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Domeniul de studiu: 165.02Zoologie
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ANNOTATION

Sitnic Victor. ABi oi nf oearchaof terestrial avgrt@brae a ¢ h «
diversity in the Republic of Mol dovadéd, PhCLC
The thesis consists of introduction, 4 chapters, general conclusions anmhrecdations,
bibliography of 16Qitles, 112pages of basic text, 45 figures, 1&bles. The obtaed results are

published inl9 scientific works.

Keywords: terrestrial vertebrates, primers, DNA, molecular diversity, metabarcoding,
sequencing, genotyping, phylogeny, SDM.

Field of study: 165.02Zoology

The purpose of the paper:Optimizing and implementing bioinformatic and molecular
biological methods for the researchteifrestrial vertebrate diversity in the Republic of Moldova.

Objectives: Design andn silico testing ofa pair of primers for the metatcoding of
some terrestrial vertebrate species from the Republic of Moldiewatro testing of taxonomic
coverage for new primers using conventional PCR; testing a molecular method for
differentiating hybrid and pure line wild boars basedM@1R gene alleles; sequencing and
phylogenetic analysis o€YTB gene ofMicrotus specimens from Mldova, registration of
molecular barcode sequences in the BOLD Systems database; distribution modeling of rare
terrestrial vertebrate species.

Scientific novelty and originality. The research carried out was based on
interdisciplinary approaches that bght together bioinformatics, molecular biology and
zoology. All terrestrial vertebrate species from Moldova that have mitochondrial genomes in the
global RefSeqdatabase have been identified. Based on the identified mitogenomes, have beer
created and teslenew metabarcoding primers, which demonstrated high performance in the
studied species group. For the first time, several cytochrome b gene sequeiMiesoinis
specimens from Moldova were deciphered and stored on the @@iaD Systemslatabase.
Sequening and phylogenetic analysis established that studierbtus specimens belong to the
eastern phylogenetic lineage while the distribution modeling of some rare species allowed the
identification of anElaphe sauromatespecimen that was last attestedhat region with more
than half of century ago.

The solved scientific problem Consists in improving the assessment and monitoring of
terrestrial vertebrate species from our country based on optimized research methods that ha
been applied for the firstme in researching land vertebrates from Moldova.

Theoretical significance of the thesis Consists in its interdisciplinary approach that
contributes to the development of the field of molecular biodiversity in our country. The studies
carried out fit inb the current trends of computerization of vast amounts of biological data and
gradual involvement of information technology in biological science.

The applicative value of the work.Combined with traditional methods, the approaches
proposed in the paperillvcontribute to improving the monitoring of rare, endangered or
economically important species. The new obtained primers have the potential to identify over &
hundred species of terrestrial vertebrates in a single experiment uskigvasive techniques
Metabarcoding studies have economic relevance as species identification services can &
provided based on environmental DNA analysis.

Implementation of scientific results.The molecular methods described during the study
are used in the research activity the Laboratory of Terrestrial Vertebrates, Institute of
Zoology. In order to differentiate between hybrid and pure line wild boars in laboratory can be
performed routine testing and genotypingSafs scrofaspecies. Also, the used bioinformatics
appro@hes allow analysis of phylogenetic relationships and performing species distribution
modeling without purchasing expensive software. Finally, the methods described in the pape
can serve as a support in the research or teaching process of institutoadiwibgical profile.
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LISTA ABREVIERILOR

ADN i acid dezoxiribonucleic

ADNmt i ADN mitocondrial

ARN i acid ribonucleic

ATP 1 adenozin trifosfat

BOLD Systems- Barcode of Life Data Systems

(b adddategl obal £° mreagicsatt i rbarcoduitlor ADNE po z i t £ r i i
CCCiCoeficient cofenetic de corel a'Hi e

CITES 7 Convention on Internati@l Trade in Endangered Species

(Conven™Hi a privind comer "Hul i nterna’™i onal ¢
COI/COX1 1 Cytochrome c oxidase | (Citocrom oxidaza c, subunitatea 1)

CRiSpecie critic periclitatt

CYTB i1 Cytochrome b (Citocromul b)

dNTP i deoxinucleotid trifosfat

ddNTP i dideoxinucleotid trifosfat

eADN T environmental DNA (ADN de mediu)

EMBL i EuropeanMolecular Biology Laboratory

(Laboratorul European de Biologie Mol ecul ar
IDE T Integrated Development Environment (Mediu Integrat de Dezvoltare)

IUCN 7 International Wion for Conservation of Nature

(Uniunea I nterna™Hi onalt pentru Conservarea
MC1RiT Mel anocortin 1 Receptor (Receptorul de
NCBI 7 National Center for Biotechnology Inforiian

(Centrul Na™Hi onal de I nformare “"n Biotehnol
NGSTNext Generation Sequencing (Secven™Hi ere
NJ T Neighbor Joiningdgoritm de aearea arborilor filogenetici)

PCRTPol ymerase Chain Reaction (Reac™Hi e de Pc
RefSeqi Reference Sequences € ¢ v e nre"Hee rd en "HiL )

RFLP T Restricton Fragment Length Polymorphism

(Polimorfismul Lungimii Fragmentelordge st r i ¢ Si e)

SBSiSequencing by Synthesis (Secven'H ere pri
SDMiSpeci es Distribution Modelling (Model ar ¢
SNV Single Nucleotide Variant

TmiMel ting temper ddtapire ( Temper atur t

UV T Spectru ultraviolet

VT i Vertebrateterestre

VUiSpecie vulnerabilt
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INTRODUCERE

Cnct de |l a apari Hia omului vertebratel:eé
exi sten™Ha acestui a. Pe parcur sul I storiei,
speciei umanéd r an t | "mbritctminte, et rpemdpar tc,eetwred ta
VT au o mare “"nsemnttate economict 'Hi un r
nivele ale | an™Hul ui trofic. A set 8tniliarde, res@seld p
faunei stl batice sunt caoanhaumetebmaar ea@pmdes!
conservare impune wutilizarea metodel or Hi
speciilor. Cn cureswli titsHidr iaerif i cddremdtl aorre a roei
a urmbrit evaluarea comportamentel or, habi
exterior, structurii Il nterne, toate ac@&st e:
terestre “"n grupurile taxonomice cunhoscut e
animalelor sa ef ectuat "n baza metodel or tradi "Hi
bi ometrice. Progresul t e h n oddalog incderng na tcrea < e d
di ver si t L™ i fauni stice. Acestea au o efic

compl eteze pe cestudereamdpaseteoer f mol ecu Cdmanecii di

popul a™Hi i |.®rntrednet ademal enoder neecaetarsedTagil v
sunt : pr el ev arurigDNA samalimya, | i zoad eADaN ea d Spetiesi b u
distribution modellingi SDM), captarea imaginilorGamera trappiny , moni torizar

(Acousting monitoring , t el Rehote seosipgsa.Ch ucr ar ereathe pf apHi s
aborwhimde cercetare a divercsai it dmalzh NG e b r «
speci il or CHi model @8bka Hdi sADONmlitsiddr iesBumente eles t o

studiere & i o d i v earese potcdfinpleta reciproc. Spre exemplu se pot preleva probe de

ADN din | oca™H ile geografice " n care existH
invers-1 oc a ™Hi i | e cageeadogtrdetdctat BN |~ nu n e i speci i pot
de date de intrare [Exntstdk made Imaurd ¢ & it utdriii b
combinarea acestor dout instrumentepoé eadH

at Ot pentru monitorizare@t s’pliecipielndrmr ur ervenl
reintroducerii speciilor[26, 83, 103] Amb el e met ode presupun u
i nstrumentel or informati-ckui i poapeef evafeall
cu aplicareatani ci | or de Dbi ol ogie mol ecul ar t.
Bioinformaticalide deaplicarea instrumentelanformaticed e ¢ a | ¢ u lpentHii a

captarea stocarea procesarea, clasificarea Hiinterpretarea datelor biologiceltilizarea
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bi oinformatici. Hi a tehnicilor mol ecul ar e

precum Hi pentru determinarea genotirpuriinltor
studierea biodiversitté™ii Hi -Cofit (PER, BRLBER) d e
c ©t Hi de punerea “"n practickt a protocoal el
exempl u, un studi u r epemrnistdentifiecased a 49 apecii dervert€beate e r

(30- mamifere, 13 p £ s L-pie Htd mf ilbi areipt’Hil e) ~n b auuede s ec
medi u (eADN) 4% Hi inan alitht acer cetare simila
secverABNed @a din probe de sol se dovedeHte
diversitt™H i [7T7hamC®ter provehiei op™H unil e mai
drept exemplu un studiu realizat “~n Stoat el
specii demamifere n b az a a{PER aipmelbr ddnfateri fecdlel].

Cncep©nd @0WO0®&niin 20n& “"ncep st fie aplic
a macroorgani smel or t’tAHi § ¢c apx EInt qeardcCentaort iwi'Hi dai

comuni tt™™i |l e HtiinH fice unele aspecte cu
di ficultt™ . Astfel, “n anul 2010, Francesc
a cal itk ™ii tbdurilgr eu (dtilzarea aimei Heetode tbiainformatice ce prevede
real i zarea rieslicodiseiprde sRCRen Hel 0[39. diCm kad

cercetisrailleq acesta a comparat acoperirea t.
deja propuse pentru barcodarea vertelvatel Un an Tiaygba Ridz@rpmpus un

algoritm bioinformatic care permitéeordasbpctf

baza unui gr up d[E04].s ecomineiare;Hmile dnetodé autpermis creducere
considerabilt a timpului, ef orutlwliuid eHimead su
posi bilitt™i i ude Hih weadli idaa ede Diign nf or mati ct

COt v @'tethrécile SDM acestea au "~ nceput st se de
fiind pe larg wutilizate at Ot “n ecosSDMt em
estimeazt rela™H a dintre condi "Hi i | aul adesta me
efectu®©nd predic’™Hii cu referire | a distrib
di stri bu'Hi ei speciilor “n comun cu aplicart

mol ecul are ofert o modahl ttate &i Abbdtitvelrset
au fost abordate mai mul te probl eme existe
terestre din Republica Mol dova ‘Htbiologice dentra at e
rezolvarea agstora.

Scopul Op ¢ 1 Inr znapleraemtardd imetodeldmoinformatice’H i mo+t ecu

biologice” n ¢ e rdd evtea usardpéciiHie vertebraterestre din Republica Moldova.
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Obiective:

1. Desigru | 'Hi intsiBce & uagiperechi de primepentru metabaodareaanumitor
specii de vertebrate terestre din RM.

2. Testarean vitro a acoperirii taxonomice pentru noii primeri cu utilizarea ROR
conven'™H onal

3. Testareau n e i met ode molieerceula rtei kdrei zdiilfoerr emi™H
"n baza aMERel or genei

4. Secen HH'ler eaamal i za denelCYlB & rspedile detmiceotine din RM

mregistrarea secven'Hel or BOEDSypstemsc od mol

5.Model area distribu'Hi ei unoRM.speci i rar e
Metodologie Met odel e utilizate " n activitatea
Metode bioinformatice.Cn s cop u | ruelad ii z Hin silice alpetseatiloyin
pentru metabarcodare au fastt i | i z a "HecoPamerg[@0d]i ecoRCR[39] H IOBITools
[14]. Evaluarea gradului de conservare a primergon a |l i za fHmd dgleamree a cdi s

speciilor al fost realizateu ajutorullimbajului de programar®& [100].

Met ode de colectare Oi prel ucr arPmbelp dei ma
"Hesutstauprfeol evat e de l a ani mal e moarte I C
mami ferel or mar. Hi de | a animale capturat
amf i bi ptieiau fost captumatenanual Ti pur i | e de "Heastut” np rfeu nec
speci e 'Hi starea animalelor (de | a piele Hi

au fost fixate "~ n al 0f,Q pe@ntl ilca deakit9r6ady eHie ap
Met ode de bi olPolple prelevatelafest supuseranalizelor de laborator

care au constatul’un ,e xetfreacgteuracrac aADN ac "Hi e d
enzime de restric™ e 'Hi el ectroforeza pe ge
fost utilizat instrumentumobil Bento Lab[155]pent ru extrager ea, amp |
ADN-ului. Sec v en’ ™H €YTB R migretinecaifosr eal liaat hsti tut ul C
Evol u™Hi e a Uni,veBElsviet"Hi "M i din Berna

Nout at ea THi origCeatcetatehe Hef entfHu Bt et .a
inedite,i nt er di sci plinare care au aadwosl e cruf rae Wwn £k

Au fostidentificate toate speciile de vertebrate terestre din Moldova care au genom mitocondrial

“n baate dgRe®edal]l.En baza mitogenomurilor iden
noi primeri pentru metabarcodatear e au demonstrat o perf or me
de speciistudiaCn premi ert au fost descifrate mai n
speci i de microtine din ™ara noastrt Hse dey
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Secven'Hi er ea Hi analiza filogenetict a st al

l'inia filqggeamemodeél| @seacdi stri bu'H ei unor s
"HE r i i a u nHEaphe panrpmatesardHill it | dhe datt a fost ates
ma i bine de jumkbtate de secol "~ n ur mt.

| mportan'™Haa tlewe ret 1 iccite r « e mtdrdideiglirane realizate care

contribuie | a dezvoltarea ddinniEanri au | nStudiigbti rotd.
efectuates e "ncadreazt “'n tendi n"Hel e actual e d
bi ol ogi ce 'Hi i mplicare gradual £t a Rezeltatel® | o ¢

o b "Hi fnauct iel ai t tsPadéle Witoare de metabarcodar 'Hi b aspecitdod de vestebrate
terestre din Moldovec © tutilizéfea” n act i vi t a tdiéeator metodemelacudaestia r e
bioinformatice St udi ul se “ncadreazt “n priorite™™il
privirelamoni t ori zarea diversitti™i i fauni stice ¢
management ecologic.

Val oar ea apluice dRteil vetv an Sa tepeiiampliicet aat Ot
met odol ogic pentru aplicarea tehnicilor m ¢
bi odi v,ecrGtiafHHiner ea unor pream Wiedremtde noc primerir et
secvenH er ea Hi genot i podante,ar elanroe a sipterc™Hii | oer:¢
di str,i bwHdingii fi carea popuConlihate tunet el € nt rbaa

abordtrilRupmrampea sweor contribuli la “mbuntt L’
de di s paercio’Hioemi sau mportante. Noi i pri mer.
poten™™i al ul de a i dentifica pe-snsamguoexperument d
utiliz©O©nd t e8nuidciii | reeidnev ametvaehar codacrte “pnrterzu
exi sttt tot mai mul te compani.i care ofer-L se
ului de mediu.Respecta ea r egl #HHmemiv e i optrarvi re | a dive

presupuneca g eea Ho n o mi c i leindustrgleHtorpude glivernamentale £t e v al u
impactulact i vi t £ Bliiiodli vreras up@grH i

| mpl ement ar ea r e zMetodele madcubare imdlementate’ide parcursal

studiul ui sunt utilizate "~ n activitatea d
Institutului de ZoologieCn cadr ul |l aboratorul ui poate fii
specieiSus srofa”" n scopul di 6er &Hn "Hileirniiii | lobellspmemeal d

tehnicile bi oinformatice opapopuwiaddd imedenli &
di stri bu™Hiterit spreaxcdurlaorrea uNwr  solUt ufr multios Oi
tehnicile de cercetarde scri se “"n | ucrare pot ser vi “n

saude "~ nwt HL mOnstituH (Adexad) cu profil biologi:
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Probl ema 'Ht i i n'diofniscttt s onl uéH iohiad it i Hiar ma
speciilor de vertebrate terestre din "™Hara 1
sau aplicat “"n premiert pentru studierea di

Sumarul capitolelor. Lucrarea includecuprins,ad not ar e r o mGehrbgnbd zl te
r u,dista figurilor, tabelelorH i a b r,enwodueare, 4 capitole, concluzii,e ¢ o maled £ r i
surse bibliograficeanexe decl ar a™Hi e cu pri viwlautdruui as umar

C nintroducere s u n t argumentate actwualitatea Hi
formulates c o p u | Hi oprecéenvate ekementele de no
Deasemenea au fost men™H onate I mpokoaniHaet

I mpl ementarea rezultatelor ob™i nute.

Capitolul 1. Si nt ez a b i leiz ougetednietoderngderne destudiere a
divers i t £ "Hi i ver tapdlizalait teé mat ureipie sd @ esrtéddire rciunl "Hkc e
din domeniu “n Mol dov&stHée & magumeretlatibtntreeaam

tandem a unor met ode precum mode luluraeestoradi st

Sunt specificate regiunile ADMNIui mitocondriala | vertebratelor teres
pentru studi. mol ecul ar e ,Ses edcevsecir "Hiee rpee 'Hia ragr
uluide mediv n cal it at e stidierea nbit odmeat sidtet "Hi i Hi

testare a primerilor pentru metabarcod&@entme n "Hi @infait eul t £t "Hi | e ap¢tr
identi ficar e a strategileade @arcetaral utilizatBe asemeiikta este reflectat

fenomenul de ibridizare la vertebrateléerestre’H analizate tehnicile de identificare a unor

hibriziCapi t ol ul se “"ncheie cu concluzi:i
Capitolul 2. Mat er i al e THi me ésd ke chensaer ae¢t arees,c |
materialelor utilizptezéntatedmadalCint fc&ipli ¢

primart a material ul wWelucwi ol bgbor anot elr ede &
Hi l i niielcesae ecpadnhru aAafogh bfechbat mabi
procesului de lucru cdispozitivulBento Labut i | i zat ~ n pr eQapitedul ¢¢ "~ n
"ncheie cu concluzi.

Capitolul 3. Designul pri meri |l or pipanedcu enzineede a b a
restrretl/Heet £t detali at rezultatele ob™Hi nute
Perechea creatt de pVetldsa fostt edsamsilicogpentdu acpperoeai z c
taxonémag bnomi ¢ spedficitateFigetipo p &Nt r u acoperirea
comparaHi e cu pr i meoi primeriaurdievmornssa lriat e yieg tf eomr "A
pentru grupul studiat: 174 specii de vertebrate terestre din Moldova care au genom mitocondria

"mReSeqTestarea " n | aborat or -uliizbla detla 16 fspeditde a t
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mami f er e, 4 speci. de ptsktri iardmplificacegpen PER s p e
tradi "Hi onal a confirmat di menoimatn €a met pba
genotipareaspecieiSus scrofaau fostpr ezent ate rezultate ob™in
enzi me dati®slisacrO tn killoeeea ce permis optimizaredd i i mpl ement

practica de cercetare a unei metode molecutare per mi t e ’“dnitfreer elni"Hi ieir |

hibriziiCalpei tmilsulr es " ncheie cu concluzi.
Capitolul4.Anal i za filogenetict Hi GCroondldiutiatee a

ob™Mi nute “n urma secven'Hi eri. Hi B spediiide e |

microtine din Republica Moldov&i st an™a genetick "~ ntre secvVve

i nter po,ycwtaHionalt er s enielabbratea . f €t b d peaoEfuld tadH

deMicrotus arvalisdi n Republica Mol dova fac parthM dir
arvalis arvalis Model area distri bu'Hi ei unor speci. r
pot erfHi iadaent i fi carea | a sudul "Hkri i &Elaphe e
sauromates care ultima datt a fost atestatt “~n
" n uDewmdemenebh a Vvi pe r\apera lmemyarfastd € scri st cor el a'Hi
de <culoare care predomint " nCapopwl aHi iseHi
concluzii.

Concluziile generale’l Recomandtri sentpor dotr maué ate ~n

separat e 'Hi reftatebtor mpbiHt apcildat aHi®ut € onr eptlia

Bibliografia includel69s ur se citate "n tezkt.
Cuvinte-cheieever t ebrate terestre, p r im@tabarcodareA D N
secvenH ere, genotipare, filogenie, SDM.
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1. SINTEZABI BLI OGRAFI CI

1.1. Met ode moderne de cercetare a diversit
Diversitatea vertebratelor terestre reprt

care ne permite st "~ n'Hel egem 'Hi stl avaual atHa
ecosistemele terestlE x i st £ mali multe metode de a col ec
speciile deVT. Cel e mai cl asi ce s unt transdetela,r nvetodeli i |
pttratel ¢r Hi mbsurttorile biometrice. Met o c

i nsuficiente pentru monitorizarea datel or
(prelevarea probelor de ADN.26], modelared122], camera trappingl (captarea imaginilor)
[72) ce au o eficien™ “naltt, pot fi par "Hi
de studiere a biodiversitt™ii

Prelevareadi a mprabelor ZIeaADN (DNA sampling)po at e f i euh maddt u a
i nvaziamianm@arn el e sunt prinse cu scojppobelednt a
colectate din mediul “"n care habiteazt or
monitorizare a diversi-tiltiUHi ids predi dezwmptt it am
viitor vor permite analizede metabarcodaramplecuev al uar ea bi odi ver s
"ntregi . Datele pot fi colectate prinesoltild]
pene, outetc. fire de ptr

Captarea imainilor prin intermediul camerelor (Camera trapping) camerele sunt

utilizate “n speci al pentru a studia ani ma
speciilor rare 'Hi estimbrii abund &in "Hea n dHi n
utilizare a camerel or pentru monitorizarea
mici).

Monitorizarea acustiipteéApoanstengl maneho

utilizarea " nregistrhotonanelsti de. sAocest éHa
pentru or e, zil e, sau stptiLtmOni cu scopul
Cnregistritrile mai apoi se proceseazt pent
acustici sunt nei, neobservabili, non nvazi vi Hi din ce “"n ce ma
al costul ui . Exempl e cunoscute de monitor

mamiferelor marine.
TeledetecWwi aipRemot e odAE Ny )dasdeei apeci

n contact fizic cu obiectul studi at . Cn ¢

observarea sau col ectimgsitta peomehot He 1t alHa
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general la utilizareasst el i "Hi | or sau aeronavelor “n scop

de pe PLmMONt . Ani mal el e st uedutanatesau paotamat fcu r
utilizarea senzoril or THi sof turil or’idislgpiacc i a l
de tehnologia wutilizatt, ti pul i maginilor,
cercetat.

Modelareai ut i | i zeazt al goritmi informatici c.

din date oportunisti cseaau PRoetmpwirad e as me ccteer ¢
per mit analiza | a nivel de ¢ omuniSpr @kemphlia u
Model area popul awiil per miPogpukabl aarennddli hha
acH unea dHif ede tmedico.ndUn exempl u cunoscut

di versitt™i i vertebratel opr t d(lnEau LotkaVaterale ma
Fig. 1.1

Z

E . Predator

S Prey

H

&

-

Time e.g. years
Fig. 1.1.Re | a "Hi ap rptrdaftéip r

Model ar ea di s tSDMibSpeciesedistribstiprenwodellingste un élt tip de

model ar e 'Hi are |l a bazt <corelarea <coordon
speciilor cu valorile variabilelor de medju07]. Mbsura “n care un ast
situa™Hi a realt a distri bu™i ei speciilor dej
al goritmul utilizat,i ,t idpiuslperresliiae fbuiloulio gHic La
Model area distri bu™i ei speciil or ar e mul t

identificarea zonel or critice pentru conse

asupra distribH e i speciilor, |l a identificarea hab
relocarea speciilor CHi |l a dezvoltarea plan
model el e pot fi fol owrnitleor nde dieindg aif veawrad iataa
speciilor. Tot uHi, este iIimportant st fie n
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acestea puto©nd fi rezul tatul cal itk ™i i dat e
medi ul ui , pr eoeacgum elMini & el ’HMi tmertioldo!l ogi ce al e
i mportant st se interpreteze rezultatele m
cont de incertitudini. Este recomandpentruas £
ob™Mi ne rezultate mai robuste Hi pentru a
esen’H al st se actualizeze modelele “~n mo
"mbntt kt™Hesc metodel e deincerttduedlianrie . uQu |ti waatree ¢
combinaHi e cu date de teren THi expertizt
perspective valoroase pentru conser Vehnicikea s
SDM sunt pe LCtLargeuaréazatesi stemel or terest

speci al “n ul f1i3ve !l eadoobi detewnul de bazt a
hetr H wWeli edistspédciilor de interes. Pe parcu
SDM precum Bioclim, GLM (Generalized Linear Model), MaxEnt, RF (Random Forest), BRT
(Boosted Regression Tree), CL ( CL I M&geénerareli e
a htr™Hi | or de distri bu'Hi e. Unel e tehnici [
coordonate ale prezen'™Hei THi absen’Hei speci e

prezen'Ht ( Ma[g,B6 &]. Bi egleirm)a al gori tmul ui ap
datele de intrare di s [037]i Bioclimesstehrimuldpaches SDMp u |

utilizat pereacagremelargéa penitHi | or de distr
bioclimatic Climate Envelope Modélanal i zeazt variabilele cli:
anumite specii)[56]. De Hi conform wunor cercettri ace
compar a'Hi e ci(B6l,aluHh «tl gbiru tef ectuat “n 201¢
sugereazt ct Bioclim a demonstrat per faer mar
al goritmil[@3. BRITi Md ®Hor de aplicat Hi per1
Cu un numitr cueodcutg22, d18] algavitm@BHi o c | i m conti nut ¢
prezenf112].

Cn Republica Mol dova datele cu referire
speciilor sunt i mitate, prima |l ucrare “n
2014l a un simpozion interna Hil58nalerc ae ededae laer L

autor au avut ca scop model ar ea d Bpodoptargreu "Hi €
teritoriul RomOni ei Hi a Republicii Mol dov
studiereaunor speciiraredereptied i n  "Har @e cnuoma shHautpeater u | i ni
(Elaphe sauromatg@s 'Hi Vi p ¥ipesa ugiel) [122, BB £ (
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me t

Acestea fiind spuse existt mai mul t e mo

odel or men'Hi onate “"n cetreetarea diversit
Precizie 'Hi acur at e He . Met odel e moderne
| a bi odiversitate. Spr e exempl u, ut il
i nf or ma’ Hi i genetice " n baza ctartcer aa sse epxc
"n"Hel egerea relaH il or filogenetice dint
Eficien™tL 'Hi economie de ti mp. Permit ¢
eHanti oane. De exempl u, utilizarea tehi

rapi dt raintsup anestac HeoADN din surse diferifecest lucrue c o n o mi s e

ti mp ‘Hi paeasivucy sxetodeleclasmear e necesi t bt i denti
speciilor.

Detecar ea s peci i | oRrinanaizacADNului deimediuaputenv identifica
speci il e -ynraerumit mabitet, inclusiv cele care sunt dificil de observat sau
care nu pot fi identificate cu uHuri n'Ht
i mportant “n monitor i poadaveaaun isnpaetmegativ asuprai n

ecosistemelor locale.

Detectar ea 'Hi moni torizarea vectorilor
secven'™H er e 'Hi d mermiidentifcareaa t Cspeciiborrdrest@nsmia r
diverse boli ¢ ©t Hit o @e npi |li @u acesteaC i ac’ld n snplamentaiida
misuril or de control Hi prevenirecChlantr
conservarea unor ecosistem st ntt oas e.

