GOCCAACAAGAAGAAGAT GCAAAGAATCAAGGTG: - - - - - - - - A- AGGTGACTG
M53382 To..... G...G....T...GC G .GITG AATGGAGG GGT. A. A--------- . T. A AAGAA.
EF213079 T...... C...G........ G..... Gl....ATCA ....... AAGTTGCAAGG. T. A AAG A
1280 1300 1320
MB3004 CAAGCAGCAACAAGGAACATG- - TGAAAAA- - - - - - - - - - - - TCTAAAAAAGGAAAAGACAAAGAGGCA-
M53382 G.G...T.TGAAG . TCTGA. . C. GG GGTGCT------...... &G..G...G..... AA. LA
EF213079 AT...... TGAAG . TCTAAAA. . . T. GCAACTGAAGAC. . . . ... ... AL G.G..AA .-
1350 v 1370 12 1390
M33004  -------- GAGTTTGATCTGAGTATGATTGT CGGCCAAGT TAAACT CTATGCT GACGTAATGATAACTGA
M53382 AAGAAACA. .« . o oot T..T.T.C......
EF213079 - ---mmmm T T.T.T.C......

Multiple sequence alignment of 56-kDa protein encoding gene of prototype strains of

O. tsutsugamushi (page 2 of 3)
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1420 1440 1460
MB3004 ATCAGTCTCAATATATGCTGGTGT TGGTGCAGGGT TAGCT TATACT TCTGGAAAAATAGATAATAAGGAT
M63382 B o GG GT...C
EF213079 ... . T . C..... Ao G.......
1490 1510 1530 E2
* * *
MB3004 ATTAAAGGGCATACAGGCATGGT TGCATCAGGAGCACT TGGT GTAGCAATTAATGCT GCTGAAGGT GTGT
M63382  ....... CTA T T G......
EF213079 ....... G G....A
1560 1580 1600
* * *

M33004 ATGTGGACATAGAAGGTAGT TATATGTACT CATTCAGTAAAATAGAAGAGAAGTATTCAATAAATCCTCT
MB3382 ... L

EF213079 ........ T G
1630

M33004 TATGGCAAGTGTAAGTGTACGCTATAACTTCTAG

M3382  .......... TTG ...

EF213079 ........... CG......oiiiiii

Multiple sequence alignment of 56-kDa protein encoding gene of prototype strains of
O. tsutsugamushi (page 3 of 3)
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APPENDIX C

NUCLEOTIDE SEQUENCE ALIGNMENT TO SELECT THE CONSERVED
REGIONS FOR O. TSUTSUGAMUSHI STRAIN-SPECIFIC AMPLIFICATION

Nucleotide sequence alignment of 56-kDa protein encoding gene of 76
samples (excluded sample no. KP133 and CHUPG5 which showed low identity scores)
were characterized as strain based on a dendrogram. Four sets of primers were
selected from the conserved regions of each strain as the priming site to amplify the
gene. Dots (.) represented the identical nucleotides to the top sequence whereas the
indel situation was replaced with dash (-).
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20 40 60
Karp MB3004  AAGTTAAGGC- AGAT- TCTGTAGGTGAG ACAAAGGCAGAT- - - - - - TCTGTAGGTGGGA- - - - - - - - - A
Karp UT76 GACA. . ... e G R e G s
Karp FPW2031 & T - AG R e G s
KP155 ... - e T s
KL53 - e T s
Si023 ... - e R T
KPL71 . - e R T
KP137 ... - e R T
Si024 L. - e T s
BP120 ..., - e T s
BL133 ... - e R T
KPL74 ... - e R T
KP67 . - e T s
RAP25 ... - e T s
BP288 ..., - G A s G s
Si01s - G A s G s
Si016 ... - G A s G
BP151 ... - G A s G
KP66 - G A s G s
KP159 ... e G ALG e G s
BP64 ... CAA LG LA e G
BP100 GACA. . ... - - .G R R G
Si 020 GACA. . ... - - .G R e G s
Si 026 GACA. . ... - -G R e G s
RAP39 GACA. . ... - - .G R R G
KP116 GACA. . ... - - .G R R G
KL102 GACA. . ... - - .G R e G s
Si 025 GACA. . ... - - .G R e LG s
Si 001 GACA. . ... - - .G R R G
BL9 GACA. . ... - - .G R R G
BP269 GACA. . ... - - .G R R G
KP115 GACA. . ... - - .G R e G s
BP41 GACA. . ... - - .G R e LG s
KP68 .. - S GLLA - T G
Si010 .. - G A s G A s
RAP13 ... e G A e G s
sio1e ... C.Cooom it nG LA - G G-------- C
\ 4 Kato_F \ 4

