EIZAINQI'H 2THN
MOPIAKH NMAPAZITOAOI'IA

2 TIOVAKOC Mpnyopnc
BioAdyoc¢
KEvtpo EAEyxou kal MpoAnyng NOonuatwy



Mopiakn lNapaaitoAoyia

[MapaaitoAoyia oTNV OTIoIa XPNOCIUOTIOIOVVTOI ATIOTEAECUATO
TEXVIKWV POPIOKNC BloAoyiog
MEAETN TWV VOUKAEIKWY 0€Ewv --> PCR......
TEXVIKEC OTIWC sequencing €ival TIAEOV KOIVOC TOTTOC KOl TIPOOEYYIOEIC

OTtw¢ microarrays kKol Genome sequencing, €ival dpPKETA OIAOEDOUEVEC.



Ta mapaoita

Eival povoKUTTOpOI 1] TIOAUKUTIAPOL EVKAPUWTIKOI OPYAVIOHOI.
AVNKouLv oTa TIpwTIoTa (TipwTtolwa) (microparasites)

Kol To peTadwa (EAMIVOEC Kal EVTOHO - macroparasites).
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[O1QITELOTNTA TWV TTAPATITWV

[TOAUTTAOKOTNTA TWV KUKAWY (WG
[EUTTAEKOVTOL KOl AAAD €i1ON OPYOVIOU WY, EKTOC TOU

avlpwTioL N TV (WwV]



AQOU &ival EUKAPUWTIKOL....

Mupnvac
EVOOKUTTOPIKA opyavidia
(Mitoxovdplako DNA - 107 bp).

‘EAMIVOEC, EVIOPA - TUTIIKA KUTTOPO

TIPWTIOTA APKETEC IDIAITEPOTNTEC
1DlaiTEPO Opyavidla:
KIVETOTIAQOTNC, ATIIKOTIAQOTNG, HITOCWHATA,
LOPOYEVOOWHATA....
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It's official — Cryptosporidium is a gregarine: What are the implications @ .
for the water industry?

Una Ryan © , Andrea Paparini *, Paul Monis |, Nawal Hijjawi
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EUKAPUWTIKOL....
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210 Evioua....

. TO PJEYEBOC TOL YOVIOWMATOC Eival oLVHBWC

LEYOAUTEPO, TIOIKIAEL apKETA (90-7700 Mb)

To yovidiwpua tov Anopheles gambiae sival

Ttepittov 280 Mb.

he genome sequence of the malaria mosquito Anopheles gambiae.
olt RA, Subramanian GM, Halpern A, Sutton GG, Charlab R, Nusskern DE, Wincker P, Clark AG, et al.
cience. 002 Oer 4298559131 29-49



TO TTUPNVIKO YEVETIKO UAIKO

Table 1. Current genome projects of protozoan parasites.

Parasite Disease Genome  MNo.of Website

size (Mb) genes
Apicomplexa
Plasmadium falciparum Malignant tertian malaria 23 5268 http:'www.sanger.ac.uk/Projects’P falciparum‘who&what shtmi
Plasmodium vivax Benign tertian malaria 35-40 http:wwew tigr org'tdb/e 2k 1 /pval/intro. shiml
Plasmodium yoelii Rodent malaria 23 5878 http ./ 'www . tigr.org'tdb/'e2k1/pyal’
Plasmaodium chabaudi Rodent malaria hitp:/www sanger ac. uk'Projects’'P _chabaudi
Plasmaodium berghei Rodent malaria 25-27 http:/'www.lumc.nli 1040/ research/malaria’‘model . html
Flasmodium knowlesi Malana of monkeys (Macaca spp.] hitp.'www sanger ac. uk/'Projects/F_knowlesi/
Toxoplasma gondii Aquired or congenital toxoplasmaosis 80 httpdwww toxodb.orglinks. shtml|
Theileria annulata Theileriosis in domestic ruminants 10 hitp:/'www sanger.ac.uk'Projects’T_annulata'
Theillena parva East coast fever in ruminants 2] http:'www.tigr.org'tdb'e2k1/tpal’
Eimeria fenella Coccidiosis in poultry B0 hitp:/'www.iah bbsrc ac.uk/'eimeria’
Babesia bovis Redwater fever in catile 9.4 http./'www.sanger.ac.uk 'Projects'B bovis
Cryptaspondium parvum Cryptosporidiosis 10 http:/‘'www.mrc-lmb.cam. ac.uk happy'CRYPFTO:cryptogenome. html
Kinetoplastida :
Trypanosoma brucei Sleeping sickness a5 2000 http:/'parsuni.path.cam.ac.uk'
Trypanosoma cruzi Chagas disease 40 http:/'www dbbm fiocruz brigenome 'tcruzi‘tcruzi. html
Leishmania major Cutanecus leishmaniasis 34 8000" http.'www.genedb org'genedbleish.index |sp
Others
Giardia lamblia Giardiasis 12 hitp://jbpc. mbl edu/Giardia-HTML/index2_html
Eniamoeba histolylica Intestinal amoebiasis 20 hitp:/'www.|shtm ac.uk'itdrunits'pmbbu/enta’home htm
Caenorhabaditis elegans 100 19000 htp./'www.sanger ac.uk'Projects'C_elegans’
Saccharomyces cerevisiae 12 6275 http:/'mips.gst de'projyeast’'C YGD /db/index htmi

! Estimated by extrapolation from the gene number on already finished chromosomeas or contigs

laus Ersfeld

EEHDI‘I‘IEE and Genome Projects of Protozoan Parasites
urr. Issues Mol. Biol. (200375 61-741..
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Alayvwaon

Avayvwplon Tng acBeveldg I YEVIKOTEPO TNC BAAPBNC
OTOV OPYOVIOMO OTIO TNV aéloA0ynar TOU I0TOPIKOU
TOU A0BeVOUC, TWV CUUTITWHATWY KAl TWV
EPYOOTNPIOKWY EEETATEWV
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Alayvwon
BOOIKEC EVVOIEC:

Evaiocbnoia
OeTIKA/(BeTIKA + PeLdWC APVNTIKA)

E1dIkoTnta
apvnTiKa/(apvntka + Pevdwc BETIKA)

