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MEPIEXOMENA

° NaME-PrO-assisted ARMS (NAPA): a
novel approach for the improvement of
ARMS-PCR specificity in liquid biopsies

° Alaxeiplton Twv  €TKIVOUVWY  ULYPWV
amoBANTwyY Twv Yyelovoulkwyv Movadwy

° H mpdodog tng avaluong tou DNA kat n
eniluon tou puotnpilou, ylpw amo To
TéAOG TwV Popavwod

World Health Organization (WHO):
coronavirus disease 2019 (COVID-19) situation
report/

"OL aotpanég pwtilouv to BpadLvo Tomio, 0 amoN)og TOU KEPAUVOU AMAWVETAL OTIC
Aaykabiéc... Mote timota bev emavaiauBavetal otnv otopla, ... kale yeyovog eivat
avenavaAnmnro. Otdnmote paivetal ek MPwtN¢ OYews to bto, UoAlg mou polaleL.
OAa ouuBaivouv mavrote kat moteé, OAa emavadauBavovral OTO AMELPO Kal
oubérnorte”.

Epeuvntég otig HIMA, oxedidlovtag pe Baon €vav eEeAKTIKO aAyoplOUO TEXVNTAG
vonuoouvng Kal xpnotpomolwwvtag moAuduvaua PAactokitrapa epuBplwv
Batpayou Xenopus laevis, kotaokevaoav evieAwg vésg popdég {wng, mou Oev
unapyouv otn ¢uaon, ta xenobots, Ta mpwta Sapopdwaotpa EuPla poumndt. Ano
KUTTOPLKN KaL YEVETIKA aroyn ta xenobots elvat Batpayot, pohovott Sev elvat. Mold
elvat ta op€An kat mold ta nBkd Bpata mov avakuntouv; MapdAAnAa o kopwva -
16¢ COVID-19 coulatodpel OTO TAYKOOULO OTepEéwpa adnvovrag ta BABepd
SlamoteuTnpLd Tou Kat e€0pLoe Ta Tagidla, TNV aveREALd — 60N HOG ELXE amoElveL,
Ta KapvaBalia — GpEPVEL OUWG TIC SIKEG TOU UAOKEG, OTPAPOKOLTALEL TIC €OVIKEC
OLKOVOWLEG Kal... HELWVEL TIG kMOUMEG CO2. "0 BaUMAOTOC KAVOUPYLOG KOOUOG”
elval edw;

Je QUTO To TeUXog Slapdaote Tn Ppapeupévn mpodopikr avakoivwon oto 170
MaveAAfvio Tuvédplo KAwikng Xnueiog tou mepacpévou NoeuPpiou, yla t™
BeAtiwon tng etdikoTnTac TG ARMS-PCR Kat T1§ ebappoyEg Tng atnv vypn Blodia,
evnuepwBeite yla ti¢ mpoodateg e€elifelg otn Slaxeiplon twv emikivéuvwy uypwv
anoBARTWY Twv Yyelovoulkwy Movadwv kat mapakolouBeiote tagdelovtag oto
XPOvo, TNV MPoodo tng avaluong tou DNA kat tnv emiAuon tou puotnpiou, yupw
anod to téhog twv Popavwo.
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INTRODUCTION

Liquid biopsy is considered today as one of the most promising approaches for the management of cancer
patients; it is mainly based on the analysis of Circulating Tumor Cells (CTCs), circulating tumor DNA (ctDNA),
circulating miRNAs and exosomes (1). The evaluation of mutational status of specific genes in liquid biopsy
material can be very informative, but requires highly sensitive and robust methodologies. Detection of DNA
mutations in liquid biopsy samples provides a powerful tool for the management of cancer patients (2-4).
However, the limited amount of circulating cell free DNA (cfDNA) and the excess amount of circulating wild-type
(wt) DNA obtained through a standard blood draw are persistent issues that often compromise the diagnostic

results.

The amplification-refractory mutation system (ARMS) is a simple approach for detecting any mutation involving
single base changes or small deletions, since Taq DNA polymerase is very effective at distinguishing between a
match and a mismatch at the 3’-end of a PCR primer. When the primer is fully matched to the template, the
amplification proceeds with full efficiency but when the 3’-base is mismatched, amplification is inefficient.
Hence primers matched to the mutated allele can amplify the mutant alleles at the expense of WT alleles. ARMS
is probablythe most commonly used method for low-level mutation detection (5) and has been used clinically
for many years as an FDA approved assay for detecting KRAS mutations (6). However, when using ARMS primers
in most cases inefficient priming still occurs on the WT sample, yielding a late ‘background Cq’, originating from
wt DNA i.e. false positive results. It is highly desirable to correct for this well-known ARMS defect especially in

liquid biopsy applications where a high sensitivity is required.
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Nuclease-assisted Minor Allele Enrichment using Overlapping probes (NaME-PrO) (7), is an enzymatic approach
to remove wt DNA from multiple DNA targets selected at will, prior to DNA amplification, after which current
genomic analysis processes remain substantially unchanged. In NaME-PrO, after DNA denaturation, the
temperature is reduced to allow addition of a thermostable double-stranded DNA Duplex specific nuclease
(DSN) and mutation-overlapping oligonucleotide probes that guide nuclease digestion to the selected WT DNA

sequences.

Here we present a new, combined approach, NAPA: NaME-PrO-assisted ARMS for bypassing the known ARMS
defect (ie generation of false positives) to enable an assay with high specificity by adding a brief enzymatic step
just prior to ARMS. This novel methodology is based on a combination of NAME-PrO, multiplex ARMS-PCR and
melting analysis. By using NAME-PrO, we remove wt DNA from DNA targets and we avoid the inefficient priming
of ARMS primers and the false positive signal that results from this false priming. Moreover, due to the different
size of the designed PCR products we managed to discriminate and identify each of two specific PIK3CA hotspot

mutations simultaneously, by melting analysis.

We selected as a novel pilot application system the detection of PIK3CA mutations in CTCs and ctDNA. PIK3CA
(PI3K catalytic subunit) somatic mutations are very frequent in human cancers and play a crucial role in response
to molecular-targeted therapies (8). The importance of individual PIK3CA mutations as predictors of sensitivity
and resistance to targeted therapies lead to the use of novel PI3K/mTOR/AKT inhibitors as "personalized"
treatment (9, 10). PIK3CA mutations have been reported in 18%—40% (11) of BrCa cases; three ‘hot-spot’
mutations (E542K, E545K and H1047R) comprise more than 80% (12) of all PIK3CA mutations and are localized
in exons 9 and 20. PIK3CA mutational status has already been studied in CTCs (13-16) and plasma- ctDNA (17,18).
According to these studies, the percentage of PIK3CA hotspot mutations in CTC and plasma-ctDNA is around 30-
40%. Here we show that NAPA represents a time- and labor- saving as well as cost-efficient method that is

readily and broadly applicable in clinical molecular diagnostic laboratories.

EXPERIMENTAL SECTION

Clinical Samples: We analyzed a total of 61 samples: 24 DNAs isolated from EpCAM-positive CTC fractions and
17 ctDNA samples isolated from plasma of breast cancer patients with clinically confirmed metastasis. Peripheral
blood from 10 healthy female volunteers, collected for specificity studies, was processed by using the same

procedure as used for patient’s samples.
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Thus, we analyzed 10 DNAs isolated from EpCAM-positive fractions and 10 ctDNA samples isolated from plasma

of healthy volunteers.

Primer and Probe designs: For each DNA target interrogated for mutations, a distinct pair of oligonucleotide
probes overlapping the target region was designed. Probes were designed to be comprised of 20-25 bp
oligonucleotides in a way that they have a Tm of an average 65°C and a range of 63—67°C when they are fully
matched to wt DNA. NAME-PRO probes are designed to bind respectively to the top and bottom DNA template
strands with an overlap ‘target’ region of about 10-15 bp. There probes can optionally contain a polymerase
block on their 3’ end to prevent polymerase extension in subsequent amplification reactions. Probe to probe
interactions including those from top and bottom strand overlap were designed to have a Tm of < 50°C.

Integrated DNA Technologies OligoAnalyzer 3.1 software was used to calculate probe Tm.

NAME-PRO assay: NAME-PRO reaction was performed as previously descripted (6). A total of at least 10 ng
genomic DNA for each sample and overlapping oligonucleotides (probes) were mixed in 1x DSN (Evrogen) buffer
to a final 10 pl volume, probe (concentration: 100 nM), and then the sample was placed in a Thermal Cycler (M)
Cycler) for denaturation at 98°C for 2 min. The temperature was then reduced to 63°C and 0.5 units of DSN
(Evrogen) was added into the mixture followed by 20 min incubation at 63°C and 2 min at 95°C for DSN

inactivation as previously described (6).

RESULTS

Development of the NAPA assay for simultaneous detection of two PIK3CA hotspot mutations : The NAPA
assay is based on the combination of: a) elimination of WT DNA by multiplex NAME-PrO assay, and b) multiplex
ARMS-PCR for both PIK3CA mutations and c) Melting curve analysis (Figure 1). In this assay we aim to enhance
the specificity of ARMS-PCR by including a two-target NAME-PrO step, to digest enzymatically WT DNA from
both PIK3CA hotspot mutations before DNA amplification. NAME-PRO creates a strand break on both sense and
anti-sense WT DNA strands, and removes the ability of wt templates to amplify. Detection of both mutations
was performed by melting curve analysis, which was based on the identification of specific peaks for each
ARMS-PCR product that indicated the presence of PIK3CA mutations in both exons simultaneously as the Tm
of each product was designed tobe significantly different (79°C and 83°C for E545K and H1047L respectively).
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FIGURE 1
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Figure 1. Schematic representation of the experimental procedure of the NAPA assay

Analytical Sensitivity: The analytical sensitivity of the NAPA PIK3CA assay was evaluated by mixing known
concentrations of mutated gDNA (isolated from cell lines), with WT gDNA at ratios of 50%, 10%, 5%, 1%, 0.5%,
0.1% and 0%. Melting curves were generated and the ability to discriminate melting transitions of the cell line
dilutions from that of WT sample was assessed. For PIK3CA exon 9 (E545K), we could clearly discriminate a
mutant allelic frequency of 0.5% (MCF-7 DNA), whereas for PIK3CA exon 20 (H1047R), a mutant allelic frequency
of 0.1% (T47D DNA) was detectable (Figure 2).