Kato Ms3382 ..AC.------- R T..T...------ AT.AGTC. . . TG --------
Si 007 CAC ------- (€ oA T T ------ AT.AGTC... TG --------
RAP64 Y o GG .vmmmmmmm s T..Too-mmmn- AT.AGTC... TG --------
BP13 JAC. - GG .vmmmmmmm s T..Too-mmmn- AT.AGTC... TG --------
G lliam FPW2 AGGC. AGI...-...AG...... ¢ GTo e AT
Glliamuri9 -------- Gl....-...AG...... ¢ GTo e AT
KP112 ~ eeeee-- Gl....-...AG...... e R GTo e AT
KP128 -------- Gl....-...AG ...... e R GTo e AT
Si027 e Gl....-...AG...... | GTo e AT
Si021 e Gl....-...AG...... ¢ GT e AT
Si022 eeeee-- Gl....-...AG...... e R GTo e AT
RAP36 -------- Gl....-...AG ...... e R GT . To--m - AT
Si009 0 e Gl....-...AG...... ¢ GT e AT
Si005 e Gl....-...AG...... ¢ GT e AT
RAP107 --eee--- Gl....-...AG...... ¢ GT e AT

Multiple sequence alignment of 56-kDa protein encoding gene of 76 sequence samples with
the reference sequences of O. tsutsugamushi for the strain-specific region selection
(page 1 of 14)
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CHUP40
CHUP138
Si 011
BP32
BP263
BP46
KP111
Si 018
Si 013
CHUP30
Si 028
KL36
RAP22
CHUP140
Si 012
Si 008
Si 006
RAP8
BP259
BL8
BP119
CHUP50

TA763 UB0636
CHUP20
CHUP68
RAP117

Si 002

BP5

KP20

BP107

BP143

TA686 UB0635
TA678 U19904
TA716 U19905
Kur oki _Boryo
JG_ | keda iso
Kur oki _Kur ok
Kawasaki M3
Shi nokoshi M

-------- GA..C.
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
________ GT....-
-------- LGT....-.
-------- AAC. . GG
C.... - -
.G, - -
.. Coll -
.G GC..AAT-..G -
.G GC..AAT-. .G -
.G GC..AAT-. .G -
GG GC.. AAT-. .G -
.G GC..AAT-..G -
.G GC..AAT-..G -
.GCC....T-....-
L AC - Ncol
AC - AC
________ GT....-
-------- AAC. . G -
----- G AAATG G -
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20 40 60
AA AAA . A-. A .G AA A AGACAAA. T..G TC.. A TATG - - - - AT
AG...... SGT. e BT e AT
AG...... SGT. e BT e AT
AG...... L T G T e AT
AG...... L T G T e AT
AG...... SGT. e BT e AT
AG...... SGT. e BT e AT
AG...... SGT. e BT e AT
AG...... L T G T e AT
AG...... L T G T e AT
AG...... SGT. e BT e AT
AG...... SGT. e BT e AT
AG...... L T G T e AT
AG...... L T G T AT
AG...... 1 P BT e AT
AG...... 1 P BT e AT
AG...... L T G T AT
AG...... L T G T AT
AG...... 1 P BT e AT
AG L B 1 P R c T AT
TAG...... B €] P CGT.. . e AT
C...AGC...---T.GI.CT.ACG ------ T.ACTA .. T-----n--- e}
LDGEGA LA - e .G A cmmmeeeas c
LG LA - G A e c
R C T | N R ¢ Y N c
L AT.T..CT-.AGGIT.T...------ G .. CTAA . AT. ACACTGGTAC
. AT.T..CT-.AGGIT.T...------ G .. CTAA. . AT. ACACTGGTAC
. AT.T..CT-.AGGIT.T...------ G .. CTAA. . AT. ACACTGGTAC
. AT.T..CT-.AGGIT.T...------ G .. CTAA. . AT. ACACTGGTAC
LCATLT..CT- . AGEIT. T, . ------ G .. CTAA. . AT. ACACTGGTAC
LAT.T..CT- . AGEIT. T, . . ------ G .. CTAA . AT. ACACTGGTAC
..... GCA. -------. . T.ATA. G- -----A . ACT. A. CATG --------C
------------- T..T.G------A .AG.C .AT.-=-------C
. GTA. T...------ A .AG.C AT --------- C
CAAL L [ e G e c
CAGL SGT. e .GT Armmmmmmm- AT
CAALL L e B R C
LGI.C.CG--T..Tommmmmmm - ...CTAT. .AT--------- AC
AT.C------- TAT.G------ A .ACT.C. .ATG -------- C

Multiple sequence alignment of 56-kDa protein encoding gene of 76 sequence samples with
the reference sequences of O. tsutsugamushi for the strain-specific region selection