Eval uar ea det al i. &b b r damoderheaadniribue rls evialbarka i
diversitt™Hniunm smpeai imaor cuprinzkttor Hi d
moleculare moni t ori zarea acusti ct, “"nregistr

identi ficktm Hi s £ ¢ a-tnahuoidpdbitat, isclugvacele rdreesaup r €

di ficil de observat. Aceste informa’™™i i ¢
speciil or 'Hi pentru dezvoltarea mbsuril o
ConHtienti zarea Hi educaHi aderurbd i ¢ mal usit.
di ver si t L™ i vertebratelor terestre poat
“n privin™Ha i mportan'Hei conservirioi ace:
pot aduce i nfor ma'Hi i perarp publicudlarg. €rin’dtlizareaaHo r
vizualiztril or tridi mensional e, a Si mu

i nteractive putem tr anusnmimoed caucncoeHstii bni"He 'H
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i nf or ma’Hi i pot fintuterkszdieemepati e & adHe
pot stimula ac™™ uni concrete de conserva
V Contribu’™i a Tloat eomsedrodand e&. men™Hi onatae p
eforturile de conservare a spémiide VT 'Hi a habiftatrmd™®iri leorob
aplicarea acestorpot fi utilizate pentru identificarea zonelor critice pentru conservare,
dezvoltarea strategiilor de gestitoemnaft a

pl anificarea conservdbiridi

Cn studiudmpomst st Bméordtm anumite met oc

di ver si t L™ i vertebratedudwi tsepestiié oHi Hanum
acestoraS DM 'Hi cer eudtuar ecae AmDeNdi u sunt I nstr ume
speciilorcares pot compl eta reciproc. Spre exempl 1
geografice " n care existt o probabi-lliotcat'H i
geografice “"n cawulk anéioss pedei el dedatérde Muarei | i
pentru model aAmbkete madodeptr reishuyp Wineiu.t i | i zarea sof
i nformatice, i ar puleliievabnaae Hf i apéakectzaathADN

tehnicilor de Bxiomdilgi mmulmod ectud dhirib . recente c
acestor dout i nsa rdimeernt i tdie"Hicierfcaeumirset i ce &
monitorizarea spe®iti Hor prat e uHieviahwaziewae s U
[26, 83, 103]Cn prezenta lucrare au fost abordate
di ver si t L ™i i speciilor de vertebrate tere:

i nf or mamoleaularbiolbigice pentru rezolvarea acestora. Aplicarea tehnologiilam

studiereaacestor speciar e un poten'H al enormade va adude
consePvini promovarea cunoaHteri:i Hi  'Hio ndaHt "Hie
necesare pentru a proteja Hi conserva vert

menH nerea biodiversi tdifHa i n &a snatrrieecahbial 1lburmiel. u

12Studi il e Dbi oarcodarear mat i ce ™Hi b
gpeciilorde animale" n Republ i ca Mol dova
CMoldovapr i mel e cercetbtri c u plor’Ha unorespetiiale b a |

pewHifost ni "Hicdticeeedcedlt &n oToder a'H, ,Jaltii rman aBuonirhaed
Moldovan'Hi  [&2, 98 128, 138]Pep ar cur s u | uldazaede deB@ B eg '
Systemaau f ost pestadQd harcedurr & mae multorsped d e p | ant edinHi i
Republica Moldova[1l01]. Maj or i t at e a a csens tefrazentdten de esgeiciis der L

nevertebrate, perf or man HL reali zatt datori

22



cer c e[82L96,0l28i SituaHi a e diferitkt " n ce priv,
speciilor de vertebratterestredin Moldovap ©nt  “n  anul 2 BQLD Systams b a z
[101]f i i nd “nregi strat e b adoarddwsgecii:bpermaphildseitelluo m

[38] Hilriturus cristatus[125]. La " nceputdal oanutit urcroel addednr cLerti
Institutului de ZoologiealWi ver si t £ Hi i tHe Ynatveds n(tBMd edld &
pe platforma Barcode of Life a fost “~nregi s
Hi met abar c od devertebvatelorreoett elin Rdpublicae Mollovfl16. P©n &t " n
prezent “n cadrul pr oi e ct alelcitocromalui bcére coresputice p o

speciilor Microtus arvalis "H iMicrotus levistossiaemeridionalis(Anexa 3) Crnc e prive

ab or dbinforrhadce carair mbr esc veernt edtrarned or | acest eas
2008 d e cttre Vior el Munt eamducaAlHeé X eaiu Lceovni s"Hc:
factoril or d e pracsesui p H weo [84]."Hipkcarea vteknicitore b r

bi oi nformati ce ‘Hentrucrearegiemetiloala plante efésidescriseste c Lt r
Daniela GaleaA b d uRda@ica Marteg2014)[77]'Hi  [&5, 8Hiar primelestudiiin silico'Hin

vitro cu referire laprimerii sistemelorde metabarcodare a vertebratelor terestre audabzate
"ncepOG©nd clal4dpbul20)@ar2clet Lo de i mportan'™L i
dezvoltarea metodel or Dbioinformatice 'Hi a
speciile de vertebratsunt realizate de moldoveanul Seeg Mangul ~ n Statel e

Universitatea din California de Sul@6]. COt prudieiHt € met agenom

Mol dova acestea sunt pu'Hi ne THi "Hi n[127] i s pe
microbiomului solului[8], cercetarea “n scopul firndri intcdr i” z
stadiu incipient. Dezvoldarag eat bauzmed iomdides e

terestre din f aunaRefSagt d al tc oanwu nmictuo gca ream e’an
va permite aplicarea prot ocouwllweil ode dme ksiewc v’
instrument de monitorare a faunei locale. Dezvoltarea sistemelor de metabarcodare a faunei
terestre prezente “n "™Mara noastrt v-ansihgarce |

experiment.

13Di versitatea vertebrateduloidenedur estr e 'Hi
SSudi erea mecani smelor care “ntre™H n di ve
rt mGbne unul din scopurile de bazt ale cer
i mportantt pentru supravioastirrdga | dmu lemsdnrtidik
Aceasta implict multitudinea de date despr ¢

nivel ul genel or 'Hi cromozomilor p©nt | a sc.
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prezent pi er Her eeas t ei ood ipvreorbslietntt iar prengipaleletcaupee

ale acesteia sunt activitt™H I e umane 'Hi sc
apari H a speciilor i nvazi ve,iaukilatagv ah specidor. i nt
Ac™Hi unil e distructive ale omul ui a Breedn@g  h ¢

Overlaps(suprapunerea zonei de habitat a diferitor specii sau subspecii), ceea ce poate facilit:

transferul materialuludeggereei a al teeia. s Ee&(
sugereazt ct existit mai mul te speci. de vel
cu poten'™™ al adaptiv sctzut, Hi care nu s
delimitat de specie Hi bri di zarea poate fi definittkt ceé
sau grupuri de popul a™Hi i di stincte THi “n
di ver si t L ™i i genetice a popul a™™i i | adivizibre d uc
Fiind catalizat de factorul antropogen ace
speciilor. De asemenea integritatea genelo

cOnd acestea produc hinimald domesticen Animalaelealomestice maw c

fost selectate artificial “n func™H e de st
“n naturt, pot influen™a o “ntreagt re’Hea
previzionat[99]. Actual ment e, "n Republica Mol dova

terestre care suportt fendtpmeseatat hsbst dmat
identificarea acestora doar "~ n baza triEtstt
hi brizilor de Il iniile pure necesitt aplice

diferitor markerimoleaulari. Evaluarea moleculds i ol ogi ct a f enomenul u

este esenH alt pentru l uarea mbsurilor e f
genomului mitocondrialc ©t  Hi a celui nucl ear . Acelarst a
susmen H onat e Hi |l a dezvoltarea unor program

Starea actual t a vertebratelor terestre

provocktr.i Hi ameni n™HLr i care af ecMoklava éste p o p
caracterunathtabptantrvari at, care include pt
of erind adktpost Hi hrant pentru o varietate

s

noastrt sunt nr egies tcraartee 23377 sdpbee c$ p e cdiei pd

mami f ere (com. pers. Victoria Nistreanu),
pers. VlIadimir MHurcanu). Pierderea Hi fragn
ur bani zariinfHastructuri.i rutiere afecteazt
de reproducere pentracestes pec i i . Schimbtrile climatice
negativ asupra speciilor ta&dspntbe,| i priXilei moa
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ameni nHLr i includ vOnttoarea il egalt, br acc
reducerea populaH ilor de vertebrate teresHt
De asemenea,iekisgtdbcddiiirisgeadci il or invazive
pot concura cu speciileative pentru resursele disponibil@x. speciileTrachemis scriptaH i

Emys orbiculari. Pent ru a proteja vertebratele tere:

Republica Moldovasuntluatediversemt s u r i de conservare 'Hi ges
Cnfiin™Harea 'Hi admi ni strarea arridzeorrv apHioitleg
contribuie | a conservard&atepeciuiclad Hit &e
I mpl ementeze politici de conservare a habi
sustenabil e, care rsak srpeecclidtd or mpeaeatewslt r @as u pC
conHtientizarea publicul ui despre importan

esenH ale pentru a promova coexi s tDeaséfi@enea,r mao

este ecesar t dm@aettdorHdercarceerae  Hi monitorizare a
Htiin™Hi fict continu®©nd st joace un rol c
Monitorizarea popula™i il or, anal inziastrumemnte n i \
i mportante " n evalwuarea sttrii speciilor Hi

Vertebratele terestre reprezintt o comg
conform International Union for Conservation of NatureGIN ) cel pu'H nealb %
sunt pe cal Fll.deCodcifopamr idkiuemi t or studi i, “or
extinc™H ei speciil or ddemarrsuitdes Bpepe aa(l7f 74,11@2k t r e
acest lucru i mpun®©nd nnteec eRBii t aftieai aviorib@izadaE:. s C
di ver si t L™ i VT folosind doar metode tradi
prezent existtit tenedia "Het itloitz amati e hpruisicdeumesiidad ee
“n scopul cercetbtrii di ver si t L™ i acestor a.
permis identificarea a 49 specii de vertebrate-(B@amifere, 13 p £ s L-rpie,’Ht- &amfibiefi
Hil-reptil e) “n baza mol ec ul[é5]. dentrudaenplificafe® N
metabarcodurilor au fost udlia "Hi primeri-V5[104ps pecishhici 126&rt
primerii 16Smam([133] c o n c e p u "Hi pentwl @amaminfaé¢ili elaorADNO
similart a demonstrat ckuleuxit rdaigne rperao bHa dsee cs
o practickt eficienttdét de lonmini[72].cADN-ut de mediu@oatd i Vv €
fi utilizat at Ot pentru detectarea unei
monitorizarea speciilor rare sau invazive)©t  'Hi pentru i dentificar
Met abarcodar ea ar e un opitoringalndfétitoa tipurieda ecosietengee n t

anumi te st uddeijia “sntc esrpoareobde ldciuzpenueed uar ea di ve
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speciiloracvatice[142].  dCosistemele terestre metabarcodagae ci i | or est e r
"nst cercet tri | ede dsemeneaetribset ld dezVoltareaprdtdicoalelor
experimentaleHia p | i ¢ a r edeciziile ocu privira la mediu Cercetara eADN-ului

vertebratelor terestigr e zi nt £ vuans tp oHie nc'Hiparli nde mul ti pl e

Monitorizarea noni n v a €alectdrea probelor este roltnvazi vt Hi poa
ftrt a deranja direct speciile ™ ntt&t. Aces
eluzive sau sensibile, deoarece el i mi,dpt nec

ce pae fi stresant sau perturbajpentruanimal

Aplicawii “n con®keiviafr®r mai"Hi ¢ e svtail oornr aoraes. e
conservirii Hi strategiilor de gestionare
zonel or cu bi odiversitate ridicatt, prior

i nterven'Hi irleorHide escsdrmasueravr@® a habitatel or.

| nt ereaac Winutnr e speci i DeG@ivedimthamaciHi umiolf & c
speciiprecumH rolul speciilor n Heeteoll @ gi c e . Prin | oha@ecularef i ¢
provenite de la surse alimentapeifice sepotd et er mi ntar afeil @aéHi 'Hil edi n &
trofic.

Detectarea timpurie a speciilor invazivédentificarea timpurie a speciilor invazive
permite efectuarea interven'Hi ilor rapide 'Hi
pot determina ameninHbrile poten™i al e THi [
ireversibile.

Eval uar ea i mpactul uDet actawveatiusiclharmbbumal
faunisticepoat e of er. indi ci i cu privire |l a pe
ur bani zare sau alte activitt™™i umane.

Di agnosticarea Oi Contrinvietlao detectasen evesctorilbrobloliot o r

i nfec™ oase THi a paraadliii'Hiel ode cwaeret eabfreacttee at
prevenireeHi " ndépctobai éar de omuwlcanimaéot r u stnktt a

Determinarea speciilor criptice sau noOf er £ posi bil i tatea d:i
criptice sau de a descoperi specii.rdDN-u | el i berat “n medi ul .
prezen™Ma unor speci i necunoscute anterior
tradi "Hi onal e. Aceasta poate contribui l a °
interespemtu cercettri ulterioare.

Monitorizarea di vCet ict B W ieiaprobergintiumpnumita a |
habitat permiteevalua ea di na miicli aar pldih u méMrciolnopro z i "Hi a

faunistice
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Un exemplu interesant de aplicare a experimentelor de metabarCosare e c 0 s i st
terestree st e | i mi tar ea a BiastrikeuHazardselih preajmd @eropornuelor e
[24]. | mpl ement ar ea practict a abordtrilor r
bioinformatici pentru designul primerilor, dent i f i car e a omeartadabetordeo d u
date de referin™HL ce per mit atri bua feleda t ¢
I mportantt estehrmsitainldar dexpeeamentale de |
mol ecullaerzktvol t ar ea 'Hi I nt e gite ale rmoaitoraareeasspeociifor a s
va permite eficientizarea ef2459u130]i i di ver si

Descoperirea Hil uut i’ Utimedeudeesmidl e APDNr ezent at
revolu™Hi e “"n domeni ul Ht i i n"He i bi ol ogice s
vie din jurul nostrul st or i a ¢ e ruloiaé daediua o'r n CABDPNatn u | 1987
elaborarea unor rapoarte despre protocolul de extragacesauiadin sedimentd90]. Trei ani
mai t ©Or zi u a f o & cturgieurdlb metadarcodgrbiiancels tsat wdimb r |
di ver si t t "diuiiribogoenal 86S lgpPoBaNote[130]. Ulterior metagenomica a devenit
o rutint " n cercetitrile microbiaod ongiacer ei aa
descri st mebabaoncgdairemel or aceasta suger Or
ul ui fosi |l al megaf aunei ( mamuwlHIi, WwWnaronspec
d i s p tDmarnitléfornfey, din sedimentele fierilor [145]. Un alt studiu semnificaticare a
ur mbr it ut-dlul de mediu peatru l@dbarcodarea vertebratelor terestre a fost efectuat
“n apf8dle 2@ tre Fi cet of40hA dHe dtaiodl @ mo n a t-ubelideratc & L |

“n medi ul "nconjurttor de cttre amfibieni
tehnci | or de WletcewreenmoHi,er’en anul 2010, Frances
met odt de eval uar e a cal it & i Hi perfor

bi oinformatice ce pr eviedleoarseugplriaz asrdechazeiadided "Hi
dat e. Cn cadrul cercettrilor sal e, acest a
regiuni de ADN deja propuse pentru barcodarea vertebrdg8¢r Un an mai t Or

Riaz a propus un algoritm bioinformatic care permite identificarea metalarcadl o r no.i

primerilor asoci a'Hi “n bH®Mp Cmuicogtumuce es €
permis o reducere considerabilt a ti-pidd ui,
mediu datoritkt posibilité™ii de a reali za
primerilora s oci a "Hi . Al gor it mii bi oi nfor mall9]cin at
l i mi ta coansde Hciulmorari nfpi di mensi unea redust
parametrilor opti mi pentru Cn kwertul|deadf talu ra
publ i ca’Hii care avewluuil amabcarzotor ggraali iszne | e A D
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detectarea unei singure spef29, 48,58] ¢ ©t 'Hi | a i dent[i37, 14€]€me a
ani i care au ur mat, cer cet tilé dermetabarcbdare la'toate r e
grupurile de vertebrate terestre, demonstr
identificarea speciilor de mamifef@7], p {85}t regtile [89] Hi a mf129%. iAstfel,i
tehnicile de metabarcodare au fost aplicate pentru evalbarea di ver si t £ "Hi i T
habitate ter e $¥]rzengumedgm] u s e ¥BS]HL d eicio s i 418G me
Extragerea Hilvuanade zmed®DN a oferit rezul t
monitorizarea speciilor rar e, [75 arsllepoiaf@3ksaus a u
unel e spe[e8l.i Peke |'®ergiki | dent rufli cparreezai nstpke ciinitle
studia alte aspecte care Vi z[é% z tp avi%hsati efari a t
unele tulpini ale virusurilof2]. Toate acestestudii au contribuit la dezvoltarea protocoalelor
experiment al enonitorizaren dviez sa s Hiice f dwie b Hiexi st
provocktri Hi i mite amsonail ®@tlorcwudaet diaa&in d ad
principalele dificultt™Hi est e rulup Acestaeppatea t L

suferi rmodkiufbi ca&c "Hi unea unor factor.i precum
enzimele prezente “n medi u Hi care afect ea:z
anal i zt. ppentiua minimizaaiscd de degradaaes t e noelecema ot ect L

probelor H gestionaraeadecvatt a mostrel or OHialda tc@maivT
reprezintt detectarea 'Hi identificarea spec
Deoarece ADNul de mediu provine nu doar de la spediileestigate  C i Hi de | a

prezente “"n ecosi ®tempadmalbi za -ullspecieiwenimeres £ n

Hi AiDmdntarget. A east a nec etehnidota vuatnislaitzearca wecve:
algoriimiper f odmamHial i zBRe al @mgtel aceste aspecte
el i bera Aa®Nt it L Hi mi ci sau pot prezenta di
ambiental.i sau biologici, i ar procesarea u

prelucrarea probel or pnoaspykes$ edsaadartHemmaandac Cn

pentru extragerea tuturor tipurilor de eADI
func™Hi e de specificul cercettri |l omde demerea, g r |
selectarea markerilor genetici poti "Hi pentru grupur.i de speci.
referinH. rtm©n a fi o prioritate de bazt p

1.4.Met abar c o dsigmuiptinerilddi d
Barcodurile sunt mar ker i genetici st an

taxonomi c {19,&7.s pPercoipirlioert £t 'Hi |l e acestora sunt

28



nNu “ntrunesc redra pdntificatea nmaemuitam pfHe € ei psi mul t an

unui ADN de Mealaibtaartceo djuoaste. sunt secvenfiHe s
utilizate pentru i1denti fi car eaAsteli penirlb & avitatt a
poten™Hi al ele confuzi. este necesar de a f a

Un metabarcod estermatdintr-un fragment variabil, flacatd e dout structurii

servesc 'n calitate de anl.ore pentru | egare
il 1
\ J\ - J\ J
| Y |

Regiune v

Regiuni conservate (primeri)

Fig. 1.2 Structura unui metabarcod [159]

Regiunlec onservate sunt necesare pentru realiz
pentru a permite identifiAaexeta Hiocdeisf egen
compararea secven'Hel or ob"™Hi nut ee c vne nifitimhele sde
de dat e deatribuech es i afHLt uli air tbazagradutunde similaitate sall o ¢
di v er gaeestOrtD e eH i suntem “nct departe de -ui put
tuturor speciilor existente e f omit 'HilatHival e de creare a si st
de date regional e, "mpreunt cu sctderea sei
viitor reali zarea abDezuvcelit asrarac i tii acetl wacl i w'
reerin"HL a devenit un proces continuu Hi dir
ob™Hi nute noi i nf or ma’™i i taxonomice, bazel e
"mbuntt ELHi t e pentru a refl ectiactaceslt &b odreas
comuni tatea Htiin™H fict, i nstitu'Hii de <cer
di si mi narea datel orSegeremritled ee 'Hit itldxan @emipeea.
de referinHL pdoédinc Ot sel eoratspuandtfalcel ui a’l
cercettuliuwi APMNocari ot s e pot Qd a tl idezwltareah i a
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tehnologiil or 'Hi " mb u n Lt bigeddaar putea deverp @ 1s i tb mil Ik o
creareasistmel or de metabarcodare cu ufit3D0ll i zar ea
Designul primerilor reprezintt un aspect
i mpact semnificati v adseunptriaf iecftirciiie ns'peeic i’'Hil oarc
st fie specifici pentru regiunea genoquluict ¢
"Hintt, minimizond amplificarea nedor i duce a a
| a a pdderitor'diméd i gui t £ "Hi Hi | @rocesud deuckrdcetamre dai vi enresxiatc
faunistice Tot 4 'Hi ,cazul "n care nu eseedpesi hiniriee
speciil e t atargeg pot fiHitilizate ®llgeucleatide sau primeri de bloczarese
| eagt de secven'Hel e nespeci prindiferite’lfhiecanismérig. e d i
1.3.

a T T T T T 1T 1T X Blocker
Nontarget Ll 1l 111 | o) | |11 11 111]1].]
BEREEREE Elongation
Target A AN NN
TT 111 - Elongation
Target X W Lt T T
Annealing inhibiting blocking oligo
b TTT T T T T T T F——=kongation locker
Nontarget LUl 11 111111011111 11]]]
Elongation
Target A Lot T T

11111111 +——— Elongation
TargetX N 1 e I O

Elongation arrest blocking oligo

Fig. 1.3 Mecani sme de DbilADN-@dur nen-targeg[IM® | i f 1 cbLr i

(a7 blocare la etapa de aliniere; i blocare la etapa de elongare)

Principala caracteristict a primerilor de
nespeci ficearh antoedHtli a" nn nd erfereazt cu r eac
ciclurilor de denaturare 'Hi reasociere a c.

bl ocare se | eagt mai rapi d Hi ma H espestitipalaa d €

reacH a de amplificare.

Exi sttt mai mu | "Hi al gori t mi Hi i nstrumert
facilita ob™Hi nerea primerilor potrivi "Hi , f
saleeUn al goritm specializat "n proiectarea
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ecoPrimerg104]. Acesta permite designul primeril ol
de dat e, of erind posi bilitatea identifict
metabarcodareAlgoritmul ecoPrimersa f o st dezvoltat ca o abo
cercetttorilor st ajusteze di feri "Hi par am
metabarcoduril or, numtr ul de ‘nrepbumc¢ Hi ei deg
specifice ale pr@ctuluide cercetarlPent ru a evalua perfor man Ha
Hi a primeriloroasoonda®™ sBocporuantHi zaMHi gd 1
1. Bcsau indicele de acoperire (Coverage Index) or espunde raportul
taxonilor amplifica™ Hi numbtr u39.tot al
2. Bs sau indicele de specificitate (Specificity Indéxgste definit ca raportul dintre

numbtrul taxonilor corect ide[BUAi fica™H

Speciile identificate in

baza ampliconilor (I)

Speciile al ciror ADN
poate fi amplificat (A)

Grupul de specii tinta (G)

Bc=A/G

Fig.l1.4Cal cul area indicilor Bc (acoperi

W Bs (rezolu'™Hi a taxonomict)

BcHBspot f i d e tinesiicoc @ Envéo M fOdar £ i nf or ma "Hi i cr
calitateas e c v e iHTHe |l @ar c @imexiloridé a tden@fica corecbrganisme sau taxoni

specifictAcoperirea taxonomickt indickt gradul de
Hi reflectt c©t de bine este reprezentatt e
parametru este smaiobrHrne, ocui matg®dtne mai Col
investigatPe de altt parte r ezol,ffinbiita@aHti a o nverhiud £ t
p©nt | a care pot fi valdeat eaf asestédndict porr egzaenn "Blame
erofi de atribuire Hi ambi gui tBXHist'tn miad e nntuil fti
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abordtri car e pot fi aplicate pentru a s
metabarcodare. Unele dintre acestea includ:

| denti fi carreeaa udiors esleeccvi®adivee ndlide | ea Ipiotta t fei.

bazele de date publice Hi “"nainte de select
cercettrii. O platformt cu secvenHe de C @
bi oinformatickt a primeri RefSeq9g. SeepeazHehet d
repozitoriu sunt supuse unui proces riguro
dat e of i ci al LRef$¢gr erspewcridscuttandar del e Hi f
i nteroperabilitatep!| BHtfoomeatHi bi nhist auen@ant e
secvenHel or relevante se poate face “"n fol
cerinHele studiul ui

Val i dar ea iisilice & @4 luiadrifecElori Evaluarea bi oi nf or mat
per f oerpmraenlddut i | i z a Hi “n  pr oc euuude metie poatenreducef i
semnificativ costurile unui experi ment de |

perechi de primegpentruo bunt desf L Haxriasrtek i ad ssvteundsieunltuei 'Hi
simulare computa™HH onalt a reac™i ei de PCR

i denti fi car er@blenpeodura ar'idiamplitcéaons ppci fi ckt sau i n
regiuni genomice nctarget.Un instrumentbi oi nf or mati ¢ val oros c:
cercetbttori pentru si mul aulueeste ioeitmd 8dORCR[39)d e a
ecoPCRa s i gwalugtar i gur oast a perHigelecamo tHe @ @destarame r
fapt ce permit® b "Heamumor e z ul t at e dsee cavrepn "Hifedrceardee Hinal t

Optimizarea protocoalelor experimentakeactorii experimentali, cum ar fi parametrii de

amplificare THi condi H il e de secven'H er e,
Optimizarea agestor parametrcontribuiel a o ma i bunt reprezent al
cercetate | a creHt er ea pr e @iperimenid 'Hi |l a reducere

Dezvoltarea gstememrcde matdbarcodarke a r e fEexri i snuiein. "Ha
baze de date de referiHNHc aaet valzieaate céiav ec
esenH alt pemndrreactot cd ase dvemHel or de met aba

Integrarea datelor roleculare cu alte tipuri de date.Combinareadatelor molecular
biologice cu unelei nf or ma "Hi i ecol ogsptea,b u o dseenuddked i fait r d e
speciilor, poate oferi o0 per spnaiexparimant. mai c u

un aspect i mportant “n proi ect arueganeae x p
metabarcodlui carepoat e varia "~ n func H e , deeobiectgelei un

studiului'H i de gr adul AbNulufanalizgtGentgeamer al |, aceast
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cO©teva zeci de baze pOnt | ® dOMenNsi sné e 0]
determinatt de mai mu | "Hi factori, precum n
secven'Hel or “n regiunea respectivti, di spon

secvenH ere utili zaxlonofMermtr mao Fre@aadlkt d&’H pot

deoarece aceHtia con'Hi n mai mul tt infor ma't
di feren™™ erea mai precist “ntre specii. Cu
pot prezenta risc crescut demp | i f i ckr i n e soppeobabilitatecneai nidrie dep r e
degradare Hiprfea agxmempglau e i cazul pr obPedeor
al t £ npaarrkteer,i i ma i scuUmHit upoHi isk ¢ d opmelttaa & i
taxonomict mai | ar gt satuu dp Caddio vateblitate mar@. g e

Di mensi unee as ecevdeurs'He | or de referin™HL mi cHor €
scade probabilitatem mp | ilor nespécifidéH i creHte Hansuced ecaenihp

degradate cum sunt cele din probele de medin  pr act is@t ,c oHit n @red ug r a

fragmentareaeADNIl ui , se wutilizeazt met a{200perechider i
baze (acestea asgur £t o ampl i fi car e edfeigcriaednttrbi “Hhi cm
nivelul materialului genetjcc ar e “nst pot ifndrompemdHa perrite c i e

di feren™i efld0h " ntre taxoni

Cn ce priveHte regiunile genomice abord
c ©t THi nucl eari, ~ n f despecie ievestigate. Geneleenstocontridde | ¢
sunt adesea utilizate “'nntepupceSrtpmenzeat de ume
conservar€ n cadr ul un uiHivagarzutp steamxnoinfointiact i v " ntr
faci ideomndf i cereaspecildr. Decasemeniedgestea poli utilizatelao g a mt
| ar géargarsime” nt r'unc @edezdatepubl i ce exi sttt multe s

mi t ocondr i’and ’“sretcrveegii’hinea.t

1.5.ADN-ul mitocondrial al vertebratelor terestre. Anal i za f i |l ogenet
ADN-u | mi tocondri al ( ADNmt ) este un comp
terestre 'Hi j oact un r ol i mportant “n st
organismeAcestas e gtseHte “"n mitocondr i iipakde astulul el

femel la majoritatea speciiladleVT.Mo Ht eni r ea ADNmMts @ ed d ti mri eea zna
ct mitocondriile spermatozoi zi | ofiindleoalizate” h n ¢
regiunea cozii Din punct de vedere structut ADNmt este o mol ecul
conservatt "~ n cadrul grupurilor de vertebr

l ungi mea 'Hi d end wa mib&Hi a d ees tgweina.t -ul migocondaial a1 urs e
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r ol semni Sitcaat ievea diversiti™ioi vertebrate

pentru “nHel egerea modul ui " n care speciilee
Mitocondriile wvertebratelor t er es tAbNe CQ
mi tocondri al ( ADNmt) care pot fii utilizate

1. genele responsabile de sinteza ARNI ribozomal,

2. genele codificatoare de proteine;

3. regiunile de control (ADNmt necodificator).

Genele responsabile de sintea&Nului ribozomalsun t de doaRSt iHpurli
Acesteac odi f i c td es eAXRNe NnrHeboz omal , astfel jucond
bi osintezt a protei ngenelexd. HisunuwblSatepeb rsectaalbe |t
cer ceetviorliultei v e, f il oge n7¢ De aseenenkld, asteh pot oferi inditii v e r
asupra evol u'Hi ei conveegknhei schounltdrg gbeuei g el oak ¢
procesel or Vdriaebilitdtgaec i afHs p2 81 fpioat e f i uti iz
di ver gen'™a gemrée ¢ wpantruidémtificarea asester&n exemplu cunoscut de
cercetae a genei ARNU | u i ri bozomal 12S cu scopul i de
l ucrarea | ui Ri az 'Hi ¢ oNudielz AciddResearcB@1Cnumpraitb | i
studiwu “n baza haplotipurilor 12S au f ost
di ver si t L™ i g e n erestudoggraexB]sGeenca eli 6 S epri ec ii nttakt ¢
de evfond mdHcomservdt ~ n 'Ht i mpat e ser vi pentru.stu
Tot uHi, este i mpor gradoldt e d e oms esrev ameen "Hi mantae cft
regi uni geni ce, unel e prege n c&ieledd eono T HANIS©m
variabilitatema i . ndltlasemenea, nivel ul de conseryv
linii evolutive.