Analytical Specificity: We evaluated the NAPA PIK3CA assay specificity by analyzing gDNA isolated from 10
EPCAM+ CTC fraction of healthy female volunteers and from 10 plasma ctDNA of healthy female volunteers. It is
important to mention that false positive detection wasobserved in all cases of healthy female volunteer samples

if we did not perform NAME-PrO assay prior to

FIGURE 2
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Figure 2. Analytical sensitivity of the NAPA assay in samples prepared by mixing known concentrations of
mutated gDNA (isolated from cell lines), with WT gDNA at ratios of 50%, 10%, 5%, 1%, 0.5%, 0.1% and 0%.
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ARMS (Figure 3A). This observation could be explained by the fact that even by using the PIK3CA hotspot
mutation—specific primers, a low amount of the wild-type sequence that is present at very high concentrations

could be nonspecifically amplified.

On the contrary, the developed methodology is highly specific, as we did not detect these PIK3CA

mutations in any of these same samples and we did not detect false positive signals when NAME-PrO assay was

performed prior to ARMS (Figure 3B).
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Figure 3. Analytical specificity of the NAPA assay by analyzing gDNA isolated from healthy female volunteers A)
Without NAME-PrO assay treatment prior to ARMS-PCR, B) With NAME- PrO assay treatment prior to ARMS-PCR
Detection of PIK3CA mutations in peripheral blood of breast cancer patients by using the NAPA PIK3CA assay:
EpCAM-positive CTC fraction. We applied the developed NAPA PIK3CA assay to analyze 24 peripheral blood
samples from patients with clinically confirmed metastasis for both hotspot PIK3CA mutations. We detected, in
total, PIK3CA mutations in 4/24(16.7%) patients with metastatic breast cancer, 2/24(8.3%) in exon 9 and
2/24(8.3%) in exon 20. No- treatment control samples were also run in parallel throughout the process, by
omitting NaME- PrO to ensure the importance of this assay in ARMS-PCR. If the NAME-PrO step was not

included, false positive signals were detected in most these samples (20/24).
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Plasma-ctDNA: We further applied the developed NAPA PIK3CA assay to analyze 17 plasma- ctDNA samples
from breast cancer patients with clinically confirmed metastasis. We detected in total, PIK3CA mutations in
10/17(58.8%) patients with metastatic breast cancer, 6/17(35.3%) in exon 9 and 4/17(23.5%) in exon 20. All
healthy donorsamples were negative 0/10 (0%). However, when healthy control samples were also run in parallel
throughout the process, by omitting NaME- PrO step, false positive signals were detected in all samples 10/10

(100%).

Comparison study between NAPA PIK3CA assay and ddPCR for the detection of E545K PIK3CA hotspot
mutation: The developed NAPA assay gave comparable results with ddPCR (p=0.001) (Table 1). More
specifically, we analyzed for the presence of PIK3CA E545K mutation by ddPCR 41 samples of breast cancer
patients with verified metastasis: 24 genomic DNA isolated from EpCAM-positive CTC fraction and 17 plasma-
ctDNA samples. Moreover, 20 samples from healthy volunteers were also analyzed in order to define the cut-
off of the droplets. In total, the concordance between the novel NAPA PIK3CA assay and ddPCR for PIK3CA E545K
hotspot mutation was 37/41 (90.2%) (Table 1). More specifically, 30 samples were found negative by both assays,
7 samples were found positive by the developed NAPA assay. There were only two samples found positive by
the developed NAPA assay and negative by ddPCR, while two samples were found positive by ddPCR and
negative NAPA.

DISCUSSION

While alternative mutation enrichment methods like COLD-PCR (22, 23) can also be used to enrich mutation-
containing alleles prior to performing ARMS, a concern is that polymerase errors can occur during the initial
COLD-PCR step, thus introducing false positives. Accordingly, to improve the analytical specificity of ARMS-PCR
assays here we applied a new approach, NAPA: NaME-PrO-assisted ARMS where wt alleles are removed
enzymatically at the genomic DNA level, prior to amplification. Enzymatic approaches using restriction
endonucleases to improve ARMS have been reported. NAPA enables enzymatic removal of wt alleles at all
sequence positions, hence comprises a generalized approach to improve ARMS. The assay design overcomes
the known ARMS defect by adding a brief enzymatic step just prior to ARMS. Restriction enzymes specifically
digest wild-type alleles, leaving the mutant alleles available for analysis and overcome false positive signals.
Development of multiplex ARMS tests is more complex than for single tests, but once optimized the use of these

tests is straightforward and their performance is reliable (24,25).
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Table 1. Direct comparison between the developed NAPA assay and ddPCR for detecting
PIK3CA E545K hotspot mutation

ddPCR

EpCAM-positive CTC fraction

+ - Total
* 2 0 2
>
g - 2 20 22
©
S Total 4 20 24
0 Concordance: (22/24) 91.7% (p=0.022 chi-square test)
a cfDNA
<
& + 5 2 7
2
- 0 10 10
Total 5 12 17

Concordance: (15/17) 88.2% (p=0.003, chi-square test)

We performed this technology for the simultaneous detection of two hot-spot PIK3CA mutations (E545K and
H1047R) in liquid biopsy samples, CTCs and cfDNA. The developed protocol could simultaneously detect 0.5% of
mutated dsDNA for PIK3CA exon 9 (E545K) and 0.1% of mutated dsDNA for PIK3CA exon 20 (H1047R), and was
highly specific. When we performed our developed NAPA assay in clinical samples of metastatic breast cancer
patients, we detected PIK3CA mutations in 16.7% of EpCAM positive CTC-fraction and in 58.8% in ctDNA. The
comparison of our developed assay with ddPCR and our previous ultrasensitive assay which was based on the
combination of allele-specific, asymmetric rapid PCR and melting analysis assay gave comparable results with

both these assays (p=0.001).

Although, ddPCR is an emerging technology to detect a low abundance of plasma ctDNA with ultra-sensitivity
and absolute quantification, in many cases ddPCR instruments are not available, hence NAPA provides a simple,
low cost solution for clinically relevant mutations. Not only instrumentation, but the cost of reagents and
consumables in the NAPA approach is much lower than ddPCR, while it is also faster to perform. In addition, the
high multiplexity afforded by NAME-PRO combines well with multiplexed ARMS. On the contrary, for multiplex
application ddPCR requires multi-color instruments, otherwise each mutation should be analyzed in a separate
reaction, increasing not only the cost but mainly the precious and usually limited available material in liquid biopsy

samples.
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Awaxeipion Yypwv Enikivéuvwv AntoBAntwv Yyelovopikwv Movadwv
Ap. Mapia BAdyou, Xnuikdg Mnyavikocg, YreuBuvn Alaxeiptong AmoBAntwv STERIMEDA.E.
Elcaywyn

To ®ePpoudplo tou 2018 dnuoctevtnke amd To Youpyelo Yyelag n EykukAtog Ale/T.MN. 33942/17, mou
adopa otn Slaxeiplon vypwv amoPANTWY UYELOVOUIKWY Hovadwv. Ta PETpa Kol opol ywa tn Slaxeiplon
QTtOPAATWY UYELOVOULKWY HOVASWV KOBWGE KL OL YEVIKEG KATEUBUVTNPLEC 08NYLEG YLA TNV KOTNYOPLOTIOLNGH TOUG
Tieplypddovtal otnv kotvp umoupyiky amdpaocn (KYA)146163/12 kot tnv EykUkAlo Tou Ymoupyeiou
MeptBarovrog kat Evépyetag (YMNEN) otk. 29960/3800/15-6-2012. H véa EykUkALo¢ otoxeUstl otnv opbn Kot
opolopopodn ebapuoyn tng toxvouoog vopobeaoiag, Aappavovtag umon To pe ap. mpwt. 4645/309/1-3-2016
gyypado tou YMNEN, pe Oépa «Alayeiplon uypwv armoBANTwY TOU VOOOKOUEIOU» KoL AVADEPETAL YEVIKA KAl ELOIKA
oe OAa Ta €ldn vypwv amoPAATWY, TTOU MOPAYOVIAL OO UYELOVOULKEG HOVASEG. ST MAALoLO TOU OKOToU
evlladEpovtog Tou Tapovrog apBpou Ba avartuxBouv oL opBEg MPaKTIKES Slaxwplopol Kal Slaxeiplong povo
TWV UYPWV ETKIVOUVWYV amoBANTwv.

1. Yypa Emukivéuva AnopAnta
JOopdpwva pe tnv KYA 146163/12 ta andBANTO UYELOVOUIKWY pHovadwy, ite lval oteped, site vypad
SlakpivovTal OTLE TTaPAKATW KOTNYOPLEG:
a. AcTika AUpata
B. Emukivéuva AnopAnta
- Erukivéuva ArtopAnta Aptywg MoAuopatika (EAAM)
- Miktd Emuikivbuva AmopAnta (MEA)
- AN Emikivouva AmtopAnta (AEA)
Y. El8ika Pevpata ArtoBARTwWY
Y& ONeC TG QVWTEPW KoTnyopieg meplapPfdavovtal TO00 OTEPE® OCO Kal Uypd amoBAnta, Ta omoia
avaloya He TG OLOTNTEG Toug (Mivakag 1) KATaTAooovVTaL OTILC AVTIOTOLXEG TIEPUTTWOELG EMLKIVEUVOTNTAG.
J0udwva pe TNV Keipevn vopobeoia (KYA 146163/2012, Eupwnaikég Tupdwvieg kat Kwdikeg ADR (Accord
européen relatif au transport international des merchandises Dangereuses par Route), IMO/IMDG (International
Maritime Organization/International Maritime Dangerous Goods), RID (Réglement International concernant le
transport des marchandises dangereuses par chemin de fer), IATA (International Air Transport Association),
ICAO(International Civil Aviation Organization),0Aa ta emikivbuva amoBAnta mpenel va cuokeualovtol e
aoddalela Kal EExWPLOTA O SLOKPLTOUG TEPLEKTEG, avaAoya MPE TNV Katnyopia toug (EAAM, MEA, AEA).
MpoumndBeon tng aodpalolc cuckevaciog anoteAel N taflvopnon Twv amoPAATWY, WE TPOC TNV EMKLVOUVOTNTA
Toug, og kKAdon kat aptdud UN. Ot apBuoi UN (UNOOO1 - UN3600) kaBopiotnkav amod tnv appodia enttporni
Tou OHE: United Nations Committee of Experts on the Transport of Dangerous Goods).
OLouokevaoiec mpémnel va p£pouv KOTAMNNAN oApaven ylo tnv eUKOAN avayvwpeLon Tthe eMKvEuvoTnTac
Toug (IxAua 1). Edikotepa, N xwplot culhoyr uypwv amoBAATWY TPEMEL VA YIVETAL OE TILOTOTOLNUEVOUC
TEPLEKTEG (Mrutovia) KatdAAnAou UAwkoU (mAnv moAuBwvuloxAwpidou PVC), mou va eival avOekTiko otn
SLaBpwon (ZxAUa 2) KoL oTIG LNXOVIKEG KATATIOVHOELS, XWPNTIKOTNTOC Katd tpotipnon 10-30 lit. H mAnpwon twv
TEPLEKTWV QUTWV Sev Ba MpEMeL va EeMepva Ta % TOU OUVOALKOU TOUG OYKOU, VW armayopeveTal n Sladikacia
anéppldng TOU TIEPLEXOLEVOU KAl ETAVOAAUBAVOLEVNG TTANPWONG TOU UTTOSOXEA.
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Mivakac 1: 1610tnteg Emikivduvwy ArtoBAntwv (Mapaptnua lll, N. 4042/2012)