EvaiocBnoia
O eAAXI0TOC ApPIBPOC TTOPACITWY TIOL PTIOPEI va
AVIXVEULTOULV



EpyaotnplakeC EEETAOEIC

* MIKPOOKOTIIKN €EETOION KOTIPAVWVY N OTIAVIOTEPA
oLPWV

* MIKPOOKOTIIKNA €€ETOION AINATOC

* AV0oO0@OBOpPIoHOC

* MIKpOOKOTUKN €€€taon BloYiwv

* OPOAOYIKEC EEETATEIC

* Avixveuon avTlyovou

* EVOOOKOTINGN

* ATIEIKOVIOTIKEC EEETATEIC



20xva ImpoBAnuatTa otnv
KAQOOIKN OlQyVWUOTIKN

* To 10AVIKO d€iyHa OV UTIOPEI va AN@BEl EVKOAX
[MUEAOC TWV 0CTWV OTNV CTIAOXVIKN Asiopavioon]
* T1poPANHATO EVTIOTIIONC KAl AVAYVWPIONG
TTX. O€ KOTTpavd]
* AV TIPOKEITAI VIO EVEPYI AOIHWEN
[0POAOYIKEC QOKIUOOIEC]




2oxva rpoBAnuata atnv
KAQOOIKN OlQyVWOTIKN

EV cuvtopia ta TIPoLANUATA TN MIKPOOKOTIIKAG dIAYyVWONG
gival:

* ATIQITEI XPOVO KAl OEV AUTOUATOTIOIEITAI

* EKTTaidELan Kal EPTIEIPIT

* H evaioOnaia kai n emmavaAn@uotnta ival JIKpn

ecent Advances in Clinical Parasitology Diagnostics
edric P. Yansouni, Joanna Merckzx, Michael D. Libman, Momar Ndao
wrr Infect Dis Ren. 2014 Sent 16434 doi 1010075 11908-014-0434-9



Mopiakn diayvwaon o€ mola...;

* Ta Eviopa gival opatd PE YUUVO 0@OOAUO Kl
avayvwpidovtal EVKOAX

* AUOKOAIO UTTAPXEI OTA TIOPACITIKA TIPWTOLWa TOU
APOTOC KOl TWV KOTIPAVWV

* AAAQ KOl OTOUC TTOPACITIKOUC OKWANKEC, TIOU
ATIEAELOEPWVOULV TA WA I TIPOVUPEPEC OTA KOTIPAVA

N Td oUPQ, I TIPOVUPEPEC OTO Aipd



Mopiakn olayvwon — PCR

E1I0IKOC EV{LHIKOC TTOAAATIANCIOCMOC EVOC (OXETIKA
HIKpOU) Tunpatoc¢ DNA — aviXxveOoIHo

— TIEPAITEPW AVAALON

H KAOOOIKN EQAPHOYN OTTAITE TPia dIAKPITA OTAdIA:
* ATtopovwaon DNA [DNA isolation]
* AALOIdWTN Avtidpaan MoAvuepaong [PCR]

* HAeKTpo@pOpnon [electrophoresis]



PCR — AEE€IC KAEIOIO

EKKIVNTEC [primers] -
EIOIKOTNTA - EvdloONnaia
AKoAouBia—oT1oxX0( [target-sequence] -

evaloONCia — EIBIKOTNTA - TIEPATEPW AVAALCH



rDNA unit [The ribosomal cistron]

T SP R sp R TP f 185 58S 28S T
y ITS-1 ITS-2
U ETS
(HGR)
I{';R umbmr'; MEpLOYN

IGR {or IGS): Intergenic region {or spacer) [biayovibiakn mepioxnl
MT5: non transcribed spacer [pn petaypapopevo tpnpal

ETS: external transcribed spacer [elwtepiko petaypagopevo tpunpal
ITS: internal transcribed spacer [FowTeEpIko pETaypagopeEvo TRHNHal

orres-Machomo AL, Hernandez R, Cevallos AM, Lopez-Villaseiior 1.

Eiboﬁomal BMNA genes in eukaryotic microorganisms: witnesses of phylogeny?
EMS Microbiol Rev, 2010 Jan=34{1v59-86. doi* 10.1111/1.1574-6975.2009.00195. %



rDNA

> NUOVTIKA TIAEOVEKTHMOTA:
* MTOAAQTIAG avTiypa@a — PEYAAN evdiodnoia
e TUAMOTO PE dIAPOPOL BABPOU TIOIKIAOHOPEIO PETAEL
TWV E10WV — EVKOAIO OXEIOCHOU
* MMOAAG OEOOMUEVA — dUVATOTNTEC EQAPHOYNC OE TTOAAOUC

OpPYQAVIOPOUG



AAAQ yovidlaKa Tunuata

ESaptatal arto 10V 0pyavIOUO. TTX.
e Giardia — Yyovidlo ¢ B-giardin.
* | eishmania — DNA ToU KIVETOTIAQCTN

* Plasmodium - HIToxovoplako DNA



[1AsoveEKTNUQ

H peBodocg exel LYPNAN evalcONnaoia,...

M1 23 45356

—345 bp

Aviyvevon Leishmania o€ Tepl@epiKo alpa

evelopment of a PCR-based method for diagnosis of Leishmania in blood samples
panakos G, Patsoula E, Kremastinou T, Saroglou G, Vakalis N.
Aol Cell Probes. 2002166741 5-20.



[1AsoveEKTNUQ

H peBodocg exel vYPnAn svalcONaoia,...
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Aviyvevon Strongyloides stercoralis o0& Oglypot KOTIPAV®V

arasitological versus molecular diagnosis of strongyloidiasis in serial stool samples: how many?
acal E, Saugar JM, Soler T, Azcarate JM, Jiménez MS, Merino FJ, Rodriguez E.
Helminthol, 2017 Jan 23:1-5. doi: 10101750022 149X 1 7000050



[1AsoveEKTNUQ

...£ival AVTIKEIUEVIKN...

Aviyvevon Plasmodium o€ TepLPePIKO AP

A single-step, PCR-based method for the detection and differentiation of Plasmodium vivax and P, falciparum.
atsoula E, Spanakos G, Sofianatou DI, Parara M, Vakalis NC
Ann Troo Med Parasitol, 2003 9771315-21.