Genele mitocondriale codificatoare de proteirgeL n t responsabil e pe
proteine mitocondrialesee n "Hi al e , cumnm earl afni"Hud aump or neesnpati eiHia t
factori necesari pentru sinteza proteinelor mitocondri@le. c ar act er i sti ct di
mi tocondriale codificatoare de proteine e:
comparaHi eoduf geatbdar e de proteine din geni
mare partec odi fi c©nd doar Mwt a"Hinigluer Lt'Hip r it &fi nrkc "Hi i
consecinHe grave asupra func™i onktri.i mi t oc
S e c v ede”WBN mitocondrial codificatode proteine, cum arft i t ocr o mu | b
citocromoxidaza | Cytochrome Oxidase | sau CQI) s unt adesea selec
barcodarea speciilor. Aceatp r e zi nt £ an u mH tawntaje gpentra @test rs¢o t |

demonstr©nd o eficacitateismaltkbndlausuinv sgre
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fungi, i ar fapt ul ct prezintt o lungime conyv

eficiente din punct de vedere practic. De asemeheap ar ece mi tocondr i il ¢
mul t e copi i per cel ul t, iar f piie @lea geromuhaii t o
mi tocondri al, sporesc Hansele de extrac™i e
cOnd se lucreaztscuzsamoishc en tdrede’ WD B ytiasite v a
studii care au ur mt rlavertelraieteerestoea r Separ eC YelxBe ntpi | u
cercetbtrii di ver si t Lt ™i i geneti ce 'Hi Précapai | i f
picticaudatg au f ost ut il i A48 e i ssec \pemtHe ualde c G YE

moleculare a unor exemplare deu zeu al e ci octni t oCampepghilusc u
principalis) a f o st real i zat bxiddzel t[42b d a0 eal tchi t @gem o mr

codi ficatoare de proteine THi car e prezint
vertebratelor terestre este subunitatea 5 a dehidnogem i NADH. Aceasta a
analiza filogenetict a felinelor Hi a permn
separatg¢60]. D e 'Hi mar kerii e ICHTEBN é&HiHI CsOd u n & poentrd @ s |
barcodarea speciilor, aceHtia ar putea st
met abarcodar e. Spre exempl u, anumite studi
eficacitatenTHi enft eat mai nmektoe specii simult
taxoni “n ddg28rAcneesntt ullucarlu ogea poate "~ nt Ompl ¢
met abarcoduril or “n compara'H e cu cea a b
primeril or ‘'Hi di ficult&™ii de cdinceipeamplai
aceh Hi timp “ntregul .Tpatagoestdpeo ts pdeicsitio risn wensat icg

di ver si t L'HHi ip dta umna sad supraeprézentaeaianumitor specii.
Rgiunea mitocondrialt 4dER) Repne il a e(bCldint &

ADN distincttét a gleotmu |l awd mpni & to camigiumiy phatrié carau | t

S € n u Adoprul, rediunea de replicare a ABINI u i Hi regiunea d-e ir

loop-u | este cea mai st u d iregitini deldontrolmaitocondrial rfiinda b i
cunoscutt CHi sehi dee@umit ea ongHypervdridble Regipre r v a
HVR). Aceastaeste norc o d ant t are rol “n r egd airretat awcn |
de vamaraéHi en c¢ oADdNalrcadficamr (faptudatorat pesi uni | or f i
reduse)l nc | wen@enteldelega® f act ori |l or de transcr i p Hi
i mpl i cate ~ neirnetpe riacca’Hi difenfe enoleduld¢an ¢ ir ¢ wor ©heds f £ Hu

corectt a procesel oCnde ompan séH iapitioromisae I @ [
genele codificatoare de protejnse c veerlddp s e car acteoi ze@adazt rpdi

i nser "Hi i | os ub deliAvidtdmbnsiuns dewaproximativ 1 kb aceasta poate fi
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uHor amplificatt, secven H astttudHiHier ¢ v alrwasted o
intraspecifice [30, 150] Deasemenea, regiunea mitocondr
i nvesti ga ™Hi Hi canhe am@é n e lhireaowarea anort probldme icomglexe

| egate de identificarea indivizilor 'Hi reco

ADN-ul mitocondrial este considerat al doilea sistem genetic ir&#citdth o n a | al
eucariote ~ n anumi "Hi | ocicoarreel ecazvtarciua bprladeast eel
caracteristici fac din genomul mi tocondr i e
filogeniei Hi di ver Aintall Hizia deneotgieaet actspa
mitocondrial permite estimareat a "Hi i | or evol uti ve Hi a di st
de organisme precumo pul a "Hi i | e, etsAnteroi, analiea,filoggidonse baza pe

comparaHi a morfologict a diferitor frezent | e,
studiile filogenetice implict ° nacestearofering ar t

perspectivt de cercetmodabi bavdi vbrect it HLI ¢

diversitatea diferitor taxoriB8].Pent ru anali za filogenetict a
utilizeazt "~ n principal secvenHe de ADN,

nucl ear e. Aceste secven'He, okt "Hiinduetnet i gfriicrar te
genetice “ntre diferite categori.i taxonomi i
reprezentare drnadfiigcGadal f dleoge miidiar,i tdaitveer g
sau di st an Haecigeragemengatn "ma zae eampal i zel or f il C
eveni mente I mportante din punct de vedere ¢
unor caractere specifice Hi rtspoO©ndi rCnag tac
n"Hel eger ea evol u™H ei, cercettrile filoge
semnificative “"n domeni ul conservirii. Aces
sau endemi ce Hi st abi | ctonseraarepDe iasemeanaa coittriblui dar

eval uarea i mpactul ui schimbtrilor de madiu

dezvoltareastrategiiord e conser var e b a ilafitogenepce aleespediiloru "Hi a
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1.6. Concluzii la capitolul 1

. Metodele moderne de cercetare a diversi:t

vin st | e completeze pe cele tradi ™H one
di stribu™Hi ei speciilor.

. SDM 'Hi cer aleitsamea i ABNrumente de studier
completareciprocEx i st £t mali mul te studid. recente
abordtri prezintt un mare poten’H al pent
.Utilizarea biaoitnefhonrincaitliocri i moHiecul ar e pe
devine o practickt de rutint "~ n cercetar
sol u™i i | or-coss (PER, IRFLFP CIRQw c Ot Hi de puner
protocoal el or presupus eostwrienaiihlarie r e car e

.Cn anul 2010, Francesco Ficetol a Hi col i
H perf or man Hei barcoduril or cu utili za
real i zar ea rireslico™dlisaiiprde sP€ERen™Hel or di n [
cercettrilor sal e, acesta a comparat ac

de ADN deja propuse pentru barcodarea Vi

propus un algoritm bioinformati car e permite identificar
primerilor asoci a’Hi “n baza unui grup d
au permis o reducere considerabilt a ti
ADN-uluidemediudatr i t £t posi bi |l it & ™ii de a real.
a mar keril or CHi primerilor asoci a’Hi

. Pe parcursul ultimilor 22 0 ani “n b a BaALD®ysterdaa tost degokitatd a |
peste 80 barcoduri mo |l ecul ar ae da Repiblica Mokdava. i C
Din totalul acestor “qamuedingterglirsit rm®ntbart
oxi dazei I a doar d o u LSpesnpehidus citellul-eiTrituriesr t e |
cristatus

.Bioclim este primutitHn SEM uwtaiil iwvzedhipes
generarea htr H | or de distribu™H e. Fiinc
speciilor cu un numbtr redus de | oca'Hii C

Cn Republ i ¢ a cuMefdrird a apticardaaehmiciloe SDM sunt limitate prima

l ucrare “n car e iaodloism fuitiind zparte zmeodted tutl
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2. MATERI AL E 1 DEQERCEDARE

Pentru reali zarea cedfecteatedct il wirt LpHplcatéls e t
instrumente bioithHhoir mdei ©é oHD g iCéni hooeld eet aclea r u

prezentatenat er i al el e Hipemetradeleal alzamrcat r ezent

Met ode de observar e, colectarel digipgr élnu
Probele de ™Hesut au fost prelevate de | a ai
ptstril or 'Hi mami ferel or mari ) ‘Hi de | a ani
Speciile de amfi kaipdruir aHie mamtuialle dau pfuost ec
func™Hi e de specie Hi starea animal el or (de

prelevare probele au fost fixat eAC np Calktc ol oal
ADN-ulu. Acestea au servit “n cal it atuel ude 'Ha 'Haan
pLtstrate “~ n c ounagednditelorrde lgb@atdr. | a ef ect

|l nstrumente Oi ment osdceo pou lo i rod anliingtiriicie sdtetsr
primerilor pentru metabarcodare au fost utilizate softuet®Primers[104], ecoPCR[39] Hi
OBITools [14]. Acestea sunt utilizate pentru an
met abarcodare Hi sunt distribuite ca softwa

pentru identificarea noil or neaaPERparmite testarea p
acestora prin realizarea PRIl u i in silico asupra unei baz
speciile din gr,aqestd profme pedrmit.desiGmp Hie u intsilicoa ar e
primerilor de interes. Pentru descrierea suplinreita a pr opri et £ ™Hi | or p
utilizat i nstrument ul onl i ne d rimerRCCI[G1])z L é
Evaluarea gradul ui de conservare a ptecumer i
ajutorul limbajului R[100]'H a | iR®BItakonamidph ROBITools[5] 'H ROBIBarcodes

[3]. Baza de date cu mit ogeno muzareal pefornaeeNCBle f e 1
(National Center for Biotechnology Informatiof)10] Hi conHine 174 genol
(un genom per specie). Aceasta a fost gene

gl obal t Ref Seq a 3 3 7stresdim dauriaiRepdbicii MokovéAeabza a t e
fil ogenedalcar éHa dn s turfost bealizdiea utilizarga éndbajului R r a

Met ode de bi olPolle prelevatel ae foal supusetanalizelor de laborator
care au constABN-ul’un ,e xetfreacgteuracraeca r eac Hi ei d
enzime de restric™ e 'Hi el ectroforeza pe ge
fost utilizat instrumentul mobiBento Labp ent r u extragerea, ADNpl i f

ului.
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21.Col ectar ea Hi prelucrarea primart a ma

Col ectarea 'Hi ptstrarea corespunzttoar
fundamental bt pentru-uéxirageld earr éu Himhditeoe o A K
sau dupt prelevarea probei materi al ul bi ol
documentarea i1 storicul ui I ndi vi dual al fi ec
geografict, ist aar ameo memit mad letgpPrneol ceevdturriai  dper ocbod ie
depinde de specia studiatt, buget, transpor
precum 'Hi de ti mpul care trece pOnt |l a sto
vectori de transmitere afdier i t or zoonoze precum | eptospir
respectarea mtsurilor de securitate biologi
regult este relativ uHoar t, f ol i cul uficentele p

celule pentru ob’™Hi ner €50, 94126y Cranc¢cét piHi v e'Hi
reptilele, acestora | e |ipseHte wun astfel
I mplica abordtri i nvazive, cum ar fi col e
buct™i | or din coaditv.azOv il f e clevactai @maktrelonedettlae
amfibieni Hi reptile ar fi tamponul bucal
procesul ui de ntpOr éfdctnatet. i pCunr iclaed rdud prealces t f
func™Hi e de speci(edeHil as ttaarnepao na nbiuncaa le | ldir c al

mu Hc hi  'Hi organe interne). Acestea au fost
sporadic sau vO©nate (" n cazul ptstril or ‘'Hi
cazul mami ferel or mici ). Stgaptarate haaualdTabelapf i b i
Dupt colectarea probelor, animalele vii au

i ar most riefl iex edadmol’ldelic det96% (. 22 1) Hi 210s tArCa t pe© nl-
extragerea ADNUluI.

Fig.2 1. Mostre de ™Hesut fixate “~n al
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Cn TalHeuut Prezentate unele speci mene i

referire la prelevarea probelor.

Tabelul21.Document area unor specimene de verte

Imagini foto Documentare specimen
' Broasct rodi e de mu n

|l dent i fRiezaetrtv a"™Hn a Nat ur

l una noiembri e, anul 2
(VU) inclust “"n Cartea
Anexa |1 a Conven'H ei
Habitate. Au fost col

tampon de piele.

Amfi bian devorat de wun
Ptdurea Domhéasate pde
morfologiei resturilor- Br oasct r ©i 04
bufo), specie vulnerabilt
Hi “n Anexa || a convg¢

prelevate probe de piele.

D@®por | t cenudi e (alpatcuerr
|l ocalitatea Sttuceni,
2022. Cn calitate de pr
coadt | Ltsatt de ani mal

@Qrpele cu patru |inii
A fost descoperit mo r t
mar ginea traseul ui de |
critic periclitatt (CR
Anexa |V a Directivel H
de | a Berna, Cartea RO’
Republicii Moldova. Au fost prelevatergbe de piele
Hi  mu 'Hc hi
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Cdrecar comun (Buteo buteoentificat mort pe
mar ginea traseul ui “n
fost l uat ani mal ul “n
probelor de piele pentru analize molecular biologic
fost transmis" n | abor at or ul d

studii ulterioare. Noiembrie, 2022.

Cioctnitoare pestri Wwt A
fost i1 dentificatt moar-t
0 zont cu veget a'Hi e a
ADN-u | ui au fost " ndeptr
Septembrie, 2022.

Sorex araneus@ h i W ¢ a r). Spe@nmen descopel
mort -uhntarpn suburbi g
Octombrie, 2021.

Nevistuict ( Musftoeslta gntisy
regiunea sectorul ui de
Probabil a fost wucist ¢
repitor din fauna st bag
ani mal agil. Au fost pr
Decembrie2022.

Bursuc (Meles meles)l dent i fi cat
mar ginea | ocalitdé™ii St
automobil. Pentru izolarea ADMNIui au fost prelevats

probe de piele. lunie, 2022.

Un sumar alprobelorut i | i zat e ~ n ¢ emdeeutardiolaiceBplicatapenme t o ©

realizareabiectivelor propuseste prezentatn Tabel ul 2. 2.
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Tabelul2.2.Mat er i al ul bi ol ogi ¢ 'Hi met odel e

Met oda ap Specii Numt
Obiectiv locu" n car e P de Tipul probelor
cercetate
| oc cerc probe
Testareanvitroa| PCR conve f;f::]arggiétexui\gg

acoperirii electroforeza ADN | 26 specii de ge, » PIEE,

: : tampon bu

taxonomicea |ul ui pe g, vertebrate 26

primerilor pentru | Institutul de Zoologie| terestre pi el emuscii,

metabarcodare | al USM, Moldova He pulnonar,
ureche, v
RFLP-PCR,
Genotiparea electroforeza ADN .
. n ) Hesutmuscular,
mi stre’™Hul ui pe ge€ Susscrofa 19 icle
baza genei MC1H Institutul de Zoologie P
al USM, Moldova
Secven'H e Microtus
S e c v en’H Institutul de Ecologie arvalis
geneiCYTB Hi Evol u : ' 13 Ficat,
; , , . Microtus
la microtine Uni versit levi
evis
Ber na, E

Col ectarea mostrelor a fost efectuatt cu r e

procedurilorsusne n "Hi onat e.

2.2 Instrumente 'H metode bioinformatice

221Desigul &i testarea in silico a primeri.l

Pentru desigu | ‘Hi in siliea aa primexilor sistemelor de metabarcodare sunt
necesare softurilecoPrimers[104] H ecoPCR[39], iar pentru manipulaee, format a
filtrar ea peganul@BiTétds[14].rToate trei softuri sunt asociate sistemului de

operareUnix [47] iar pentru a rulagcoPrimersHiecoPCRnecesi t £t wren®$Het d

referin™L 'Hi o bazt de date care st cupri
determintrii gradului de conservare a pri me
vizualizbrii rezul t apragdaroare RE00]f ost wuti l i zat |

ObWwi nerea setul ui de secvedateurdil eprode esa
reprezintt RefSegpolgee no2nur s peci i de piLtstri, 38
amfi bieni Hi 4 speci. de reptil adespgprecamel
platforma NCBI[110]" n noi embri e 2021. Cn baza de dat
unei val or i uni ce care r e paxie Untaxiditd eumnt infuinckir
anumit taxon, tsa sau ppermanemt. & este valgbie it irwe ro a n u mi
datepr ecum ‘Hi pentru o anumitt NMEBI-sRelaasee246a a

42



October 15 2021). De la o versiune la alta anunaisd-uri p o t fi adtugat e,
‘Ht er see.a Nenl ucaarl c ul a acestor aspecte poate
O bazt de dat e t ax o OBIMoble o nfsa rbkmad ian £ c @plentp
Taxonomy.ndx, Taxonomy.rdtkiTaxonomy.td4130]. Set ur i | e de secvenHe
GenBank(.gh) [23] au f os't c 0 n v ecoRCR tfoemat "necesdr eantnualansarea

algoritmuluiecoPrimers

(OBl-env)vs@Victor~$ obiconvertitb az a de d a t--ecopcrdbautputsetni de
secvenwe ~ n --§enbankskiporetrarfPiER u | cu mitogen

(*.gb)
Reading taxonomy dump file...

Desigrul in silico al primerilorrPent ru crearea primerilor
formatecoPCRHi s e | ans ecaPrinersp r g wmurlea f i Hi erul ui

argumentuluid.

(OBl-env) vs@Victor:/mnt/d/ecoPCR_TéeeaoRimers/src$ ./ecoPrimers -d f i Oi e
format ecoPCRe 2-180-L 150-32-c-q0.5-U>f i Gi erul de i edir g

Parametri.i obligatori. care trebuie indice
met abarcodul ui (fert primeritH)Y m Ac-nf médai mke
cazul de fa™t 80 Hi 150. Pentru defaull valleHi p

[160], dar pentru o ajustare eficienttkt a pro
modifi cate. Cn cercetarea de fa™H a fost admi.
e , iar pentru a asigura o bunt calitate a

pentru ultimele 2 nucleoti de pdHFIuserale pfolt an o

aceste regiuni ar putea “ mpi edi cean "Hal ipnrioecreese
amplificare Argumentul-ci a " n consi derare faptul ct sec
(ADN mitocondrial), iar-U nu per mite potrivirile multipl

parametru op™H onal tagda fuinisp.éHiiif itcaaxroenao mi acleo

primerii-r)(.opCHi ucoaaul “n care se dor eHtie e\
taxonomi ce tagicu | d eafcienset’etiea " n -dr Agtewdlst &r @nHe
util £ atunci c¢©nd e wiuisrokorganismeomtdrgetgl8dp | i f i cLr i

Anal i za fi Oi erogiamulli ecaPemeisfterGimeae padrt e a f it

ecoPrimersi ndi almepar i ut i | ulzoamelilor, areandbua yarted isckide gun
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tabel cu perechile de pri mer.i identificate
met abarcodare cor espunBdHB®(rc.o |l Esatnee | nee cleés aHi ¢

mari,i ar | ungi mea maxi mt 'Hi medi e Tac ©me tneah a rnti oc
timp c©O©t parametri.i s e t até de metadbaraodaereRrimecsan d i
I denti fica to’Hi poten™™i al i/ pri mer.i asoci
variabil t. Ast fel, progr amul va propune mé
acel ui a'Hi Si st eSpree emetmph auir cndaree .per efEihi | e
22exi sttt diferen™Me minore “"ntruc®©t aceHti a
5 AGGCGGATTTAGCAGTAA CCTTGTTACGACTTACCT 53.9 26.0 51.6 32.6
6 AAGGCGGATTTAGCAGTA CACTTACCTTGTTACGAC 53.9 26.0 51.0 32.8
7 AAGGCGGATTTAGCAGTA TACACTTACCTTGTTACG 53.9 26.8  49.4  308.7
8 AAGGCGGATTTAGCAGTA GTACACTTACCTTGTTAC 53.9 26.90  47.8 28.5
9 AGGCGGATTTAGCAGTAA CACTTACCTTGTTACGAC 53.9 26.0 51.9 32.8
Fig. 2.2 Perechide primericareampi f i ct aceeaHi regiune

De ai ci vor rezul ta ‘'HidBsHa lurgimii metalparcadyriioraWneori a |
poate fi avantajos de a “mbuntt £t Hi perech
temperatura de topird ) a acestora sau de a avea ducleotided ci t ozi nt/ guan
3Nj (acest lwucru ar favoriza o | egare mai e |
de hidrogen cu nucleotida compl ementart).

specificitateeai pari emar t | 0j68nl80} Defasemdr@aptifiizacea 3 N
primerilor se poate face pentru a evita formarea structurilor secundare nedorite de tipul self/cros

dimerilor sau a structurildrairpin (Fig. 2.3.

Hairpin Self-dimer Cross-dimer
Fig. 2.3 Structuricetr e bui e evi t at eluiprimerilori [B6glul de s i ¢
Ast fel, adbugarea sau excluderea uneia sau

poate creHte efi ci en Ha-unHinal, peptal @mdlificarea tARNIue a p

celor 174 speciide vertebat e terestre din ReSejyloa af  €ctu 3ne

pereche de primer. care repr ezi nBc/Bs lungimed un
met abarcodul ui , t emper at ur anadtrectuti seepundare Altie H L
"Hi ntesc 0 regiune a genei mi tocondrial e ARN
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Odatt <crea’H |, pri meri.i au fost eval ua’Hi
noul sistem de metabarcodare la diferite nivele taxonomice. Acest lucru a fost efectuat cL
utilizarea tehnicii PR in silico 'H a softuluiecoPCR LansareaecoPCRse poate face asupra
setuluidescven™e ut i | iulzp@nerdor ped W sawasugra wnui geh mai mare de
secven™He avoOnd “"n calitate de par amedatei ob

forward 'Hreverse

(OBI-env) vs@Victor:/mnt/d/ecoPCR_Teza/174specii/@éis®PCR-d vert_db-e 2-| 80 -L
150 -c AAGGCGGATTTAGCAGT#A# CACTTACCTTGTTACGA#C#i Gi er u |
i edire

Reading 2426082 taxa...

Eval uarea gradul ui de conservar e Pentrppa i me
evalua gradul de conservare a primerilor s
construite reprezeonurtiri degraéceen’Heu m{ $ e g ul eon
formate din |itere ce reprezintt abrevieril
i ndiciu al gradul ui de conservare “n diferi
fre c v enHa mucdiemt ipdbeli dHLL)I.e Assdceilgat el ogour il
reprezentbri g r auh nod eficienbconservareaf ptingedldr pentfu ot anumit
grup taxonomic ‘'Hi poit mbfaij ud emal idzeat gr ocgur aanjau
ROBITaxonomyROBIToolsH ROBIBarcodegFig. 2.4.

RStudic - g
File Edit Code View Plots Session Build Debug Profile Tools Help
- ® & | A Gotofieffunction B - Addins - KD Project: {None) ~

W untitied1 Q mx Environment | History ~ Connections

- A | [ Show Attributes C & B Eocosde *Tosource W
Name Type falue # accesarea librariilor

® mx list [9] (53: gg, ggplot) is ngth 9 Tibrary(ROBITools)

Tibrary(ROBITaxonomy)
Tibrary(ROBIBarcodes)
vert.terl74 = read.ecopcr.result(file.choose()) # citirea fisierului..
getwd ()
G OE) 5 setwd ("D: /R.work™)
list [5] < taxonomie = read.taxonomy("nchi20150518™)
environment [5] (53: C ] nment: (x0000024e26755348 > #Exculderea randurilor cu informatia de titlu
00000242678F98> vert.terl74 <- vert.terl74 [17:nrow(vert.terl74),]
forward = ecopcr. forward.shanon(ecopcr = vert.terl74)
reverse = ecopcr.reverse.shanon(ecopcr = vert.terl74)
#Evaluarea gradului de conservare a primerilor
dnalogoplot(forward, primer = "AAGGCGGATTTAGCAGTA”, main="Met-125-F'._

® data list [54 x 4] (53: data.frame) with 54 rows and 4 columns
list [1]

environment [2] (S3: ScalesList, g

nt: R GlobalEnv>

Files Plots Packages Help  Viewer Presentation
2 zoom Hepot - | M| € publish - | C

Met-128-F

<UOATTTAGEACT

T T1 T T T T T T T T 1 T T T T T T T
AAGGCGGATTTAGCAGTA

00 10 20

Forward primer

Fig. 2.4 Evaluarea gradului de conservare a primerilor (mediul Rstudio)
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CrFi g.

2 . &unt prezeHtatdodourie primerilor forward Hireversea sistemulii de

metabarcodar®et12S( sunt admi se 2 ne&paturcil wiortii deg.rf i i
Astfe,s e observi un nivel "nalt de conservare
pri mer 'Hi cu o | ipst djodrail tta tae an egnoptlriicva nriill
fost selectat c©te un singur amplicon per s
care poate asigura o -@ungpécilofcercedataa mai enliltide teet | v -
nepotri virdi pentru oricarar ediinnterfei cpireinoieeHi Q
observit distribu™Hia numbrul ui de nepotrivi
lungimii metabarcodurilor dinbazhe dat e de ref er i n'Ht.
(a) Met-12S-F
g_
' TTT g
8 T I T T T T T T T T T T T T T T T T
A A G G C G G A T T T A G Cc A G T A
Primer-ul forward
(b) Met-12S-R
g_ gI ICTIT T T T T T T T T T T T T T
C A C T T A C Cc T T G T T A c G A C
Primer-ul reverse
(c) (d)
&
i —
3 3 7 ]
1 o O
g g o
g - - o o O
i QO ° m
g o —
2 T T T T T T 1
0 1 2 120 125 130 135
Numarul de nepotriviri pentru primer-ul Met-12S-F Lungimea metabarcodului (bp)
Fig. 2.5 Caracteristicile sistemului de metabarcodaréVet-12S
a,b-l ogouri de secvenwe obWwi nl2$;e pentru
cinunt r ul de nepotriviri per prin
dif recveniwia rmatmgbar codul ui fEtrt pr
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Cn pcre v éstbigraena ¢uf r ecven™a | ungi mi i ameft@adtar ob tHu
RSudig167]c u ut i | i zhest()@ig.2.6.unc "Hi e

RStudio - O X

File Edit Code Wiew Plots Session Build Debug Profile Tools Help
a1 - ® & & Gotofiesunction B - addins - ) Project: (None) -

‘n Untitled1 Q mx Environment History Connections
- A | @ Show Attributes
Name Type Value

® layers list [1] List of length 1

Files | Plots | Packages Help Viewer
- 2 zoom | ot - | | €

® scales environment [2] (53: Scaleslist, g <environment: 0x0000024e26629b80>
® mapping list [3] (S3: uneval) List of length 3
® theme list [5] List of length 5
® coordinates environment [5] (53: CoordCarte: <environment: 0x000002426755348>
® facet environment [2] (53: FacetNull, F; <envirc : 0x0000024e2678598 >

40

® niot =nv
{No selection)

Frecventa
20

Console Terminal Background Jobs

' R421 - DyRwork/ =
T T 1

a lu . . . ) 120 125 130 135
o o8 Lungimea met codului in bp", ylab= "Frecven

Lungimea metabarcodului in bp

Fig. 2.6 Utllizarea RStudopent ru reprezentarea gr e

a frecveriBi lungimii metabarcodurilor [167]

Acoperirea taxonomi cskc ofiul i rdeeitcealm nBc i i
set ul de date <ce sunt ampl i fi caHi corespu

necesart trecer ed&nxHa witdtle mulecothetatd merrartenul 1

(OBIl-env) vs@Victor:/mnt/decoPCR_Teza/174spetdb$ ecotaxstat -d vert _db -r 7742
fi Oi erul ecoPCR

Reading binary taxonomy database...

Executarea comenzi.i se facvert_dju Hit id ifziaHiear 1

Un exemplu de rezultat pentegotaxstae st e prezentat "~ n Tabel ul

Tabelul 2.3 Rezultatul( cu anumi te modificktri) al

ecotaxstata diferite nivele taxonomice

rank ecopcr db procent(Bc index * 100)
regn 1 1 100
ncren 1 1 100

cl ast 2 2 100

ordin 9 9 100
familie 32 34 94.11

gen 89 94 94.68

specie 135 149 90.60
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Valoriledbr eprezintt numbtr ul tot al de uni t £ Hi t a
ecopcrnu mt r u | de uni t & Hi taxonomice amplifica
taxonomice (" n procente) pentru fiecare cat
RezoluWwia taxononHecntt r @i ai nddeitceerlnei nBs .r e :
metabarcodare la diferitaivele taxonomice poate fi utilizat algoritmeicotaxspecificityal
programuluiOBITools Acesta considert ct dout secven't
apar "Hi n acel ui aHi bar codr.esPerpacsBtiliodhea ns@c e e |

examinaka st f el ~ n c Omaxim 23enspotevai penttu fiexarebptimer.

(OBI-env) vs@Victor:/mnt/tecoPCR_Teza/l174spddib$ecotaxspecificity-e 2 -d vert_db
fi Oi erul ecoPCR

Reading binary taxonomy database...

[INFO : Taxon alias file found]

Taxonomical tree read

ok

Rezul t at ecotaxspexificeypentir u di ferite nivele taxor
2.4,
Tabelul 2.4 Rezultatul( cu anumite modificktri) al

ecotaxspecificitya diferite nivele taxonomice

rank taxon_ok| taxon_total| procent(Bs index * 100)
regn 1 1 100
“ncren 1 1 100
cl ast 2 2 100
ordin 9 9 100
familie 31 32 96.87
gen 86 89 96.62
specie 113 135 83.70
Taxon_totak epr ezintt numbtr ul de t ax olaxon adanruemiur runhe
de taxoni care pot fi identi fi ca'Hi “n baz
ecotaxspecificity si stemul de met abarcodar e asoci a
performan™HtL dest ul de b un £3% dm taxoni ;feriori greoumt e
speci a Hi genul in crmdt @0 %Wedcetbridioe. ef e

48



comparativ acoperirea Hi rezol uH a taxonon
pentru identificarea vertebrateldfitano-16S[66] 'HL2SV5 [107]. Perechea cu valori mai mari

ale indicilorBcHBsa f ost ul teri orMetl@nparatt cu pri me

Este necesar de a men™Hi ona c¢ct "n bazel
secvenH ere precum Hi alte ambiguitt™i , iar
a acoperiridi sistemul ui de metabarcoaodcare s

(exempl u secvenkei€eydi0ln baza de dat e

2.2.2.Fragmentarea RFLP in silio a alelelor genei porcine MC1R

La speciaSus scrofagenaMC1Rar e 963 per echi de baze i a

"nt ©l neHte “"n formk homozigotit | a mistr e Hi
ur mkt oar 84,65, 1p7) z 1 "Hi i
1.c.370G>Air asel e marel e al b, Hampshire Hi Pi

2. ¢c.283G>A, c. 3madelCeHnegr B68BIIT>Mei shan

3. c.491C>TiraddaDumc (@27 G>A

Secven™a MC1R de tip stlbaticflla]" hodtor en
FASTA, i ar alinierea al el ellMrcua uftodti zaf ea
DECIPHER[147] H Biostrings[92].