Katnyopia XapoKTNPLOUOG KLvSUVou
gmKvduvotntog
(H: hazard)
H1 EkpnKTIkO
H2 Oeldwtko
H3 A MoAU gVdAeKTO
H3B EudAekto
H4 EpeBlotikd
H5 ErmuBAafég
H6 To&lko
H7 Kapkivoyovo
H8 AoBpwTikO
H9 MoAUGUATIKO
H10 To€LKO yLa TNV avamapaywyn
H11 MetaAAaéoyovo
H12 AToBANTa mou ekAUOUV TOELKO ) TTOAU TOELKO a€plo
H13 EvaloBntomolntikod
H14 OkotofLko
H15 AmoOBANTa tkava PeTa amno diabeon, va dnploupyrnoouy,
LE omolodnmote HEco, AAAN ouaoia

FAN Lo )€1 T'o1['@ 2 o |-, TNA ceeariiianann
UN ............
EKA ............ *
KAGON cccccanans

EMIKINAYNA ANMOBNAHTA
NMPOX .cceieieeemnna

Huegpounvia Mapaywyog

MNapaywWyr|G: sesssssssssnnss AnoBANTWY (YM): ceeusnsssnsnsssnsnsssnnnnnsn
Ogon — Xwpog KaTtnyopia AA

Mapaywyng: EAYM: O M [IMEA CJAeA
LI o T oY o Lo 1 T Y ol

Zxnua 1: EvOelkTikn wtoypa@ia onuavong oUOKEUAOLWY ETLKIVOUVWY artoBAnTwy.
YM: Yyetovouikn Movada, EKA: Eupwnaikog KataAoyog AmoBAntwv (6-Yinetot kwdikoi)
(Mapadetyua UN: 1992, Kwdikog EKA: 16 05 06, KAaan: 3 EUpAekto)
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EAAHNIKH ETAIPIA KAINIKHZ XHMEIAZ
KAINIKHE BIOXHMEIAZ

1.1. Aotikd AUpata
Q¢ aotika@ AUpata yapoktnpilovrol To pn oteped amoBANTA TTOU TPOEPXOVTAL OO TA OTUTLA KAl TNV

EUMOPLKA SpaoTNPLOTNTA TOU aoTLkoU LoTou(KaBapldtnta avBpwnwyv Kal KTnpiwv, OWKIAKEG SpaoTnNPLOTNTEG,
6paoTNPLOTNTEC O KATOOTHUATA KAl Ypadeia, £pyaciec ocuvtipnong TWV EYKATAUOTACEWV KOL TWV KTIPLAKWVY
urmoSopwy). ITa AoTIKA ULYpd AUpota meplhapPBdavovrtolpetaty GAAwv,kamola €idn to omoia xprilouv
Slaywplopol Kal xwplotng tabeong os kataAAnAa adelodotnuévoug dopeic. Auta eivat:

- Ano ta payelpeia: ta Ainn kat éAata

- ATO TIC 080VTLATPIKESG KAPEKAEG: TO audAyaua udpapyupou

- A6 Ttou¢ avoAutéG aipoatog (X BlOXNULKOUCG,  aldotoAoylkoUlG): T uypd  amdBAnta.

Jxnua 2: EVSEIKTIKEC (PWTOYPAPIEG QIO TILOTOMOLNUEVOUC TTEPLEKTEG CUAAOYNC LYpWV armoBANTwWV.

1.2. Emkivéuva AntopAnta Apyw¢ MoAuopatika (EAAM)

Ta vypd EAAM mepllappavouv amoBAnta and avaAUTEC opoU Kal MARPOUG oAlkoU ailpatog, uypd
TLAPOXETEVCEWV KAL TIAPAKEVTOEWVY KATL. KoL N evEebelyuévn pEBodog emeepyaaoiag toug eival n anooteipwon.
InUelwveToL 0TLTa UYpd EAAM SUvavtal va amoBAAAOVTAL 6TO GUGTN O AITOXETEVCNG LOVO UETA aTtd KATAAANAN
efoudetépwon n/kaL mpoenetepyaoia, EMelta amd avapln Le UTTOKOTACTATO UTIOXAWPLWSOUC vaTpiou (] GAAWV
KATAANAWY OUCLWYV) Kal TOPOAKOAOUONON TwV TOLOTIKWY TOUG XOPOKTNPLOTIKWVY (UikpoPBlakd doptio, pH,
COD, alwpoUEVA OTEPEQ, KATL.) LE TEKUNPLWHUEVES AVAAUCELG KOl SOKLUEG, KOL TIAVTA GUUPWVA LUE TLG ATIOLTOELG
Tou dopéa mapakolouBnong tou Siktvou amoxéteuonc. Q¢ COD (ChemicalOxygenDemand — XAO: Xnuika
Anautolpevo O&uyovo) opiletal n mocoTNTO 0EUYOVOU TIOU AmaAlTelTal yla TNV TARPN XNHLKN ofsidwon tou
OUVOAOU TWV OPYQVLKWY EVWOEWV TIOU TTEPLEXOVTAL OE €va Selypa.

1.3. Mktd Emuikivéuva AntopAnta (MEA)
Ta uypa MEA mnepllapfdavouv uypd amoPAnta amd BLOXNMLKEG €EETAOELS, XnUeElOBOepameleg,
naBoloyoovatotkd epyaotrpla Kat n evbedelypévn pébodog emefepyaciag toug ival n anotédppwon.
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1.4.AA\a Emukivéuva AntopAnta (AEA)

Ta vypd AEA meplappdvouv OAa ta xnUKA avtdpaotipla/ Stallteg, mou xpnotpomnololvtal ota
S1a¢opa TUALATA KAL EPYACTHPLO TWV UYELOVOULKWY HOVASWVY Kol Umopouv va SlakplBouv ota mopakatw:

- AKTIVOAOYIKd Uypd TIOU TIPOEPXOVTAL OO Ta akTvoypadkd pnxoviuata. Ot evdedelypéveg peébodol
Slaxeilplong toug eival n avayévvnon Twv SLOAUTWV | N avakTnon apyupou N n avakUKAwaon i n
anotédpwon.

- AlaAUTEG, XpWOTIKEG KAl AAAEG XNULKEG OUTIEG, TIOU TIPOEPXOVTAL ATIO TTO.BOAOYOAVATOULKA/ SLayVWOTIKA
epyaotnpla. OL evdedelypéveg péBodol Slayeiplong Toug eival n avaktnon n n onotédpwon.

- AmoBAnta mou mepLExouv USPAPYUPO KOL TIPOEPXOVTAL ATIO BEPUOUETPA, TILECOUETPA 1] GAAEG CUCKEUEC.
H ev&edelyuévn nébodoc Slaxeiplong toug eival n avaktnon.

‘OAeg oL ouoKeuaoieg Twv uypwv AEA mou xpnotpomnolouvtol ota Sladopa TUAHUA TO TWV UYELOVOLLKWY
Hovadwv GEPOUV TIG AVAAOYEC ETIKETEC KIVOUVOU, OMWCE eVOELKTIKA Ttapouastdlovtal oto Ixnua 3. Npocbeta
otolxela oxetikd pe tn Olaxeipon tou KABe UAkoL OSlatiBevtal ota Ashtia AsSopévwv Aodaleiag
(MaterialSafetyDataSheet, MSDS).

Zxnuoa 3: Etiketec kivduvou (o) epediotiko, (8) toéiko, (y) expnktiko, (8) StaBpwtiko, (€) eUpAekTo, (0T)
oéeldbwrtiko, (7) emiBAaBEc yia to neptBaidov.

1.5.Ei8ka Pevpata ArtoBAnTwy
Ta €8k pevpota amoPfANTwv amoteAolv Kuplwg oteped améPAnta, OMwg pmatapieg, anopAnta
NAEKTPLKOU Kol nAektpovikoU efomAlopol (AHHE), cuokevaoieg pe aépla umo mieon, aAAd Kol vypd, OMwWC
padievepyad 1 StoAvpata tou eptéxouv Bapéa PETaAha.

- Ta padievepya amdBAnta mpEnel va CUAEYOVTAL XWPLOTA, va amoBnkelovtal Kol Vo UTTOKELWVTAL O€
niepattépw Sloxeiplon cupdpwva pe Tig 0dnyieg tng EMNVIKNG Emttponng Atopikng Evépyetag (EEAE) umo
v entifAedn Tou AteuBuvtr) Tou AkTvoAoyLkoU TURHATOGC yia TNV acdaln arnocuvBeon toug, cUpdwva
LE TG amaultnoelg Tng Anodaong 1014/O0P/94 (DEK 216/B/2001).

- Ta amoBAnta mou meptéxouv uPnAO Tocootd Bapéwv PeTANwY (MY, KaduLo, vdpapyupoc KAT) Ba
TPETEL VAL CUAAEYOVTAL XWPLOTA O avOEKTIKA KAl oTEYavA Soxela Ue orjuavaon, Tou va TTAnpodopet yla
TO TIEPLEXOUEVO TOUC.