RESEARCH

Open Access

Plasmodium malariae in the Colombian ¥

Amazon region: you don’t diagnose what you
don't suspect

Cargs Herrando NP, Jue Ricarco Cabides | Peola Ancres u’_amar-:gc--#.yala'.Larlc-s ALro H_::udrfc_|usz-(_sli~;':_.
Tedeiulo Quifianes | Mo sés Tamas Cortdés Caostl e Lizath Sircher Sud-or' Ricardo Sancaer
Flarial Bk Pala rove' ard Mance A Gnse Palaroyo &

Negative

Triple-infection

Double-infection

Single-infection

0 10 20 30 40 50 [&10]
Single-infection Double-nfection Triple-infection Negative
® TBS Diagnosis (%a) 42 3 {).86 () 56.8
m PCR Diagnosis (%) 48.35 34 48 3.74 13.43

Fig. 1 Detection agresment satween TRS anc PCR d agnosis st regardds o single and mixed infections, Percentages of sinagle, double and trip e
nfections for PFCR assay campared to TRS test

Easmudium malariae in the Colombian Amazon region: you don't diagnose what you don't suspect.

ifio CH, Cubides JR, Camargo-Ayala PA, Rodriguez-Celis CA, Quifiones T, Cortés-Castillo MT, Sanchez-Suarez L, Sanchez R, Patarroyo ME, Patarroyo MA.
alar 1. 2016 Nov 29:-15( 11576




[1AsoveEKTNUQ

...UTTOPEI VO dWOEL ETUTIAEOV TIANPOPOPIEC (TTX. €iDOC)...

» 2 1 2 345 M

Awakpion Entamoeba histolytica — E. dispar pe PCR

A nested, multiplex, PCR assay for the simultaneous detection and differentiation of Entamoeba histolytica and Entamoeba dispar in faeces.
vangelopoulos A, Spanakos G, Patsoula E, Vakalis N, Legakis N.
Ann Trop Med Parasitol. 2000 Apr:94(3):233-40.



TTAEOVEKTNUQ

...QUEDON avixvevaon...
(Ze avtiBeon PE TIC OPOAOYIKEC EEETATEIC)
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Toxoplasma

Parasitic diseases of the central nervous system. Abdel Razek A4, Watcharakorn A, Castillo M.
Meuroimaging Clin N Am. 2011 Nowv; 21(4):815-41 viii. doi: 10.1016/j.nic.2011.07.005

Fig. 14. Toxoplasmosis, (A) Axial noncontrast CT scan shows a hypodense lesion with mass ettect, and edema in
the left thalamic region. (B} Axial contrast-enhanced CT scan shows a heterogeneous contrast enhancement of
the lasion with surrounding edema.

gondii
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Cervix

HnlLMA 2017 Embr\rﬂluuv PITIFIIO{EI'H.E'HS. Retneved Ma*f 11. Eﬂl? fmm _

Molecular diagnosis of toxoplasmosis in immunocompromised patients: a 3-year multicenter
retrospective study. Robert-Gangneux F, Sterkers Y, Yera H, Accoceberry [, Menotti J,
Cassaing S, Brenier-Pinchart MP, Hennequin C, Delhaes L, Bonhomme J, Villena I, Scherer
E, Dalle F, Touafek F, Filisetti 1, Vadet-Marie E, Pelloux H, Bastien P. J Clin Microbiol. 2015
May;53(5):1677-84. doi: 10.1128/JCM.03282-14

Performance of Polymerase Chain Reaction Analysis of the Amniotic Flui
pf Pregnant Women for Diagnosis of Congenital Toxoplasmosis: A
Systematic Review and Meta-Analysis. de Oliveira Azevedo CT, do Brasil
PE, Guida L, Lopes Moreira ME. PLo5 Cne. 2016 Apr 7;11(4):e0145538.
doi: 10.1371/journal.pone.0145538




AAAQ TTASoOVEKTNUIOTO

* QUTOMOTOTIOINON
e TOXUTNTO

* OXI g€e1dikevon
* KOOTOC (;)




MeloveEkTnua

[MPETIEI TO DEIYHA VA TIEPIEXEI TO TIAPACITO

Toxocara canis

aboratory diagnosis of human toxocariasis
illaux J, Magnaval J-F.
‘eterinary Parasitology 2013, 193 (43-327-396
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Balantidium coli




MeloveékTnua;

H a&loAOynon o€ karmoleg TIEPITITWOEIC
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Leishmania infantum




MeloveEkTnua

Weudw BETIKA — PeLAWC ApVNTIKA
(ETUPOAUVOEIC-HETA OTIO OEPATIEIN-AVOOTOAN)

High quality RMNA 1salation from playphenol-,
polrsaccharide- and protein-rich tissues of lentil
(Lens culinaris)

Prasanta K. Dash

3 Blotech, 2013 Apr; 3(20: 105 114, Published online
2012 Jun 24. dol: 10.1007512205-012-0075-3

212kh —p

5.1 kb —_—

1984 bp
1584 bp
1375 bp
947 bp
S64bp ——p

False positives

strategy.
Borst A, Box AT, Fluit AC,

P



AANOL LEIOVEKTNMOTO

* HOVO O€ OpYyavVwWHEVA EpyaoTpld
* ONUOVTIKOU KOOTOUC ETTIEVOLON
* AEN artoteAei 1o gold standard

* AEN p1tOpEl VO ouvinpnBei To dsiypa xnuIka (-20°C;)



rtoootikn [QPCR] n real-time PCR
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2 UYKpION

TABLE 1 Comparison of PCR and FECT-microscopy for detection of
intestinal parasites in stool samples

No. (%) of samples (n = 889) positive by:

PCR on genomic

DNA extracted Microscopy of

directly from HECT Blastocystis
Parasite feces concentrates culture
Giardia intestinalis 24 (2.7) 9(1.0) NA“
Cryptosporidiuni sp. 16 (1.8) 0 (0.0) NA
Entamoeba histolytica 4 (0.5) 1 (0.1) NA
Entanioeba dispar 2 (0.2) 1 (0.1) NA
Dientamoeba fragilis 167 (18.8) NA NA
Blastocystis sp. NA 19 (2.1) 64 (7.2)
Other” NA 28 (3.1) NA

“ NA, not applicable.
b Other parasites include Entamoeba coli, Entarmoeba hartnanni, and Endolinax nana.

omparison of microscopy and PCR for detection of intestinal parasites in Danish patients supports an incentive for molecular screening platforms
tensvold CR, Nielsen HY.
Clin Microbiol, 2012 Feb'507 23 540-1. doi: 101128/ JCMM.0OG012-11



[Toootikortoinon

H gPCR - TIOOOTIKN EKTiKNON TNC AKOAOLBIAC-CTOXOU

OTO OEiyHa
XPNOIPOTNTa — TIOPEID AOipwENC
— OTIOTEAECHUOATIKOTNTA TNG BepaTiEiag

ETtiAvon TIPoRANHATWY a&loAOYNOoNG

Meiovektnua,

H ofioA0ynon OE kinoies TTEQITAD ZEIC




[ToAurtAektikn [multiplex] PCR

> UVNBw¢ HEXPI 3-4 TtapdaoiTa
Entamoeba, Cryptosporidium, Giardia ta cuvnBeotepa

AvAAoyd HE TNV TIEPIOXN KOl AAAA

MeloveERT O

MEETIEN ver R yWaTas o tal Ly

PCR.
‘erweij 11, Blangé RA, Templeton K, Schinkel I, Brienen EA, van Rooyen MA, van Lieshout L, Polderman AM.