(page 2 of 14)
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90 110 130

* * * STRAIN_F
Karp MB3004  AGATGC--- TCCTATA------ CGTAAGCGGTTT- - - AAACTTACACCTCCTCAGC- CTACTATAATGCC
Karp Ur7é  ...... i TR L e
Karp FPW2031 ...... i TR L e
KP155 ... R e P L L
KL53 L R e P L L
sio2z3 L T R e
KP171 L T R e
KP137 L T R e
Sioc24 L. R e P L L
BP120  ...... R e P L L
BL133 ... T R e
KP174 ... T R e
KP67 L R e P L L
RAP25 L. R e P e E L
BP288 ... T AL R e
siolts L T R e
sioite ... R e P L L
BP151 ... R P L L
KP66 L T R e
KP159 ... T R e
BP64 ... R P L L
BP1OO = ...... R e P L L
siczo ... T R e
sio2e ... T R e
RAP39 ... R e P L L
KP116 ... R e P L L
KLio2 ... T R e
sio2zs L T R e
siooa ... R e P L L
BLO ... R e P L L
BP269 ... R e P L L
KP115 ... T R e
BP41 L. T R e
KP68 L. R I AL L L
sioizo ... R e P R G....A-. ... ...
RAP13 ... T AL R e
siolrs L. T AL R e
Kat o M53382 R G----- .C.C...---GTAT........... A e
Si 007 R G----- .C.C...---GTAT........... A Ao
RAP64 R R I G----- .CC...---GTAT........... A L
BP13 R R I G----- .CC...---GTAT........... A L
GlliamFPWR ...... EE C----- CC---. . i A L
Glliamuri9 ...... EE C----- CC---. . i A L
KP112 L SR C-----. CC---. .. A e
KP128 ... SR C-----. CC---. .. A e
sio27 L. EE C----- CC---. i A L
Ssic2zr L. EE C----- CC---. . A L
sioc22 L. SR C-----. CC---. .. A e
RAP36 e A C-----. CC---. .. A e
siooo L. EE C----- CC---. . A L
sioos L. EE C----- CC---. . A L
RAP107 ... EE C----- CC---. . A L
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90 110 130
CHUP40 ... R T -G A L
CHUP138 ...... SR C-----. CC---. .. A e
sio1x ... SR C-----. CC---. .. A e
BP32 L. EE C----- CC---. . A L
BP263 ..., EE C----- CC---. A L
BP46 ... SR C-----. CC---. .. A e
KP111 L SR C-----. CC---. . A e
sioits ... SR C-----. CC---. . A e
sio13 L EE C----- CC---. . A L
CHUP30 ..., EE C----- CC---. . A L
sio2gs Ll SR C-----. CC---. . A e
KL3e ... SR C-----. CC---. . A e
RAP22 L. EE C----- CC---. . A L
CHUP140 ...... EE C----- CC---. . A L
sio1z2 ... SR C-----. CC---. .. A e
sioog ... SR C-----. CC---. .. A e
sioo6 ... EE C----- CC---. . A L
RAPE L EE C----- CC---. . A L
BP259 ... SR C-----. CC---. .. A e
BL8 L SR C-----. CC---. . A e
BP119 ..., EE C----- CC---. . A L
CHUP50 CA .CT---..... ATCT---AA . A ..CC---........... G...... P G
TA763 U80636 ...... T e G....A-. ... .......
CHUP20 ... R e P R G....A-. ... .. ...
CHUP68 ..., R e P R G....A-..Gl.........
RAP117 G AAA. . AGCC. AAACAA. T. .. ... ACC.CCT........... G A-..Gl.........
Si 002 G ....AAA . AGCC AAACAA. T...... ACC.CCT........... G....A-..Gl.........
BP5 G ....AAA . AGGC. AAACAA. T...... ACC.CCT........... G....A-..Gl.........
KP20 G AAA. . AGCC. AAACAA. T. ... .. ACC.CCT........... G A-..Gl........
BP107 G AAA. . AGCC. AAACAA. T. .. ... ACC.CCT........... G A-..Gl........
BP143 G AAA. . AGCC. AAACAA. T. ... .. ACC.CCT........... G A-..Gl.........
TA686 UB0635 .A .CA---GG..A ------ N CACCT........... G...CAG...T.G......
TA678 U19904 ....T.---.TG...------ AT.C..... CACCCT..G..G...A...... L
TA716 U19905 ....T.---.......------ .T.C....---CGCCT..GT....... A e
Kuroki _Boryo ...... e T, Coovmm e A ...... EI G CT. .
JG lkeda iso ...... e C----- CC---. A ... L
Kuroki _Kurok ...... R T, Cooim e A ... EE G....
Kawasaki M3 ..GC .---....... C----- A e A-o
Shi mokoshi M . AG .. TGGGT....CG-----...... A-- AAA L AL A-. AL
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160 180
STRAIN_FY * *