AapBadavovtag umoPn Ta aAvWTEPW, YIVETAL aviIAnNmTo OTL n vopoBeoio MPOPAEMEL UL YEVIKA
KaTnyoplomoinon Twv emKivEuvwy amoBANTWY TWV UYELOVOULKWY HovASwv BACEL TNC EMKIVOLVOTNTOC KL TWV
XOPAKTNPLOTIKWY Toug. O MMivakag 2 mou akoAouBel, Tapoucldlel CUYKEVIPWTIKA OAEC TIC TIAPATIOVW
TLEPUMTWOELG, ava €idog, pe toug avtiotolyoug aplBuoug EKA, H kat UN, ald kat tnv evdedelyuévn puebodo
Slaxeiplong, mapabétovrag mapdAAnAa Kot eVOELKTIKA mopadeiypata ouatlwy yla kaBe kotnyopia EAYM.
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Mivakag 2: Katnyoptoroinon Yypwv EAYM avd aptduo EKA kat UN

KATHIOPIA
EAYM ME©OAOZ EKA KAAZH H UN NEPITPA®H XHMIKH OYZIA (napadeiypata)
AIAXEIPIZHZ
(kivéuvog)
KAINIKA
EAAM o ANOBAHTA, MH AIMA,YTPA ANOBAHTA ANMO ANAAYTES,
(H9) ANOZTEIPQZH 180103 6.2 6.2 3291 [POSAIOPISMENA OYPA
E.A.O.
6.1 KAINIKA
MEA o . AMNOBAHTA, MH
(H6, H9) AMOTEDPQ:H 180103 6.2 6&2 3291 IPOZAIOPISMENA YFPA AMOBAHTA XHMEIOGEPANEIAZ
: E.A.O.
OAPMAKA YTPA, YIPA ®APMAKA XHMEIOGEPATIEIAS -
* 'y
=018 e e et TOZIKA, E.A.O. KYTTAPOZTATIKA - KYTTAPOTO=IKA
OAPMAKA YTPA,
* '
180106 6.1 6.1 1851 TOZIKA, E.A.O. YIPA ENIKINAYNA ®APMAKA
DAPMAKA YTPA,
180109 6.1 6.1 1851 TOZIKA, EA.O. YTPA MH-ENIKINAYNA ®APMAKA
YIPEZ OPTANIKEZ OYZIEZ, KAGAPEZ OYZIEZ
1 TA MITMATA TOYZ (®oppoAn, ZuloALo,
XAwpodoppLo, Xpwoelg, Aupuatofulivn,
TOZIKA YTPA, Hwoivn, AyAwpopebavio, XAwpodoppto,
*
s &l &l gty OPTANIKA, E.A.O. AAkavia, MoAvakpulauidio,
TpyAwpoatBulévio,
Biocal:QwrtomnoAupep{opevo udpoteibio
aoBeotiou oe mdota — 080VTLATPLKO UALKO
180106* 6.1 61 | 3287 ANOPFANA, , A —
EVAUWVLO VLTPLKO SNATPLO, XAwpLlovxo
E.A.O. q
AiBLo)
YIPEZ ANOPTANES OYZIEZ, AIABPQTIKEZ
AEA AMOTEDPQSH 61 TOZIKA YIPA, OYZIE3 KAGAPES OYSIES H TA MIFMATA
(H2, H3B, H6, 180106* 61 & 3289 AIABPQTIKA, TOYS (O£tikd 00, YSpoxAwptkd ofy,
H8) : 2 ANOPTANA, Y&pofeidio tou vatpiou, NitpLkd o€y,
E.A.O. XpwULKO 08V, AldAupa appwviag, Bone
Decalcifiers, XAwptoUxog 6idnpog)
YIPEZ OPTANIKEZ OYZIEZ, AIABPQTIKEZ
OYZIEZ, KAOAPEZ OYZIEX ENQZEIZ, H TA
6.1 TO=IKA YTPA, MITMATA TOYZ (Dawoln, TpipBopogeikd
180106* 6.1 & 2927 AIABPQTIKA, 0€U, OeLkd 080, Mepkamto-atbavorn,
8 OPTANIKA, E.A.O. RNAzol yia tnv amopévwon tou RNA,
Tetramethyl-ethylene-diamine — TMEDA —
TEMED)
YFPEZ OZEIAQTIKEX OYZIEZ, KAOAPEX
6.1 TOZIKA YTPA, ¢ .
180106* 6.1 2 3122 OZEIAQTIKA, OYZIFZ H TA MIFTMATA T'OY’Z (YmepBetikod )
AUU®VLO, YTIEPUAYYAVLKO KEALO, AXpWULKO
5.1 E.A.O. a
KAALO)
YIPEZ OPTANIKES EYDAEKTEZ OYZIEZ,
KAGAPEZ OYZIEZ H TA MITMATA TOY2
6.1 TOZIKA YTPA, (ABavoln, Aketdvn, MeBavoin, E€dvio,
180106* 6.1 & 2929 EYDAEKTA, looapuALkry aAkoOAn, AtaBulaiBépag,
3 OPTANIKA, E.A.O. MNpomavoAn, AketovitpiAto, Sephacryl
pntiveg yla otileg xpwuatoypadiag,
Napadivn, Muppnkikd o€v).
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KATHIOPIA
EAYM A'\I,»IQEX(TE(I)PAI;):Z EKA KAAZH H UN NEPITPA®H XHMIKH OYZIA (napadeiypata)
(kivéuvog)
YIPA AMTOAYMANTIKA, KAGAPEZ OYZIEZ H
e G
180106* 6.1 6.1 3142 AMNOAYMANTIKA i a ® o g A q
EAO SLoAUpaTa XELPOUPYLKWY EPYUAELWV
s nix.Cidex, Korsolex, Steranios, Sekusept,
Bodedex)
TOZIKA YTPA, AKTINOAOTIKA YTPA EM®DANIZHS /
09 01 03* 6.1 6.1 3287 ANOPTANA, AIAAYMATA EMOANIZTHPIOY ME BAZH
E.A.O. AIAAYTEZ
TOZIKA YTPA
! AKTINOAOTIKA YTPA STEPEQ3HSE/
*
WELes & & =287 ANEOZFSNA' AIAAYMATA ZTAGEPOMOIHTH
TO=IKA YTPA, AKTINOAOTIKA YTPA - AIAAYMATA
AEA 09 01 05* 6.1 6.1 3287 ANOPTANA, ZENAYMATOZ & AIAAYMATA ZEMAYMATOZ
(H6) ANAKTHZH EAO. STA@EPOMOIHTH
AKTINOAOTIKA YTPA - ANOBAHTA MNOY
TO=IKA YTPA,
MEPIEXOYN APTYPO AMO THN ENITONOY
*
Wl &l &l 228 AN?ZFSNA' ENEZEPTAZIA AKTINOTPADIKQN
e AMOBAHTQN
TO=IKA YTPA,
AKTINOAOTIKA YTPA - YAATIKA ANOBAHTA
*
WElis &l &l 228 AN?ZFSNA' AMO THN ENITONOY ANAKTHZH APTYPOY
& 2TOIXEIAKOZ YAPAPTYPOZ MOY EXEI
*
200121 8 4: 2809 YAPAPIYPOZ SYAAEXOE! AMO AIAPPOH
AEA
(H6, H8) ANAKTHZH 6.1 YAPAPTYPOZ NOY
’ 2001 21* 3 & 3506 MEPIEXETAI ZE IATPIKEZ ZYZKEYEZ MOY MEPIEXOYN
BIOMHXANIKA YAPAPTYPO
& EIAH

E.A.O: Eav AAAwc Opiletal, eivat anodoon ota eAAnvika tou opou N.O.S: not otherwise specified

2. Avauén Emukivéuvwv Yypwv AnoBAntwy (AEA)

H vopoBeoia amayopelel pntd tnv avapén Twy dtadopeTikwy Katnyoplwv anoBAntwy (EAAM, MEA kat
AEA). Map’ 6Aa autd eTtpénetal n avapuén uypwv AEA povo edpocov tnpeital n cupBatdTNTAG TOUG WE TTPOG TV
un ovtidpaor UeTafy Toug. MPOKTKA AUTO CNUALVEL OTL OUGLEG TTOU avhKouv otov 6o aptBpd EKA kat UN
HmopoUV va cUAAeXBoUV o€ KOO TIEPLEKTN, £DOoOV Sev avTldpoUlV HETOED TOUG TTPOG apaywyn EMKivouvwy
aeplwv ) BepUOTNTAG. ZNUAVTIKY TIAPAUETPOG OE AUTO TO ONUELO elval 0 EAeYX0OC TWV LOLOTATWVY TWV OUCLWV TTOU
mpOKeLToL va avapyBouyv. Na mapddsypa, to XAwpodOpuLo, TTOU XPNOLOTOLEiTal w¢ Kowvde StaAltne ota
epyootnpla, €meldn eival oXeTkA adpaveég, aVOUIELUO LE TOUG TEPLOCOTEPOUG OPYAVIKOUC SLOAUTEG, HUn
eUPAeKTO KOl TTNTLIKO. Katatdoostal ota AEA pe aplOud EKA 18 01 06* kot aplBud UN 2810 wg Tofkn uypn
opyavikn ouvcia. QoTtoc0, eEMeLSN) OL OTUOLTOU £ivat eTKivOUVOL YL TOV AvOpwWTTO, YLaTl KATOOTEAAOUV TO KEVTPLKO
VEUPLKO cUoTNHA, 6 CUVLOTATOL N AVAULEN TOU He GAAEG XNULKEC ouaieg (BaAaBavidng kat Euotabiou, 2011).