Aw’xv&uan EKTOTTIOU DNA

IUTOUQJI.IO( OE 5EIYI.IC( OpOU

PCR DETECTION OF 5 MANSONI IN HUMAN SAMPLES 161

M 1 2 3 4 5

194bp - W

118bp

72bp = -

FiGure 6. Schistosoma mansoni polymerase chain reaction (PCR) detection in clinical serum samples. The DNA from 4 serum H‘WW&J\IEKTI’]UG
wias analyeed by PCR. Lane M, molecular weight marker (dx-174). Lane 1, positive control (5 mersenn coe DNAG. Lanes 2=5, serum from

paticnts with 0 (negative sample), 96, 0 (negative sampled, and 216 eggs per gram of feces, respectively, : ) :
. . : . MNpEne 1a ey va TERIELE 10

ontes LA, Dias-Neto E, Rabello A.

Fetectinn by polymerase chain reaction of Schistosoma mansoni DNA in human serum and feces.
Am | Tron Med Hva 2002 Feb-G&I >y 157 -62
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LAMP

Sensitive and Inexpensive Molecular Test for Falcipa-
rum Malaria: Detecting Plasmodium falciparum DNA
Directly from Heat-Treated Blood by Loop-Mediated
Isothermal Amplification, Leo L.M. Poon,"” Bonnie W.Y.
Wong,! Edmund H.T. Ma,' Kwok H. Chan,' Larry M.C.
Chow,” Wimal Abeyewickreme,” Noppadon Tan igpuﬁ:de:z.‘*
Kwok Y. Yuen,' Yi Guan,’ Sornchai Looareesutwan,” and ].S.
Malik Peiris' (* Department of Microbiology, The Univer-
sity of Hong Kong, Hong Kong SAR; El.kpartment of
Applied Biology and Chemical Technology, The Hong
Kong Polytechnic University, Hong Kong SAR; * Depart-
ment of Parasitology and Molecular Medicine Unit, Fac-
ulty of Medicine, University of Kelaniya, Sri Lanka;
* Department of Clinical Tropical medicine, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thai-
land; * address correspondence to this author at: Depart-
ment of Microbiology, University of Hong Kong, Queen
Mary Hospital, Pokfulam, Hong Kong SAR; fax 852-2855-
1241, e-mail llimpoon@hkucc.hku.hk)

Background: Malaria is one of the most important
parasitic infections in humans. A sensitive diagnostic
test for malaria that could be applied at the community
level could be useful in programs to control the disease.
The aim of the present work was to develop a simple,
inexpensive molecular test for Plasmodium falciparum.

Methods: Blood was collected from controls (n = 100)
and from patients diagnosed with falciparum malaria
infection (n = 102), who were recruited to the study.
Heat-treated blood samples were tested by a loop-
mediated isothermal amplification (LAMP) assay for P.
falciparum. Results were interpreted by a turbidity
meter in real time or visually at the end of the assay. To
evaluate the assay, DNA from these samples was puri-
fied and tested by PCR. Results from the LAMP and
PCR assays were compared.

Results: The LAMY assay detected P. falciparum di-
rectly from heat-treated blood. The quantitative data
from the assay correlated to the parasite counts obtained
by blood-film microscopic analyses. When we used the
PCR assay as the comparison method, the sensitivit
and specificity of the LAMP assay were 95% and 99%,
respectively.

Conclusions: Unlike PCR, the LAMP assay does not
require purified DNA for efficient DNA amplification,
thereby reducing the cost and turnaround time for P.
falciparum diagnosis. The assay requires only basic
instruments, and assay positivity can be verified by
visual inspection.

© 2006 American Association for Clinical Chemistry
Clinical Chemistry 52, No. 2, 2006



REGION FPRIMER SEQUENCE (5"to 3')

g

B |

FER I B

it %

F1P (F1C+F2) AGCTGGAATTACCGCGGCTGGGTTCCTAGAGAAACAATTGG

B1P (B1+B2C)

TGTTGCAGTTAAAACGTTCGTAGCCCAAACCAGTTTAAATGAAAC

F3 TGTAATTGGAATGATAGGAATTTA
B3C GAAAACCTTATTTTGAACAAAGC
LPF GCACCAGACTTGCCCT
LPB TTGAATATTAAAGAA
F3 > 2
GRRAALATGATTTTGTARATTGGAATGATAGGARTTTACAAGGTTCCTAGAG
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ensitive and Inexpensive Molecular Test for Falciparum Malaria: Detecting Plasmodium falciparum

MNA Directly from Heat-Treated Blood by Loop-Mediatedlsothermal Amplification,

oon LLM, Wong BWY, Ma EHT, Chan KH, Chow LMC, Abeyewickreme W, Tangpukdee N, Yuen KY, Guan 'Y, Looareesuwan 5, Malik Peiris J5

linical Chemistry, 2006 52(23:303-306 doi: 10.1373/clinchem. 2005.057901



Primer Type Sequence” [5'-3) Length Amplicon Size® Target

SRA-F3 F3 GCGGAAGCAAGAATGACC 18 162 5RA gene
SRA-B3 B3 TCTTACCTTGTGACGCCTG 19
SRA-FIP FIF (F1c+F2) GEACTGCGTTGAGTACGCATCCGCAAGCACAGACCACAGC 40
SRA-RIP BIP (B1c+R2) CROTCTTACAAGTCTTGOGOCCTTCTGAGATGTGCCCACTG 41
SRA-LF LF CGCGGCATAMAAGOGCTGAG 19
5RA-LB LE GCAGCGACCAACGGAGCC 18

*Accession number Z37159,
“The length between F2 and B2 is 162 bp. However, the amplified amplicon sizes will be more than 162 bp since the FIP and BIF primers consist of F1c (21 bp) and B1