># accesarea | i brtriilor
library(DECIPHER)
library(Biostrings)
mclr=readDNAStringSet(file.choose§)) ci t i rea f i Hi erul ui H
mclr
A DNAStringSet instance of length 4
width seq
di mensi unea Hi denu
data(BLOSUMB8O0) se introduc dateleaue f er i re | a matri cea

MC1R=AlignSegs(mclr,substitutionMatrix=BLOSUM88) al i ni er ea s e
rezultat=BrowseSeqs(MC1R,highlight = 0)

Rezultatul alinierii HMLs d@gwldagte spibe demtmat
alelelorMC1Rcu mar carea pozi H il or variabile.
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Wild BOSI  reeessssssansnsanansns arasas E ............................
Large White, Pietrain and Hampshire Breeds — «re-esreresarraincnies cuann. R R RRERCREEE [EERERE
e
b d

Duroc Bresed s s snanssssanans saaaan
Lar‘ge Black and Meishan Breseds - sescsssssssssssssasss sasaaallesanssnssanassanaaaas

Consensus ATBOCTETBOT TEGCCCGGAGARRAGCAACET GCTEEAGACGECCGTECT! TRCTE

368 380 488 5ae 720 746 o6a

IIl|11IIIllII IIII1|||||1' '||||ll'|'||||ll|llllll'||I|Il III|'|IIII|11|||ll|||||l|1| ||||||| |III

...... -......é............ . Cr s og3
i A N N

...... "......i............ ---------.....=........... N R R e O a53

...... "......;............ ..............“........... ..........E............... e maa e gg3

...... =......E............ R R (R R LR R T T R PR as3

GRACAANGTCATEIACGTGCTCATC I GACGC TECCCCGCAIGaGGCGEGCCIECC TCAAGRGCHCGECCACCCTCACCATGCTCCTGETGA 563

Fig. 2.7. Alinierea alelelor geneiMC1R

Simul area digestiei cCu enzime de restric'Hi
Rstudi o cu udgRFLP98]r eAcésbr pachbet include d
cu secven'Hel e de ADN ‘'Hi “n speci anzimejpredet r u
restricH e o€éHed otratnaicHieod islecwve de i nteres.

223 Analiza fil ogenwdntdel cm ddeazADN

Analiza filogenetict THi construc™H a ar'l
necesitt parcur germreaxuan: mdaidemulitforc aeteape ob ™
generarea distan™Hel or genetilciet L 'Hiliabaraoral
et c. Cn cercettrile efectuate au fost ut il
microt i ne din Republica Mol dova, pr[a33ciOpAndlia s e
bi oi nf oar niaotsitc e dplearda metadéi NJ (Neighbor Joinifi)8] 'Ha modelului
TN93 ( Tamur a[l#] DeMsemeneah %08t Btijizat limbaR[100]'H ur mbLt o a
| i b rapef98],i adegenef62], msa[13], ips[53], ggtree[148], ggplot2[144], fields[32]. Cn
total au fost analizat#l7s e c v e n "He  FEluxy defutr&T A.ost adapt at

mai multor surs¢l36, 139]H éste prezentanai jos.

># accesarea | ibrtriilor
library(adegenet)

library(ape)

library(ggtree)

library(ggplot2)

library(ips)

library(msa)

library(fields)
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> seq < readDNAStringSet(file.choose)) ci t i rea f i Hi erul ui
al < msa(seq)
bin <- as.DNADbin(al)y# format DNAbin

df <- as.data.frame(as.matrix(dist)) construirea matri ci.
df <- dff, ncol(df):1]

png("Microtus_plot.png", units="in", width=10, height=10, res=800)
image.plot(x=1:86, y=1:86, df, col=rev(heat.colors(30Qaxt="n", yaxt="n", xlab="",
ylab="" egend. wi dt h=. 4, |l egend. shrink=1,
horizontal=TRUE)

axis(side = 3, at = 1:86, lab = rownames(dna), las = 3, cex.axy =0

axis(side = 2, at = 86:1, lab = rownames(dna), las = 2, cex.axis = 0.5)

dev.off()

# construirea arborelui filogenetic

arbore < nj(bin)

gga<- ggtree(arbore cex = 0.8, aegolor=branch.length)} scale_color_continuous
(high="lightskybluel'Jow="coral4')+ geom_tiplak(align=TRUE, size=2)

+ geom_treescale

(y =- 5, color = "coral4", fontsize = 4)

plot <- msaplot(gga bin, offset = 0.009, width=1, height = 0.5)

X <- as.vector (digt

y <- as.vector(as.dist(cophenetic(arbpje

plot( x, vy, xlab = "Di st an’"™Ha @ filoggnetin"apcht="20,
col =transp("black", 0.1), cex = 3)

abline(Im(y ~ x), cb= "red")

cor(x, y)"2

[1] 0.9902641

dist < dist.dna(bin, model ="TN93% gener area di st annmN8I| o

#esti marea cal ittt ™ i fciolfoegneentiieci dHi cooal

Cn scopul estimbridi cal it £ Hi i filogeniei S
Acesta sefaced e obi cei "ntue dsgetewh "Habe iHidel el Hi st a
g e n e genecat-din arbore (0o matre cof enet i ct) . su@ edoieexachivatet T
folosind testulMantel [31]. Ast fel, cor el a’™Hi aHl niatricedorrei gmantar
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esti m®azide bine r epr edatele thtt aanrHed r egleen eftiilcoeg e 1
mare, atunciabr el e reprezintt Dbine datoaled adHi iagiersd
atunci ar borfeil delnudir ethla ettla ntenesactCoopnstna
SystematicZoology ce r c et Jamhes Rahlh s uger at ct un coefici
(CCC)de peste 0,9 estimeazt o potiropeti ver €é obhu
“"ntre 0pdt Hi v iHpedtruCC@DHQ,7T o calitate a filoga i e i f o[A06,t e ¢
49].

224Model area di s tulimbpul®Ri ei speciil or

Pentru model apeailara fost stiizata IbgioHi ieti mu | Bi oclir
| i br H00]: rasteR54], rgdal [12], dismo[55], XMU134] H map$10]. De asemenea de pe
platforma onlineWorldClimau f ost desctrcate datel e [44Ju r e
Acestear eprezi nt unaraéd opeheru temperatura minir
radi aHi a s ol aprdsiyneawapbriod @ B ©pt elcu p i ¢ rm "Hawfdse! t
utilizate 19 variabile bioclimatice i f r at e dupt cum ur meazt: Bl

Mai jos este prezent 8 fluxul de |l ucru “~n n

>#faccesarea | ibrtriilor
library(raster)
library(rgdal)
library(dismo)
library(XML)
library(maps)
# setarea directorului de lucru
setwd(choose.di("C:/Users/User/Desktop/Bioclim™))
rasters<- list.files (pattern="tif"Y#cr ear ea un e i edtenswubea"tiffe f
#combinarea -umsdgiemgudrorf i”'Hiter
stackrasters:- raster(rasters[1])
for (x in rasters) §tackrasters- stack (stackrasters,raster{x))
#decuparea rasterelor “n |Iimita coordd
dec<- extent(26.5,30.5,45,49)
md <- crop (stackrastersjeq
# citirea fi Hi erul ui cu distribu™i a c

distr <- read.delim(file.choose())
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>#vi zuali zarea distribu™i ei cunoscut e
plot (distr$lon disti$lat, xlim = ¢ (26.5,30.5)ylim = ¢ (45, 49), col = "red", pch= 19,
xlab = "Longitudiné’, ylab = "Latitudine")
map(add=TRUE)
coord<- data.framedistr$lon, disti$lat)

#model area distri bu'Hi ei
bio.mod<- bioclim (md, coord

harta<- predict(bio.mod md)

plot (harta,xlab="Longitudine",ylab="Latitudine")
map(add=TRUE)

Cn calitate de date de intrare pentru mode
viper ei de stept au fost utilizate coordot
Determinarea altitudinii dfmedgaia fostbhbazaalc

pachetuluiraster[54],i ar coef i ci @ wrdlculdtcua | ic®a redisefid.aenf) c "Hi
di n [impOSE r i a

2.2.5.Limbajul R Gimediul de dezvoltar&Studio

LimbajuuRest e o pl atf or mt g r gentru manipulacanalizaddc i | |
reprezentareggr af i ct [EOO) Hat edorconsi der at undrstrumnmnot! "Hi
fundamentap e nt r u dielogiceeMetdriiulle de programare R a f
Ross | haka 'Hi RO meretp uGe rstkl edneavni n'i paopul ar
proiectul ui Bi o c odivdrseqpahetede an&air 2L f ar d a zelpbdlt bi
Proiectul " Hi propune st faciliteze caluicet ¢
Ht i i HiHi ¢ okcabor ar e@n mntezerutt i Ri g a tleanfail phpuldren p
|l i mbaje de programare din | ume, i ar comuni
[45]. De asemeneacestaeste unul dintre cele mai utilizate limh e de progr
bi oinformatict per mi ffamedaritadate. Betutiledree ad aut reo rc r ¢
mani pul ate “~n R sunt obiectatbpstdi det tipvectorrbatrix] éactar, mi r ¢

dataframe s.a, iar f u nlcéHi d e ofehta@ dr mi t vizualizarea <co
di mensiuni i Coli e¢d Hua edcdisd®inget e n ti mpsel p
numesHt &@Wi u (woekspacpiarobi ectel e create “n ti mpul
per mamreimt f 1 'Hisesiuni\piteaneS ¢ a p u | de bazt al mani pt
extrage infor ma'™Hsmartdathi Ilde nHidad¢c en d'Hturawedddli ( o
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Datele i mportate pot fi di n marXT, CsN VYGFdornsau r s e
FASTA ecoPCRHi alte formate de dat e ddptepmit Ripaate . C
citidirectf i 'Hi er,d et smmst aée e -dreobiecrde tipmatrie saedatafrante Una

din filozofile d e ldacares e g h cothengarrdRe st e de a of er i o f
met odt mat em&Lioince pexiast edtulnc Hi onal i tatea ||
clase care poterz uma r ol ul a c e st dataascienceé nb igoeinrefroarl ma tiii

datelor, analiza, vizualizarea rezultatd§#s]. Cn af art de consol a de b
R pot beneficia deiverselDE-uri (Integrated DevelopmentriZzironmens i Medii Integrate de
Dezvoltar¢ " n s ¢ @analiza dte emnsahigula iHai eficientiatele. Acesteaunt concepute
pentru a ajptiizaterul "Hi parsii witma™Ha s crviezudal ilzikniiiil
variabil el or 'Hi | i bratcrcieislbarn i~ rmpald Ratutiel67] rd e m
este unul dintre cele mai populare medii de dezvoltare R fiind lansat ca IDE specific limbajului R
“"sat ul teri or media bilinghalax astp r e uRR 'Hine rP itedwgsot i .
probabil va men™H ne Hdomenwvul tbroonhoiHmatbo

f u n de"iMare ajutopentru analiza dalier biologice[45].

23Met ode de Dbiologie molecul art

Cn cadr ul cercettktrilor efectuate au fo
experimentale de | aborrt opentnred e Ha peatruprana < tam
datt " n Republ i ca nveotlrduwomwean tau | f &emuid Ltab[f5k] loace?Hi to |
per mite extr ag eizualizajea ADMpui (Fig. 2.8 ar ea Hi v

.....
‘‘‘‘‘‘

-

Fig. 2.8 Dispozitivul Bento Labdin cadrul Centrului de

Cercetare a Faunei Terestre, Institutul de Zoologie
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Acest di spozi ti v ma onpdrtante iedhipamente mecesdre perdgrll realizarea

unei reac Hii de PCR Hi include o microcent.
termociclor, casett pentru electroforezt, ©b

Deoarece adi u | dezoxiribonucleic este o mol ec
bi ol ogi ce, cercetarea diversitt™ii speci il
bi ol ogie molecul ar t. Dincol o de -elxuirya ggatreraa |,
cuantificarea infor ma' ei genetice “nlorstud
speciil or, popul a™i i | or ded rictt aHielaorzothe | ©o n <
de gene stritine " nicedi ferite comunit & Hi f aun

2.31. Extragerea ADNului genomic

Cn scopul p-uk uif i @aur ifio s A DN GendJETzGenomic ONAuU L
Purification Kit[135]d e | a p r ThermmocHsheo Sciantified Dipstick DNA Extraction
Kit [158] de laBento Lab P r i mu | protocol de extrac'™™i e &
col oane ‘Hi per mit e adh Haner a naduit AIDM da f e
organe intem e , mu Hc hi |, peted e, Pcoaadyr & ©O©heg ei zol ar e

prezerFigd9e " n

Omogenizarea materialului biologic N Transferul lizatului pe coloanele de
purificare. Centrifugare

DigestacuD Ol OAET AU

~ ~ o~ oA A

YT ACAAOGABI VAT T A |

I Al OA OwmshBW© A 8
Incubareacu ARN-AU & !

Eluarea ADN-ului genomic
Liza probelor

l StocareaADN-O1 OE DAT 004
Mixarea cu etanol de 50% — ulterioare

Fig. 2.9.Etapele de izolarea ADNu | ui dupt protocol ul
GeneJET Genomic DNA Purification Kit
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Cn ce pri v Oipstick DNAEXtracton Kb uhct ul forte este ex
redusAvoOnd un cost redus aceastt metodt poat e

coloane To t u Hi cantitatea totalt de ADN extras
aplica™H ile care necesitt Dpgickoumretcrea Hitit mamhi
precum termobloc, vortex sau centrif i, Hi
fiind observat faptul ct hOrtia -udliuni cperleuclu

sptl ar ea ac e sktapele de rebkzare soptiri ebzi et elg.a2tl@® " n

' AOCOAADI DOT AAT T O A

!

Strivirea materialului  biologic cu un pistil. |
SPDalMHE AQOOAIGAOAA ! $.
cu benzi dipstick

!

)TOOLAOAAOAA,AATQELTC
AA Al bl EEEAAOA OAOD

Fig. 2.10.Etapele de izolare a ADNu | ui d u p £ DipstickDNA Extractioh

Pentru eficientizarea metodeipstikar put ea f i necesare proced:!
Hi de eliminare a impuritt™ | or care pot c.
Hi |l a reducerea 1inhi bit oreiatemeneanha dingrmpipalelé i c ¢
provocktr.i asoci at e acestui p r @xttrascdintro epsrtoeb L

bi ol ogi ct.

2.3.2.Amplificarea ADN-ului

Reac™H a de polimerizare “n lan™H a fost
instrumentuluBento Labc u  ut i | i z ar e-ari: ThermoLScienafiOednd aq Gkeent
PCR Master Mix (2XJHiAmpliTag Gold 360 Master MixAmbele sunt amestecuri gatie
utilizare ce con’™Hi n ADN pod iHmer patr u soIi
dezoxiribonucleotide (dATP, dCT Mreandl&d & n Hi n &
dout tipuri de col or an Hi Hi un r e a gphocortilor d e
pe gel . Col or an’Hi i din amestec nu afecteaz
oper aHi uni ulterioare precum secven'H erea

cul oare albastrt migreazt “cru ¢ elaugl mednet-Sdebgea rdo
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iarcelgal ben " n tandem cu secven HAMm@TapGoldeste s c

destinat pentru un spectru | arg de apl i ca’Hi
ADN-u | degradat i fHic ap ofart g neemple de p@eamnTag, a
genereazt ampliconi deulpu@ntg elnao md@ ck BHi "-ulRiOc &2
viral. Se r ec o matehiti dedgenotiparef dlonastd. Ackst amedtec & fost

ut i | 1 zentru testar& vitrp a acoperirii taxonomice a noilor primeg ©t Hi p €

genotiparedt @t st me "Blwlzwil ,ctO¢ s t'Hir i p e nptBususteyaa N oo

vol umul de reacHi e a fost opti mi zBAreamTagH n d
AmpliTag Gold au fost wutilizate pentru euwviuméxwmaar e a
dupt prDopstiokcDONA Extraction Din pri merii procur a’Hi S
au fost ob™Hi nute soluiHid Isaoc©uneé&ullOolDor@Mdi |
crearea solu™Hi il or de lwucru. Programel e de

pr ezerntadted elre 2.5, 2.6 Hi 2.7

Tabelul25Componen™a volumul ui de r-dudac H e pe
Component DreamTaq Green PCR AmpliTaq Gold 360

Master Mix (2X) Master Mix

Master Mix 12,50 L 12,50 L
360 GC Enhancer - 250L
Forward primefconc.1 0 N 050L 10L
Reverse primefconc.1 0 DN 0,50L 10L
Probt ADN 30L 30L
H.O nucleasdree 8,50 L 50L
Volum total 250 L 250 L

Tabelul 2.6. Programul de amplificare pentru DreamTaq Green PCR Master Mix (2X)

_ Numbr ul
Etapa Temper at ur g Timpul o
cicluri
Denaturar e 95 3 min 1
Denaturarea 95 30s
35*
. o 45*
Alinierea primerilor 30s 30**
61**
40***
Extensia 72 1 min
Extensi a 72 10 min 1
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* - Realizarea PCRului cu primerii Met12S

** - Realizarea PCRu | u i pentru amplifi caarfeoas tg ereail iMGQLR Icau npirsit
AGTGCCTGGAGGTGTCCATTCCC (forward)
CGTAGATGAGGGGGTCCACGATGGA (reveris#)

*** _RealizareaPCRI 1 ui cu ADN tdcdubDipatick DiA Extractiprr o

Tabelul 2.7. Programul de amplificare pentru AmpliTaq Gold 360 Master Mix

Etapa Temperatura( A C) Timpul Numerul
cicluri
Denaturare 95 8 min 1
Denaturarea 95 30s
Alinierea primerilor 61 30s 40
Extensia 72 1 min
Extensi a 72 7 min 1
Temperatura de aliniere a primerilor a f ost
ajutorul calculatorului platforméilew England BiolabE36].
233El ectroforeza pe gel de agarozt Oi vi
El ectroforeza pe gel de agarozt este o
fragmentel or de ADN "n baza deéeanec®©mpnoil ui a

mol ecul el e de ADN av®Ond sarcint negativt
capttul "nctktrcat negativ (catod) spre cel
mai repedeEtapele de realizare a electroforez&Mului sunt:
1. Mont area cuti ei pentru electroforezt Oi
Cn cercettrile ef ecatguaartoet%h adfeoat e utl -p £ z &
adtuy@ll OLlal0 mL)sol u™Hi e agenGelGeenAcestacalearle
mol ecul el e de ADN Hi pewumite@mpn Yalamp Eidianidiae
Bromidul GelGreeaular e 0o mast mol e-cpermiternraversareaa neemhrameloe 1
celul are. Acest |l ucr d oxii confttd ratg eanvi an t'raigsuel vd ¢
prin gel e s iteea denmigrarena ADMIui avfi deasemenea i nf | L
concentr a'Hirae aigdewidl5Sel uBHi a de agarozt cu ager
cutia pentrusellkastofapenk. HBO min) l a t en
gelului.Dupt solidificare se adncu@tt vboulfuf neurl Os, o5l

toatt suprafa™a gel ul ui
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2.Cnctrcarea probelor

Cn cazul uti i zerii a mp |IDreanoraqi Greem PCR {2X)J n u
aceHtia se “ncald®dL pder)e@tnotbraupcrcotx . dej a c o
ampliconi i r e z u ArmpéiTa Gold 860 MasteraMiaBOL | d ¢ i @kl u ¢
20L colorant (6X DNA Loading Dy&€n cdecphputare
di mensiunii amplbiuzamitlrarHo s @theRara50by DNASLadder
Acesta permite determinarea dimensiunii AN ui dubl u catenar “~ntr e

3. Conectarea cuti ei ldnsaresdectrofarezeie al i ment ar e

Separarea fragmentelsee f e c tlaiogdemsiubhe de 50V timp de aprox-3®M mi n du
care bufferus e Vhar sé v i z u a tlecroratrcdaig.l2émzi | e

Fig. 2.11 Vizualizarea geluluila dispozitivul Bento Lab

Analizarezultatului electroforezei-a efectuat n ¢ © g tragiimnatorul Bento Lab cu

utilizarea unei hote speciale pentru ob™in

utilizatt inclusiv pentru fotografierea gel
234Fr agmentarea ampliconilor cu enzime d
Polimorfismul lungimii fragmente o r de rRestrictioni fragmeat lefgth

polymorphism- RF L P) este o tehnict moleculart <car
ADN omol oage (secvenHe <care derivit din ac
comunt) “n sdé¢opuwldiivd ent iof i c tpmogoo Hibadéktc. Remtru S
digestia alelelor gen&IC1Rla specidSusscrofa cu enzi mel e de restri
aplicat urmktorul protocol de lucru:
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1.For marea amestecul ui de reacwie

produs PCR 100 L

a priuclease freé 180 I,

10X Buffer O pentru BspHI2OHI 10X Buffer
e n z BspHI(10 UD ) sau BstUul(10 UO i 1-201L .

2.Se amestect “"ncet, spin down pentru cOteva
3.S5e incubeazt -lI6@e. 37AC pentru 1

Site-uri de digestie:

- BspHI

5 Nj. CATGA...3 Nj

3Nj. .. AIGTAC 5N;j
- BstUI

5 Nj. .CGCIHN;j

3 Nj. .GCGC . ©5N;j
BspHlpoatefi nact i varmkndc ebai € | a 80AC tii6nspA Cd et i 2mp
20 min.

2.35.Sec v e nADN-elui e a

SecvenHi-eren sfOHNrdeeeretminarea succesiuni
de ADN. Fiind una dintre cele mai mar i rea
genetic permite studierea organismelor vii prin descifrarea anumitornreggmomice sau a
“"ntregulcueeagecneomper mite gtsirea rbtspunsuri |
Secven'H €YTBa mronlkel or de microtine din Rep!
tehnol ogia Sanger | a ilaesaiUntuér seElEWD Hoai e

Secvenwi ebDeanami Sehe gtbida de secvenWwi erdhainpr ir
termination methodpangeres t e 0 dnee tsoedctdesprr "Himr egemep wsvh ed e
laureatul premiului NobelFr eder i ck Sanger ‘Hi[109% Métoslagdecurges L i
printr-u n proces de "ncorpor aretor (&MTP)edcet i ¥ £t rae d
poli merazt ° n intvitrongp ADN-ului,acleisd terai sit mdpwa @md s i r
termi nar ewxleotide DiHpk uidenat u-ubhr enonbaatAmMar se
specificknoua catent fiind eloinigat £ Hicua ut ddNTPz a a &
pentru fiecare tip de nucleotid. ®8ecVemn Hp O
ataHarea unui ddNTRPOt D#Hoarde de o edegri @¢e
at aHa, sinteza secven Hel oFecae @dNVPRainclude unmarker |

fluorescent car e este detectat “'n mo d aut
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fluorescen™tL 'Hi t r ansHroirmmad on we nski nen ad d ednd ng
fluorescent verde, timinar o Hu, Tgmueqn wn a Hii al@strt.9ec¢c nean H er e a
r e p r estandardultde aur pentru identificarea SNNor Hi i nser H il oro/ del
met @dte Hicdd eficientkt pentru citl(exa saOver
unei singure genePe asemenegaaceastee st e pe |l arg wutilizattkt 7“1
NGS.
SecvenWwierea de gener awi a.Siagonted’dHiregreepae r E
r mbL t Neat Generdtion SequencihRgNGS) este o tehnol ogie de
are ofert ‘umaH darndameedeta nnaalriez £ a. N&2 pevneten "He |

u
Cc
secvenihi ereana de fragmeént eastde zab Kdefarmi@ypea palr
s

uccesiuni i nucl eotc®el!l i " m ‘rretgrieaqul "H et c
revol u™Hi onat Htiin™Hel e biologice, per mi "HOn
varietate de apl i ca’i i Hi St St udmolecular ap
Secven'H ea#liae der getmeare |1l |l umina utilizeazt

chi mi e dsequencing byesgnthesic SBS) i denti ficO©nae ¢ii muyl

l e “"ncor puonr elagn™™ " e Pacimd!l npalsei’cn. r éHIniez adre
prepararedibliotecilorg e n o mi c e Hi I mplick procesarea pr
CcCu secveanbilatodrewli.l e de secvenHi ere dalaoabi d

adbugarea adaptoril ort € han oa nobgeil eel Iliahees as@atorvi e. n "
conHin secvenHe suplimentare care perfiowt I
cell. Deasemenea “n ti mpul procesul ui de |l egare
indexare numite bacoduri care servesc pentru distingefemt r e. Up mab ®@ar ea e
procesul ui de secvenHi ere ™M ne de "~ ncktrcar
secvenCH attiompul SBS nucl eotidele modificat e
catena matr cdaf rdoem ADON nci pi u.lDuuptc olmepd aerneean |
nucleotidese emite un semndluorescentcarei n d asgpta tipului den u c | ecaréa fobtk
adtugaAaral i za, Vi zual i z &G®sae Hi e ailnitzeerspecidet au
(Nlumina Connected Analytics, MiSeq Reporter, Sequencing Analysis \G@n¢t64].

Tehnologiile NGS au “"mbuntttit™Hi t seonwe rd'El
barcodur i Hi met abar codwuir d| ardodteeacasttaa una dirdrer
l'i mi acestera este faptul ct pot fi apl.i cat

Dezvoltarea secvVven Hi Gxtord Nanbpuei Techiologle® Matedadizat ¢ £ t
rapi d conceptul de secven'Hi ere poed\wadn Hier

g e n e r a "HiThard Genetatioa $eguencind)ansarea sa deschis noi perspectieet ©t ° n
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priveHte di me iHdsartabifitatdac©tc olfhip ad& gac igteanteega dat

[80.Cn ultemven#dnér aafNahpnppptieaatin | aborat o
"n cele madiidi peesem St a Hi [8] Spw "Ht il &r [RPlha reg u
SecvenH erea portabilt Hncecopuldriiidemito di ¢
l'imitatt “n aplicare " ntruc®©t este | imitat
ma i puHin de 10 probe) . Touilz&ara dispaziivulis poctathii u
Bent o altehtolodi¢i Nanopore pentru identificaiessitua s peci i | or din
demonstrat posibilitatea de a secven'™H a ' n

[21]. Metabarcodarea ADM | u i Cu secven’ H atQxiord Nanddorgcar® n  (
are un preH de achi zi "Hi e ascet zaut pHit eeas tpee rrnd |

mol ecul are “n timpi rapi zi Hi fErt nEO.0i a u
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2.4.Concluzii la capitolul 2

.Pentru realizarea cercetdbtrilor propuse
tehnici de Dbiologie moleculart c©t Hi ac
Anal i za ‘'Hi procesarea dat el oidimbaul R (mediul ef
RStudi o) . FIl uxul de | ucru 'Hi l'iniil e de

adaptate necesitt™ [ or studi ul uima mutormb a |
obiectiveal e | ucr brii precum eirvslitowna rseeac vperni'Hed
ADN, analiza filogenetict 'Hi model area d
.Cn s c o p unlvitrd a acaperiri itaixonomice a primerilor pentru metabarcodare,
di gesti ei cu enzime de restric™ e 'Hi S €
probe de material biologic.

.Probele de ™esut au fost prelevauev®deat

("n cazul ptstril or ‘'Hi mami ferel or mari
mami ferelor mici). Speciile de amfibieni
"Hesut prelevat au variat “de fluamcpHi el & eHis
|l a organe interne). Dupt prelevare probe

extragerea ADNUlui.