Fevikéc obnyieg avaulEnge SwoAutwv mepllapPdavovral ot odnyieg ekxUAong amo tn 6iebvn
BiBAoypadia (Mivakag avautEipotntag Stolutwy, Solvent Miscibility Table) (Mivakag 3). Eniong, otov Mivaka 4
napatiBevrat 0dnyleg mepl un cUUPATOTNTAC XNLKWY OUCLWY TIPOC OVAULEN, EMELSN N N LETAEL Toug avtibpaon
elval oxyupa e€wBepun 1 otn petall toug avtidpaon ekAUovtal emikivéuva agpla(Consumer Product Safety
Commission, 2006).
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Mivakog 3: Avauiéipuotnta StaAvtwy (Stanislaus California State University, 2015)
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Mivakog 4: Xnuikég ovoiec mou avtibpouv uetaéu touc (American Chemical Society, 2016)

XHMIKH OYZIA ANTIAPA ME

AKeTOVN Ynepoteiblo Tou udpoyovou

AAkaALa (AiBlo, vaTplo, kaAlo) | Ao&eiblo tou avBpaka, vepd, OAKOOAEG

Oetikd of0 XAWPLKA, UTLEPXAWPLKA, UTIEPLLAYYOVIKA

lwélo Appwvia

NLTPLKO appwyvLo O¢€a, ebdAekta UypaA, KovioTtolNUEVA LETAAA

NitpLko ov O&KO 0€U, OKETOVN, AAKOOAEC, EUDAEKTA OPYAVIKA UYPA

Nitpwdeg vatplo Alota appwviou

OaAiko ol Apyupoc, udpapyupog

O&wko o€l Nitpiko o€V, untepoleidla, uTepAYYAVIKA

O&kog avudpltng ABUAevoyAUKOAN, USPOEUALWEVEC OUTIEG

Y&poyovavOpakeg XAwplo, Bpwpto, urtepoeidla

YTEPUOYYAVIKO KAALO AlBuAevoyAUKOAN, YAukepOAn, Beliko ol

Ynepoteibio tou udpoyovou XaAkog, aiénpog, eudAekta vypa, AAato LETAAAWY

XAwpLka ahata O¢£a, dAato appwviou, KoviomoLnpéva HETaAa

XAwplo Appwvia, Boutdavio, uSpoyovo, tepePfLvBEdalo (VEDTL),
piopota HETAAAWY

3. Ano6nkeuon Yypwv Enikivbuvwv AnoBAntwv

Bdoel Tng vopoBeoioag, ta Staxwplopéva Kot KAataAANAWG cuoKeuaouEvVa emikivouva amoBAnta (to islo
LOXUEL yLOL TOL OTEPEA KOL YLOL T UYPQA) TIPETEL VA amoBnKeVOVTOL EVTOC TNEG UYELOVOULKAG LOVASAC OE OPLOUEVO
KOl ETIOPKN XWPO YLa TNV KABe katnyopia amoPARTou avaloyd HE TG TaPAYOUEVEG TTIOCOTNTEG KAL T oUXVOTNTA
ouM\oyng Toug.

Ta EAAM kat ta MEA ¢puldooovtal og PukTko BAAAUO, yla Xpoviko SLAoTtnpa 0L LeyaAUTEPO TWV 5
NUEPWV, O BEPUOKPATLA UTIOXPEWTIKA PLKPOTEPN 1) (on e 5°C. ELSIKA yLa TNV EPIMTWON TIOU 0L TTOCOTNTEG Elval
HLKPOTEPEC TwV 500 Aitpwy, n amoBrkeuon unopel va yivel péxpt 30 nuépeg os Beppokpaocia pLkpoTePN N lon e
0°C.0OL xwpot amnobrkeuong Ba mpenel va pEpouv KATAMNAN KOl EUKPLVA ORUAVON e Tov 0po «Emikivéuva
AmnoBAnTa» kot to S1eBvég cUUPBOAO TOU HOAUCHATIKOU Xapakthpa (Ixnua 4a) yia ta EAAM kal mpdoBeta Kot
Tou ToflkoU Yapoktipa (Xxnua 4B) yia to MEA. H Bepuokpacia Twv PukTtikwv BaAdpwy eAEyXETOL OE TAKTA
XPOVIKA SlooTtrpota Kal kataypddetal os apyeio. Kabe ¢opd, mou o xwpog¢ amobrKeuong Twv MopaAmavw
katnyoplwv anoBAntwy, adeldlel, kabapiletat kot amoAupaivetol oXOAQOTIKA.

(a) (B)
Zxnua 4: a) Atiedveg onua poAvouatikov xapaktnpao kot 8) Aiedvéc onua toétkoU yapaktrpa.

Ta AEA SUvortal va amoBnksbovtal yla Xpoviko Sltaotnua oL LeyoAUTEPO TOU EVOC £TOUG. Katd tnv
amoBnKeU o TOUG OL XPNOLLOTIOLOULEVOL XWPOL, TIPETEL BAcEL TnNG vopoBeaiag, va dlapopdwvovtat elSIKA yLa
TO OKOTIO QUTO KaL va Bplokovtal o€ andotacn achaAelog amod Toug UTIOAOLTOUC AELTOUPYLKOUG XWPOUG KOl


http://www.clker.com/clipart-9324.html
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TOUC XWPOUG armoBrnkeuong AAAwV UALKWVY TNG UYELOVOULKNG povadag. EMUTA£oy, oL wpoL auToL TPEMEL va eival
TéTolol, wote va poduAdooouv ta amobnkeupéva amopAnta amod PpoxEG, MANUUUPES, PwTLA K.ATL Kal va
TANPoUV T TpodlaypadEég Tne vopobeoiag (euxépela mpooPBacng, Samedo Blopnyavikol TUTOU, KATAAANANG
OTIATIVOTNTAG KOl EMAPKOUG aVTLOLABPWTLKAG TPOCTACLAG).

H eykUKALOG, TEAOG, TOVILEL TNV ONUAVTIKOTNTA TOU poAou Tou Ecwtepikol Kavoviopou Ataxeipiong AmoBAntwv
Yyelovoplkwv Movadwv otnv opBr Siaxeipion twv amoPARtwyv. AvamoomaoTo KOMUATL TOU €0WTEPLKOU
KOVOVLOHOU TIPETIEL VAL (VAL TAL OTOLYELD TIOU TEKUNPLWVOUV TNV KOTNYOPLOTIoiNon Twv amofAntwy ot enikivbuva
N 1N (vopoBeoia, eyklkAlol, AeAtia Asdopévwv Aodaleiag, BeBalwoelg Mpounbeutplag ETalpelag, ecwTepLKN
Sladkaola ektTipnong ¢ avaykng mpootaciag amd HOAuvon K.o.), KoL TNV KAataAAnAotnta tng Omolog
enefepyaciag npayuoatonoleital (my amoAbpavon, puBuLon pH, avaktnon StaAutwy K.A.TL).
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Popavwdo: H oupBoAn tng DNA avaluong otnv eniluon puotnpiwv, mou £€xouv tadel
otnv lotopia

Ataudvrw Kouviakn?®, Avépiavi Npnyoparou?
ITurpa Avooodoyiac lotoouuBatdotntac 1. [LN.A. “O EvayyeAioudc” ko

2Tunuo Bioxniko M.r.N.A. “O EvayyeAioudc”

Ma éva peyaho Xpovikd Sitdotnua tou 20° awwva, n tUXN The TEAEUTALNG OUTOKPATOPLKAG OLKOYEVELOG TNC
Pwolag, Twv Popavwd, anotédeoe éva puotnplo. O NikoAhaog B (1868-1918, todpog tng Pwoiog, BaoAlag g
MoAwviag kot Meydlog AoUkag tng OwAavdiag tnv nepiodo 1894-1917), n ouluyog tou toapiva Alexandra
Fyodorovna [(1872-1918), apxtka AALE tng Eoonc kal mapd tw PAvw, gyyovh tn¢ Baocilliooag tou Hvwuévou
BaoWeiou MeyaAng Bpetaviog kot IpAavdiag kal auvtokpdtelpag twv Ivdlwv Biktwptlag (Alexandrina Victoria,
1819-1901)] kal ta mévte madia toug OAya, Tatidva, Mapia, Avaotaoia kot AAeEEL eKTEAEOTNKAV LETA AT
UNVeg kpatnong otig 17 louAiou 1918 and MnoAceBiKoug OTPATIWTEG O OTILTL TOTILKOU EUMOPOU, Tou Ipatiev otnv
ToAn Ekaterinburg tng kevtpikng Pwolag.

Ewova 1. H teAcutaia auTtoKpaTOpLKT) OLKOYEVELD TNG Pwaoiac. Arto aptotepa npog ta Seéia: OAya, Mapia, Toapoc NikoAaog B, n
oUuyog tou Toapiva Alexandra Fyodorovna, Avaotaoia, AAeé€L kat Tatidava.

Moptpéto ard to Levitsky Studio, Livadiya, Ukraine.
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JUpdwva pe To LoTopLko Eyypado "Yurovsky", mou cuvtaxBnke armd Tov apxnyo Mo Nyeito Tou amoomACHOTOG,
Yakov Yurovsky (flkos KOpoBckuii), oL copol £mpene va petadepBolv Kal va tadoUv O KOVILVO opuXElo oTO
ddoocg Koptyaki tng ZiBnpiag, Alya pikia pakpld and to Ekaterinburg, kovta otnv neployxr Four Brothers. Qotooo,
otnv mopeia To oxNua petadopdc eudavios UNXaviko mpoPAnua. Evag pnxoc tadog okdapetal BLacTikd otnv
akpn Tou 6popou, evw Ta cwpata Pekalovral pe ofL Kal Kailyovral, wote vo KNV eival avayvwpiotpa. Ot driueg
QUTEG YVWOTEG 0 TTIOAOUC KOTOIKOUG TNG TIEPLOXNG, TIPOEPXOVTAV Ao HapTupieg MmoAoeBikwy oTpaTWTWY,
HeTafl Twv omolwy Kat o ywvwotog Pyotr Ermakov. Znuepa, éyypada, cUVeVTEVEELS KL LEPLKA OO Ta OTTAQL TIOU
Xpnotgornotdnkav otnv ektéAean, MOAAA amnod ta onoia pEpouv TNV uToypadn Twv ekTeEAEcTWY, puAdooovTal
0Ot KPOTWKA Mouocesia kot apyxeia. To omitt g tng odolu Voznesensky 49, oto lodyelo Tou oOmoiou
TPOYLATOTIOLNONKOY OL EKTEAECELG, OVOLALOTAV YLO OPKETA XpOvia PeTA «Mouoeio Ekdiknong Twv Aawv» Kot
katedadiotnke ev pia vukti to 1977, ent dSnuapyxiog Mmopig MNéAtowv (1931-2007), peténeito npoédpou (1991-
1999) tng Pwolkng Opoomovsiog. MoAAd xpovia apyotepa, ota péoa thg Sekaetiag tou 1970, avakaAldOnke
ard tov yewAoyo Dr Alexander Avdonin (1932- ) kot tov ¢pido tou, ouyypadéa kal oknvoBtn Geli Ryabov (1932-
2015), 0 opadIKOG TAPOC TNC AUTOKPATOPLKAG OLKOYEVELOC. YTipXOV UTIOWYIEG OTL EMPOKELTO YLO TIG 0OPOUG TOU
todpou NikOAaou B’ Kal tTng olkoyEveldg tou, (pe e€aipeon ta SUo amod ta maldld NG olkoyevelag, AAeEEL Kal
Mapia). Qotoéco, POALG Alyo UETA ThV mMtwon tng oPletikng Evwong, to 1991, ot Avdonin kat Ryabov
QMOKOAUTITOUV TO HUCTLKO, OTIOTE Kal Eekivnoe emionua n ektadn Twv copwv. Eva xpovo apyotepa, to 1992, n
unnpeoio eykAnpotoAloykwy epeuvwy (Forensic Science Service, FSS) tou Hvwpévou Baoileiou mpooekAnOn amno
TIG PWOLKEG apyxEG va Eekvrioouv amod Kowvou pia AyyAo-pwalkr mpoomdBeta yia thv e€akpifwon tng tavtdtnTag
Twv copwv, epapudlovtag avaiuon DNA. H Sie€aywyr Tou eAéyxou avatédnke og évav amod Toug kopudaioug
£YKANUATOAOYOUG OTOV KOO0, Tov Dr Peter Gill, epyalopevo tote oto FSS, kat to Pwoo yevetiot Dr Pavel lvanov,
evw N Dr Erica Hagelberg, amno to maveniotiuo tou Cambridge, KARONKe pe oKOTO va emoAnBeVUoeL TA EUPHUATOL
twv Gill kat lvanov.