Karp M33004  TATAAGTATAGCTGTACGTGACTTTGGGATTGATATTCCTAACCAGACCTCAGCAGCA- - - AGCACAAGC
Karp UT76 ... .......... AT G...-.T.....
Karp FPV2031 .............. AT ST
KP155 ... AT ST
KL53 AT ST
Si023 AT ST
KPL71 . AT ST
KP137 AT ST
Si024 Ll AT ST
BP120 ... AT ST
BL133 ... AT ST
KP174 .. AT ST
KP67 . AT ST
RAP25 .. AT ST
BP288 ... AT ST
Si0l5 AT ST
siole ... T AT -.T..G.
BP151 ..., T AT -.T..G.
KP66 ... T AT - T..G.
KP159 ... T AT - T..G.
BP64 ..., T AT -.T..G.
BP100 ... AT G...-.T.....
Si020 Ll AT G...-.T.....
Si026 . AT G...-.T.....
RAP39 .. AT G...-.T.....
KP116 .. AT G...-.T.....
KL102 AT G...-.T.....
Si025 AT G...-.T.....
Si001 AT G...-.T.....
BLO . AT G...-.T.....
BP269 ... AT G...-.T.....
KP115 . AT G...-.T.....
BPAL . AT G...-.T.....
KPE8 .. AT ST
Si010 AT TG...-.T.....
RAPI3 .. AT TG...-.T.....
Si0l9 AT TG...-.T.....
Kato MB3382 ......... T..GAT...... C.... G -GT.....
Si007 . AT...... C.... G -GT.....
RAP64A . AT...... C.... [ -GT.....
BP13 .. AT...... C.... [ -GT.....
GlliamFPW@ .............. AT..... TAG..G..... C.GA. . TT-CTTG
GlliamUrl9 .............. AT..... TAG..G..... C. GA. . TT-CTTG
KP112 AT..... TAG..G..... C. GA. . TT-CTTG
KP128 ... AT..... TAG..G..... C. GA. . TT-CTTG
Si027 AT..... TAG..G..... C. GA. . TT-CTTG
Si021 AT..... TAG..G..... C.GA. . TT-CTTG
Si022 AT..... TAG..G..... C. GA. . TT-CTTG
RAP36 .. AT..... TAG..G..... C. GA. . TT-CTTG
Si009 AT..... TAG..G..... C.GA. . TT-CTTG
Si005 . AT..... TAG..G..... C.GA. . TT-CTTG
RAPLO7 i AT..... TA ...G..... C.GA. . TT-CTTG