.Probele prelevate au fost supuse anali z
ADN-ul ui , ef edt wWeer ePaCRr ecaocnMieen "Hi onal , di ge:
el ectroforeza pe gel de agarozt. Pentru
instrumentul mobiBento Labpent ru extrager ea, a mpuluii f i c
Secven'H ealeiaz aat tf opsrBangeretae H masltad giua u | de Ec
Uni versitt™ii din Berna.
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3. DESIGNUL PRIMERILOR PENTRU METABARCODARE
Al GENOTI PAREA CU ENZI ME DE RESTRI C

31.Abordtri bi oinformatice

3.1.1.Determinarea tuturor speciilode vertebrate terestre din Moldova

care au mitogenom secvenwWwiat inclus “n

POnt " n prezent au fost Il denti ficate 17
fauna Republ i cidi Mol dova Hit aug lRefBegAmnéxal mu |
Acestea cuprind: 127 speci i de ptstri, 38 ¢
reptile. Trebuie men’™™ onat cde "pmassaju,dicuu apur

Hapari H e acci de nlinodaldapppmcar St ec £ o p a esawlatusp ar
melanocephalu$l65]. Col ec Hi a care cuprinde 174 genoml
creatt sub f oBanki*.gh), eu ajutortd iplatiormeGMGBIl " N ur ma ver
individuale atuturor speciilor de vertebratteer estre "~ nregi str@ & ~n
numtr ) . Di287tr re @ r aspeeiigepd.a £ r i ( Bi r d Li56],&2iIspediie r n
de mamifere(com. pers. V. Nistreanull4 7 specii der e p t alte B4 1 $peciide amfibieni
(com. pers. ¢n ‘Hadehmw b p Be A ecare auldenom mitocomdiial
secven'Hi at i ncRefBegid € mu miarzeaa d'en dlait rgbri ¢ cu m o'lIFi© n

di n c arfepaae e Ht i a

Tabelul 3.1 Speciile de vertebrateaerestre din

Republica Moldovac ar e au miRefSeggenom ~ n

N/o| Denumirea spegDenumirea spe Clasa
1 Accipiter gentilis Uliu porumbar Aves

2 Accipiter nisus Uliu ptst Aves

3 Acrocephaluscirpaceus Ltcar de ¢ Aves

4 Aix galericulata Ra™HL manda Aves

5 Alauda arvensis CiocOrlie ¢ Aves

6 Alcedo atthis PesctruH a Aves

7 Anas acuta Ra™t sul i Aves

8 Anas clypeata Ra™t | i ngl Aves

9 Anas crecca RaSt mict Aves
10 Anas platyrhynchos Ra™™L mar e Aves
11 Anguis fragilis NLpOrct Lepidosaurig
12 Anser albifrons GOr | i "HL m3 Aves
13 Anser anser GOsct de v Aves
14 Apodemus agrarius noarece Vv&iLrg| Mammalia
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15 Apodemus sylvaticus noarece de Mammalia
16 Apus apus Drepnea ne Aves
17 Aquila chrysaetos Acvilt de Aves
18 Aquila heliaca Acvilt 1 mp Aves
19 Ardea cinerea St ©rc cen Aves
20 Ardea purpurea St ©rc r oH Aves
21 Arenaria interpres Pietrucxk Aves
22 Asio flammeus Ciuf de cd Aves
23 Asio otus Ciuf de pt Aves
24 Aythya ferina Ra™™ML cu <cap Aves
25 Aythya fuligula RaS$St moSa Aves
26 Bombina bombina l zvoraH cu al Amphibia
27 Bombina variegata l zvoraH cu al Amphibia
28 Bombycilla garrulus MLt Esar Aves
29 Botaurus stellaris Buhai de b Aves
30 Bubo bubo Buf ni "HL me Aves
31 Bubulcus ibis St ©rc de ¢ Aves
32 Buteo buteo forecar comun Aves
33 Buteo lagopus norecar ~ nd Aves
34 Calidris pugnax BrttuH Aves
35 Canis lupus Lupc e nu 'Hi u | Mammalia
36 Capreolus capreolus CLpri oar £ Mammalia
37 Carduelis spinus Scatiu Aves
38 Cecropis daurica ROndunictkt r Aves
39 Cervus elaphus Cerb comun Mammalia
40 Cervus nippon Cerb ptt al Mammala
41 Charadrius alexandrinus Pr undtsrktar’H tdu Aves
42 | Chroicocephalus ridibundus Pescktruxk r Aves
43 Ciconia ciconia Barzt alb Aves
44 Ciconia nigra Barzt neacd Aves
45 | Coccothraustes coccothraust CireHar Aves
46 Columba livia Por umbel de Aves
47 Corvus corax Corb comun Aves
48 Corvus cornix Cioart gr Aves
49 Corvus frugilegus Cioart de s Aves
50 Cricetulus migratorius Gri van c¢en| Mammalia
51 Cricetus cricetus HOr ci og Mammalia
52 Cygnus columbianus Lebbtdt mi ¢ Aves
53 Cygnus cygnus Lebtdt de Aves
54 Cygnus olor Lebtdt de Aves
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55 Delichon urbicum Ltkstun de Aves
56 Dendrocopos leucotos Ciocktnitoare Aves
57 Dendrocopos major Ciocktnitoare Aves
58 Egretta garzetta Egrett mi Aves
59 Eremophila alpestris CiocOrlie wu Aves
60 Falco cherrug Mmim duntr Aves
61 Falco columbarius nim de ia Aves
62 Falco naumanni VOntur el f Aves
63 Falco peregrinus Moim cbl bt Aves
64 Falco subbuteo noi mu l r ond Aves
65 Falco tinnunculus VOntmaoldu Aves
66 Felis silvestris Pisictkt stl| Mammalia
67 Ficedula albicollis Muscar gulerat Aves
68 Fringilla coelebs Cintezt Aves
69 Fringilla montifringilla Cintezt de Aves
70 Fulica atra Li Hi "Ht Aves
71 Gallinula chloropus GLi nuHL de Aves
72 Garrulus glandarius Gai "Ht Aves
73 Gavia stellata Cufundar mic Aves
74 Gelochelidon nilotica Pesctri "Hb r Aves
75 Grus grus Cocor Aves
76 Haematopus ostralegus Scoicar Aves
77 Haliaeetus albicilla Codalb Aves
78 Himantopus himantopus Piciorong Aves
79 Hirundo rustica ROnduni ct Aves
80 Jynx torquilla Cap  ntort Aves
81 Lacerta agilis Mo p©Or | £ c e i Lepidosauria
82 Lacerta viridis nopor | t v ellepidosaurig
83 Lepus europaeus |l epure de Mammalia
84 Limosa lapponica Sitar demal nordic Aves
85 Loxia curvirostra Forfecu ™t Aves
86 Mareca penelope Ra™ML fl ui e Aves
87 Mareca strepera Ra™HL pest | Aves
88 Martes foina Jder de pi|l Mammalia
89 Martes martes Jder de pt Mammalia
90 Meles meles Bursuc Mammalia
91 Mergus merganser FerestraH Aves
92 Micromys minutus Roarece pitic Mammalia
93 Microtus arvalis noarece de Mammalia
94 Microtus levis Moarece r tstr| Mammalia
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95 Milvus migrans Gai e neadg Aves
96 Motacilla alba Codobaturt Aves
97 Motacilla cinerea Codobaturt Aves
98 Mus musculus noarece de | Mammalia
99 Muscardinus avellanarius POr H de al Mammalia
100 Mustela erminea Her mel i nt| Mammala
101 Mustela eversmannii Di hor de s| Mammalia
102 Mustela lutreola Nur ct eur o| Mammalia
103 Mustela nivalis Nevistui c| Mammalia
104 Mustela putorius Di hor de p| Mammalia
105 Myotis bechsteinii Liliac cu urechi late Mammalia
106 Myotis myotis Liliac comun Mammalia
107 Neomys fodiens Chi "Hc an d el Mammalia
108 Netta rufina Ra™™ML cu ¢ Aves
109 Nucifraga caryocatactes Alunar Aves
110 Nyctalus noctula Liliac de amurg Mammalia
111| Nyctereutes procyonoides CO®©i ne eno|l Mammala
112 Nycticorax nycticorax St ©r ¢ de n Aves
113 Oenanthe isabellina Pietrarr £ s L r i t { Aves
114 Oenanthe oenanthe Pietrar sur Aves
115 Ondatra zibethicus Bizam Mammalia
116 Oriolus oriolus Grangur Aves
117 Otis tarda Dropie Aves
118 Otus scops Ciuf pitic Aves
119 Pandion haliaetus Uligan pescar Aves
120 Panurus biarmicus Pi "Hi goi de Aves
121 Parus major Pi "Hi goi m Aves
122 Passer domesticus Vrabie de Aves
123 Passer montanus Vrabie de Aves
124 Pelobates fuscus Broasct stpt| Amphibia
125 Perdix perdix Pot ©r ni ch Aves
126 Periparus ater Pi "Hi goi de Aves
127 Phalacrocorax carbo Cormoran mare Aves
128 Phasianus colchicus Fazan Aves
129 Pica pica Co™Hof ant Aves
130 Picus canus Ghi onoai e Aves
131 Platalea leucorodia Lopttar Aves
132 Plecotus auritus Liliac urecheat brun Mammalia
133 Pluvialis squatarola Ploier argintiu Aves
134 Podiceps cristatus Corcodel mare Aves
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135 Poecile palustris Pi "Hi goi s Aves
136 Pyrrhula pyrrhula Mugurar Aves
137 Rallus aquaticus Cristel de Aves
138 Rana temporaria Br oas ctmunte Hi| Amphibia
139 Rattus norvegicus nobol an c¢ern Mammalia
140 Recurvirostra avosetta Cioc “nto Aves
141 Regulus regulus AuHel <cu ca Aves
142 | Rhinolophus ferrumequinum Liliac mare Mammalia
143 Sciurus vulgaris Veveri Ht Mammalia
144 Scolopax rusticola Sitar de p Aves
145 Sitta europaea ‘Hclean Aves
146 Sorex araneus Chi "Hc an c¢ o Mammalia
147 Stercorarius parasiticus Lup de mare mic Aves
148 Sterna hirundo Chirt de b Aves
149 Sternula albifrons Chirt mic Aves
150 Streptopelia decaocto GuguHtiuc Aves
151 Strix uralensis Huhurez mare Aves
152 Sturnus vulgaris Graur Aves
153 Sus scrofa Mi stre’™ Mammalia
154 Sylvia atricapilla Silvie cu cap negru Aves
155 Sylvia borin Silvie de Aves
156 Sylviacurruca Silvie mi Aves
157 Tachybaptus ruficollis Corcodel mic Aves
158 Tadorna ferruginea Califar r Aves
159 Tadorna tadorna Califar alb Aves
160 Talpa europaea COr ti "Ht Mammalia
161 Tringa erythropus Fluierar negru Aves
162 Tringa glareola Fl uierar de Aves
163 Tringa nebularia Fluierar cu picioare verzi Aves
164 Tringa ochropus Fluierar d Aves
165 Tringa stagnatilis Fluierar de lac Aves
166 Tringa totanus FIl ui erar <cu Aves
167 Triturus cristatus Triton crestat Amphibia
168 Turdus merula Mi er | L Aves
169 Turdus philomelos Sturz c¢cOnt Aves
170 Upupa epops Puptzt Aves
171 Vanellus vanellus Nag®©™H Aves
172 Vespertilio murinus Liliac bicolor Mammalia
173 Vipera berus Vi per t ¢ om Lepidosauria
174 Vulpes vulpes Vulpe Mammalia
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Baza de dateRefSeq[91] est e O col ec Hi e de secven’'He d
nonredundant e ‘'Hi de o calitate “naltt. Ac e
datel or de ar hi vi tGQesBani28]dm Statdts Unite cbiblioteth detdate ™ r
EMBL[64]di n Regat ul Uni t THi b a[b32]la dteu tdarnt ea ga nfe
pentru fiecare speci e -senr mptatrad eer DB SfiTo miihwle & r $
“n latinkt[orgn] nHitlotcrheornedar i roenzawgfestnad pessiaodaza det u
dat e RefSelp £ Hi( comparti ment unitochgnelrrolet i cCo e c "Hi
mitogenomu | a f o s trmasGarBanka(full’H corespuhde la 174 specii, 18&nuri, &

familii, 26 ordine THi 4 <cl|l ase. Maj or i,tlarat e a
secvieunHed i zate “n procesul d-kselunnaoumiiaxidau f os't

3.1.2.Compararea insilico a primerilor universali

utili zawi pentru identificarea vertebrat

Primeri. uni ver sal. s e uului proveniteda [a bn gue det r
organi sme mai mult sau mai p u "Hi "He acpor nospe ravt aef
| egarea acestor primeri. Cn scopul testbridi
a fost ef eiosilica@Hit ctoensptaarraeraea gr adul ui de <cor
uni versal. u t icdrea gpacibr depvertebrate uPrimadperettizid-169 a fost
propust ~ n anTakdashiX@abdbli deokcaboeatori. “n cal
pentru il dentificarea specii luoe regiue aADN-ultie b r

mitocondrialc ar e ¢ o d-ul fibozornallGSE®]. Pentru validarea acestdf&ano a inclus

“n st udi wide smamifere® speqi de vertebrate nonama | i ene ( pe Ht i .
reptil e, ptstri) 'Hi[66dA dotua perecleeadée primediZSV5) e vH: mit e
regiunea mitocondr i dibhygba Ri2ZA%i 'Hd o laaub o roastt[@04irie a”
Ac e Ht fostv al i da "Hi cu utilizar ePrimérlgoHi t mi ladmo
experimentale de laboratfdr04].

Amplificareain silicoa f ost reali zatt pentru 191 mit
dintre care sunt parte a faunei Republicidi
perechede primeri(Kitano-16S)r e pr ezi nt £t un grad de conserv
deadoua{2SV5). figuile3. 1 ®unB. Pprezentate | ogourile

rezultate “~n ur ma depdanier z e celor dout perec
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(a) L2513

LUTTACCAAAMCAT

r— 1 1 T T T T T T T T T T T T T T
G ¢ ¢ TG TTTACTCAAAAATCAT

bits
00 05 10 15 20
1

o -
»
o -

Forward primer
(b) H2714
S
o~
W ]
2 o |
3 <
w
o
o ]
© r—r 1.1 1 T T T T T T T T T T T T T T T T T
c T ¢ ¢C A TAGGGTTCTTTCTTCGTTCTT

Reverse primer

Fig.31Logour il e de secven'™e ob HKnanctl8S pent r
ai forward primer(L2513 @ revetse primer (H2714)

(a) 12S-V5-F

AT

Forward primer

bits
0.0 05 1.0 15 20
1 1 1

(b) 128-V5-R

e

Fig.322.Logour il e de secven'™™He ob'Hil2SY% e pentr
a’ forward primer (128V5-F )i b i(yeverse primer (1285-R)

1

bits
00 05 1.0 15 20
1

T T T T T
T T A G A

@ ce priveHte acoperirea t a26vsacemorstrata p
o performan™H net superioart cu un indice |
cu pereche&itano-16Sce a avut un rezultat de 0,2199

primer estkRg.3Brezentat ' n

70



.- ®

Numarul de nepotriviri pentru primerul 12S-V5-R
1
1
O

I !
0 1 0 1 2

Numarul de nepotriviri pentru primerul H2714 (revers

Numarul de nepotriviri pentru primerul L2513 (forward) Numarul de nepotriviri pentru primerul 12S-V5-F

Fig. 33 Numbt r ul d & pemteuperechile de primeri
Kitanool1 6 S ( st ©OWg(drgaptadi 12 S

Din figurt se dbdS¥eprvezicntt Lp eurne crhierat r ma x
pentru ambi.i p Kitan&#65 U n = ma x ii Mmpm ccke o0 singur
primerulforwmardcu o | i pst totalt a nepotrivirilor
met abarcodurilor (fErt pr il2s¥5Hi) deesteaep r onxtirnea

pentru Kitano-16S. Astfe | |, conform algoritmilor bi oi nf
speciil or de vertebrate terestre ar 128M5 mai
Aceastt pereche va fi utilizatt ~ npocteerncdita
pri mer. nou c¢r ea Hi

3.13Desigul &Gi testarelar in silico a primeri

Lansarea algoritmuluecoPrimerscu utilizarea celor 174 mitogenomiRefSea permis
identificarea mai mul tor perechi de pri mer.i
met abarcodurilor (fktrt primeri) “"ntre 80 H
temperaturt de fawaplHrevwrsemat r enap ei ohe r-8ib Gereche e | ¢
cu val oar e0,d83 okadadlmtmadl ) 'Hopicrue od e efmd,eT aA@r

forward ( AAGGCGGATTTAGCAGTA) Hi 51 ,réverse AC
( CACTTACCTTGTTACGAC). Cn termeni simpli, df
pentru a distruge c¢ompl-edi, iarotemperatura ce paer ppatedie c u
definitkt ca temperatura | a care are | oc de
Cu c©t valorile dG sunt ma i mi ci (val ori n

necesart pentru separauvkeafoamenel orst dac tADr
self/ hetero di meri s au rsetarcuiHiteurdie hPaOR ppirni)me
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j oase, cantitatea de energie necesart pent

ridicate pot pertudd r eac "Hi a. Cn general s u0kcal/madidealpt ab
fiind cele de peste6 kcal / mol . Cn cazul de f aPHmMerROCoO n f
[61]], primerii ob™Hi nu™Hi formeazt heterodi mer.i

st afecteag abena dexuafcBiei de PCR (Fi g.

# Primer Dimer Report #

5> AAGGCGGATTTAGCAGTA »>3°

111
3'< CAGCATTGTTCCATTCAC <5

# End of Report #

Fig. 3.4 ValoareadGa pr i meri |l or nou <cr ea’Hi

Deoarece noua pereche de primer:i crp | i
codiARNrt 12S 'Hi a fost creatt pentru cerce:
provizoriu Met-12S(respectivMet12SF pentru primeruforward HMet-12SR pentrureversg.

Cn conti nuar -alin silico, indainz G@nrdo pRIGR st deter mi ntm
(Bc) , specificitatea (Bs) Hi gradul dei col
uni versal. u t ardodaeavéttebrgieti2$V6-b 'H IIBSMS-R. Pereched2SV5

Vizeazt regiunea mitocondrialt ARNr 128S 'Hi
pri mer. uni versal. ut il i za'Hi [LE5h Annplificaneadne n t i
silicoas e c viar stutiatecu primeriil2SV5HMet-12Sa  ar £t at ct [J04]lare c h e
un grad mai mare de conservare 3BHBG®swmpgar a

prezentate | ogouri lremad eansad d zeen "Hec erl ez u |dtoautke |
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12S5-V5-F

(a)
S
o~
w |
L o |
3 -
o
o ]
© T T T T T T T T T T T T T T T T T T
T A G A A Cc A G G Cc T Cc C T C T A G
Forward primer
(b) 125-V5-R
Qg
o~
w |
£ o |
B <
w |
o
S
© T T T T T T T T T T T T T T T T T
T T A G A T A o C Cc C A o} T A T G C

Reverse primer

Fig.35 5. Logouril e de secven’'Hel2®/B:'Hi nut e pe.l
ai forward (12SV5F ) (everge (128/5R)

Met-12S-F

ATTAGeACl

ARG

bits
00 05 1.0 15 20

Forward primer
(b) Met-12S-R
i G A C T T ACC T TG T T oAGCoGE A C
Reverse primer
Fig.36Logouril e de secven'HeMevlBSHi nut e per
ai forward (Met12S-F ) iGeverde (Metl2SR)
Ast fel, se pacatpddt abtsoeSriv ap rcitmelra i au un gr ad
mai sctzut poate fi observat 12SV5Rkrii,mad ep oazsieS

“n pozi ScapebdMari2SRal Bumermépat ri viri per pr
figurile 3.7 Hi 3.8
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@) @)

199 -

40

Frecventa

20
1

10

Numarul de nepotriviri pentru primer-ul Met-12S-R
1
1
@)

o _I_I_| | m— |
I I I T 1
0 1 2 120 125 130 135
Numarul de nepotriviri pentru primer-ul Met-12S-F Lungimea metabarcodului (bp)
Fig.3.7ZNumtr ul de nepotriviri (st ©nga) Hi [ u

pentru perechea de primeriMet-12S

100
|

40

19 8
.

! ! I I I ! 1

Numarul de nepotriviri pentru primer-ul 12S-V5-R
1
]
Frecventa
60
]

0 1 2 90 95 100 105
Numarul de nepotriviri pentru primer-ul 12S-V5-F Lungimea metabarcodului (bp)
Figu38Numkrul de nepotriviri ( st ©@mgaptp) Hi [ u

pentru perechea de primeril2SV5

Se poate observa ct noua pereche prezintti u

" n t i128¥5-eaximum o nepotrivire pentru primerdrward 'H i dout reverset r u
Numbr ul d eificatpiresdicop oamp | f i crescut per mi 'HOnd
per pri mer, t ot uHi acest ildeBQGRIn vippoo atPer 8§ oc @
pri meril or a fost e vBclHuBg tarea Un d b mmp a s tar adtoi o

superioart Meth2Sr ua cpeearsetcah eaav ©n d & nigelkde gpecree r e
98,28% (0,9828 1.00) (Tabelul3.2) 'H o specificitate & 86,55% (0,8655 1200) (Tabelul3.3).
Respectiv, pentru perech#aSV5 a rezultat un Bc de 0,9770 (97,70% 'Hii 0,5858 (53,53%).
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Tabelul3.2Acoperirea

taxonometddS pentru

pr
rank ecopcr db procent(Bc index * 100)
regn 1 1 100
“ncren 1 100
cl ast 4 4 100
ordin 26 26 100
familie 60 61 98.36
gen 129 130 99.23
specie 171 174 98.28
Tabelul3.3Rezol u™Mi a t axononMegl2S pentru pri
rank taxon_ok| taxon_total| procent (Bs index * 100)
regn 1 1 100
“ncren 1 1 100
cl ast 4 4 100
ordin 26 26 100
familie 58 60 96.67
gen 125 129 96.9
specie 148 171 86.55

Astfel, conform algoritmului bioinformatiajoua pereche de primeri ce corespunde sistemului de

metabarcodarMet12S(Anexadpr ezi nt t

i denti fi cspeciddome dtr 1148 n
i denti fCrabdlu®d.4s wWn tn

Hi

acopen e

t axonomi

ct.

mr7eddzent at e

acoperire
t i mpl2VvBa mp li imfeir ¢ i

speciil e

Tabelul 3.4 Specii care nu pot fi amplificatein silico

125

V5

Met-12S

Grus

Haliaeetus albicilla

Lacerta

Vipera

grus

viridis

berus

Ardea cinerea
Lacerta agilis

Sciurus vulgaris
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Cn scopul” nevpaliwkrni"Ha -specificé B fnévertebratelor auwn st
desctrcate i silica gegpdmurilei mitacorelrialeRefSeqa 4618 specii de

nevertebrate. Ast fel, amplificarea nespecif
din 4618( 4 speci i de echinoder mddate celdil2 speciisague c |
dimensiunea metabarced u i (fert primeri) “ntre 81 'Hi {
Moldova.

Pentru o performan™™t bunkt a sistemul ui

Bs st fie cOt ma i mar i, i ar pentru a stput e
recomandat ca | ungi mea maxi mkt ‘Hi medi e a
ADN-u | de mediu de obicei este foarte degr a
l ungi me mai-1mdDcipbde AGEDL l ucru ecitec@mpop ¢
monitorizarea diversiti™ii speciilor se ut
obserhigad7l ungi mea noil or metabarcodur.i (fErt

Este necesar de a menli oce oeobt hi baneéle
secvenH er e precymarHi pandttreu aanbiod (Hi hie "Hio b
taxonomice 'Hi a puterii de rezol u™Hi e a pri
referin"™™L (bazxade datRefSegn HRedul t at el e prezent at
"n baza meiicoEbbtosl od secvenHe de " naltt cz¢
RefSeqDe asemenega f ost creatt o HAnexa 2)rdep rdeazt pemtiwaet ir
aceste secvenH <care ar putea fi utilizatt

c ©t e o0 s e c v astielind redase aspeptdegateale suprareprezentare.

3.1.4.Fragmentarea RFLP in silico a alelelor genei porcine MC1R

Simul area bioinformatickt a digestiei RF |
pentuanti ci par ea Hi analiza model el or de fr
secvenHel or de ADN. Acest | ucr u o fdeaefectuav an
analize virtuale “"nainte de a | ucmiasicnud ntoisr
resur se. Cn cadrul cealivacea analizei RFbr silieo,fa dost witilizatt e

un algoritm bioinformatic care prezice fragmentarea alelgemeiMC1Rp or ci ne si n
digestia secven'Hel or de i n{98).rAstfsl, ac fost igeatificate 7 |
mai multeenzme care au poten'H al ul de a fi ut i i
Hi pentru diferen'™i er ekig. 3.9etsrt & Ipirtkerziemit aHit le
ob™i nutt dupt simul area di gesdarielie semzvieméHed
Ajil, BspHI, BstUl, N | FnuDI | ;TspDmh.| 1 Pcsl THi
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3000 bp e 3000 bp s

Wild Boar Large White, Pietrain and Hampshire Breeds
1500 bpe===  Ajil BspHI BstUl Nspl FnuDIl Mhll Pcsl TspDTI 1500 bp === Ajil  BspHI BstUl Nspl FnuDIl Mhll Pcsl TspDTI

800 bp em— 800 bp e—
700 bp sm— 700 bp sm—
600 bp em— 600 bp e—

500 bp e = 500 bp s
400 bp - 400 bp

300 bp 300 bp

200 bp 200 bp

100 bp 100 bp

3000 bp s— 3000 bp em—

Duroc Breed Large Black and Meishan Breeds

1500 bp s BspHI BstUl Nspl FnuDIl Mhll Pcsl TspDTI 1500 bp === Ajil BspHI BstUl Nspl FnuDIll Mhll Pcsl TspDTI

800 bp e 800 bp e
700 bp em— 700 bp e

600 bp e c— 600 bp e  cm— —

500 bp e— - 500 bp s—
400 bp = 400 bp

300 bp 300 bp

200 bp 200 bp

Fig.39El ectrof oregrama ob™Hi nutt “n ur ma Rsi mul

Enzi me de r eisAjilyBsptHiwBstJl, Nspl,iFhuDIg shll,écsTspDTI
Enzi mel e pigueademnatisapbtdi Ssor i mi na “~ntre secvenHe

1.Ajil, BspHUOi tgler LsgHDElI al el a

2.Bst Ul , FnullilgeHit Mllalt e al el el e testate

func™Hi e de genoti p);

3.Nspl Hdi Pcisk@LIHIi ntat ¢ e al el e;

Teoretic, este de aHteptat ca " n Republi
st BPD2 prin urmare enzimele din prima <cate
alelB+dEi ti pcsprleaintt un interes sporit
CACNGTC, " n timp ce BspHI digert situsurile T?»
temperaturt de 37AC. DeHi TspDTIlI discrimine
alelaE+ 'Hi trei la EPD2, are un cost mai mar e, de aceea
potrivite “n aspect practic. Liniile pure
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ma i puSin frecvente "~ n fermel e denfi ceonaidov
respO©ndi te genoti puri . Enzimele din categc¢
indivizilor p ED1t'Hiet orAil t ai eakemel are restric’
identificarea variantelor MC1R sunt Bdal, BstNSIrIBCcil, Fatl, Pagl, Rcal, Sdul, Xcel.

Selectarea enzi mel omvitpantfrostt e etadri eat bl t er |
acest or ariptotocoalelos éxpedmertalSa const atat c¢ct combir
BstUlamaifosst udi att ~ n s copuISussaoid34pgHin oa mipealree ean
un cost redus. Astfel, acestemvitwmlnf oabosal ¢

bi ol ogi e mol ecul ar t.

Rezultate bne pentru diferen™Hi erea “"ntre hibr
ob™i nute numai prin selec™™ a corectt a enzi
ar contri bui l a ob™i nerea wunor irwizailltar eh etc
Studiile de genotipare a mistre™H | or din R
hi bridizare “n cadrul popul a™i il or THi ar c

Se recomandt testateamanzismal drn rherb'Bliran or u
evaluarean vitroa potenSi al ul ui acestora de a $us ut
scrofa

32Testarea Hi |abalriazar

3.2.1.1zolarea ADN-ului

Cn s c o p inlvitrotaeasopetirii taxonomice pentru primekiet12S( ev al uar e
| aborator a capacitt™ii acestora de a ampl i
fost izolat ADNul a 26 specii de vertebrate terestre din Moldova dintre care 19 fadpalitta

de specii “"n baza cktrora a (TabewlB5cr eat noul

Tabelul 3.5. Lista speciilor de la care a fost izolat ADNul genomic

Tipul de material biologic |[Co nc e n
Nr. Specia utilizat pentru izolarea ADN-ului A 260/280
ADN-ului i zol at
1 Apodemus agraus Vorf de ¢ 38,8 1,73
2 Apodemus flavicolis Ficat 90,3 1,91
3 Apodemus sylvaticus Ficat 67,1 1,75
4 Bufo bufo Piele 32,0 1,81
5 Buteo buteo Piele 62,5 1,79
6 Dendrocopos major Falange 74,3 1,94
7 Elaphesauromates Vorf de c 59,5 1,86
8 Erithacus rubecula Falange, calamus 38,2 1,78
9 Lacerta agilis Vorf de ¢ 75,6 1,70
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10 Lepus europaeus Mu Hc h i 40,9 1,85
11 Martes martes Mu 'Hc hi 26,7 1,76
12 Meles meles Piele 195,9 2,01
13 Microtus arvalis Hesut pul 87,1 1,88
14 Microtus levis Vorf de c 57,4 1,80
15 Mus musculus Vorf de c 83,9 1,73
16 | Muscardinus avellanarius Mu Hc h i 32,8 1,89
17 Nyctalus noctula Ureche 71,0 1,92
18 Passer domesticus Falange 54,8 1,87
19 Plecotus auritus Ureche 60,1 1,84
20 Rana ridibunda Tampon bucal 16,5 1,94
21 Rana temporaria Tampon bucal 12,8 1,77
22 Sorex araneus Vorf de c 62,0 1,92
23 Spalax leucodon Piele 18,1 1,71
24 Sus scrofa Mu 'Hc hi 89,0 1,73
25 Talpa europaea vVorf de ¢ 43,3 1,89
26 Vipera berus Fragmente dexuviu 22,6 1,65
Dupt extragere, -utoncermtrreac’™dim |I'l¢i ApDUN it at e
absorban™a | a 260 Hi 280 nm) au fost dete
Lite, (Thermo Fisher ScientificHi st ogr amel e cu di stri bu™H a H
“n EiQg.
5 - 2
L]
S _
g g m P
Io =]
= (] ik}
0 z o <
S -
[en]
L]
S /
@~ o -
= I I I I I I I I I I
0 50 100 150 200 16 17 18 19 20 21

Concentratia ADN-ului in probe (ng/pl) Puritatea ADN-ului izolat (A 260/280)

Fig. 3.10Di st ri bu™Hi & edatreel dra ocw nrile 1 tr reax Hieen "Has

pur it it HuiizolaA@rslapta) de la cele 26 specile vertebrate terestre
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Conform testului statistic Shapi'i | k di stri bu™Hi a datel or e
cu privire | a puritgatsgan fZial e «wn O0¢c drbgctenr
concentra’Hi ei . Se observl @k obaebi Imat atmar &
ADN-u | ui se afl t ~ nngi/ Ot er(vcaul 5ull , 25e0tHi iS58 dHH0a0a n a
frecven™Ha rapdérfrnalrei 1d& [MHir B 8BtHé( c n)eRhpodlh a
absorban™Hedel anbdung@e®i nen 'Hi 280 nm esulue un
Se considert ct probele pentru care valori
puritate acceptabilt a acidul ui d-®t opkuirmi.b oDr
asemenea-8 observat ct “"n cazul f ragnpernetceu no r Hit
probele de tampon bucal Hicode epit eldudd fgstrn&iD &lv
joast comparativ cu ca&detelmaintae pr db ¢ ea mlailHL z &
"ntre diferite tipuri de probe.