H DNA lotpodikaotiki e€€taon amo toug Gill kot ouv. 6TOXEVUE OPXLKA OTLG UUKPEC EMAVOAAUPBAVOUEVES TIEPLOXEG
autoowpikol DNA (autosomal Short Tandem Repeats, aSTRs) mou evtomilovtal o pn KwELKOTOLNUEVEC
TLEPLOXEC, XWPIC OUWG LKAVOTIOLNTIKA ATOTEAECUATA. ZUYKEKPLUEVQA, XPNOLLoToOnke €va oUVOAO Tévte aSTRs
vevetikwv Sewktwv: VWA, THO1, F13A1, FES / FPS kat ACTBP2 (SE33). KaBe aSTR yevetikdg Seiking
XPNOLUoToNOnKe yLo TtV evioxuon tou AndB£vtoc Blodoyikol UALKOU, yia KABe éva amod Ta evvEa pnplaia 0otq,
Ta omola avaktnénkav amd Tov opadiko Tddo (kat Omwe amodeliytnke apyotepA TWV COPWV TOU TOAPOU
NwkoAaou B', tng toapivag AAe€avdpag Fyodorovna, twv tpwwv Buyatépwv toug OAyag, Tatiavog, Avaoctaoiog
KOl TEOOAPWY OO TO EUTILOTO POCWTILKO Toug, Dr. Evgeny Botkin, Anna Demidova, lvan Kharitonov kat Alexei
Trupp). Me 6e6opévo OtL ekeivn TNV tieplobo o éAeyxog DNA péow twv aSTRS YEVETIKWY SELKTWVY NTAV O TIPWLHLO
otadlo peAETNG, ol Oeikteg autol xpnolpomow|Bnkav povo wg epyaleio SlaKplong tou KABe OKeAETIKOU
UTIOAE{LOTOG KOl CUYKEKPLUEVA YLOL TOV TIPOGSLOPLOUO Tou GUAOU Kal ylo va amoSeLXTel N CUYYEVIKN oX€on
HETAEL TWV COPWV.

Apyotepa ot Gill kal cuv. mpoxwpnoav otov MPocSLopLoUo Tou PodiA tou ptoxovdplakol DNA (mitochondrial
DNA, mtDNA) Twv copwv Kot N 0vaAUGK TOU XpnOoLUOTIOINONKE oToV £AEYX0O TNG CUYYEVIKNG 0XE0NG TOCO TOU
TOAPOU, 000 KOL TNE TOAPIVAG LLE ATTOYOVOUG TOUG OO TNV UNTPLKH yeveaAoyla. (Elkdva 2) ITI¢ MEPLTTWOELG KATA
TLG OTIOLEC CWHATLKA LYPA ) LOTOC Sev sival Stabéoiua, to KUKALKO mtDNA pmopel va amopovwOel amd ta ootd
Kot va avahuBei, Sedopévou OtL gival Bavotepo va MIPLWOEL yLO LEYAAEG XPOVLIKEC TteEpLOSOUC og cUYKPLON UE
TO YpwHoowlako DNA. Eniong, sival tlaitepa KatdAANAo o€ LEAETEG EAEYXOU OUYYEVELAG METALY TWV ATOUWY,
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6lwg otav mapepBANAOVTOL OPKETEC YEVEEG LETAEU TIPOYOVWV KAl ONOYOVWV TOUC. AUTO To omolo avaAuestol
pHEow aAAnAouyiag eival ol umeppuetaBAntég meploxég (hypervariable regions, HVI kat HVII, prikoug 342 kat 268
bp avtiotoiywg). Ot moapaAlayEg mou evromi{ovial OTLG TEPLOXEC QUTEC QAMOTEAOUV LLIOVOVOUKAEOTLOIKOUC
noAupopdlopolc (Single Nucleotide Polymorphisms, SNPs). H oUykpion tou mtDNA amlotUmou 1tng
autokpatelpag Ale€avdpa Fyodorovna (mitotypes, To ouvolo twv SNPs ta omoila cuvavtwvral pall oto iSlo
pLtoxovdplakod yovidiwpa), He autov tou v {w, emiBefaiwpévou pokpvol e€adeAdou TG amo TNV UNTPLKN
veveahoyia, HRH mpiykuta @\inmou tng MeyaAng Bpetaviag, €6sife amdlutn tavtion ot HVI kat HVII
TepLloxEC. Qoto00, 0 éAeyxog Tou mtDNA oto Seiypa mou eAdOn amnod to punplaio ootod tou todpou NikodAaou B
Sev £dwoe EekaBapec amavtroelg. Kateypadn n napouaia etepormhacpiag C/T (heteroplasmy) otn 6£on 16.169,
EVW TA YeVETIKA dedopéva, Ta omola eAdpOnoav amod cuyyeveic TG UNTPLKNG yeveahoyiag (mpLykimooa Xenia
Cheremeteff Sfiri kat SoUkag tou Fife), £€6el€av opomAaopia otnv avtiotown B€on yla TNV VOUKAEOTLOIKN Baon
™G Bupivng (T). (Ekdva 3)

Ol €TEPOMAACLKEG KOTAOTAOELS SnA. N mapouoia Suo Sladopetikwv KAwvwv MtDNA oto (6Lo KUTTapOo 1) oTov
1610 o010, Slakpivovtal oe U0 Katnyopieg: etepomAacpia VOUKAEOTIOWKNG aAAnAouxlag Kol etepomAacuia
HUNKOUG. TNV TpWTNn avadpEépetal KABe meplmtwon Katd tnv omola £va dtopo ¢épet dUo MAnBuouoUlg
LLTOXOVSPLAKWV YOVISLWUATWY TTou Stadépouv oe pia povo B€on tng aAAnAouyiog toug. tn deltepn nepintwon
avapeco o U0 MANBUOUOUE LLTOXOVSPLAKWY YOVISLWHATWY ToU 6lou atopou eudavilovrol mapallayEg oto
LNKOC OPLOUEVWY TUNHATWVY TwV IteploXwv HVI kat HVII, mou amoteAolvral and Stadoxikég kutoaoiveg (C). Meéypt
Ta péoa tng dekaetiog Tou '80 Bewpouvtav OTL To eTepONMAACHLKO MEDNA rTav e€ALPETIKA «OTAVIA» KATACTAON,
av OxL avUTopPKTN. IAUEPA, £ival yvwotd OTL 6Aa Ta atopa spdavilouv kamolo Babud etepomhaocpiag Kot
odeiletat otnv uPnAn cuxvotnTa pe TNV omoia cupPBaivouv petarlayég oto mtDNA. Itnv mopeia tng e€EALENG
HEow TNG DUGCLKAG €TAOYNG OPLOUEVEG UETOAAOYEC TOU pLToXovSpLlakol yoviSlwpatog Slatnpoulvral Kot
edpawwvovtal, evw AAeg yavovtol. Avayvwpiletal 6e gUkoAa, av n péBodog aviyveuong eival apketd
evaiobntn. Itnv emiBePfaiwon auvtng tng Bswplag ocuvéBarle n peAétn twv Bendall kat ouv. oL omoiot
Slamiotwoav pla supéwg Sladedopévn erepomhacpio VOUKAEOTISIKAC oAANAouxiag HeTafl OpOlUYWTIKWV
SLU WV adeddwv.

Onwg ATav avapevopevo, n MPodovwes «OTAVIO» KOTAOTACN ETEPOMOAACUIOG OTOV ToApOo, dnuovpynoe
Sxaopo peTafl eMIOTNUOVWY KAl Un emotnpovwy. Antodaociletat va Ste€axBolv mpdobeteg Soklpaoieg amod to
Epyaotriplo DNA Tautomoinong twv Evomlwv Auvdpewv tng Pwoikng KuBépvnong (Armed Forces DNA
Identification Laboratory, AFDIL). To mtDNA tn¢ copoU 1ou Bewpeito OTL AVIKE OTOV TOAPO CUYKPLONKE He aUTO
Tou veotepou adepdol tou, peydrouv Solko Georgij Popavwd (1866-1919), n copdg Tou omoiou Bplokdtav
evtadlaopévn o HapUapLvn copkodayo. SUUGWVA LE TA AMOTEAECHATA TWV KEAETWV Kal ol U0 eudavicay
etepomAaopio aAAnAouxiac. Itn Béon 16.169 evronilovtav to VOUKAEOTISLO TG Kutoaivng ) tng Bupivng (C/T)
avtitng Bupivng (T), To omolia evtomilovtav oToug {WVTEG CUYYEVEIG TOUC, YEYOVOC TIOU AmOTEAEDE LoXupn EVOELEN
OTL N avaktnBeloa copodg avhke otov Todpo NikdAao B'. Metd and autr Tnv ektevr) avaAuon, n Bpetavikn FSS
KATEANEE OTO CUUMEPAOLA OTL TA AVOKTNOEVTO 00TA AVAKOUV OTOV TEAEUTALO TOAPO KOL TNV OLKOYEVELA TOU.