(21 bp), respectively.
doi:10.137 1 journal.prtd 0000147 £002
nop-mediated isothermal amplification (LAMP) method for rapid detection of Trypanosoma brucei rhodesiense.
lirn ZK, Mikosza AS, Armstrong T, Enyaru JC, Ndung'u JM, Thompson AR.
LoS Negl Trop Dis. 2008 Feb 6:2(1):2147. doi: 10.1371/journal.pntd 0000147




LAMP

Calibrators

LAMP

PCR
Copy number 107 10° 105 10¢ 10° 102 10 water

Chinical samples

LLAMP

+ - -~ + + +ve  water

Detection of 185 ribosomal BNA gene of P. falciparum.

ensitive and Inexpensive Molecular Test for Falciparum Malaria: Detecting Plasmodium falciparum

NA Directly from Heat-Treated Blood by Loop-Mediatedlsothermal Amplification,

oon LLM, Wong BWY, Ma EHT, Chan KH, Chow LMC, Abeyewickreme W, Tangpukdee N, Yuen KY, Guan 'Y, Looareeswwan 5, Malik Peiris JS
linical Chemistry., 2006 52(23:303-306 doi: 10.1373/clinchem. 2005.057901



Nucleic Acid Sequence Based
Amplification

NAAT
Nucleic Acid
Amplification Tests
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Nucleic acid amplification: Alternative methods of polymerase chain
reaction. Fakruddin M, Mannan KS, Chowdhury A, Mazumdar RM,
Hossain MN, Islam S, Chowdhury MA. | Pharm Biocallied Sci. 2013 Oct:5
(4):245-52, doi: 10.4103/0975-7406.120066




Trichomonas vaginalis

MIKPOOKOTINON O 0XE0N PE HOPIOKEC HEBODOULC:
44-68%.
Taxeia ATIOIKOOOUNON TWV TIAPACITWY

Al0BEoipo EU CE kal US FDA EUTIOPIKO KIT

Aodern diagnosis of Trichomonas vaginalis infection.
obbs MM, Sefia AC.
ex Transm Infect. 2013 Sep:89(6):434-8. doi: 10.1136/5extrans-2013-051057



Luminex

[TPOKEITAL VIO HIA TEXVIKH TIOL XPNOIUOTIOIEI
o@aipidla pe dlA@OPETIKN @Bopilovoca ovaia Kal
OIO@POPETIKO “OTOX0”. ME TOV TPOTIO AUTO UTIOPEL VO
AVIXVEVCOEL TAUTOXPOVO TIOAAOUC DIAPOPETIKOVC
TIaBoyovoug TIAPAYOVTEC.
Eival to povo “FDA approved”




Luminex

Pre-PCR

> é» .

L

Sample Pre-treatment
45-60 minutes

Post-PCR

. * mE = St
0@ =

Bead Hybridization and Detection

1 hour

Nucleic Acid Extraction and Purification
45 minutes

Multiplex Application
2.5 hours

Data Acquisition and Analysis by MAGPIX
or Luminex 100/200™"

10 minutes



Targets and Instrument Systems
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Panmicrobial Cligonucleotide Array for Diagnosis of Infectious Diseases - rekong

% Panmicrobial Oligonucl... @[

* ~ * v[g‘ hitp: ffwnwee ncbi. nim. nih. gov/pmcfarticles/PMC 2T 25825/

wew

EMERGING
INFECTIOUS

Panmicrobial Oligonucleotide Array for Diagnosis of Infectious
Diseases

Gustavo Palacios, Phenix-Lan Quan, [...], and W. lan Lipkin

Additional article information

Abstract

To faciltate rapid, unbiased, differential diagnosis of infectious diseases, we
designed GreeneChipPm, a panmicrobial microarray comprising 29,455 sixty-
mer oligonuclectide probes for vertebrate viruses, bacteria, fungi, and
parasites. Methods for nucleic acid preparation, randem primed PCR
amplification, and labeling were optimized to alow the sensitivity required for
application with nucleic acid extracted from clinical materials and cultured

Panmicrobial (dgonuclectide Array for Diagnoss of infechious Diseases
Emerg Infect D 2007 January, 13(1); 73-81

gQ|E

isolates. Analysis of nasopharyngeal aspirates, blood, uring, and tissue from

persons with various infectious diseases confirmed the presence of viruses
and bacteria identified by other methods, and implicated Plasmodium
falciparum in an unexplained fatal case of hemorrhagic feverlike disease
during the Marburg hemorrhagic fever outbreak in Angola in 2004-2005,

Keywords: Malaria, viral hemorrhagic fever, differential diagnosis,
ollgonuclectide microarrays, microarray analytical devices, communicable
diseases, emerging communicable disease control, research

Rapid differential diagnosis of infectious diseases is increasingly important as
novel pathogens emerge in new contexts and treatment strategies are
beginning to be taillored to specific infectious agents. Because clinical
syndromes are rarely specific for single pathogens, unbiased multiplex
assays are essentlal. Methods for direct molecular detection of micraobial
pathogens in clinical specimens are rapid, sensitive, and may succeed when
fastidious requirements for agent replication or the need for high-level
blocontainment confound cultivation.

We have adopted a staged strategy for molecular pathogen surveillance and

e

b &
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[lepiBarAovTika Osiyuata

XpNootnta — 1Inyn HOALvonc
— EKTIMNON KIVOUVOU VIO TNV LYEIX
— EKTIMNON ETUANMUIOAOYIKWY TIOPAPETPWVY
TOUL TTANBLOPOL (AVHATO)



lepiBaAAovTika oglyuata

Nepo - Avpata
Xwpa
TpopEC
Zwa
AloBIBaOTEC



[lepiBarAovTika Osiyuata

Ol LopPIaKEC HEBODOI EXOUV Aiyo W TIOAU Ta idld
TIAEOVEKTIHOTA KOl JEIOVEKTNUATA (00O £XOULV
EQApPUOYN) TIou cudnenkav atnv didyvwaon, Kal ol
TUOOVEC AVCEIC EiVal TTAPOUOIEC

Oa TIPETIEI VO ONUEIWOEL 0TI o€ dElypaTa
TIEPIBAAAOVTOC, Ol TIEPIOPICTIKOI TIOPAYOVTEC EiVal
ouvnBwc¢ N auAloyn (dElypatoAnyia) Kai N Katepyaaoia
TIPIV TNV aviXveuon



[lepiBarAovTika Osiyuata

ETUTTAEOV TIAPAUETPOI TIOL TIPETIEI VA EKTIPNOOLV:

* 2 UYKEVTPWAN TWV TIAPACITWV

* [Tapouaia AyvwaoTwV OpYaVICUwWVY
* AVOOTOAN

* BIWOIUOTNTA TIAPOACITWY



Yoativa osiyuata

Kupiwg agopd Ttapacitd (Ttpwtoldwd Kol EAMIVOEC)
TIOU PETOOIdOVTAI KOTIPOOTOUOTIKA.