Appendices/ 104

200
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CHUP40 ... AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
CHUP138 ... AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
sio1r L AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
BP32 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
BP263 . AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
BP46 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
KP111 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
Sios AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
Sio13 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
CHUP30 ... AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
Sio28 L AT..... TGAG .. G ..... C.GA . TT-CTTG GCTCCTCCT. GG . . C.
KL36 AT..... TGAG .. G ..... C.GA . TT-CTTG . GCTGCTCCT. GG. . . C.
RAP22 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
CHUP140  .............. AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
sio1z L AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
Sioos L AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
Siooe AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
RAPE AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
BP259 L AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG. . . C.
BL8 AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
BP119 .. AT..... TGAG .. G ..... C.GA .TT-CTTG . ... GCTGCTCCT. GG . . C.
CHUP50 ... AT..... TGG..G..... C.GA .TT-CTT...... GITCCTCCTC. G . . C.
TA763 U80636 ............ A AT..... T.C.TG....G. A ... T-.T...... ACCT. .---.. T C.
CHUP20 ... A AT..... T.C.TG....G. A ... T-.T...... ACCT..---..T....C
CHUP68 ... C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
RAP117 ... C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
sicoz ... C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
BP5 C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
KP20 C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
BP107 ... C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
BP143 ... C.... AT..... TAG.TG....G.AT...T-GAG ... .ACCT..---..T..C.CA
TA686 UB0635 .............. AT..... T.G.TG..... CA ... T-GIGT..GAAT..---..TG . ...
TA678 U19904 .............. AT....... A...G....C....... -.TG...GAGCTG G&C. .. G . GCG
TA716 U19905 .............. AT...A .C.... G....G.A ... T-GIG ... .AAT..---.. TG . CC.
Kuroki _Boryo .............. AT, -To GC...---.C&G . ...
JG lkeda iso .............. AT..... TGG..G..... C.GA .TT-CTT..... AGCTGCTCCT. GG. . . C.
Kuroki _Kurok .............. AT. ST CC...---...G....
Kawasaki MB3 ............ GAT..... T.G.AG..... C.GAC. TT-CTTG . ... GCTCCTIGIT. G ... CA
Shi mokoshi M ...... C...... AT..... TA...CAG ........... - GCACC---..G....G
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230 250 270
Karp M33004  -- C - GCAGCCTCAGGCT TAATGATGAGCAACGT GCTGCAGCTAGGATCGCTTGGT TAAAGAATTGT GCT
Karp UT76  ------------- AT AL G .
Karp FPW031 GG --.......... T
KP155 GG--.. e e e e
KL53 GG--.. e e e e
Si 023 GG--.......... T
KP171 GG--.......... T
KP137 GG--.......... T
Si 024 G--.. e e e e
BP120 G--.. e e e e
BL133 GG--.......... T
KP174 GG--.......... T
KP67 G--.. e e e e
RAP25 G--.. e e e e
BP288 GG--........ G-
Si 015 GG--........ G-
Si 016 TG --A...... o A ...
BP151 TG --A...... o A ...
KP66 TG --A ...... - A ...
KP159 TG --A ...... - A ...
BP64 TG --A...... o A ...
BP10O  ------------- AT L A ... G
Sig20 0 -ee---------- AT AL G .
Sio26 0 ------------- AT AL G .
RAP39  ---e---eo--- AT L A ... G
KP116 = ------------- AT L A ... G
KL102 = -eeeee------- AT AL G
Sio2s5 0 e AT AL G .
ST 00 AT L A ... G
BL9 = eeeeeeeeee--- AT L A ... G
BP269 @ ------------- AT L A ... G
KP115 ---ee-------- AT AL G .
BP41 oo AT AL G .
KP68 TG --.AT...... e A.G............. A
Si 010 TG --.AT...GCC-........... A LG
RAP13 TG--.AT...CC-........... A LG
Si 019 TG--.AT...CC-........... A.G................ T
Kat o M63382 GGEGTGAT. A .. TG TGC. ... ... ATT.GG...... AC A ...... AL G...... A ...
Si 007 GGGTAAT. A .. TG TGC. ... ... ATT.GG....... TA . G...... A ...
RAP64 GGGTAAT. A .. TG TCC....... ATT. GG ....... TA ... G...... A ...
BP13 GGGTAAT. A .. TG TCC....... ATT. GG ....... TA ... G...... A ...
GlliamFPW A------------ CA ... C.T...... G......... AG....T........ G...... A ...
GlliamUuril9 A----------- CA ... C.T...... G......... AG....T........ G...... A ...
KP112 A-mmmmee- - CA ... C.T...... G......... AG....T........ G...... A ...
KP128 A-mmmmee- - CA ... C.T...... G......... AG....T........ G...... A ...
Si 027 Arccmmceeeea CA ... C.T...... G......... AG....T........ G...... A ...
Si 021 Arccmmceeeea CA ... C.T...... G......... AG....T........ G...... A ...
Si 022 A-mmmmee- - CA ... C.T...... G......... AG....T........ G...... A ...
RAP36 A-mmmmee- - CA ... C.T...... G......... A ... T G...... A ...
Si 009 Arccmmceeeea CA ... C.T...... G......... AG....T........ G...... A ...
Si 005 Arccmmceeeea CA ... C.T...... G......... AG....T........ G...... A ...
RAP107 Arccmmceeeea CA ... C.T...... G......... AG....T........ G...... A ...
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CHUP40 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
CHUP138 Ao - CA .... C.T...... G......... AG....T........ G...... A
Si 011 Ao - CA .... C.T...... G......... AG....T........ G...... A
BP32 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
BP263 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
BP46 Ao - CA .... C.T...... G......... AG....T........ G...... A
KP111 Ao - CA .... C.T...... G......... AG....T........ G...... A
Si 018 Ao - CA .... C.T...... G......... AG....T........ G...... A
Si 013 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