Cn <ce p sticle ecldttate pembu evaluar@avitro a metodei de genotipare a

specieiSus scrofaa fost extras ADNJ | genomic din 14 probe de
domestici. Cu o0 singurt excep™ e, nt rnebtuag at’
muscul ar . A fost utilizatt o singurt ‘pmob

RezeiravaNdt ur al £t PitShwr edv'Hloourtie acsctki.me al e pu
"n probe ceea ce a per mi <rFigl3tlEHiTabelul 36sura mp |
prezentate datele cu refertwreail &@8xtoasedturp
GeneJET Genomic DNA Purification Kit

[Ty
- M~
pag
o /\
{D_
m —]
2 o “
=
£ o~ o
w -
c °“ T T
g :
[ ]
L e
I

0.005
|
\\
2
|

s /] ~1
Q= [
= | | I | I | | | |
0 50 100 150 16 17 18 19 20
Concentratia ADN-ului in probe (ng/ul) Puritatea ADN-ului izolat (A 260/280)

Fig. 3.11Di stri bu™Hi a datelor cu referire
W f r ecven Ha-ulp izalat (dreapis) din pfobel deSus scrofa
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Tabelul3.6Concentr a"™™ ADNHiuiizplatr i t at e a
de la specimene d&us scrofa

Nr. Specimen Conmcentra A 260/280
ului i zol
1 Mi str ¢ 31,67 1,84
2 Mi str e 37,20 1,71
3 Mi str e 27,03 1,66
4 Mi str ¢ 46,82 1,92
5 Mi str e 70,89 1,87
6 Mi str e 51,07 1,74
7 Mi str ¢ 62,36 1,89
8 Mi str g 146,63 1,86
9 Mi str g 56,46 1,70
10 Mi str ¢ 45,75 1,93
11 Mi str g 44,88 1,78
12 Mi str g 77,75 1,72
13 Mi str ¢ 92,35 1,69
14 Mi str g 11,48 1,97
15 | Porc domestic 74,71 1,91
16 | Porc domestic 110,50 1,85
17 | Porc domestic 71,33 1,90
18 | Porc domestic 55,48 1,81
19 | Porc domestic 33,54 1,76

Concentra™Hi a minimg/ @l rEpmuuzimntdiaftagrPiie, 4 8

de piele), val oare sctzuttit “~nst totMadihiul acc
c o nc e n tfostad@46e6Bn ga/ Olpi,c vilardensi t £ Hi i de probahb
apar tun’ matnru mi t i nterval) a concemd /i @dHnute S
detal i stati stntceprae dernted.tog ‘orb "Hi anlueleuls u3d . 7
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Tabelul 3.7. Sumar statistic al datelor
cu referire la ADN-ul extras din probele deSus scrofa
Concennigd? Puritate (A 260/280)

Media 6042 1,82

Mediana 55,48 1,84
Abaterea standard 0,09
Intervalul intercuartil (IQR) 31,98 0,17

Testul de normalitate Shapiro-Wilk Distribu™ Distribu’™

Cu scopulde a evalua utilitatea metodeipstick™ n genot i [Pussceots fastp e € i
deasemenea r eal i z-altidin 6pobe argoent madocoldliDigstick DNA

ExtractonKitacest ea ul terior fiinedridfenfel i fi cate c

3.2.2.Testarea in vitro a acoperirii taxonomice pentru primerii M&éRS

Testareain vitroa acoperiri.i taxonomice “'n stud
evaluarea “n | aborator a capacitt™ii unei
organi sme sau taxoni. Aspect ul cruci al “n
mol ecul ar i ftrt apari H a produHilor nespec
evaluarea “"n |l aboratorul de biologie mol ecu

referi n™™™L 'Hi a resurselor bi oinformatice.

Testelein vitro au fost efectuate cu ADN izolat de la 16 specii de mamifere, 4 specii de

pLtstbtri Hi cOte 3 specili de reptil e THi a mf
Thermo Fisher ScientifitH i |l iwoait | iofilizatt. Penst r u
preparate sol uHii sotfl wéHi de d20 0 @®Mdii "Hiiil lueat ke ¢
pentru primeri. studi a'Hi au f ostosde sdeertiescet ¢
electroforeza ADNu | u i pe gel rodedecmgaawzibor matr Ipenzi S

150170 pb au fost considerate ca fiind amplificate cu succes. Astfel din cele 26 specii analizate
au fost amplificate 25, fiind ob™i nut tin o a
vitro | i p s a a mgntrui speciadtdcerta agiiscar e din cauza mai m
regiunile de legare a primerilor nu a dat rezultat pozitiv nici lafCR silico. Toate benzile-s

au “ncadrat “n interval ul de di me resificugae a’

formare de dimeri (Fig. 32).
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Fig.3.2.El ectrof oregr ama

aumpillpiimeo ni | or ob

(17 GeneRuler 50 b2 i Dendrocopos major; 8 Martes martes; 4 Melesmeles;
51 Muscardinus avellanarius; 6 Talpa europaea; 7 Lacerta agilis;8 1 Bufo bufo;
971 Passer domesticud0i Lepus europaeyslli Plecotus auritus; 12 Sus scrofpa

Dimensiunile metabarcoduriloiti

numbtr ul de

nepospecilori r i

Tabelul3.8Speci i c u mRefSeqestateinvitnop ennt ru acoperirea
Dimensiunea Numbir ul '\rl]g (r)rt]rjfi_vi;i ul
Nr. Specia metabarcodului | nepotriviri pentru entrS fimerul
(cu primeri) primerul forward P b
reverse
1 Apodemus sylvaticus 164 2 2
2 Buteo buteo 155 0 0
3 Dendrocopos major 157 0 0
4 Lacerta agilis - - -
5 Lepus europaeus 160 1 2
6 Martes martes 159 2 1
7 Meles meles 158 2 2
8 Microtus arvalis 160 2 2
9 Microtus levis 160 2 2
10 Mus musculus 161 2 2
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11 | Muscardinus avellanarius 165 2 2
12 Nyctalus noctula 162 2 0
13 Passer domesticus 158 0 0
14 Plecotus auritus 164 2 0
15 Rana temporaria 153 2 1
16 Sorex araneus 161 2 2
17 Sus scrofa 162 1 2
18 Talpa europaea 161 2 2
19 Vipera berus 155 1 1
Din tabel s e observit ct toate speeiil e
nepotri viri l a un singur pr i Beteo bwea, Dentracopasmb i

major HPasser domestichs s e deosebesc prin f au@nbiprimei at
Lungi mea ampl i c &858 ipb dRkana tmporarip = 65 rple (Muscardinus

avellanariug. Ast f el eval uar eri taxoanomica feotnu primeriMet12S a c o
confirmk capacitatea acestora de a ampski fi
benzi clare-170 pdgiHindart150 or marea produHil

3.2.3.Genotiparea species u s s ¢ r o folamorfismulus gezeaBMC1R
Mi str e ™ul a$uadnidmihasuidgeHn u If wii nd st r £ mo Hul |

poate “ncruci Ha uHor cu acesta. Acest |l ucr
porcine deschise sau semideschiseonpri" ncr uci Hare i nten’™ onatt
continut creHtere “n “ntreaga | ume, iar oo

foresti efl46Hi Oadgrpiodelzt recentt smgeteaHt Hc
domestic creHte gradul43lJdeDe neaaementat e eal
hi bridizarea dintre animal el e s&btl| bgaetniectei cHi
poten™™i al ul de 41d73 ptGmr epradz emits t rger'diduolr de
fauna Republicii Moldova este necunoscut, motivul ppalkc find lipsa protocoalelor
experimentale de | aborator care [@&73]pegerl ¢€az
ct diferen™H erea hibrizilor de | i Shorti Tarelemp u r
Repeat§ secven™He scurte repetitive cunoscute 'Hi
analiza polimorfismuluunor gene nucleare precuNR6AlsauMC1R Genareceptorului de

mel anoc cauMCGlRrte dll eazt sinteza mel aninei l a m
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un r ol centr al “n procesul de pigmentare.
prot ei ne receptor ce se aiarlahalizéles e me enb THa har me
ar ttat Suk scref@me ecnai anulte alele ale acestei gene. Alelismul multiplu al genei
MClIRpoate fi observat fenotipic prin diversi
numiEt B f ost identi fiEDMtGL al a asnebéer @tlimes i et
MeishanEPD2i | a r asel e mar el e 434,65 Hanmptsihnmpr eceeHia l

este asoci at(Hg.343 rasa Duro

Fig.3.13Tr tstturi fenoti pi ce Sdsscrafaauldibedte adeleMCIR i e | |
A-mi s {189 BT marele negryl57], Ci marele ab[157], DT Duroc[157]

SecvenVdlRHieaa altor mar ker i ar fi O mo
hi brizilor de Iliniile pure, cu toate acest
mol ecul art cestiesiatcaaerse bHl tnpentru toate |
necesitatea utiliztridi unor alternative ma
posibilt alternativi ar fi di scri mi nelordea -
restri c H eRFIHIPCRI87].mistielpld eiaceast £ et apam p@pus er
optimizar ea Hi a{fICiRc dme as croptud d edii fRFlel "Hi er i
mi s.t A fesHamplificat ADN-ul genomic provenit de lal4 probed e mi spgemtra "H '}
c o mp airda |3t ppbedeporc domesticPr ot ocoal el e de extrager e

enzime de restricH e au fost optimizate F
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Ampl i coni.i o b "Hi n u "Hi au fost supgwHiendai gned tei €
BstULi ar fragmentele rezultate au fost vizual
instrumentuluiBentoLab. Cn rezultatul analizei celor 1
(Fig. 3.1): E'/Ef (mi stre™H p&EPIe( A8r probdmgstE/le( miSs tprre
hi brid, 1 probt)

795pb
500 pb 539pb
399
345bp
250 pb 256pb
222
177 bp
50 pb

Fig. 3.14 Electroforegrama genotipurilor identificate
(11 GeneRuler 50 bp; 2,8genotip E/ E*; 4,57 genotip EP%e; 6,71 genotip E/e; 81 control
negativ;2,4,61 probe supuse digestiei cu BspHI; 3,5,@robesupuse digestiei cu BstJl

T o "Hi produ™Hi i de di geksit ice eaeua zdki nuenn stiaubn iol
fiecktrui agemeziuptatele ob™H nute confirmk c
cercetare “n scopul di f er e n "HPeparcursul ktudiului-s z i |
" ncer c a areayiiotorplllui de iextragere a ABRNI u i ( “GenedEd GenomecdDNA
Purification Kit cu Dipstick DNA Extraction Kjt  Hi amplificarea ulte
mastermixuri: DreamTaq Green PCR Master Mix (2K¥)AmpliTaq Gold 360 Master Mix Cn
acestscop n  mo d a fost exieas AN | din 6 probe ®mpstiad spk e
care a fost realizat PGR.Cn t oate cazurile reac™i a de amj
(@mpl i fi cat tDreamTagria cate @u fost 6bl n u "Hi ampliconi.i a’l
Unul din moti-ubbe eHupuitieaP€CR prezen™a i nh
hemogl obi na, “ntr uc ©t-ul grim netodaBipstickndue assp tgluarrke oc¢

foarte Reftrurcalendrbea acest el probl eme "~ n cerc
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aditiv car e of ert o) anumitt r 88A- BavieenSEtumM a

Albumin.
Suplimentar, 4 et apa dfei nahal izt ,8a rezmitiat elcoor

electroforegramelon b "Hi n u t e in $iliao'Hdnivigceas tail ee | e E" (Fgt3llh at i c e

3000 bp s

Wild Boar ¢
1500 bp====  Ajil BspHI BstUl Nspl FnuDII %

800 bp ===
700 bp e

600 bp —-—— s
500 bp =

400 bp =
300 bp =

795pb

——

200bp 345pb

222'Hi
177pb

]

Fig.3.15Benzil e el ectroforetice ((EHH nut e I
" n udigestei ampliconilor MC1R cu enzimele de restic "Hi e
Bs pHI ‘HinsilBsits W IO nngritrq T dreapta)

Fragmentare@ silicoa f ost r e alsiez a'tntt ruetai glai M&EERahnee n "Ht
constituie 963 perechi de bazee ¢ © n din \dtio gaee$ettuataasupra gl i coni | or
cu primeriit AGTGCCTGGAGGTGTCCATTCCCH CGTAGATGAGGGGGTCCACGATGGA
cu o lungime de 795 pi34]. Ast f Eigura3.lbs e o0 b s eercetatedb¢ oi nf @ar ma-t
of erit un rezultat coRFRRRCRpEenéeémaui me lpe t R s |
acest contextimbajul R 'Hi | isdgRALPse dovedesc a fnstrumeng valorcase pentru
simularea digestidragmentelorde interesu diversee n z i me d ePrecedaset analizelbli e .
de laboratorRFLP-PCR cu studii bioinformatice ar permitdescoperiregposi bi I i t £7
discriminare” nt r e s e cedueareHe meoiuf iocat i,akceat cbatuouuil a
faci liidte@n d f dptonizarea anetddelode d i f e r e ppédilog, rsdspexior sau
formdor hibride.
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3.3.Concluzii la capitolul 3

.Au fost identificate toate speciile de .
din fauna Republicii Mol dova Hi au genon
gl o Ref$efl74 specii).

. A fost ef e cindgiieota hoi pingeti pectra metadarcodarea celor 174 specii.
Cn limita grupul ui de speci.i Metl2hi aat |,
demonstrat perf or man  He superioar e “n (
metabarcodarea vertebratelor. De asemerea fst evaluatein vitro acoperirea
taxonomictkt a noilor primer.i Hi di mensi u
benzi el ectroforetice cl are f Hardimehsumema r e
ampliconiinvitroaol ®i meHis cu cea inasilica. Metl2Sc o n
au poten’™™i al ul de a identifica pumsinger o
experimentut i | i z©nd tehni ci neinvazive.

. A f ostinsiiecsHimitbo met odt modrectuil mparte dki gd
hi brizilor de mi stMCERH Saecbanz delad edleeloir c e
fragmentate cu enzime de r est r iacoplingzat Hi
protocoaleleexperimentalgiar fluxul de lucruaf ost adapt at l a con
Datoritt cercetbtril or &drtebcate Texeastml Institutuluic a d
de Zoologigp o at e f i reali zatt t est Susscfa de srcwtpi

di feren™i @rilii nhiidroirz ipluare e mi str e H.
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4ANALI ZA FI LOGENETI CI Al
MODELAREA DI STRI BUHI EI SPECI | LOR

41.Anal i za f il oge ngeneiCYIBlaspecideelecmiceotindde | o r

GenaCYTBeste de origineni t ocoRdondi he 1 nstruc ™Hineini
proteinedenumi tt citocrom b, parte componentdt
mi tocondri.i Hh pao e¢ pledertbaenergosfatului (ATP)Se ¢ v e n "He
geneiCYTBsuntadesea uizatepent ru deter mi narea rel a™H il o
identificarea speciilor “ntrucO©t posedt o
ridicatt ~ rMeafasreaneaacast éina.bazel eodeéetddate se&
de ADN ale citocromul ui b pentru o mul titud
compara secvenHele ob™i nut e ~ n Acsst lucduiperinie | c
identificarea cu precizie a speciijar hi ar Hi atunci cOnd acest es
stadii de dezvoltare diferiteA st f e | |l a aceast-ameprRrPphUS SLea
genei citocromul ui b Hi analiza filogenieti c

Microtus Cn Republ i c MicraWie ésth aeprazentate priu 2 spedit. arvalis
(Hoar ece HM.devis(onpr) ece r tstiai tnetarnu cdod ca@mems)t e
di f er e n "HH habimatul wdestotaasé poate suprapune, léeyareea probelor nu a fost
posibilt identificarea,dp®rek ehddi ei eal cdlkorscg
realizatt “~n urQ¥aB sfcived ™HobiH nuMdwnsHi s &c wem
M. arvalis. Probele au fospr el evat e din suburbia Chi Hi nktu
regiunea ceaabeluldl Eig 40).GHLrzondg Tl ocal itk ™Hii Ho

reprezentanHi(habi aenmbze}l osi mipatciic

Tabelul4.1Local i t MHl Hevdi hn car e

au fost capturate microtinele inc
_ o o Specimene
Localitate Latitudine Longitudine _ N
identificate
Piatra 46.926 28.825 1 x M. arvalis
. 3 xM. arvalis
Hor e Ht | 46.806 28.929 _
3 xM. levis
Malcoci 47.016 28.665 5 xM. levis
Chi Hi nt 47.021 28.718 1 x M. arvalis
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Chis

TELECENTRU

A Microtus levis @® Microtus arvalis

Fig.4l.L.oca™Hi il e geografi c[#63]Jde col ectar

Succesiunea secven'Hel or de barcod a cel

1. M_01 Microtus arvalis, Chisinau, cytochrome b gene, mitochondrial

CAGTCATCCGAAAAAAACACCCATTAATCAAAATCATTAACCACTCGTTCATCGACC
TTCCCGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGCCTTTG
TCTGATTGTCCAAATTCTCACAGGATTATTCCTAGCTATACACTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCATATCTGTCGAGACGTAAACTATGGTTGACT
TATCCGATACATACATGCCAACGGAGCITCCATATTCTTCATTTGCCTGTTCCTACAC
GTAGGACGAGGGGTTTACTACGGCTCATATAACATAATCGAAACATGAAACATAGG
GATTGTCTTACTATTCGCCGTAATAGCAACAGCATTCATAGGCTACGTCCTTCCATG
AGGCCAAATATCGTTCTGAGGGGCCACAGTCATTACAAATCTCTTATCAGCAATCCC
CTACATTGGTACTACATTAGTAGAGTGAATTTGAGGGGGCTTCTCAGTAGATAAAGC
CACCCTCACACGATTCTTTGCCTTCCACTTCATCCTACCCTTTATTATTACCGCCCTTG
TATTAATCCACCTTTTATTCCTTCACGAAACTGGGTCTAACAACCCAACTGGACTGA
ACTCAGACGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGATTTCCTAG
GAGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATTCTC
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GGAGACCCCGACAATTACACCCCTGCAAATCCACTCAACACACCACCCCATATTAA
ACCAGAATGATACTTCCTATTTGCCTACGCCATTCTACGATCTATCCCCAACAAACT
AGGTGGCGTACTAGCACTGATCCTATCAATCGTAATCCTAGCCTTTATACCACTCCT
CCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATCACACAAACAATGTACTG
AATCCTAGTAGCTGATCTCCTAGTCCTCACATGAATCGGAGGCCAGCCAGTGAATA
CCCATTCATCATCATTGGCCAAACAGCTTCAATTGCCTACTTTGCTATCATCGTTATC
TTCATACCAATAGCAGGC

2. M_02 Microtus arvalis, Horesti, cytochrome b gene, mitochondrial

CAGTCATCCGAAAAAAACACCCATTAATCAAAATCATTAACCACTCGTTCATCGACC
TTCCCGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTASGCCTTTG
TCTGATTGTCCAAATTCTCACAGGATTATTCCTAGCTATACACTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCATATCTGTCGASACGTAAACTATGGTTGACT
TATCCGATACATACATGCCAACGGAGCTTCCATATTCTTATTTGCCTGTTCCTACAC
GTAGGACGAGGGGE TTACTACGGCTCATATAACATAATCGAAACATGAAACATAGG
GATTGTCTTACTATTCGCCGTAATAGCAACAGCATTCATAGGCTACGTCCTTCCATG
AGGCCAAATATCGTTCTGAGGGGCCACAGTCATTACAAATCTCTTATCAGCAATCCC
CTACATTGGTACTACATTAGTAGAGTGAATTTGAGGGGGCTTCTCAGTAGARAAGC
CACCCTCACACGATTCTTTGCCTTCACTTCATCCTACCCTTTATTATTACCGCCTTG
TATTAGTCCACCTTTTATTCCTTCACGAAACTGGGTCTAACAACCCAACTGGACTGA
ACTCAGACGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGATTTCCTAG
GAGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATTCTC
GGAGACCCCGACAATTACACCCCTGCAAATCCAO CAACACACCACCCCATATTAA
ACCAGAATGATACTTCCTATTTGCCTACGCCATTCTAGATCTATCCCCAACAAACT
AGGTGGCGTACTAGCACTGATCCTATCAATCGTAATCCTAGCCTTTATACCAATCCT
CCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATCACACAAACAATGTACTG
AATCCTAGTAGCTGATCTCCTAGTCCTCACATGAATCGGAGGCCAGCAGTTGAATA
CCCATTCATCATCATTGGCCAAACACCTTCAATTGCCTACTTTGCTATCATCGTTATC
TTCATACCAATAGCAGGC

3. M_03 Microtus rossiaemaedionalis, Horesti, cytochrome b gene, mitochondrial

CAATCATCCGAAAAAAACACCCACTAATCAAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTRYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
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AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGAGACGTAAACTATGGCTGACT
CATCCGATAYATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTRCAC
GTAGGACGAGGRGE CTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTMACCGTAATAGCAACAGCATTCATGGGTTAGSTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCCOCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTAYACCCCCGCAAATCCAOYAACACACCACCCCATAT
YAAACCAGAA TGATAYTTCCTATTTGCTTACGCCATCCTAGGATCTATCCCCAACAA
ACTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACT
CCTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTA
CTGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGA
ATACCCATTTATCRCCATCGGCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTC
ATCTTCATACCAATAGCAGGC

4. M_04 Microtus rossiaemeridionalis, Horesti, cytochrome b gene, mitochondrial

ACATCATCCGAAAAAAACACCCACTAATC AAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTRYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGASACGTAAACTATGGCTGACT
CATCCGATACATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTRCAC
GTAGGACGAGGRACTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTAACCGTAATAGCAACAGCATTCATGGGTTACGTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCCCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTAYACCCCCGCAAATCCACTYAACACACCACCCCATAT
YAAACCAGAATGATACTTCCTATTTGCTTACGCCATCCTACGATCTATCCCCAACAA
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ACTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACT
CCTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTA
CTGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGA
ATACCCATTTATCRCCATCGGCAAACAGCTTCAATTGCCTACTTCGCTATCACGTC
ATCTTCATACCAATAGCAGGC

5. M_05 Microtus rossiaemeridionalis, Horesti, cytochrome b gene, mitochondrial

ACATCATCCGAAAAAAACACCCACTAATC AAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTRYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGASACGTAAACTATGGCTGACT
CATCCGATACATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTRCAC
GTAGGACGAGGRACTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTAACCGTAATAGCAACAGCATTCATGGGTTAGGTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCCCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTAYACCCCCGCAAATCCAOYAACACACCACCCCATAT
YAAACCAGAA TGATAYTTCCTATTTGCTTACGCCATCCTAGGATCTATCCCCAACAA
ACTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACT
CCTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTA
CTGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGA
ATACCCATTTATCACCATCGGCCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTC
ATCTTCATACCAATAGCAGGC

6. M_06 Microtus arvalis, Horesti, cytochromie gene, mitochondrial

CAGTCATCCGAAAAAAACACCCATTAATCAAAATCATTAACCACTCGTTCATCGACC
TTCCCGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGCCTTTG
TCTGATTGTCCAAATTCTCACAGGATTATTCCTAGCTATACACTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCATATCTGTCGAGACGTAAACTATGGTTGACT
TATCCGATACATACATGCCAACGGAGCTTCCATATTCTTCATTTGCCTGTTCCTACAC

93



GTAGGACGAGGGGTTTACTACGGCTCATATAACATAATCGAAACATGAAACATAGG
GATTGTCTTACTATTCGCCGTAATAGCAACAGCATTCATAGGCTAGCGTCCTTCCATG
AGGCCAAATATCGTTCTGAGGGGCCACAGTCATTACAAATCTCTTATCAGCAATCCC
CTACATTGGTACTACATTAGTAGAGTGAATTTGAGGGGGCTTCTCAGTAGATAAAGC
CACCCTCACACGATTCTTTGCCTTCACTTCATCCTACCCTTTATTATTACCGCCTTG
TATTAGTCCACCTTTTATTCCTTCACGRAAACTGGGTCTAACAACCCAACTGGACTEA
ACTCAGACGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGATTTCCTAG
GAGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATTCTC
GGAGACCCCGACAATTACACCCCTGCAAATCCAO CAACACACCACCCCATATTAA
ACCAGAATGATACTTCCTATTTGCCTACGCCATTCTAGATCTATCCCCAACAAACT
AGGTGGCGTACTAGCACTGATCCTATCAATCGTAATCCTAGCCTTTATACCAATCCT
CCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATCACAAAACAATGTACTG
AATCCTAGTAGCTGATCTCCTAGTCCTCACATGAATCGGAGGCCAGCAGTTGAATA
CCCATTCATCATCATTGGACAAACAGCTTCAATTGCCTACTTTGCTATCATCGTTATC
TTCATACCAATAGCAGGC

7. M_07 Microtus arvalis, Horesti, cytochrome b gene, mitochondrial

CAGTCATCCGAAAAAAACACCCATTAATCAAAATCATTAACCACTCGTTCATC GACC
TTCCCGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGCCTTTG
TCTGATTGTCCAAATTCTCACAGGATTATTCCTAGCTATACACTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCATATCTGTCGASGACGTAAACTATGGTTGACT
TATCCGATACATACATGCCAACGGAGCTTCCATATTCTTATTTGCCTGTTCCTACAC
GTAGGACGAGGGGE TTACTACGGCTCATATAACATAATCGAAACATGAAACATAGG
GATTGTCTTACTATTCGCCGTAATAGCAACAGCATTCATAGGCTAGCGTCCTTCCATG
AGGCCAAATATCATTCTGAGGGGCCACAGTCATTACAAATCTCTTATCAGCAATCCC
CTACATTGGTACTACATTAGTAGAGTGAATTTGAGGGGGCTTCTCAGTAGARAAGC
CACGCTCACACGATTCTTTGCCTTCACTTCATCCTACCCTTTATTATTACCGCCTT
GTATTAGTCCACCTTTTATTCCTTCACGAAACAGGGTCTAACAACCCAACTGGACTG
AACTCAGACGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGATTTCCTA
GGAGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATTCT
CGGAGACCCCGACAATTACACCCCTGCAAATCCAO CAACACACCACCCCATATTAA
ACCAGAATGATACTTCCTATTTGCCTACGCCATTCTAGATCTATCCCCAACAAACT
AGGTGGCGTACTAGCACTGATCCTATCAATCGTAATCCTAGCCTTTATACCACTCCT
CCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATCACACAAACAATGTACTG
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AATCCTAGTAGCTGATCTCCTAGTCCTCACATGAATCGGAGGCCAGCCAGTTGAATA
CCCATTCATCATCATTGGCCAAACAGCTTAAATTGCCTACTTTGCTATCATCGTTATC
TTCATACCAATAGCAGGC

8. M_08 Microtus rossiaemeridionalis, Malcoci, cytochrome b gene, mitochondrial

CAATCATCCGAAAAAAACACCCACTAATC AAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTGYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATYTGTCGAGACGTAAACTATGGCTGACT
CATCMGATAYATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTGCA
CGTAGGACGAGGAGICTACTACGGCTCCTATAACATGATCGAAACATGAAACATAG
GARTTGTCTTACTATTMACCGTAATAGCAACAGCATTCATGGGTTAGSTCCTTCCAT
GAGGCCAAATATCATTCTGAGGTGCCACAGTTATTACAAATCTCCTATCAGCAATCC
CCTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAA
GCCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCQC
TCGTATTAGTCCACCTTCTATTCCTCCACAAACAGGATCTAACAATCCAACTGGAC
TGAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCT
TAGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTACACCCCCGCAAATCCAOCAACACACCACCCCATATC
AAACCAGAATGATACTTCCTATTTGCTTACGCCATCCTAGATCTATCCCCAACAAA
CTAGGTGGCGTACTAGCAQAATCTTATCAATCGTAATCCTAGCCTTCATACCACTC
CTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTAC
TGAATCCTAGTAGCTGATCTCTTTRTCCTCACATGAATCGGAGGMNAACCAGTTGAA
TACCCATTTATCGTCATCGGIAAACAGCTTCAATTGCCTACTTCGCTATCATCGTCA
TCTTCATACCAATAGCAGGC