Id10itepNC onuaaoiag gival ta Cryptosporidium spp. Kal
Giardia intestinalis Ttov guvd€ovTal PUE LOATOYEVEIC

ETUONMIEC KAl OTIC OVETITUYHEVEC XWPEC.

AAO TTOPACITA €ivVal Td Entamoeba histolytica,
Toxoplasma gondil, Acanthamoeba spp.



Yoativa osiyuata

Katd Kavova n dlodIKaaia aviXvVeuang EEKIVA e
"OLYKEVTPWON” TOU OEIYHATOC.

TuTtoTtoinpeveg pEBodol Giardia-Cryptosporidium:
EPA 1623
ISO 1553



(1) 2UyKeEvTpwon

TeXVIKEC:

* PIATPAPIOUA (EI0IKA QPIATPO)
* PuyoKEVTPNON

* Kpokidwon (flocculation)



(2) KaBapiouoc - EurtAoutiouoc
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TEXVIKEC: J
* AVOOOMNOYVNTIKOC 6|cx)(oop|cruoc (Ttaploplcruavac acpapuoyac)
* PUYOKEVTPNON COUKPOLNC N avTioTolXn
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Aglyuata €0a@QouC

A@opa Ttapactta (TPwToldwa Kal EAMIVOEC) TTou
METAOIOOVTAI KOTIPOOTOMATIKA, A@OU Ta KOTIPAVA O€
HMEYAAO BABPOG HOAUVOLV TIPWTO TO £OAQPOC, AAAA Kl
TIOPAOCITO TIOL KUPIWC METAdIdOVTAI HECW TOU £OAPOUC

1d1aitepn Kal edw N Acanthamoeba.



Aglyuata €0a@QouC

TO KUPIOTEPO TIPOPANUA — I OVACTOAN

* EIOIKA KIT yIO TNV aTtopovwaorn DNA, N
* Al0dIKOOIO ATIOPOVWONCE TWV TIAPACITWY ATIO TO
Ociypa (ouvrBwc ETTITIAELON - XPOVOBOPO)
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This is one of the first investigations describing 7. gondii
oocyst detection in environmental soil samples with rapid
molecular detection methods and genotyping. The results of
our findings showed that soil contaminated with 7. gondii
oocysts may play a role in the epidemiology of human
toxoplasmosis in Poland.

Tor [ Cline Mfierahiod Trfsct Thi (20006 28, 5% 05
PRI (TR RV R R R b

ARTICLE

Detection of Toxoplasma gondii oocysts in environmental
soil samples using molecular methods

Au Lass - He Pictkivwiez « E. Modeelewsbka -
A, Dumdidre - B, Srosiakowska - P Myjok

Reochead: 20 June 2000 " A caplod: 39 Moveanner 20008 Pubd ished onhioe: 23 December 24608

07 Spcinger -Vl 2008

Abstiract nfections cawsed by Toreplasma gendii e
prevalent i Buans end anioels theoughont e wodd.
o far, there is no sofficient information concerning ¥
gondii cocvets prevalence n the environment, espeatally m
soll. Therefore, the aim of this study was o eslimale
ogcnrrene of T poado cocvsts in soil and determine the
wenolype af detected parwsites, A wotal of 101 5ol samples
were laken [rom different sites Csad-pils, “lanmiog
groand”, aregs around mibkizsh dumps) locatecd in the Tn-
Uity (Poland). Oocysts were recovered usmis the flotation
medhod, Then, PCE pechions wngetinge the Bl gene wene
performed tor specific T gosoly detectiom, The positie
samples were frther confirmed by POR amplitication of a
renpentive elerment (REP) sequence [GenBank accession
punber AFI4652T) Ravoeloms DNA wis (ound in 13
samples. Among them, seven samples were succossfully
wenolyped al the SAGE locws. They were clossiled as
SAG2 tvpe 1 (5 samples) and SAGE mvpe I (2 samples’,
This is ane of the first investigations desoribing 1 pondiy
cocvel detection m environmental =l samples wath ramd
malevulir defection nethods and genatyping, The resulls of
o findings showed that geil contaminated with T possdsy

I1, Peeticieosicr (X0 0 15, Mdredosskoa -
kowzka = P bynk

Dezparrlmerit ol Trapicl M sl

I facally Tistitube ol Marceee and Tropicad Medicins
s Cidyrin, hodical Lndwersily ol Judatsc

Cabviia, Poland

el hprreti@rmog el

A D

UME-3D2 Belatians Hite-Farasiic,

Bharmacalogie o Théapaniqoe, Faeulid do Fhannacie,
2% B lean Moalin,

13385 Marecille Ceodex OF, Franee

vocvsls ay play a role mothe epidenmology of human
ezoplasmesis in Poland.

Imtroduction

Terregaleevenn peenelt! 85 a wiclely distrilasted protossan parssite
that is akle o infoct humans 25 well as all wenm-blocded
smrmals. I ceuses lexoplasmosis — one all the mosl prevalent
pacasine nfections in humans, According to the serelogical
investigations, it 18 esomatsd ther abont 3% of the himan
populatsm are miscted with thes parasite |34, 33, 43

Tozoplasmasis iz penerally asymptomartic in immenne
competent individuals, However, infoction may take s
severs course up e life-lhreglemnge condibions in imrmum-
compromised patients, Lo, with AIDS or phamoacolagicely
immunasuppressed |25, 22X An cspocially  significam
problem 1= comgenital toxoplasmosts that can be dangenous
Lor foetus and inlents of e molwer solfers from primss
infeeninn during pregnancy [5, 441,

People mey be infocted with 70 gosdii memly by
comsumption af taw asd undercooked meat ar by inpesticn
ot oocysts that may he present in the cnvironment (water,
sl fruts, end vegetables) contamineted with the facces of
miecled culs, the ool delmbive hosls of the pamsite [12,
14, 197, Therefore, catz play a significant role in the
cpiderninlogy of toxoplasrosiz. Oneyss ere resistant 1o
unfovourable environmenta] conditions end chemical mae-
trvation, They ave still infective in water for up to 34 mantlis
and in soil for mare than | vear | 1, 200, 21], Thas, hasic
enviconmenie] malnees hke weler and soill may be
impartant anurees of human conrmmigation by v fiesos
oocysts [ 3, 6, 24