CHUP30 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A ...
Si 028 Ao - CA .... C.T...... G......... AG....T........ G...... A ...
KL36 Ao - CA .... C.T...... G......... AG....T........ G...... A
RAP22 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
CHUP140 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
Si 012 Ao - CA .... C.T...... G......... AG....T........ G...... A
Si 008 Ao - CA .... C.T...... G......... AG....T........ G...... A
Si 006 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
RAP8 Ameeeea - CA .... C.T...... G......... AGT...T........ G...... T
BP259 Ao - CA .... C.T...... G......... AG . T ... G...... A
BL8 Ao - CA .... C.T...... G......... AG . T ... G...... A
BP119 Ameeeea - CA .... C.T...... G......... AG....T........ G...... A
CHUP50 Ameeeea - CA .... C.T...... G......... AL T ... G...... A
TA763 U80636 GC.--T....AAGCA-AA G .CC. CTTGIT GAT.CG..... T AG G A
CHUP20 GC.--T....AAGCA-AA. G . CC. CTTGIT GAT.CG..... T AG G A
CHUP68 AG--T....AA----AA G .CC CTTGIT GATT.CG .. ... T AC. G A
RAP117 AG--T....AA----AA G .CC CTTGIT GATT.CG .. ... T AC. G A
Si 002 AG --T....AA----AA G .CC CTTGIT GATT.CG. ..... T AC. G A
BP5 AG --T....AA----AA G .CC CTTGIT GATT.CG. ..... T AC. G A
KP20 AG --T....AA----AA G .CC CTTGIT GATT.CG. ..... T AC. G A
BP107 AG--T....AA----AA G .CC CTTGIT GATT.CG .. ... T AC. G A
BP143 AG--T....AA----AA G .CC CTTGIT GATT.CG .. ... T AC. G A
TA686 UB0635 AAA---TCAGG G ATG--..CCCCTTGIT....GAT.CG..... T AG A A ...
TA678 U19904 AAACATTCAAG T.ATG--...C..TT..G...GA .CCG..... T AC.GA ...
TA716 U19905 AAA---TCAGG G ATG--..CC.CTTGIT....GAGCG .. A . T........... AG .. A ...
Kuroki _Boryo TG --A ...... C-.. Co A G
JG lkeda iso A----------- CA .... C.T...... G.G...T.CG..A.T..G....G..G..A ...
Kuroki _Kurok TG --A. ...... C-..... ... G A G
Kawasaki M3 A------------ CA .... C.T...... G.G...A.A..... T ... G...... A ...
Shi mokoshi M A------ommmmat o TUTGIG . T ... T ... G...... AL
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300 320 340
Karp MB3004  GGTATTGACTATAGGGTAAAAAACCCTAATGATCCTAATGGGCCTATGGT TATAAATCCGATATTGTTAA
Karp UT76 ... ... ... .. . ... GT...... A
Kar P FP OB L o
KPS S
KLD 3
Si 023
KPP 7 L
KPP BT
Si 024
BP 20
B33
KPP 7 4
KPB 7
RAP S
BP 288
Si0dS
S 0B
BP LS L
KPB B
KP159 G
BPBd
BP100 GT...... A
Si020 GT...... A
Si026 GT...... A
RAP39 GT...... A
KP116 GT...... A
KL102 GT...... A
Si025 GT...... A
Si001 GT...... A
BL9 GT...... A
BP269 . GT...... A
KP115 GT...... A
BP41 GT...... A
KP68 GT...... A
Si010 GT...... A
RAP13 GT...... A
Si019 GT...... A
Kat o M53382 G........ T..TCCGT...... AL ---CAG..GMA .G...... AG GC. A. ...
Sioo7r L T...TCC.GT...CGA .... ---CAG..GA..G...... AG GC A ..G
RAP64 L T...TCCGT...CGA .... ---CAG..GA..G...... AG GC. A ..G
BP13 T...TCCGT...CGA .... ---CAG..GA..G...... AG GC. A ..G
GlliamFPWR ............. T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
Glliamuri9 ............. T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
KP112 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
KP128 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Si027 T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
Si02r L T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
Si0o22 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
RAP36 .. T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Sio09 T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
Sioos T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
RAP107 .. T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
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CHUP40 ... T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
CHUP138 ... T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
sio1r L T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
BP32 T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
BP263 ... T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
BP46 L T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
KP111 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Sios T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Sio13 T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
CHUP30 ... T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
Sio28 L T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
KL36 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
RAP22 T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
CHUP140  ............. T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
sio1z L T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Sioos T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
Siooe T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
RAPE T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
BP259 L T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
BL8 T...CCC.GT...CGA .... ---CATG . .GA. .......... TGG......
BP119 .. T...CCC.GT...CGA .... ---CATG .. GA. .......... TGG......
CHUP50 ... T...TCCGT...CGA .... ---CATG .. GA. .......... TG ........
TA763 UB0636 ............. T..G.GGT...... AL G...AGE...... AGG......
CHUP20 ... T..G..GT...... AL G...AGE...... AGG......
CHUP68 ... T..G.GGT...... AL AG. . AGG...... TGG......
RAP117 L T..G.GGT...... AL --- L AGLLAGG L TGG......
Sioo2 T..G.GGT...... AL --- L AG L AGE L TGG......
BP5 T..G.GGT...... AL AG..AGG...... TGG......
KP20 T..G.GGT...... AL AG..AGG...... TGG......
BP1O07 T..G.GGT...... AL AG. . AGG...... TGG......
BP143 L T..G.GGT...... AL AG. . AGG...... TGG......
TA686 UB0635 ............. T..G.GGT...... AL AA AGG....... GG......
TA678 U19904 ............ CA ...CCEGT--- A ------ CAA CG........ AG G . ACC. G
TA716 U19905 ........ A... T...G.GGT...... AL AA AGE....... G G C