Auvotuxwg, autd Sev Atav To TEAOC TG LoTopiag. Mpv KAAG-KOAQ OTEYVWOEL TO PeAGVL Twv SUo ekBéoswv
TOUTONOLNONG TWV HEAWY TNEG PWOLKNAG OLUTOKPATOPLKNG OLKOYEVELOG KaL TAPA TAL CUVTPUTTLIKA OTOLXEla yLa TV
avayvwpLon TNG TAUTOTNTAG TNG OLKOYEVELAG TwV Popavwd, Katd ta téAn tng dekaetiag tou 1990 apxEG Tou
2000, £vag HKPOG, aAd OXL aorHOovVTOG aplBpOg EMIOTNUOVWY TipooTiddnoe va syeipel apdLBolisc ya tv
aflomiotia Twv avaAloswv DNA. e auto owg €malfe kamolo poAo Kal n apvnon ¢ Pwolkng OpBodoéng
EkkAnoiag va amodexBel To 1998 TNV avayvwplon, s¢attiog tng afefaldtnrag Twy tote avalvoswv DNA. H
npwtn apdlopntnon npbe amod tov lanwva entotipova Tatsuo Nagai to 1997. O Nagai avémtuée To YEVETIKO
npodiA tou NikoAdou B’, Aappdvovtag Seiypa amnd to LOTWHEVO HAVTAAL TO OTolo XpNnoLUOToLBnKe KATA Thv
anotuxnuévn andmnepa Sohodoviog tou otn Sidpkela enionung eniokePng otnv lanwvia (1891, Otsu incident),
otav Atav akopn todpepitg, SnA. Stadoxoc tou Bpdvou. Tov cuvddeue Kal Tou éowoaoe T {wn, o £€adeAdog Tou,
nplykutag Fewpylog tng EAAASaG kat Tng Aaviog (1869-1957), Umatog appootng tng Kpntikng MoAteiag (1898-
1906), cuTluyog tng Mapiog Bovamaptn, SeutepdTOKOC YLOG ToU Baoild tng EAAGSag Newpyiou A’ kat tng OAyag.
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O Nagai 6nAwoe OTL To avaAuBEV yeveTiko podiA Sev tatpldlel pe ta amoteAéopata twv Gill kat ouv. Av kot
autn N HeAETn Sev aflodoyndnke ) dev Snuooilevtnke motE, £dwaoe AaBEg otoug "audlopfntieg” va Statunwoouy
OUdLBOALEC OXETIKA PE TNV AUBEVTIKOTNTA TWV COPpWV MTOU avaktnonkav oto Ekaterinburg. Apyotepa, to 1999, o
Nagai o pla mpoomnadela cuvepyaoiag Tou pe Tov Pwoo enotpova Dr Vyacheslav Popov, e€etalovtag mtDNA
ano 25 Selypara tpyywv tou peydlou Sdouka Georgii Popavwd, mpoomddnos kat maAl va Staeloel thv
aflomniotia tou DNA eAéyyou. AvadépBnkav edika atn B€on 16.169, otnv onoia kateypddn Hovo n avaotpodn
akohouBia avadopdg (revised Cambridge Reference Sequence, rCRS), xwpic kapia €évéelén eteponhacuiog Kot
o€ eNTA SLAPOPETIKEG ETEPOTMANCLKEG VOUKAEOTLOLKEG BEaeLg oTtov Georgii Popavwd, oL onoleg Edepav pelyua
800 voukAeoTiSikwv Baocewy (16.093 T/C, 16.278 C/T, 16.298 T/C, 16.325 T/C, 16.327 C/T, 16.356 T/C ka 16.362
T/C), kai ot omoieg 6ev epdaviloviav otov todpo NikoAao B'. Apyodtepa, ol unelpol eykAnpatoldyol Melton
Kol ouv., Ba xapaktnpioouv Ta anoteAéopata Twv Nagai kKot ouv. w¢ un aflomiota AOyw empoAluvong Kat Ba
Slatunwoouv tnv amoPn OtL oL TPIXEC ME TA XPOVIA TTAPOUCLAIOUV HELWHEVN LKAVOTNTA TOPAYWYNC EVOC
TIANPOUG YEVETIKOU TtpodiA, kabwg kat auénuévn mbavotnta kataypadng "stepomhacpikwv” detypdtwy. OL be
Nagai kal ouv. 6ev £€6waoav Toté Kapia €€nynon yla tThv eudavion tou uPnAol MOcooToU ETEPOTIAACHLIKWY
Béoswv oTIg Tpixec tou Georgii. H amdvinon npBe to 2008, otav SUo Sladopetikd Pwaolkda Epyaotipla
npaypotonoinoav éAeyyo oe Seiypa DNA mou eArdOn amo to moukaptoo mou o NikéAaog B' popoloe katd thv
Slapkela NG emiBeong otnv lanwvia Kal to onoio pulacootav oto Hermitage atnv Ay. MetpolToAn. To MARPEG
aSTR yevetiko mpod i\ kat o Y-STR anmAdTumog Tou Todpou taiplafav amoAuTa LE TO HETOOAVATLO YEVETLIKO TIPOdIA
TIOU avamTUXOnKe armod Ta OKEAETIKA UTTOAELJHATOL.

Coble Investigative Genetics 2011, 2:20 http://www.investigativegenetics.com/content/2/1/20

Lineage of Romanov Family with
mtDNA Results
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Ewkova 2. To mtDNA yeveadoyikd SEVTPo NG olkoyEveLag Twv Pouavwe. H tautomoinon te Mapiag kat Avaotaoiag Sev itav duvath
uovo ue avdAuon DNA. J.M. Butler (2002) Forensic DNA Typing 2" Edition 2002 Elsevier Academic Press.

H 8eUtepn apdlofritnon twv anotedeopdatwyv DNA twv Gill kat cuv. mponABe amnod to gpyaoctrplo tou Dr Alec
Knight oto Mavemniotiuo tou Stanford kal n oXetikn HeAETn dnupootelBnke oto meplodikd Annals of Human
Biology. H opdda tou Knight toxupiotnke 6tLn evioyuon evocg oxetikd peydiou yovidiakol Bpavopatog (mepinou
1200 Zevyn Baoswy, bp) and éva anodopnpévo deiypa, OMWE UTA TOU avakThOnkav oo Tov opadiko tado
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tou Ekaterinburg, dev ntav duvatn kol OTL Ta amoteAéopata mou eAndOnoav amod toug Gill kat ouv. ATav
mubavotato emtpoAvpéva amd e€wyevég (olyxpovo) DNA. Sta cupmepdopota autd kateAnfov Sie€dyovtag
HeAETN o€ 00T Saktulou, mou depodTav va eivat amo thv adehdn tng avtokpdtelpag AAe€avdpag Fyodorovna,
Elisabeth (1864-1918, yvwotr kat wg "Ella").

A A A A A A L < c
a Tsar Nicholas Il
\ 2 o n\
/ \ YR R /
4 / / Y : N
L16169
A A A A A [ C A A T c
&
A T c
L16169

Ewkova 3. mtDNA avdAuaon tne TEAEUTAIAG AUTOKPATOPLKAG OLKOVEVELXS TN Pwaiag. H ouykpian tou mtDNA otnv 9€on 16169 yia tov kad' unodeon
Todapo NikéAao B’ kat abeA@o tou Meyao AoUka Georgii Pouavwe katéypae etepordacuio C/T, evw yia tnv nipiykiniooa Xenia Cheremeteff Sfiri
ouornAaouia atnv avtiotowyn Véon yia tnv voukAeotibikr Baan tng T.

Ivanov et al (1996) Nature Genetics 12, 417-420 (http://www.nature.com/naturegenetics)

H Ella ntav mavtpepévn pe tov Belo tou todpou NikoAaou, peydlo Souka Sergei Popavwe (1857-1905) kat to
1909, peta to Bdvaro tou cullyou tng, adblEpwaoe To UToAono tng Lwng tng otnv OpBddotn Pwaolkr EkkAnoia
w¢ povoyn. H tdla, pall pe apketolg GAAoug cuyyeveic Twv Popavwd, Bavatwbnkav pia nuépa PETA Thv
eKTEAEDN TNG olkoyEvelag Tou NikoAdou to 1918. H copdg Tng avaktnOnke amod xwpLkolg kovta oto Alapaevsk,
18 km amo to Ekaterinburg. OLepeuvntég unootnpEayv otL n opdda tou Gill dev eixe evioyUoet to evboyevéc DNA
Twv copwv Tou Ekaterinburg, Sedopévou oTL To emiBePatlwpévo deiypa avadopdg tou HRH nplykuta Okinmou
TIou Xpnotonolnenke amno tnv opdda tou Gill dev talpldale pe tnv aAAnAouyia tng Ella kat katéAnfav oto
CUUTTEPACHO OTL 0 aPXLKOC £Aeyxoc DNA twv Setypdtwy Twv Popavwd Atav pn alomiotog.

Ewova 4. To onueio oTo 0molo Ol TPELC EPATLTEXVEG aPXALOAOYOL avakdAuav Ti¢ copous Twv SU0 matdtwv AAeEEL ko Maplia Pouavwe
T0 katAokaipt Tou 2007, o€ andotacn 70 Y. oo Tov ouadIko tago tou Ekaterinburg, omou 30 ypovia riptv Bpgdnke n 0opoc tou Toapou
NikoAaou B'. (Qwtoypapia: Dr Sergei Nikitin kat Peter Sarandinaki (http://www.searchfoundationinc.org/)
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Qot600, To puothplo £HTacE 0TO TEAOC TOU TO Kalokaipl Tou 2007, Tav TPELG EPACLTEXVEG PWOoOL apXaloAoyoL,
avakaAvyav 44 Bpavopota ootwv Kal dovtiwv (Elkdveg 4 kal 5) oe amootacn 70 Y. amo 1o onueio, oémou
BpéBnkav 30 xpovia mpLv n copog tou Todpou NikoAdou B'. H emakoAouBn emavetétaon tou apxaikol VAIKoU
Kal n anddelen amd tnv avdluon OtL ol SU0 OELPEG OKEAETIKWY UTIOAELUUATWY avAKay ota SUo maldld g
OUTOKPOTOPLKAG OLKOYEVELOC, ANEEEL Kal Mapla, 0drynoav aTnv oAoKANPWGON TWV EMLOTNUOVLKWY EPEUVWV KOL N
Tautonoinon Twv Popavwd amocadnviotnke. IUEPA, TO OKEAETIKA UTIOAELULATA TNG OLKOYEVELAC TWV Popavwe
Bplokovtal evtadlacuéva and to 1998, oto Opouplo MNétpou kat MavAou otnv Ayia MeTPoUTOAN.