A Tew vulbresks of waoplasinosis have been reporied
worldwids, where fhe direet source of T rondii infiection in

i Springer



AvaotoAn t¢ PCR

MTtopei va cupBEl o€ OTTIOI0ONTIOTE €id0C dEIYyHATOC
210 OEiypaTa TOU TIEPIBAAAOVTOC OPWC Eival ONUAVTIKA

OUXVOTEPO TO PAIVOUEVO

A&V LTTAPXEI KATTIOIO AUCT TIOL VA PTIOPEI VO
EQPAPMOOTEI KOBOAIKA, KAl OTTIO OTI PAIVETAL OEV UTIAPXEI
Kol duvatotnta TIPORAEYNE, aTo To €id0¢ ToU

OEIyUaTo(



NAUOEIC

[MpooBnkn BSA atnv avtidpaon 1 AAAWV €I0IKWV
OLCIWV —ab

b 4

‘EAEYXOC TOU OEIYyHATOC VIO OVOOTOAN

-
LAMP? U

Gelypa

"uALkS" mou
Elvml BETLED

F. D et al, / Veterinary Parasitology 187 (2012) 53-56

s6
Table 1
Positive rate of T. gondii oocysts in the soil of pig farms exposed to hizh and low cat density.
Frequency of exposure to cat Mo, of samples PCR positive (3] LAMP positive (30
High 50 15(30.0%) 26(52.0%)
Lowar 45 S(11.14%) 10(22.2%)
Total 95 20021.1%) 3G(37.9%)

u F, Zhang ), Yu ), Hu M, Zhou Y, Zhao J.

oil contamination of Toxoplasma gondii oocysts in pig farms in central China.
‘et Parasitol. 2012 Jun 8;187(1-2):53-6. doi: 10.1016/).vetpar.2011.12.036



Wevdw¢ BeTika

AOYW TNC TIAPOLCIAC YEVETIKOU UAIKOU OTIO TTIOAAOUC
AYVWOTOUC I HEPIKWC XAPOKTNPIOUEVOUC
OpYaVvIoHOUC, sival TBava Pevdwg BeTIKA

OTIOTEAECOTO

PCR-blastocystis o€ deiypata vepol — Weudw( BeTIKA

avid EB, Guimardes 5, de Oliveira AP, Goulart de Oliveira-Sequeira TC, Nogueira Bittencourt G,

Moraes Nardi AR, Martins Ribolla PE Bueno Franco RM, Branco N, Tosini F, Bella A, Pozio E, Caccito SM.

Elulecu]at characterization of intestinal protozoa in two poor communities in the State of 53o Paulo, Brazil.
aracit Wartmre HMUAE Beh 15402 dAmce 10 1188212071 NS 714 o



Wevdw¢ BeTika

> € Ociypata TIEPIBAAAOVTOC Eival anNUAVTIKO vd

eTPEPBaiwvovTal Ta BeTIKA deiypota (TIwg;)

To TIPOLBANMA Eival PEIWHEVO O€ epapuoyeEC qPCR Kal
LAMP(;)



[1000010pI0LOC EIOOUC

TO HEYOAUTEPO I0WC OPEANOC ATIO TNV EQAPHOYN
HOPIOKWY PEBOdWV O€ deiypata TiEPIBAAAOVTOC, sival
OTI UTTOPEL VO TIPOOBIOPIOTEN TO €i1d0C Kal 101 va

EKTIMNOEI KAl N onuaaia yia TNV Anuoaota Yyeia

[AIOQPOPETIKI OTTTIKN):
TIAPACITO O KAIVIKO deiypa = TtaBoyovo

TIOPACITO OTO TIEPIBAAANOV TTBOYOVO?]
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Abstract The aim of this study was to estimate the presence
of Echinococcus multilocularis DNA 1n fruits, vegetables, and
mushrooms in rural areas of Varmia-Masuria Province, Po-
land, which is the region with the highest number of human
alveolar echinococcosis (AE) cases in this country. Recovery
tests showed that E. muldtilocularis DNA 1s detectable in sam-
ples contaminated with at least 100 eggs of this tapeworm. In
total, 103 environmental fruit, vegetable, and mushroom sam-
ples collected in forests, plantations, and kitchen gardens were
analyzed using nested PCR assay based on the mitochondrial
128 (rRNA) gene. The parasite DNA was
detected in 23.3 % of the samples. Sequencing confirmed that
the obtained PCR products represented £. multilocularis. This

study is the first environmental survey of the presence of

E. mudtilocularis DNA in fruits, vegetables, and mushrooms

Forsesital Bes (20030 114020 41024
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CORIGIMAL PAPER

The first detection of Echinococcus multifocularis DNA
in environmental fruit, vegetable, and mushroom samples using

nested PCR
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Ahetraet Fhe ann of s sy wis o sstmate the presenes
A Fedigeancens snaficaey b TG Troins, vepctakles, and
sy moraral srcis of Varmia-Mesuria Pricanee, Po-
and, which s B megion will: the iehest zoumber of Do
ikvealar ceninnenecass |AE] cases in rhis counmy. Reanvery
ety mhowed that 2 soevie siaeiy [3%& 15 detectable o sam-
ales coraiinaned witty e least LOD epas of this wpewenn In
wodal, 103 envirermenral S, vegetalle, and mushivam sam-
s collected m Bresis, plentiens, ard silchen gemdens werz
aeealy el using pesled TETE sy based wo e odleshondiial
2% vibueamal B A itRNAT deme. The pavasie DMNA way
Jetevted w2505 50 ol e sionples, Sevuenciuy sonlinoed )
e ahrzined PCR produars resresenrsd £ sadttocedor s, This
Loy 15 the Ame enviconmenlal survey ol the presence ol
5l e TOA o Tl veactalles, sod omslacgnme
mhancizit for consnmpticr. The results elearly demonsmars that
|z be o dicscl seurce ol boman st aml 2hows e
el o sdoeate the pocslic alwsor the ieat, capecially ponpls
TIE 1T Gl-Tisls anes,

beew verrds Lolinoroe oy misl oot nfmy - Loes -
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intended for consumption. The results clearly demonstrate that = ama i

it may be a direct source of human infections and shows the
need to educate the public about the threat, especially people
living in at-risk areas.
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diseaze ds b Luval saee ol ihe lapeworn whicl develups
il in e lives and s chaserized b aumemas nimae-
Lk veszcles thar mvade and disimne sumuandine bsswe In
seam eases, rrorssestrdes may spread fooom the liver o Jditter-
CiL erit=, L., lungs, bram o sones, Uhe e chabon e ol
e disicse cun wine belwesn Jees e & el cp lo 15 veins,
and t12 initial phase is abeavs asympiomatic CAmtman and
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connery 1 nave aember of AR ceacs higher tan 1200 aecord-
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Wisodaraaki cral, 1970 Kerner al 2007 Sahaaskict al, 2017