9. M_09 Microtus rossiaemeridionalis, Malcoci, cytochrome b gene, mitochondrial

CAATCATCCGAAAAAAACA CCCACTAATCAAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTGYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGASACGTAAACTATGGCTGACT
CATCCGATAYATACATGCCAACGGAGCTTCCATATTCTTCATCTGECTATTCCTGCAC
GTAGGACGAGGRGTCTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTMACCGTAATAGCAACAGCATTCATGGGTTACGTCCTTCCATG
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AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCAACTTCATCCTACCATTTATTATTACCGCCOCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTAYACCCCCGCAAATCCAOYAACACACCACCCCATAT
YAAACCAGAATGATAYTTCCTATTTGCTTACGCCATCCTAGGATCTATCCCCAACAA
ACTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACT
CCTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTA
CTGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGA
ATACCCATTTATCRTCATCGGCCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTC
ATCTTCATACCAATAGCAGGC

10. M_10 Microtus rossiaemeridionalis, Malcociytochrome b gene, mitochondrial

-CATCATCCGAAAAAAACACCCACTAATCAAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTACACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGASACGTAAACTATGGCTGACT
CATCCGATACATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTACAC
GTAGGACGAGGGGE CTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTAACCGTAATAGCAACAGCATTCATGGGTTAGSTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATCACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCCCT
CGTACTAGTCCACCTTCTATTCCTCCACBAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTATACCCCCGCAAATCCAOTAACACACCACCCCATATT
AAACCAGAATGATATTTCCTATTTGCTTACGCCATCCTAGATCTATCCCCAACAAA
CTAGGTGGCGTACTAGCACTAATTTTATCAATCGTAATCCTAGCCTTCATACCACTCC
TCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATATACT
GAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGAAT
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ACCCATTTATCACCATCGGCQCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTCAT
CTTCATACCAATAGCAGGC

11. M_11 Microtus rossiaemeridionalis, Malcoci, cytochrome b gene, mitochondrial

CAATCATCCGAAAAAAACACCCACTAATC AAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTRYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGAGACGTAAACTATGGCTGACT
CATCCGATACATACATGCCAACGGAGCTTCCATATTCTTAATCTGCCTATTCCTRCAC
GTAGGACGAGGRACTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTAACCGTAATAGCAACAGCATTCATGGGTTAGSTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCBCTTCATCCTACCATTTATTATTACCGCCCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTATACCCCCGCAAATCCAOYAACACACCACCCCATATY
AAACCAGAATGATAYTTCCTATTTGCTTACGCCATCCTAGSATCTATCCCCAACAAA
CTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACTC
CTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTAC
TGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACCAGTTGAA
TACCCATTTATCACCATCGGCCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTCA
TCTTCATACCAATAGCAGGC

12. M_12 Microtus rossiaemeridionalis, Malcoci, cytochrome b gene, mitochondrial

CAATCATCCGAAAAAAACACCCACTAATCAAAATCATTAACCACTCGTTCATTGACC
TTCCAGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCTAGGTCTTTG
TCTAATTRYACAAATTCTCACAGGATTATTCCTAGCCATACATTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCACATTTGTCGAGACGTAAACTATGGCTGACT
CATCCGATAYATACATGCCAACGGAGCTTCCATATTCTTCATCTGCCTATTCCTRCAC
GTAGGACGAGGRGE CTACTACGGCTCCTATAACATGATCGAAACATGAAACATAGG
AGTTGTCTTACTATTAACCGTAATAGCAACAGCATTCATGGGTTAGSTCCTTCCATG
AGGCCAAATATCATTCTGAGGTGCCACAGTTATYACAAATCTCCTATCAGCAATCCC
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CTACATCGGTACAACACTAGTAGAATGAATTTGAGGGGGTTTCTCAGTAGATAAAG
CCACCCTCACACGATTCTTTGCCTTCCACTTCATCCTACCATTTATTATTACCGCCT
CGTAYTAGTCCACCTTCTATTCCTCCACRAACAGGATCTAACAATCCAACTGGACT
GAACTCAGATGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGACTTCTT
AGGGGTCCTTATCCTATTAATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATT
CTCGGAGACCCCGACAATTAYACCCCCGCAAATCCACTYAACACACCACCCCATAT
YAAACCAGAATGATAYTTCCTATTTGCTTACGCCATCCTAGGATCTATCCCCAACAA
ACTAGGTGGCGTACTAGCACTAATCTTATCAATCGTAATCCTAGCCTTCATACCACT
CCTCCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATTACACAGACAATGTA
CTGAATCCTAGTAGCTGATCTCTTTGTCCTCACATGAATCGGAGGACAACAGTTGA
ATACCCATTTATCACCATCGGCCAAACAGCTTCAATTGCCTACTTCGCTATCATCGTC
ATCTTCATACCAATAGCAGGC

13. M_13 Microtus arvalis, Piatra Alba, cytochrome b gene, mitochondrial

CAGTCATCCGAAAAAAACACCCATTAATCAAAATCATTAACC ACTCGTTCATCGACC
TTCCCGCCCCATCAAACATCTCATCATGATGAAACTTCGGCTCTCTCCRAGGCCTTTG
TCTGATTGTCCAAATTCTCACAGGATTATTCCTAGCTATACACTACACATCAGACAC
AGCAACAGCATTCTCATCAGTAGCCCATATCTGTCGASACGTAAACTATGGTTGACT
TATCCGATACATACATGCCAACGGAGCTTCCATATTCTTCATTTGCCTGTTCCTACAC
GTAGGACGAGGGGITTACTACGGCTCATATAACATAATCGAAACATGAAACATAGG
GATTGTCTTACTATTCGCCGTAATAGCAACAGCATTCATAGGCTAGCGTCCTTCCATG
AGGCCAAATATCGTTCTGAGGGGCCACAGTCATTACAAATCTCTTATCAGCTATCCC
CTACATTGGTACTACATTAGTAGAGTGAATTTGAGGGGGCTTCTCAGTAGARAAGC
CACCCTCACACGATTCTTTGCCTTCACTTCATCCTACCCTTTATTATTACCGCCTTG
TATTAGTCCACCTTTTATTCCTTCACGAAACTGGGTCTAACAACCCAACTGGACTA
ACTCAGACGCAGACAAAATCCCATTCCACCCCTATTATACAGTCAAAGATTTCCTAG
GAGTCCTTATCCTATTGATAGCTTTCATAATTTTGACTTTATTTTTCCCAGATATTCTC
GGAGACCCCGACAATTACACCCCTGCAAATCCAO CAACACACCACCCCATATTAA
ACCAGAATGATACTTCCTATTTGCCTACGCCATTCTAGATCTATCCCCAACAAACT
AGGTGGCGTACTAGCACTGATCCTATCAATCGTAATCCTAGCCTTTATACCACTCCT
CCACACTTCAAAACAACGAGCATTAACTTTCCGCCCAATCACAAAACAATGTACTG
AATCCTAGTAGCTGATCTCCTAGTCCTCACATGAATCGGAGGCCAGCAGTTGAATA
CCCATTCATCATCATTGGACAAACAGCTTCAATTGCCTACTTTGCTATCATCGTTATC
TTCATACCAATAGCAGGC
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Microtinele reprezit mami f er e mi ci dar cu loabitatuiui | u e
"n care trktiesc. Cer cet ar €an 'Hed eegteare as proaiuil
i nteracHibneank gani s men jHir tcdsaramreeda up o p unkcao™Hi
repreent ©n d indicator.i i mport an Hnalizaavar sahbbl i
i ntraspecifice ofertata®Ospprapecopi ofgi maliCape s f
dezvdtareamt s u rde domtrola p o p ulc ®MHi i'Hi aspactelorper avi zeazt r
filogenetice dintre popul a’Hii

Un i nteres apart b arvdlis meappeatz©d o it s pakes p a
acesteigM. a. arvalishi M. a. obscurus car e populbeazidi n lirffaude op a
delimitarete ce pr i n "Har 0, 81¢ c iAstt ,f eUgr dinnaaceastt r
zont de hi bri di z ar][20]. StudiereaeADuluienstadcandrial al specigfl. o r me

arvalispoate oferi i nformadii | dae s phe adbptabiljiates sa  le
|l a diferite ,copnrdeic’dint eHic eronyturdle exempla, prananakze a
filogenetice se pot i dentifica popul a’Hi i c
di ver si t L ™i i geneftercte. o Apess pedc hif ok maSHu pr a
“n pr eaeg e iHi previzionarea modul ui “n care
contribue la dezvoltareastrategiord e conservare Hi gestionare
popul a’™i i vul nerabil e 'Hi a me n "Hiaptabilitatta laer s
schimbtrile viitoare de lanaeedsteui.c rSoetcivneen "l oearteec
studiile de taxonomi e 'Hicu cebatspeailorariptice mAstfelparo f i
putea fi observatd i f e rgeenn’ldetlreespeciec at e nu pot fi diferen

Cercettrilb¢g]sageeenmnaret pe teriisttar icult el

filogenetice ale Hoarecel ui de cOmp Hi ant
(lrtalia), centralt (Germani a, Ol anda, Dane
Finlanda) Hi o | inieArdmesniian)ctdéear(dJcec @ii mai, d €
obscurus Cn cer cet karm |per oepfuesc tauraalei znae f i | ogenet

geneiCYTBo b ™Hi nut e de Maarvaipdeicn mdmledadvea "~ n comp
secvenHe ob'H 81 dAxnt fGelInBaamk fost anali zat
toate | iniile filogenetice menH onate mai S
Ar meni a, Danemar ca, Fi nl and a,olddva, ®lanta Polortae o r
Regat ul Unit (Orkney), S| oRigad?,i as u s p hemtmapt dJe
este reprezentatt matricea distan™™™el or ob"Hi
de Tamur a Hi N[@3l]. "n 1993 (TN93)
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Din figura de mai spetimenksanalizateds ®oldova mai apropiaendinr u
punct de vedere genetic sunt <cele din Polo
ntre secvenHe a f ot 0@ (R BiBTWH, BIb1 %)5,%) me d
genetict maximk de 5% a fost obserivastetc viennt'™H
UcrainaEst e de ¢ tagdhietti ok dde 5% | a ia'diztd pacaiei, ,
o diferen™M sedwae¢ nmCWdenrhamren ‘drattred or ob™Hi nut e
clustere asociate celor 5 linii filogenetice descrise anterior, specimamaieatedin Moldova

gr up®ecdceeledihi ni a fil olgieg43pti ckt estict
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secvenHel e analizate au di mewrsii uthe v aei & tHIOA
nucl eotidice per site (unitatea |l ungi mii d e
vari aHi e gemnretii cntucllae ot i siet.e Pentru testar

fost i nvestigat te pmteszuirnat £~ nd icsatraen Hgcdesrtiagirn a l
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Coeficientuc of enet i ¢ de corela™HMie are o valoa
“"naltt a filogeniei ob™Mi nute cu model ul TN
di stan"™Hel or genetice.

Tot dupt model ul [131Jua fToasmur aalHiul Mait di
secvenHel e ob™i nuM.devista nl aModfioemmetn éiHee dda G
ur mtatr el e "Hbr i : El ve ™Hi a, Greci a, Kazahst an,
dist amdHLt mai smico®nuiHeaximele 0,02; o medice 0, 008 'Hi ur
0,002(Fig. 4.5)
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branch.length lungimearamurii;ai a d e néirckh t ogiignuta ntiimn £ mi n & ;

miami no (adeni ntpisraiumicditmtzi (ndki)t, ozi nt s

Astfel, la specimeeledemi cr otine din Malcoci seaiobs
mare comparativ cu celeo | ec tloacteel i ‘trat e aAckesrt e Htucru poat
di mensiunea popula™i il or, gradul de pno gu laaH
mi ct ‘Hi izolatt va prezenta un nivel siarikzut

de migraHi e va aveaeauncef lviax fcaovmosrti aznat dd & eg een
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Cot priveHte fil ogeni aM abdidiHMulévisdin’Moldobaa z a
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Fig. 4.7. Arborele filogenetc construit " n baza secv

0 b "Hi dedatmerotine din RepublicaMoldova

a, c, g, i adenina, citozina, guanina, timina; branch.lengthungimea ramurii

Se observimiac tdi’ fne rreen "iHieapHi e zsepnet caini“Hi i p raecceul |
secven™Hel or "~ n baza criteriul ui d "Eitaxenpnace i e .

precum Hi alte nheacteeateti abehld2 pr €z kogeat e

Tabelul 4.2. Caracteristica filogeniei din Fig. 4.7

Parametru Valoare
Numbtrul speci 2
Numbir ul s ecvVven  He 13
Di mensiune seg¢ 1106 pb
Numbtr vur isliotre de 44
Noduri interne 11

VOr furi de r a 13
Unitatea | ungi m 0,005
Coeficientulc of enet i ¢ d >0,9
Di stan™Ma genet. 0,061
Di stan™Ha genet 0,056
Di stan™Ha genet. 0,053
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De Hi svp analishHM.devisnu pot f i di f esree no'Hi saetrev £mod
genetice semnificative la nivelul genei CYTB ale acestdra.e st e di fer ende r
evolutivi di ndomtribuiedaedelimithrea lor tazetx iotn i "Hi'H pat fi Wilizaten c t e

pentruidentificarea indivizlorDe asemenea, cercetarea compal
poate furniza infor ma'H.i d e M. @nvadis HM. lavis @cesteg e n
i nf orpma Hieintte@neds pentru “~n'Hel egerea dinamici

speciH n©nd conthadbe tfaaputliulaccetst or seostupspeaaini
contact "ntsenpomelce Hare studidi ampl e de

cktrora abspmdiceadid nfeist ecul ui g egerelori ot He s p enc igi

Cele 13 secvenHe al e genei citocromul ui
d mensiunea de 1106 pb 'Hi au fost secven'Hi a
din Ber ndlterioEd vyeesHi@ma au f ost "nregistrate

Barcode of Life Data Systsm n c adr ul TERUWMo iTesrestriall Vertebrates of the
Republic of Moldov§l16].

42Model area distribu™i ei speciilor cu ut
Model area distri bu™i ei speciil or cu alg
climati ci Hi medi ul aiepprez ean He id e Hieo and m @ m MHE
regiune. Prin analiza variabilelor biocl i m:

permite crearea htr ™H Il or cu distribu™Hi a pot
luptacu pierderea biodiversintiHuic ©tHi ofceir te xp o
identifica zonele de importanHEnccadiock pe
studiu a fost apl iacfastc r &lad er isttm dilienrittimeledipéecim 'H

rare de Her pi

421.Model area distri buritest r(Edpepaliramatesy u p a

Elaphe sauromates c onf or m c¢ | a sl Haphe fuatuorlineataasauromajes h i
este 0o specie RaHL ei acMosdoveisPeZO&d Xrli aice
(CR)[25].Ea a fost difer en’™i at t Elaphe gsafpdineatae hagae p a r
deosebirilor ADNu | u i mi t ocondr i al fostetkissbspacik Hmatodireaise t i
quatorlineataH E. quatorlineata sauromatefind prea mare pentru e pr e z eand ealnéH a’
specii Cn rdalul’rmeluacu patrd i ni i cuptindeamona de ste
Turcia, Transcaua z i a  Hi C 0ast epe teritomi™Ht noastea spose, sem

preze@tar va popoabmHi pergol Wkt @ Hanomer Hur canu,
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1. Satul Bulacu,raionul Cahul 46.04 N/ 2841 E);
2.Sat ul Rig el ianddd7d/RL78E);
3.Re z e r v a "HiSata deanbviler, &I tH c48 TOIN/ 2726 E).

Mot i vul principal care a dus | a reducel
Moldova esteedwc e r e a  'Hi d e g r (M4, 452,e184]Aktfelp int abtaezlaord at el
di stribuHia cunoscutt a Harpel ui cu patru

el aboratt 448 hgu privire | a poten™i ala dis
Republicii Moldova.
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Figu48Model area distribu™i ei speci

Elaphe sauromategpe teritoriul Republicii Moldova

Din figuricktseé nolpsaaarn\wta d eaioangleCansemir, €gmraty | i «

Cahul Hi Taracl i a, exi sttt cesgpcimredHanape @O O)|
dungiCn peri @@R8@m PRO648B8 efectuaten maer enudgium a e q
iar “n noiembrie 2022 | a mar gi46xNg28dE)asostul u

descoperit un mascul moreprezerdnt al specieElaphe sauromate$ig. 4.9.
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Fig.49.Speci men de 'Har pest cidentipcatth rau sluidmuil i "HE r i

Cn Mol dosemnalael tai nmar ezen Heipr @@g sntae il os mé e it it
Fil i pendnadid®7e @m.tpersVladimi r Hur canu,perro@idgd at As
fost semnahtiatpte | pmi e zzcaun “Ipaart r 'un Iraecyei ausntretk iurpikt em
jumbt at eSpdeec isae ceoslt.e pr ot ejcalitt Hit @tntlea nmi"Hi elr
Lista RoHi e | UCN, Anexa |V a Directivel Ha |l
RoHi e a[25Eur opei

422Model area distribuwieniviperei de ste
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2022)Cn prezent aceastt |l ocaHie este o zaoht p
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@ scopul model trii distribu™Hiei viperei de
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Conf or mcreatésre™Hi o b speortvetn "Hi al £ p r eegimeaddisudaa Rs p e
Moldova" h zone cu si.Deblstaptrdebtur mastbiultima de
semnal are a pdezetnhéHedi vn,p&desddpurkbi bracbgiiluinteat e a
speci e st comoplettimh edri psepttorfuatu N@OtHLp i il verHtast p et e
pe teritoriul RomOndelicareomaf dromt hiteB@iSjcanadit h
observato pr obabi litateV.umsni’'en dmaiprmwletnéHLr eghuni
jude HulCnBwakw. anul ui 2 Ohfdtografir @ enf®innp Lu rdnea bsi eonh
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culorile revin |l a nuanHehecaldr#Whuiatenadme sf
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Tabelul 4.3 Coordonatele geograficalep o p u | a "Miper& benusdid Moldova

Vari a'Hi a ] o o
. Localitatea Latitudine Longitudine
predomin
BLI £neHt i, 47.21 28.07
. Mer e Heni , 46.80 28.54
Mel ani c : :
Ol i Hcani , 47.79 28.71
Lozova, St 47.13 28.39
RudrAr i di,rSerdda 48.33 27.90
. . . T £ tucarveche, Soroca 48.30 27.98
Gr i Hio Wirg __
l agor | sam , 47.22 29.09
R k&eni, laloveni 46.77 28.90
Sa ob™Hi nut un coeficiderst rdéducHo aelaa Hoes t d:e
htr " Hh cu sc@&y81l5de altitudine
l400 I’400
é - 300 - 300
% ¥ - 200 % ¥ - 200
— 100 — 100
Q -0 © -0
Altitude(meters) Altitude(meters)
e High * High
Medium Medium
o Low i Low
27 28 29 30 31 27 28 29 30 31
Longitude Longitude
Fig.4.55.Di st r i bu Hi &iparaderdisen ofrume™i e: de al t i
st O©Onmapul aWwiried omicnatr & rpecvenwa mel an
dreaptaipopul awpiedomicaktefr ecdienmwalimotrif ed o
Se obgsdrwtitloca™H ile deluroase precum es:
popul a’™i i ma,jioarri t'amr znerd emai jscastal pr ¢ dadminret
vari a'Hi e d érung wlHo astfel, cdd ior B®iHi a di f eviparei domuae s p
ca Hi Var ica'diud i a lae meptildoc [@d21,a124] patarefldcta strategia de

112



adaptare a p o phobeagdgtificiHi o rd el \draefdaactiHioirlia de cul «

altitudine la Vipera berusa r putea fi un exemplu <cl ar d
cromatice per mit Her pi |l or sktpescel fdamitfclreezsécf
Hansele de a supravie™Hui ‘'Hi de a se reprodu

Utilizarea algoritmilor i nformati ci pen

abordare complext care a devenitieseenaHdalite
bi ol ogice pe Terra. Cntrebkpetei fond&dmendti s
permit identificaregp r o bl emel or 'Hi sol ud ip opu deeEigaactl eo r

schimbtrilor HiespabitiureamsaeasvthoXxt cnh tdar e
medi ul ui Hi asupra resocreédter Einabamseabapbsai
propriile caracteristici unice iaridver si tatea vi e Hii pe ptmOn
suprav e "Hu i r i i pe t ernmemme diuunl.g lao rs preacti uirl aolr
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4.3.Cocluzii la capitolul 4

.Cn prefmoetr tseacven'™Hi att 'Hi efectuatt anal
specimenale microtine din Republica Moldov& n tsa aal i e r ifilogemeticé a "Hi
di nt r e as efcovsetn "Hkei modni svtirzade Miastttisuad/alisfatiparte din

l'inia filogenetickt estict. Toate barcodi
fost depozitat eBOp@RSysemat f or ma gl obal t

.Model area distri bu™i ei u noorr csup edciisit rriabrue™
identificarea " n regiunea | ocal ittt ™id.i S

rtstriareamnnl ti ma datt a feosctu antaeis thmitrte ~dch

secol “n ur mt. De aswemahberstp & af ospedasco
dintre variaH ile de culoare care predon
Utilizarea | imbajul ui Rd @leaat ¢ a1 dinsatl nizkau f
o abordare fiabilt camceenictoonrtirzitbruiiie diav ee

vertebrate terestre.
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CONCLUZII GENERALE

Rezultatele ob™Hi nut éAb'onm ditiadir mf ot mateiic @ e’

diversitk "Hi i vertebratelor tod rdeosataroendus” la formelgeab | |

ur mkttoarelor concluzii general e:
1.Au fost identificate 174 speccaiefadparteaimf i t
faunade vertebratéerestre Repu bl i ci i Mol dova (337 spec
secven'Hi at, incl uRfSégn baza de date gl oba
22A fost efecinsiicbatnenl pdameni pentru metab
el aboratt o bazt de date |l ocalt <care i
acestora. Cn limita grupul ui de speci.

superi oar e “pnmer onimgrsalirpantHi neetallancodarea vertebratelor.

3.A fost ineviread uapger i rea taxonomickt ‘Hi di men
noilor primerif i i nd ob™ nute benzi electroforetd.i
secundari. Dimengin ea amp | i c annvitrd a goincis bu'liean audidpliconilor

g e n eirr sdiceffiind amplificat ADN-ul a 25 specii din 26 analizate.

4. Pentru prima datt f os Reip silisd Hit Etro Mo Ime o v & |
mol ecul art de fegeraotH gpare aHihidri zil or d e
MC1R Secven™Hel e alelice au fost ampl i fi
analizate ~ n c-@mptimzdtperadcaaleld expeertemntade.iar fisixul de
lucru a fost adaptatal condi Hi i | Metloadbaorat 6opat uii . mpl e
laboratoruluiVertebrate Terestral Institutului de Zoologigpentru genotiparea speciei
Sus scrofaHis e apl i ct efecuatecer catdkrualz euw v @ FHi i n a
Moldova(Anexa 4)

5Cn premiert, a fost segeoeeafH at Lta Hgel8é ie c
specimened e mi crotine din Repubdi e aifiibbenettd & &
di nt r e as efcovsetn "Hkei modni svtirzade Miastttsardalisdatipartedin
l'inia filogenetickt estict. Toate barcod:!
fost depozitat eBOp2Sysiedmghekaddy ma gl obal t

6.Model area di st r i tewvéilebmate terestrabpermis @earel ti r "iHial r oer
di stirai pw™Hen ™M al £ Hi identi fi @amueai’  mpormpai
Har pe cu pat rklapheisauromat@¢y tcsatrrei twelatni nfa dat t
aceastt r egd udhee jcwminaat ebidhe secol “n urm
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Rezultatele HtiinH fice prelzenmhat efardrieml d
'Ht i i n"Hi f i dile innat’ldironBag’Hipoonzailoen ul Bl o1t eghna™Hicwinab
Dur a,lEidli EHi a , 1 5B a cZ2 @l 7ThR dintt©Intérmational ZoologicaCongress of
Grigore Antipa Museun2017, Bucur eHCionf Rom®MHaa ft i6DdedHhif i c
de muzeologie “"n domeni ul Gt i i, n W2ell 108r, nTa@r ugr!
R o m© nTheaTenth International Zoological Congress of GregdAntipa Museum?2018,
Bucur e Ht i Interm@tmmalcgmpoaiymFunctional ecology of animgls 2 0 1 8 , Chi
Moldova;, Conf er i n"Hgpr aHatiii mEHI Ttiucoparti dBip@r dets tsiBrictOe
t OydesdzOdz! detsy RMY sdz' L 59 P28 O O EREwESSIMpozipnil fn Iz to
Il nt er nBai'diloongaila &i De EdolH ar, da8,ak@@4d hictrato®h i a ;
Conference of ZoologistSustainable use and protection of animal womrdtlhe context of
climatechange 2021, Chi 'Giom# w,, i MéHad mmvaaHi onal L Lifeu p
sciences in the dialogue of generations: connections between universities, academia ant
business communjty 2 02 2, Chi HC o fue r iMio8-pdroavdati;ii mtS | nt e
Instruire prin ceretare pentru o societate prosg, £t 202 2, Chi HCaorhfue r i M
naH onal £t cu par Naulispences in thendiam®gue af ‘Héneratic@@28,
Chi Hi ntu,CoMdledawdHa na'™Hi onal £ OneiHegtla Approdc-i p ar
achievements and challeng&ection Biodiversity and Healthperspective of interconnectipn
2023, Chi Hi ntu, Mol dov a.
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RECOMANDI RI PRACTI CE

.Aplicarea instrumentelor bi oi nfordascrcieseé
lucrare pentrui denti fi carea taxonomict THi cercet
terestre. Utilizarea liniilor de cod a limbajului R pentru testarea primerilor, analiza
filogenetict, model area distribu'H ei Spe
moleculare simple, loveost (PCR, RFLAFP CR) c Ot Hi a protocoal
presupun costuri mai mari.

.Evaluarea popula™i il or de mistre™ din Rep!

pur e ~ n bdegeaotipamte s d a lucsare.

.Utilizarea "' n expera mgmit me rdiel ecadeut cabllilduirSeo’idia r
recomandt crearea | ibritriil oBentgkabldtestacea cC 1
eficien™ei tehnol ogiei de sasreadDMNloite needie de ¢

.Continuarea “"nregistrbtrii barcoduril or THi
Moldova *~ n baza BOLP Sydtanisen cadr ul TERVM-i Tercestal u i
vertebrates of the Republic of Moldova.

. Studiereanet odel or de col ectar e 'Hi procesare a
materi fecaleetc.