Kuroki _Boryo ............. T...G.GGT...... A ... - A LLAGE L GG......
JG lkeda iso ............. T...TCC.GT...CGA .... ---AATG..GA. .. .G ... TG ........
Kuroki _Kurok ............. T..G.GGT...... AL --- L ALLLAGE L GG......
Kawasaki MB3 ............. T...CCC.GTT..CGA..... ---AATG..GA...G...... TG ........
Shimokoshi M ............ TAT. . CGCCGG. TT. . . .. AL ---CAGG .G ..G...... TGG......
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370 390 410
* KARP_R * *
Karp M33004  ATATTOCCACAGGGTAACCCTAATCCTGITG - - - - - GAAATCCACCGCAGOGAGCAAAT COGOCT GCAGG
Karp UT76 oo T, CGA........
Karp FPVROB L . T T
KPLE5 o
KLB3 e
Si 023 e
KPL7L o
KPL37 e
S 024 e
BPL20 e
BLIB3 e
KPL74
KPB7
RAP2E
BP288 T G
Si015 T G
Si016 e G....C..... C..CTGGACAGC. G oo oo A LA
BP151 . G....C..... Coommmm-- GG AC. A
KPB6 G....C..... Coommmm-- GG AC. A
KP159 G....C..... Coommmm-- G AC. A
BPB4A e G....C..... Coommmme- GG AC. A
BPLOO e PR CGA........
Si020 T CGA........
Si026 T CGA........
RAP39 T e CGA........
KPL16 v T CGA........
KL102 T CGA........
Si 025 T CGA........
Si001 T e CGA........
BLO T CGA........
BP269 e T CGA........
KP115 T CGA........
BPAL T CGA........
KPB8 Coommmm- G CGA...... AA
Si010 Coommmm- G CGA...... AA
RAPL3 Coommmm-- G CGA...... AA
Si019 Coommmm-- G CGA...... AA
\ 4 KATO R \ 4
Kato M63382 ....... T..A ..CCG ..--------- AATGCAMA: - - - - - T..TAGA A .. T.TGAA . ------
sioo7 ... T .A . CCA .. .--------- AATGCAMA: - - - - - T..TAGA A .. TGTG AAG ------
RAPG4 ... .. T..A .. CCA ..commmmmnn AATGCAAA - - - - - T..TAGA A .. TGTG AAG ------
BP13 ... T..A .. CCA ..commmmmnn AATGCAAA - - - - - T..TAGA A .. TGTG AAG ------
WG LLI AM R
GlliamFPWR .. ... AT .A .GCA .... o' TA....CTAG CC..G .---A AA
Glliamuri ..... AT .A .GCCA .... o TA....CTAGCC..G .---A . A
KP112 ..., AT .A . GCA .... o' N TA....CTAGCC..G .---A . A
KP128 ... AT .A . GXCA .... o' N TA....CTAG CC..G .---A . A
sio27 ... AT .A .GCA .... o ¢ S TA....CTAGCC..G .---A . A
sio2r ... AT .A .GCA .... o' TA....CTAGCC..G .---A . A
sioz2 ... AT .A . GCA .... o' N TA....CTAG CC..G .---A . A
RAP36 ... AT .A . GXCA .... o' N TA....CTAGCC..G .---A . A
sioog ... AT .A .GCA .... o ¢ S TA....CTAGCC..G .---A . A
sioos ... AT .A .GCA .... o TA....CTAGCC..G .---A . A
RAP107  ..... AT .A .GCA .... o c S TA....CTAGCC..G .---A . A
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370 390 410
CHUP40 ... AT .A .CCCA .... CG----mmmmm e TA....CTAG CC..G .---A AA
CHUP138 ..... AT .A .CCCA .... CG-----mmmmm - TA....CTAGCC..G .---A . A
sioltr ..., AT .A .CCCA .... CG-----mmmmm - TA....CTAGCC..G .---A . A
BP32 ... AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
BP263 ... AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
BP46 ... AT .A .CCCA .... CG-----mmmmm - TA....CTAGCC..G .---A . A
KP111 ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
siois ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
sio3 L. AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
CHUP3O ... AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
sio2s ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
KL3e ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
RAP22 L. AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
CHUP140 ..... AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
sio1z2 ..., AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
sioog ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
sioo6 ..., AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
RAPE L AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
BP259 ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
BL8 ... AT .A .CCCA .... CG-----mmmmmm - TA....CTAG CC..G .---A . A
BP119 ... AT .A .CCCA .... CG----mmmmm e TA....CTAGCC..G .---A . A
CHUP50 ... AT .A .CCCA .... CG----mmmmm e TA....CTAGCT..G .---A AA
\ 4 763_R
TA763 U80636 ....A . T..A.CG--..A--....CC----- R TA. ... GGC.AT..---A CC
CHUP20 AT A G- A--....CC----- R TA....GGC AT..---A CC
CHUP6S ... T.A..---..G--....CA----- AT.....------ AA. ... CCC.AT..---AC
RAP117 ... T.A..---..G--....CA----- AT.....------ AA. ... CCC.AT..---AC
sioo2 L T.A..---..G--....CA----- AT. ... .------ AA. ... CCC.AT..---AC
BP5 L T.A..---..G--....CA----- AT. ... .------ AA. ... CCC.AT..---AC
KP20 L T.A..---..G--....CA----- AT. ... .------ AA. ... CCC.AT..---AC
BP1O7 ... T.A..---..G--....CA----- AT.....------ AA. ... CCC.AT..---AC
BP143 ... .. T.A..---..G--....CA----- AT.....------ AA. ... CCC.AT..---AC
TA686 UB0635 .. GC .T..A . A ... ............ CTGGECAGC. G . T.. A . ... G..CAA A.. . A