Tramsms=en of oy doveurs precomnanzly
during the sylvanie cvcle, Deluilive Dosts are soue ciam-
worcs mainly faxes hut alan acher wild canids (oovntes,
raicoom does, webvosy or wile fehds, Hosever, mosome
arcas, alzo domestic dogs or cats sy play a mle as a part
ol svnamthropie cycle. BMany species ol small o marmeals
gy sewve ab olernediie bosts [or & meiiloonlieie al-
thizigh e mest impastant 2 amall rdents sclenging o
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AvVixveuon {(wWVTtwV TapaoitwyV

OETKO OEiyPa # HOAVCHOTIKO dEiyua

H eTuBePaiwwan ¢ HOAVOUATIKOTNTOC HE TIC KAAOOIKEC
HEBOOOULC gival auvnBwWCE XpovoBopa Kal ETTITIOVN



AvVixveuon {(wWVTtwV TapaoitwyV

To RNA gival Eva TIOAU aoTaBECTEPO POPIO OE OXEDN
HE TO DNA

H RT-PCR £xel xpnoigottolnBei yia avixvevon RNA Kal
OUVOKOAOLON EVAEIEN TNC PILWCINOTNTOC TWV
TIOPACITWVY, 0€ deiypata TIEPIBAAAOVTOC
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Avixveuan Cryptosporidium

A B

week: 0 5 11 15 20 + - week:0 5 11 15 20 + -

genomics,

spliced /

123 45 6 7 8 1 2 3 4 56 7 8

FIG, | RT-I'CR detection of RNA In oocysts aged at room temperature for 20 weeks, (A) mENA and genomic DNA amplification vsing the B-tubulin primers
htub3 and Blubh, The sive difference bepween the genomic [366-bp ) and the spliced [mBENA; 252-bp) product 1s due 1o the prescnee of an 8d-bpoantron, Notice the decay
of the mRNA signal starting at woelk 1L and the disappearance of the DMNA signal at woek 200 (lane 6}, A trace of PUR product s visible in the negative control (lane
81 (H) R'U-PCR amplilication of S50 tRNA showing ne ime-dependent decay of this transenipl Lanes 1 pBREsENTINA ladder, with sizes of relevant bands {in
rase pairs) shown left of panel B: lanes 7, positive PCR control; lanes 5. negative PCR control.

fidmer G, Orbacz EA, Tzipori 5.

Fsta—tuhulin mRNA as a marker of Cryptosporidium parvum oocyst viability.
Al Fovieon 8Miceobiol 1999 A e G502 1 584 R



Avixveuan Giardia

Freeze & thaw (5 times)

Isolate mMRNA by magnetic beads

Heat 10ul of the sample with buffer,

dNTPs & MgCl,, 99°C for 3 min Me GTéXO 0 MRNA Trlc HSP/0

reverse transcription reaction

(using random primers)

. Detection of viable Giardia cysts by amplification of heat shock-induced mRMNA.
25°9C 10min Abbaszadegan M, Huber MS, Gerba CP, Pepper L.
44°9C 45min Appl Environ Microbiol. 1997 Jan;63(1):324-8
99°C  5min
49C =

PCR amplification
(Giardia specific primers)
940C 45sec
E59C 30sec
72°C 45sec

20 cycles ]

Ethidium Bromide staining



[TapOAN TNV Avap@IoBATNTN TIPO0O0 TWV HOPIAKWY
HEBOOWV, Ta evpriuata Ba TIPETIEI va aéloAoyouvTal
TIPOOEKTIKA AOYW TWV TIPOPBANUATWY TIOU LTIAPXOUV
HE OEIyHATa TIEPIBAAAOVTOC KAl TNC EAAEIPNC
KABIEPWHEVWV TIPWTOKOAWVY



I"'ovotommon

["ovotuTTtnon ) yovotuTtoroinon

* H €VT1OTTION S10(QPOPWVY OTNV YEVETIKN TIANPOPOPIa

T
- 3

* O TIPOCSIOPIOHOC TWV UUVKSKplpévwv OAANAOUOPPWV
TIOU €XEl KANPOVOUNOEL EVAC OPYAVIOUOC

|
d &k B

AVIXVELON KAl XOPOKTNPEIOUOC TNEC YEVETIKNG TIOIKIAOUOP®PIAC



I"'ovotommon

['ovoturtnon

O ATTIAOTIOINMEVOC KOVOVO(C EivVal:
OpPYAVIOHOI TIOU €XOULV TIC AlYOTEPEC DIOPOPEC METAEL TOLC

£XOUV TIIO TIPOO@PATO KOIVO TIPOYOVO

H d10@Qopd aTNV YEVETIKI TIOIKIAOHOP@IO METPATAL ATIO TIC

“TINEC” TWV YEVETIKWV OEIKTWV (I} OAANAOHOPPWV)



I"'ovotommon

[TapadEIyUATA OEIKTWV

« A: AGGTCTTGAGGTTAGAAGAGGATCCC [ A-B_ 4
« B: AGGACTTGAGGTTCAAAGAGGATCCG (IR

e [ AGGA-TTGAGGTTCAAAAATGATCCG L B-I' - 3
m1501 m3502

AKoAoLBia

; GO ARG R AT T T T T T T T T T T TC T T T T R T I T AACGRTACGG ., .
CCATOTO T CAAT  TOARCAACAR AL A NG ARC AR T TOT CADS T T R TAT SO

MIKPOdOPLPOPOI 107 191

150 151
S GCTECAGE T TASECTT O TTCTTCTTCTTCTTOTTEGORCTTTRALCGRTACGS .
L isREETC D GAAT T GAAGRAGAAGAA SARGAAGRAG . sTHARATTGLUTATIH. - . | —I 28 '| 5'|

Pvmsp-3a 121 142
193 142

HAEKTPO@OPNTIKO

Al1
A3

A10
A10

TIPOPIA
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