Ewova 5. SkeAeTikd umoAeippata mou avaktnonkay amo to xwpo tou 2007. Qwtoypapia: Dr Sergei Nikitin kat Peter Sarandinaki
(http.//www.searchfoundationinc.org/)

Mépaocav oxedov 20 xpovio mpoomabeiwv ehéyxou, enaAnBeuong, avamopaywyne kat emipefaiwong twv
HEAETWY OTIC 00POUC TWV HEAWV TNC CLUTOKPATOPLKNAG OLKOYEVELAG XpnoLpomolwvtag mtDNA, aSTRs kat Y-STRs.
OL apxLkéG poomaBeleg Tavtomnoinong (amd to 1993 £wg to 1996) amotéAecav pia KPLOWLN OTLYUN YA TG
Sdokipaoieg DNA otnv latpoSIkOoTIKN Kal mapd TG TPooTabeleg v SuohnULOTOUV QUTEC OL PEAETEG, T
amoteAéopato avte€av tn Sdokipaoia tou Xxpdvou Kol ATovV TAEOV KALPOG VA OTOHATACEL auth n Stopdyn.
MapdAAnAa, n ev Adyw €peuva, CUVEBAAE ONUOVIIKA oTnv avamrtuén, €€€AEn kol amodoxn Twv aSTRs
TIOAUHOP oUWV, KABWE ATAV TO TIPWTO TEPLOTATIKO EAEYXOU HE XOUnAr cuykévipwon DNA. TéAog, n épeuva
twv Gill katL ouv. Atav n mpwtn latpodikactik UTOBEo, TIou anédeLEe TN XpnooTnTa avaAuong tou mtDNA o€
apxaika amodopnuéva Bloloyka Selypata. IRUepQ, N TAUTOMOINON TWV COPWY TOU AVAKTHONKAV amo Tov
TPWTO Tddo to 1991, amoTeAEL TO TLO YVWOTO TEPLOTATIKO OVAAUGCNC eTEpOTMAACHLIKOU DNA Kot avodEépetol wg

TLAPASELY LA OTO OXETLKA eyXELPiSLa. To yeyovdg OTL oL 00pol TwV SU0 0lYyVOOUUEVWY TTALSLWV TNG AUTOKPATOPLKAC
olKoyévelag BpéBnkav oxedov 30 xpovia HETA TNV avoKAAUPn Tou MPWTou opadlkoU Taddou ATAV EUTUXNG
ouykupia, 510TL PO dTav n emLoTAUN ATOV TiLa o€ B£0N va TAUTOMOLAOEL TIC copoUC. H tepaotia mpdodog otnv
avaAuon tou avacuvduoaopuévou DNA odrynoe TeAlkd otnv avayvwplon oAOKANPNG TNG OUTOKPOTOPLKNG
olKoyévelag Twv Popavwd kat oto KAsioo tng undbeonc.
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Anoysvpativa Madnquata EEKX-KB

H Ermotnpoviki- Ekmaideutikn Emtponn tng EEKX-KB, petd amnd npotaocn tng Emtpomnnig NEwy,
anopACLOE TNV OCUVEXLON TWV KUKAWV TWV OIOYEUUOTIVWV HABNUATWY ylo TOUG VEOUG
ouvadéldous. Tnv mapoloo okadnuaik XPOVIA TPAyUATOMOLlElTal 0 3° KUKAOG Twv
QUITOYEU LOTWVWV HaBnUATWV TG eTalpeiag (o kaBe KUKAOG €xeL SLapKela SUO AKASNUAIKWY ETWV)
OTOV OTol0 CUUMETEXOUV 167 ATouAL.

Ta anoyevpatva pobnuota €xouv Slapketla 2 WPeG (7-9 U.U. TO amoysupa) He KUpLlo Béua tnv
mapouciaon Twv in vitro SlLayVWOTIKWY gpyaotnpiwy. ZUYKEKPLUEVA, Topouctdlovtal oL
efetaoelg, kabwg kat n pebBodoloyio mou akolouBeital oto Bloxnuiko, AvocoAoyiko,
Awpotoloyikd, MikpoBloloyikd, Kuttapoloyikd kot MabBoloyoavatopkd kot Moplakng
AlayvwoTIKNA G epyaoThplo, kabwg kat otnv Awpodoaoia.

H eyypadn otov kUKAO pabnuatwv eivat Swpeav kal anoteAel mpoodopd tng Etalpeiag pag
OTOUC VEOUC ouVadEADOUG HaC, EVW HUE TNV OAOKANPWON TWV HOBONUATWY XOpnyeitoL oToug
OUMUETEXOVTEG BeBaiwaon mapakoAoubnong.

AileL va onuewwBel otL TNV Petiv akadnUAik XPOVLA OPLOHEVA OO TAL OTOYEUOTLVA

HOOApOTA TTPAYHOTOTIOLOUVTOL SLaSIKTUOKA AOYW TNG ££0pONG TOU KOPpWVAIoU 0Tn XWPO L.
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IFCC eNewsFlash March 2020 Special Issue:

4 New Dates IFCC WorldLab Congress in Seoul — January 2021

cnewsflashe e

and Labomlry Medicing

@ On behalf of the IFCC Executive Board, we are delighted to inform
you that the WorldLab Congress in Seoul has been rescheduled

to January 6-10, 2021. The new dates were chosen based on the
recommendation of the local organizing committee as well as
congress and hotel space availability. Suitable space was not

g;‘ggggg;dg}?”ﬂ” available during fall of 2020.

and Laboratory Medicine

We are looking forward to welcoming all our invited speakers,
registered delegates, and exhibitors to this rescheduled
conference in the beautiful city of Seoul. We also apologize for
any inconvenience caused by rescheduling the conference and
hope to see all of you at this important international event to
celebrate the end of the COVID-19 epidemic!

The Organising Secretariat MZ Congressi will be contacting all
parties involved (Speakers, Sponsors & Exhibitors, Delegates,
Poster Presenters, and others) with further information.

"-uL Kind regards,
T‘: WorldLab ¥ Professor Maunzio Ferran, IFCC President

SEQUL 2021

FT Professor Khosrow Adeli, IFCC President-Elect

|:| wl .h-|r-'- ry vl Laweralory Medore

Stay connected with IFCC & get all the latest news!
Subscribe at:_http://www.ifcc.org/contact/

Follow us on:
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Henry Charles Bukowski (1920-1944), Bpoxn

Mta cuudwviki opxNoTpa. A symphony orchestra.
‘Exel katawyida. There is a thunderstorm,
MNailouv pav eloaywyn tou Baykvep. they are playing a Wagner overture
O kOopo¢ mapatd ta kabiopata katw arn’ and the people leave their seats under
Ta SEVTPA KOL TPEXEL OTO UTIOOTEYO. the trees
Ouyuvaikeg yaxavilouv, and run inside to the pavilion.
Ol AVTPEC TTAPLOTAVOUV TOUC PUXPOLUOUG, The women giggling, the men pretending
TO LOUOKEUEVA TOLYAPO TIETLOUVTOL calm,
TP OUTTEP QL. wet cigarettes being thrown away,
O Baykvep ouveyiletal Wagner plays on,
KL OAoL gival Katw ar’ to undaoteyo. and then they are all under
AKOUN KaL To TIOUALA adrivouv ta Sévtpa the pavilion.
KL £pXOVTAL A0 KATW. The birds even come in from the trees
AkoAouBel n Ouyypikn Pawbia #2 tou Alot and enter the pavilion and then it is the Hungarian
KoL BPEXEL aKOUN. Rhapsody #2 by Lizst,
Ouweg, kottatte! and it still rains, but look,
‘Evag avtpac kabetal povog otn Bpoxn One man sits alone in the rain
KOL OKOUEL TIPOOEKTLKA. listening.
To akpoatnplo Tov mapoatnpet. The audience notices him.
lupiCouv kat kottalouv. They turn and look.
H opxriotpa kavel tn SouAeLd tnc. The orchestra goes about its business.
O avtpag kaBetal péoa otn voxTa, The man sit s in the night in the rain,
otn Bpoxn Kol aKOUEL TIPOCEKTIKA. listening.
KdtL 6ev mdel kaAd ' autov — oxoALldlouv. There is something wrong with him,
AuTOG pBe yLa V' 0KOUOEL TN HOUGLKNA. isn't there?
He came to hear the music.

o https://www.americanpoems.com/poets/charles-bukowski/rain/

o Franz Liszt (1811-1886), Hungarian Rhapsody No.2 (Orchestra version). The Philharmonia Orhcestra,
Herbert Von Karajan: The Classical Hall of Fame, Volume 3. https://www.youtube.com/watch?v=goeOUTRy2es

o Antonio Vivaldi (Bevetia 1678, Blévvn 1741): A Rain of Tears "Sento in seno ch'in pioggia di lagrime".
From Vivaldi's Tieteberga and Giustino. G. Anderson and E.J. Roe, When Words Fade (Night Songs for Piano
Duo), Steinway Record Label. https://www.youtube.com/watch?v=fVv5kGPrqGk&feature=youtu.be

In memoriam. @avog Mikpoutoikog (Matpa 1947 — ABRva 2019): Zuvaulia Touv Odvou MiIKpOUTGLKOU TAVW
oto £pyo tou Nikou KapBasdia. http://www.kke.gr/ ko https://www.youtube.com/watch?v=5TSDNEg4rMk
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Na MECELG OTNV YA TG KoL va 1N o€ BEAeL...

Mapapoveg tou Ayiou BaAevtivou otnv ApyupouroAn. OL TPELG UTIOTEC TNG YOTOUAQAG: O UTIOUOVETIKOG
pueAaxpLvoc, o adladopog Kaotavog Kat o “dev kpatlépal” mapad T pila tou €vdpou.
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