TA678 U19904 ....... G.A..GT...C.... CC. . CTGGCCA- - - - - - GAA .A.G.CC..A..AACA
TA716 U19905 ....... T . A ... . CTAACAA- - - - - - T.. TAGAGCG. . TTTG AA. . ------
Kuroki _Boryo ............. G GG A ... AA
JG lkeda iso ..... AT .A .ACCA . ... CG-----mmmmmm - TA....CTAGCC..G .---A . A
Kuroki _Kurok ............. Co e GG A ...... AA
Kawasaki Ms3 ..... AT .A .CCCA ..... G- TAA. T.CTAG CC.. G .---A AA
Shi mokoshi M ....... T . A A ... Co.--------- G GCCGGTGAA. . . . . . GC...AG---..C
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440 460 480
Karp MB3004  TTTTGCGATACATAACCATGAGCAATGGAGGCATTTGGTAGT TGGGCTTGCTGCATTATCAAATGCTAAT
Karp UT76 G........... G T ... R
Kar P FP OB L o
KPS S
KLD 3
Si 023
KPP 7 L
KPP BT
Si 024
BP 20
B33
KPP 7 4
KPB 7
RAP S
BP 288
Si0dS L
sioie ..., A G T
BP151 ... A G
KP66 L. A G
KP159 ... A G
BP64 ... A G
BP100 G.....oiiv G T ... .. AC .. T
Si 020 G........... G T ... AC .. T
Si 026 G........... G T ... AC .. T
RAP39 G....oiiv G oo T ... .. AC .. T
KP116 G....oiiv G oo T ... .. AC .. T
KL102 G........... G T ... L
Si 025 G........... G T ... L
Si 001 G....oiiv G oo T ... .. AC .. T
BL9 G....oiiv G oo T ... .. AC .. T
BP269 G....oiiv G oo T ... .. AC .. T
KP115 G........... G T ... O
BP41 G........... G T ... O
KP68 T.C..... T ... .. AC .
Si010 T
RAP13 T
Si019 T
Kat o M53382 LGAGT. . T T.C........ CT........ TA A .. .. AG...........
Si 007 LGARA L. T.G... ... T.C........ CT........ TA CAA
RAP64 L.GARA ... T.G...... T.C........ CT........ TA CAA
BP13 L.GARA ... T.G...... T.C........ CT........ TA CAA
d LLIAM R \ 4
GlliamFPWR .C..AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
GlliamUuri9 .C .AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
KP112 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
KP128 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 027 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 021 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 022 C.ANC....T.G..... Gl..G Ao TG . A ...... G..C.......
RAP36 C.ANC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 009 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 005 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
RAP107 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
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440 460 480
CHUP40 C.AAC....T.G..... Gl..G Ao TG . A ...... G..C.......
CHUP138 C.ANC....T.G..... Gl..G Ao TG . A ...... G..C.......
Si 011 C.ANC....T.G..... TT..G Ao TG . A ...... G..C.......
BP32 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
BP263 C.AAC....T.G..... TT..G A TG . A ...... G..C.......
BP46 C.ANC....T.G..... TT..G Ao TG . A ...... G..C.......
KP111 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 018 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 013 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
CHUP30 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 028 C.ANC....T.G..... TT..G Ao TG . A ...... G..C.......
KL36 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
RAP22 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
CHUP140 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 012 C.ANC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 008 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
Si 006 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
RAP8 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
BP259 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
BL8 C.AAC....T.G..... TT..G Ao TG . A ...... G..C.......
BP119 .C..AAC.... T.G..... TT..G Ao TG . A ...... G..C.......
CHUP50 ... AC... T.G...... T..G Ao TG . A ...... G..C.......
763_R
TA763 U80636 ..G AAT....T.GT..... T..C...AA .. .. T ... TGCA ...
CHUP20 .GAAT....T.GT..... T..C.... Ao TGCA ...
CHUP68 G.AT....T...T..... T.C.......... Ao TA
RAP117 G.AT....T...T..... T.C.......... Ao TA
Si 002 L.GLAT....T...T..... T.C...oit. AL TA
BP5 L.GLAT....T...T..... T.C.....o.. AL TA
KP20 G.AT....T...T..... T.C.....o.. AL TA
BP107 G.AT....T...T..... T.C.......... Ao TA
BP143 G.AT....T...T..... T.C.......... A TA
TA686 UB0635 G G AAT....T.GT..... T..C.... Ao TA
TA678 U19904 ..... ATC... T.G...... Ao AGGT........ TG . A ... AG...........
TA716 U19905 ..G .AT....T......... T..C.... A..CT......... G.ooviiii G.......
Kuroki _Boryo ... .. AG ........... T
JG lkedaiso .C..AAC....T.G...... T .G TG . A ...... G..C.......
Kuroki _Kurok .......... . ... AG ........... T
Kawasaki M63 .C..AAT....T.GT..... T ..o B TG .A.C.... G.......ov
Shi mokoshi M .. ... AT.... T.G..... Cooviiinn G.GT........ TA LA C
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