. Combinarea analizei ADM | u i de mediu cu model area di st
pot preleva probe de ADNexi ©aitd ocajfHr obabigle
“nt ©l ni O anumiltoc as'ldieicliee gheio girmvf @ rcse-ul Unei c a |

speci i pot fi utilizate “"n calitate de dat
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Anexa?2. Date moleculared i n b az a

de

cu privire la metabarcodarea vertebratelor terestre din RM

# ecoPCR version 1.0.1
# direct stranaligol : AAGGCGGATTTAGCAGT#A#

# reverse strand oligo2 : CACTTACCTTGTTACGA#CH#

# max error count by oligonucleotide : 2

# database : vertebrate terestre_moldova
# amplified length between [80,150] bp

# DB sequences are considered as circular

date de referi

RefSeq ID

Speciemname

Mitogenome length

Forward match
Forward mismatch

Reverse match

Reverse mismatch

Amplicon length
(without primers)

regions)

Metabarcode sequence
(without primers

NC_062298

Corvus cornix

16946

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

124

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCCAAAACCCCCAATA
CATTAATACACTATCCAGC
TAAAGAGGAGGCAA

NC_057089

Falco subbuteo

17678

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCAGGATAACATAAGC
CTACTTTAAGCCGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TACTAACCCCAGATAACT
AACCTACCACTATAGCCA
AAGATGAGGTAA

NC_056273

Tringa stagnatilis

16799

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGATAATACAAGC
TCTCTTTAAGCTGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TCCAACCCCACAATACAT
AATACAACTTATAGCTGA
AGATGAGGTAA

NC_056257

Pluvialis squatarola

16860

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTAGGATAATAATGCC
TGCTTTAAGTTGGCCCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCT
ACTCACTCCTATACCCTAA
TACACCACCCAGCTGAAG
ATGAGGTAA

NC_056132

Mustela lutreola

16504

AAGGTGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

123

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
ACACACCCAAATATTACA
TAATAAAAGTAAACCTAA
AGCAAGAGGAGACAA

NC_056091

Jynx torquilla

16832

AAGGCGG | 0

CACTTA

121

AAACACGACCACAATGCT
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ATTTAGC
AGTA

CCTTGT
TACGAC

TGTTTTAAGTTGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
AACCCCCCCACCACAACC
TATTACCCATTAAAGCTGA
AGATGAGGTAA

NC_015526

Phasianus colchicus

16692

AAGGAGG
ATTTAGC |1
AGTA

CGCTTA
CCTTGT
TACGAC

127

AAGTAGGACCATGCCTCT
TCAAGCCTACTTTAAGAC
GGCCCTGGGGCACGTACA
TACCGCCCGTCACCCTCTT
CGCAGGCCACCAATACTA
ATAAATAATACCCACATC
AAGCCAAAGACGAGGTAA

NC_013978

Columba livia

17229

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGATAATATAAGC
CCCCTTTAAGCTGGCTCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TCTAAACTACCAATAAAT
AATACTCCTACCTGCTAAA
GATGAGGTAA

NC_009684

Anas platyrhynchos

16604

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAAAGCT
CGCTTTAAGCCGGCCCTA
GGGCACGTACATACCG&C
CGTCACCCTCCTCATAAGC
CACACCCCCACATAATTA
ATACCACGTAAATGCCAA
AGATGAGGTAA

NC_007007

Gavia stellata

17573

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCGGGACAATAAAGCC
CCCTTTAAGTTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCC
CCCATTACTTATAACTAAT
ACATTTACAAGCTGAAGA
TGAGGTAA

NC_000878

Falco peregrinus

18068

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCAGGATAACATAAGC
CTACTTTAAGTTGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TACCAACCCCAGATAACT
AACCCACCACTATAGCCA
AAGATGAGGTAA

NC_000845

Sus scrofa

16613

AAGGAGG
ATTTAGC |1
AGTA

TGCTTA
CCTTGT
TACGAC

126

AATCGAGAATAGAGTGCT
TGATTGAATAAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCAT
GTAGTAATAAAAATAACC
TATATTCAATTACACAACC
ATGCAAGAAGAGACAA

NC_054728

Falco naumanni

17652

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGCAGGATAATAGAGCC
TACTTTAAGTCGGCCCTGA
GGCACGTACATACGGCCC
GTCACCCTCCTCACAAGCC
ACCAACTCCAAATAACTA
ATCCACCACCACGGCCAA
AGATGAGGTAA

NC_053106

Panurus biarmicus

17009

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCCCAAACCCATACCT
AATAAGTGTCGCAGCTGA
AGAGGAGGTAA

NC_053059

Sitta europaea

16827

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAGGC
GACCCCCCCCCCCCATAA
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CTAATAAGCAATCCAGCC
AAAGATGAGGTAA

NC_053058

Oriolus oriolus

16794

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGTGGGACAATCGAACC
CTCTTTAAGCCGGCTCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCAACCCCCCCCCCAT
ACATTAATAAGTTACTCA
GCTAAAGAGGAGGTAA

NC_053057

Bombycilla garrulus

16875

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAGGC
GACCCACACACCTATTAA
CTAATAAGCCATTAAGCC
AAAGATGAGGTAA

NC_053054

Sylvia borin

17971

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

124

AAGTGGGACAAGCGAGCC
CTCTTTAAGCCGGCTCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GNACCCCCCCCCCCCATA
ACTTAATAAGCTACTCAG
CCGAAGAGGAGGTAA

NC_052780

Stercorarius
parasiticus

16672

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGGGGAACAATAGAGTC
CCCTTTAAGTTGGCCCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC
ACCAATTTTTATAACTAAT
AAGCTTTGCGGCTGAAGA
TGAGGTAA

NC_051953

Pelobates fuscus

16828

AAGGCGG
ATTTAGC | O
AGTA

TACTTA
CCATGT
TACGAC

118

AAAAGAAACCAGAACATT
CTTTTTAATCTGGCCCTAG
GGCGCGCACACACCGCCC
GTCGCCCTCCTCAATTTAA
ATTTCAATTTAAATAAAAC
CCCAAACAAACCTAAGAG
GAGGTAA

NC_051558

Nucifraga
caryocatactes

16914

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGCGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCCAATTCCAATACATT
AATACACTATCCAGCTAA
AGAGGAGGCAA

NC_051036

Oenanthe oenanthg

16826

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GCCCAACACACCCCATAA
CTAATAAGCCATCCAGCT
AAAGATGAGGTAA

NC_050973

Mareca penelope

16596

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAGAGCC
TACTTTAAACCGGCCCTAG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCC
ACATCCCCATATAACTAAT
ACCACGTAAATGCCGAAG
ATGAGGTAA

NC_050298

Delichon urbicum

17973

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAAAGGGAGAATCGAGCC
CTTTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCAACCACCCCATAAC
TAATACGCTATCCAGCTA
AAGAGGAGGTAA

NC_050295

Hirundo rustica

17893

AAGGAGG
ATTTAGC

CACTTA
CCTTGT

121

AAAAGGGAGAATCGAGCC
CTTTTTAAGACGGCTCTGG
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AGTA

TACGAC

GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCAATCACCCAATAAC

TAATACGCTATCCAGCCA

AAGAGGAGGTAA

NC_050264

Muscardinus
avellanarius

16731

AAGGAGG
ATTTAGT | 2
AGTA

CGCTTA
CCATGT
TACGAC

129

AGCTAGGAGTAGAGAGCC
TAACTGAATAGGGCCATT
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAT
CCAACATTATATAGATAT
ATACATATACAAGTTTATT
TAAATGCAAGAGGAGATA
A

NC_049122

Apodemus
sylvaticus

16308

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

128

AATTAAGAGTAGAGAGCT
TAATTGAATAGAGCAATG
AAGTACGCACACACCGCC
CGTCACCCTCCTCAAACTA
AATTAACTTCACAGTATA
AATAATGACGTAAATAAT
AATTTACGAGAGGAGATA
A

NC_048470

Eremophila alpestris

17855

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGCGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTAG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCCCCCCCCCCCATA
AATTAATACGTTTTCCAGC
CAAAGAGGAGGTAA

NC_046877

Calidris pugnax

16902

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATATAAGC
CTTCTTTAAATCGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TACCCACCCTACAATACCT
AATACAACTCCAAGCTGA
AGATGAGGTAA

NC_046765

Limosa lapponica

16773

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGCGGGATCATATAAGC
CCTCTTTAAATCGGCCCTG
GGGCACGTACATACCGC
CGTCACCCTCCTCATAAGC
TATAAGCCTACAATCTCTA
ATACAACCATCAGCCGAA
GATGAGGTAA

NC_046417

Curruca curruca

17959

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGAGAGACAAGCGAGCC
CTCTTTAAGCCGGCTCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCAAAACG
CCCCCCCCCCCCCCATACC
TTAATAAGATGCTCAGCC
AAAGAGGAGGTAA

NC_045373

Mareca strepera

16600

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAGAGCC
TACTTTAAACCGGCCCTAG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCC
ACATCCCCATATAACTAAT
ACCACGTAAATGCCGAAG
ATGAGGTAA

NC_045372

Picus canus

17103

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AGACATAGTCATCACAAT
TGTCTTAAATTGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCATCACAAGC
ATTTTTCTCCATACCCCCT
AGGACCACAAACAGCCAG
AGATGAGGCAA

NC_044651

Tringa nebularia

16682

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGACAATACAAGC
CCCCTTTAAACTGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
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TCAAACTTCACAATACCTA
ATACAACCTATAGCTGAA
GATGAGGTAA

NC_044648

Tringa totanus

16818

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGATAATACAAGC
CCTCTTTAAACCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TTCAACCCTACAATACATA
ATGCAACTTATAGCTGAA
GATGAGGTAA

NC_042501

Bombina bombina

17154

AAGGAGG
ATTTAGT | 2
AGTA

TACTTA
CCATGT
TACGAC

119

AAAAGAAACGATAGTGTT
CTTTTTAAACTGGCCCTGG
GGCGCGCACACACCGCCC
GTCACCCTCTTCAACTAAA
ACTAATAGATCCCCTAAA
ACATAAAACAAGTACAAG
AAGAGGTAA

NC_042226

Rana temporaria

16061

AAGGTGG
ATTTAGT | 2
AGTA

CACTTA
CCATGT
TACGAC

117

AAAAGAAAATAGAGTGTT
CTTTTTAACCCGGCTCTGG
GACGCGTACACACCGCCC
GTCACCCTCTTCAATAGTA
CCCCGTATGTTCCTAACCC
AACACCACGTTTTAGAAG
AGGCAA

NC_041578

Rallus aquaticus

17149

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGAGGGGCAAGAATACC
CTCTTAAACCCGGCCCTGG
AGCACGTACATACCGCCC
GTCACCCTCTTCACAACTG
CCAAACACTCATAACTTA
ATCAAACACCCAAAGTTA
AAAGATGAGGTAA

NC_041118

Charadrius
alexandrinus

16905

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGAGACAATAGAGCT
CGCTTTAAGTCGGCCCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ATAGACCCCCCAAATAAT
TCAATACGCAACCTAGCT
AAAGATGAGGTAA

NC_040858

Haliaeetus albicilla

17719

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

118

AACTGGGACAATAGAGCC
CTATTTAAGCTGGCCCTGG
GGCGCGTACATACCGCCC
GTCACCCTCCTCGTAGGCC
GTATTCCTCATAACTAATA
ACCCAACATGCCAAAGAT
GAGGTAA

NC_040986

Mergus merganser

16630

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGAGATAATAAGGCC
CACTTTAAGCCGGCTCTAG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCC
ACACCCCAACATAACTAA
TACCATCAACATGCCGAA
GATGAGGTAA

NC_040875

Parus major

16777

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGTGGGATAATCAAGCC
CTCTTTAAGCCGGCCCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCAAACCCCCCCAT
AACTTAATAAGCTACTCA
GCCAAAGATGAGGTAA

NC_040290

Oenanthe isabelling

16812

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCAACACACCCTATAA
CTAATAAGCCATCCAGCT
AAAGATGAGGTAA

138




NC_039843

Perdix perdix

16699

AAGGAGG
ATTTAGC |1
AGTA

CGCTTA
CCTTGT
TACGAC

127

AAATGGGACCATAACCCT
AAGCCCACTTTAAGCTGG
CCCTGGGGCACGTACATA
CCGCCCGTCACCCTCTTCA
CAGGCCACCAGTATTGAT
AAATAATACCTCACCCCC
CAGCCAAAGACGAGGTAA

NC_039736

Asio otus

17555

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGATGGGGTCATAGTAC
CCTCTTTAAGATGGCCCTG
GGGTACGTACATACCGCC
CGTCACCCTCCTCGCAAGC
TTTTTTCCCCTATAAATAA
TACCCCTCCGAGCTAAAG
ATGAGGTAA

NC_039096

Tringa glareola

16804

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGATCATACAAGC
CCTTTTTAAATCGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TTCAACCCCACAATACAT
AATACAATTTATAGCTGA
AGATGAGGTAA

NC_038219

Bubo bubo

18952

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGACGGAGCCATAACAT
CCTCTTTAAGGCGGCCATG
GAGCACGTACACACCGCC
CGTCACCCTCCTCACAAGC
CACAACCTACATATAACA
TCATACCACCACCTTAGGC
CAAAGATGAGGTAA

NC_038218

Strix uralensis

18708

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGGCGGAGCCATAATAC
CCCCTTTAAGACGGCCCTG
GGACACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CACACCCCCATAAAACTA
TACTACCACCCAGGCTAA
AGATGAGGTAA

NC_038195

Milvus migrans

18016

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

118

AACTGAGACAATCGAGCT
CTATTTAAACTGGCCCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCGTAGGCC
ATATCCTCCATAACTAATA
ACCCACCACGCCAAAGAT
GAGGTAA

NC_038176

Microtus arvalis

16285

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTAAGAATAGAGTGCT
TAATTGAATAGAGCAATG
AAGTACGTACACACCGCC
CGTCACCCTCCTCAAACTA
AATAAACGAAAACTATAC
ATAATTACATCAAACTTTT
ACGAGAGGAGATAA

NC_037888

Cricetus cricetus

16263

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

126

AATTAAGAGTAGAGAGCT
TAGTTGAATAGAGCAATG
AAGTACGTACACACCGCC
CGTCACCCTCCTCAAACTA
GGCTGCCGATCTATATACC
TAATAACAATCAATAAGC
CTATGAGAGGAGACAA

NC_037513

Streptopelia
decaocto

17160

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGATAATATAAGC
CCTCTTTAAGCCGGCTCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TCTACAGTAACCAATAAA
TAATATGCCCTCCCGCTAA
AGATGAGGTAA

NC_036345

Sterna hirundo

16707

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCGGGACAATAGAGCC
CCCTTTAAGTTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC

139




ACAAACCATCATAACTAA
TAACCCTTACGGCTGAAG
ATGAGGTAA

NC_036956

Vipera berus

16370

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCATGT
TACGAC

119

AGATAGGAATAAAACACC
TAACTGAACATAAAGCAA
TGAAGTGCGTACACACCG
CCCGTCATCCCTGCCTACA
CCATATTAATCTATATAAA
CCTAATTAAAATCTCTAAC
CAGGGCAA

NC_036344

Gelochelidon
nilotica

16748

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGGGGGACAATAGAGCC
CCCTTTAAGTTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC
ACTAACCATCATAACTAA
TAACCTTCACGGCTGAAG
ATGAGGTAA

NC_034838

Corvus corax

16928

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCCCCAACCCCATTAC
ATTAATACGCTATCTAGCT
AAAGAGGAGGCAA

NC_036035

Ondatra zibethicus

16348

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTAAGAATAGAGAGCT
TAATTGAATAGAGCAATG
AAGTACGTACACACCGCC
CGTCACCCTCCTCAAACTA
AATAAACGAAATATATAC
ATAATTACATCAACAATTT
ACGAGAGGAGATAA

NC_035806

Aquila heliaca

18067

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGGGACAATAAAGCC
CTACTTAAGCCGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCGCAAGC
CATAACCCATCTATAACTA
ATACCCCAACTAGCTGAA
GATGAGGTAA

NC_035868

Alcedo atthis

17383

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AACCAGAATGAGAATGTC
TGATTTAAGCCGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TAATAACCTACATAACTA
ATACCTATACTTGCTGAAG
ATGAGGTAA

NC_035423

Himantopus
himantopus

17378

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAACGGGACAATGAAGCC
CGCTTTAAGTCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCT
ACAAACCCCCATTAATTTA
ATACACCACTAAGCTGAA
GATGAGGTAA

NC_001665

Rattus norvegicus

16313

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

126

AATTAAGAATAGAGAGCT
TAATTGAATAGAGCAATG
AAGTACGCACACACCGCC
CGTCACCCTCCTCAAATTA
GATTGGCATTCATATATAC
ATAATTTCACTAACAAATT
TATGAGAGGAGATAA

NC_005089

Mus musculus

16299

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

125

AATTAAGAATAGAGAGCT
TAATTGAATTGAGCAATG
AAGTACGCACACACCGCC
CGTCACCCTCCTCAAATTA
AATTAAACTTAACATAATT
AATTTCTAGACATCCGTTT
ATGAGAGGAGATAA

140




NC_034237

Haematopus
ostralegus

16798

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGGAACCATAAAGCC
CACTTTAAGTCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC
ATAGATCACCATAATTTA
ATTCATCACTCGGCTGAA
GATGAGGTAA

NC_034227

Myotis bechsteinii

17151

AAGGTGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

131

AATTAAGAGTAGAGAGCT
TAATTGAATGTTGGCCATA
AGGCACGCACACACCGCC
CGTCACCCTCCTCAAATAA
AACAATATTAAATATACC
CTAAATGATATACAAATA
TTAATCTATGAGAGGAGA
CAA

NC_033974

Tringa ochropus

16906

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGAGGGATAATATAAGC
CCCCTTTAAATCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCTTCACAAGC
TCCAATTCTACATGTACTT
AACACAACCAATAGCTGA
AGATGAGGTAA

NC_033347

Vespertilio murinus

16721

AAGGTGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

125

AATTAAGAATAGAGTGCT
TAATTGAATAGGGCCATG
AGGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAA
TACTTATTAATTTTTTCAT
AAAACTTTTAATACCATTT
ATAAGAGGAGATAA

NC_031802

Cricetulus
migratorius

16246

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

126

AATTAAGAGTAGAGAGCT
TAATTGAATAGAGCAATG
AAGTACGTACACACCGCC
CGTCACCCTCCTCAAACTG
GGCTGCCAAACCCTATAC
CTAATAACAACCATTAAG
CTCACGAGAGGAGATAA

NC_030585

Tringa erythropus

16683

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAGGGACAATACAAGC
CCCCTTTAAACCGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
TCCAACTTCCCAATACTTA
ATAAAACTTATAGCTGAA
GATGAGGTAA

NC_026223

Periparus ater

16783

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

124

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCAACCCCCCCATA
AACTAATAAGCTACTCAG
CCAAAGATGAGGTAA

NC_002069

Corvus frugilegus

16931

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCAAACCCCTAATAC
ATTAATACGCTATTCAGCT
AAAGAGGAGGCAA

NC_029147

Turdus philomelos

18540

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGAGAGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCG
CCCAACACACCCAATACC
TAATAAGCCATCCAGCTA
AAGAGGAGGTAA

NC_029862

Dendrocopos
leucotos

16838

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAACATGATCATCACGCC
TGTCTTAAGTCGGCCCTGG
GACACGTACATACCGCCC

141




GTCACCCTCCTCACAAGC
AAACTTTTCCCCCTTCAAT
CAAAACCACAACTCGCTA

AAGATGAGGCAA

NC_029837

Regulus regulus

16847

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAGGC
GAACCAACACCCCATAAA
TTAATAAGCTATCCAGCC
AAAGATGAGGTAA

NC_029346

Myotis myotis

17213

AAGGTGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

136

AACTAAGAATAGAGAGCT
TAGTTGAATATGGCCATA
AGGCACGCACACACCGCC
CGTCACCCTCCTCAAATAA
AACAATATTAAATATATCT
TAGATAATATATATACAT
AGATATTGACACATGAGA
GGAGACAA

NC_029360

Sturnus vulgaris

16793

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACCATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAGGC
GAACCAACTCCCCCATAC
CTAATAAGCTATCCAGCC
AAAGAGGAGGTAA

NC_029229

Motacilla alba

16826

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCTCCCACTATAAATT
AATAAGCCATGCAGCCAA
AGATGAGGTAA

NC_029189

Buteo lagopus

18559

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AACTGGGACAATAAAGCC
CTATTTAAGCTGGCCCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCGCAGGCT
ATACCCCCACATAACTAA
TAACCCACTATGCCAAAG
ATGAGGTAA

NC_028346

Spatula clypeata

16599

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGATAATAGAGCC
CGCTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
CACATCCCCACATAACTA
ATACTACTTAAATGCCAA
AGATGAGGTAA

NC_028310

Felis silvestris

16640

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTTGAGAATAGAGAGC
TCAATTGAATCGGGCCAT
GAAGCACGCACACACCGC
CCGTCACCCTCCTCAAGTG
GTAACTCCCAAAAAAACC
TATTTAAATCATCACACCC
ACAAGAGGAGATAA

NC_028188

Turdus merula

16733

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGAGAGACAATTGAGCC
CTCTTTAAGCCGGCTCTGG
AGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCG
ACCAATACACCCCATACC
TAATAAGCCATCCAGCTA
AAGAGGAGGTAA

NC_028178

Upupa epops

16562

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGGGGGACAATAATACT
CCCTTTAAACAGGCCCTG
GAGCACGTACATACCGCC
CGTCACCCTCCTCGCAAGC
CCATTCCACAGCATAATTA
ATACCACACACTCGCTGA

142




AGATGAGGTAA

NC_028176

Sternula albifrons

16357

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTGGGACAATAGAGCC
CTCTTTAAGTTGGCCCTGG
GATACGTACATACCGCCC
GTCACCCTCCTCATAAGCC
ACCAATCACCATAACTAA
TAACCTTCGCGGCTAAAG
ATGAGGTAA

NC_028174

Dendrocopos major

16845

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAACATGATCATCACACC
TGTCTTAAGTCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
AAACTTTCCCCCTTCAATC
AAAACCACAACTCGCTAA
AGATGAGGTAA

NC_028162

Otus scops

17413

AAGGCGG
ATTTAGA |1
AGTA

CACTTA
CCTTGT
TACGAC

124

AAAAAGGAACCATAAAGC
CTTCTTTAACCCGGCCCTG
GGACACGTACATACCGCC
CGTCACCCTCCTCATAAGC
CACAACCCCCACAAACTT
ATACCCCTCCACCCAAGCT
AGAGATGAGGTAA

NC_028013

Mustela
eversmannii

16463

AAGGTGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

123

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
ACATACCCAAACATTACA
TAATAAAAGTAAACCTAA
AGCAAGAGGAGACAA

NC_027963

Sorex araneus

16887

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

125

AGTTGAGAATAGAGTGCT
CAACTGAATCAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCTTCAAGTAC
CCTAGACTATACTAATATA
TAATTACAAGTCCCCCAGT
ATTAGAAGAGATAA

NC_027933

Motacilla cinerea

16835

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCTCCCACTATAAATT
AATAAGCTATGCAGCCAA
AGATGAGGTAA

NC_027932

Micromys minutus

16232

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

125

AATTAAGAATAGAGTGCT
TAATTGAATTGAGCAATG
AAGTACGCACACACCGCC
CGTCACCCTCCTCAAACTA
TGCCTAAAAAAAAATAAA
TAATTAATAACAACAGGC
TTACGAGAGGAGATAA

NC_027096

Cygnus olor

16739

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCGGGACAATAGAGCC
CCCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGCT
ACATCCCACATAACTAAT
ACCACTAACACGCTAAAG
ATGAGGTAA

NC_027095

Cygnus cygnus

16724

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTGGGACAATAGAGCC
TACTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGCT
ATATCCCCCATAACTAATA
CCATTAACACGCTAAAGA
TGAGGTAA

NC_027606

Asio flammeus

18966

AAGGCGG
ATTTAGC

CACTTA
CCTTGT

119

AAGATGGAGCCATAACAT
CCTCTTTAAGATGGCCCTG

143




AGTA

TACGAC

GGGTACGTACATACCGCC
CGTCACCCTCCTCGCAAGC
TACTCCCCCCATAAATAAT
ACCCCTCAAAGCTAAAGA
TGAGGTAA

NC_012431

Anguis fragilis

17479

AAGGCGG
ATTTAGC | 0O
AGTA

CGCTTA
CCATGT
TACGAC

117

AAACAAGCAAGAGTGCTT
TTTTAAAAACAGCCCTGG
AGCGCGCACACACCGCCC
GTCACCCTCCTCAATAACC
ACCGACTCTAAAACTATA
AAACCACAAACCACCAGA
TGAGGCAA

NC_025579

Falco columbarius

17516

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCAGGATAACATAAGC
CTACTTTAAGCCGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TACCAACCCATAATAACT
AATCCACCACTATAGCCA
AAGATGAGGTAA

NC_027420

Recurvirostra
avosetta

16897

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AACCGGGACAATGAAGCC
CGCTTTAAGTCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACAAACCTTCATAATTCA
ATATGTTATTAAGCTGAA
GATGAGGTAA

NC_027267

Phalacrocorax carb

18995

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAGAGCC
CCCTTTAAACCGGCCCTGA
GGCACGTACATACCQCC
GTCACCCTCCTCACAAGCC
ACAAATACCCCATAACTA
ATACCCCTGCCGGCCAAA
GATGAGGTAA

NC_027237

Nyctalus noctula

17478

AAGGAGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

126

AATTAAGAATAGAGTGCT
TAATTGAATAAGGCCATG
AGGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
AAACATTATTATTTTTCGT
AAACCCTAATAAATATAA
TCCGTGAGAGGAGATAA

NC_026911

Poecile palustris

16824

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

124

AAGTGGGATAATCAAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCAAACCCCCCATA
AACTAATAAGCTACTCAG
CCAAAGATGAGGTAA

NC_024640

Tadorna ferruginea|

16639

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAATGGGACAATAGAGCT
CATTTTAAGCCGGCCCCA
GGGCACGTACATACCGCC
CGTCACCCTCTTCACAGGC
CACACCCGCACATAACTA
ATACCATTAACATGCCAA
AGATGAGGTAA

NC_026715

Falco cherrug

18059

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCAGGATAACATAAGC
CTACTTTAAGTTGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TACCAACCCCAGATAACT
AACCCTCTACTACAGCCA
AAGATGAGGTAA

NC_025923

Botaurus stellaris

20350

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCAGGACAATTAAGCC
TCCTTTAAACCGGCCCTGG
GGTACGTACATACGCGCCC
GTCACCCTCCTCACAAGCC
ACCTAATCCTATAACTAAT
ATAACACCCAGCTGAAGA
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TGAGGTAA

NC_025919

Ardea purpurea

18722

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCAGGATTATAAGGCC
TGCTTTAAACTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACTAAGTCCAATAGCTAA
TACAACACCCAGCCGAAG
ATGAGGTAA

NC_025917

Bubulcus ibis

18959

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTAGGATTATAAAGCC
TGCTTTAAACTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCTTCACAAGCT
ACTGAGCCTAATAACTAA
TACAACACCCAGCCGAAG
ATGAGGTAA

NC_025599

Fringilla coelebs

16801

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GCCCCCTACCCCCATAAAT
TAATAAGCCATTCAGCCG
AAGAGGAGGTAA

NC_025649

Chroicocephalus
ridibundus

16807

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCGGGACAATAGAGCC
CCCTTTAAGTTGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC
ACCAACAACCATAACTAA
TAAACCTTATGGCTAAAG
ATGAGGTAA

NC_025637

Vanellus vanellus

16795

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGAACAATAATGTC
CACTTTAAGTCGGCTCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ATAAGCCCCTATAACTCA
ATACACCTTTCAGCTGAA
GATGAGGTAA

NC_025625

Pyrrhula pyrrhula

16831

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCTCCCACATAAATTA
ATAAGCCATCCAGCCAAA
GATGAGGTAA

NC_025623

Loxia curvirostra

16805

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCCCCCCCCATACATT
AATAAGCTATCCAGCCAA
AGATGAGGTAA

NC_025614

Coccothraustes
coccothraustes

16823

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGGGACAATCGAGCC
CTCTTTAAGCTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCCCCCCATAAATTAA
TAAGCCATCTAGCCAAAG
ATGAGGTAA

NC_025611

Passer domesticus

16802

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCGCCCTCCTCGCAGGC
GCCCCCCCCCCCCATAAA
CTAATAAGCTATCCAGCC
GAAGATGAGGTAA

NC_025580

Accipiter nisus

18647

AAGGCGG
ATTTAGC

CACTTA
CCTTGT

119

AAATGGGACAATAAAGCC
CAATTTAAGCCGGCCCTG
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AGTA

TACGAC

AGGCACGTACATACCGCC
CGTCACCCTCCTCGTAGGC
CCTACCTCTTAATAACTAA
TACCCCCTACTGCCAAAG
ATGAGGTAA

NC_025559

Neomys fodiens

17260

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

123

AGCCAAGAATAGAGTGCT
TGACTGAATTAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAC
ATAAACTAAAATATTCCT
AATTTAATGGTAATACGT
ATTAGAGGAGATAA

NC_025521

Scolopax rusticola

16984

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCTGGACAATACAAGC
CTACTTTAAACTGGCCCTG
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAGGC
TACAATCATCATAATACAT
AATACGAATTAAAGCTGA
AGACGAGGTAA

NC_025516

Mustela erminea

16471

AAGGTGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

122

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
ACACACACAAACACTACA
TAATAAAATATACCCAAA
GCAAGAGGAGACAA

NC_025500

Fulica atra

17029

AAGGAGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGGGAGATAAGAATGCC
CCCTTAAACTCGGCCCTGG
AGCACGTACATACCGCCC
GTCACCCTCTTCACAGCCC
CCAACACCTGTAACTAAC
ACGCCCACCGGGCCAAAG
ACGAGGTAA

NC_024821

Passer montanus

16887

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGCGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCGCAGGC
GCCCCCCCCCCCCCCCATA
AATTAATAAGCTATCCAG
CCGAAGATGAGGTAA

NC_024922

Netta rufina

16625

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCAGGATAATAAAGCC
CGCTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CACACTCCCACATAACTA
ATACCACCAAAATGCCAA
AGATGAGGTAA

NC_021749

Martes martes

16486

AAGGTGG
ATTTAGT | 2
AGTA

CGCTTA
CCTTGT
TACGAC

123

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCG
ATACATTCAACCATTACAT
AATACAAACTAAACTAAA
GCAAGAGGAGATAA

NC_024750

Tadorna tadorna

16604

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAAAGCT
CGCTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCATAAGC
CACACCCCCACATAATTA
ATACCACGTAAATGCCAA
AGATGAGGTAA

NC_024631

Anas acuta

16599

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGACAATAGAGCC
CACTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CACGTCCCCACATAACTA
ATACCACGTAAATGCCAA
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AGATGAGGTAA

NC_024602

Aythya ferina

16616

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGATAATAGAGCC
CACTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CATACCCCCACATAACTA
ATACCACTAAAATGCCAA
AGATGAGGTAA

NC_024595

Aythya fuligula

16616

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCAGGATAATAAAGCC
CACTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CATATCCCCACATAACTA
ATACCACTAAAATGCCAA
AGATGAGGTAA

NC_024594

Tachybaptus
ruficollis

16688

AAGGCGG
ATTTAGC | O
AGTA

CGCTTA
CCTTGT
TACGAC

119

AAGTGGAACAATACAGTC
CTCTTTAAGCTGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACCAAACCCTATAACTAA
TACCCACACCAGCTGAAG
ATGAGGTAA

NC_021621

Ficedula albicollis

16787

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGCGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCAACACACCCTATAC
CTAATAAGCCATTCAGCT
GAAGATGAGGTAA

NC_024087

Aquila chrysaetos

17332

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGGGACAATAAAGCC
CTACTTAAGCCGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCGCAAGC
CATAACCCATCTATAACTA
ATAACCCAACTAGCTGAA
GATGAGGTAA

NC_024048

Fringilla
montifringilla

16807

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GCCCCCTACCCCCATAAAT
TAATAAGCTATTCAGCCG
AAGAGGAGGTAA

NC_024107

Cecropis daurica

17949

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

121

AAAAGGGAAAATCGAGCC
CTTTTTAAGACGGCCCTGG
GACACGTACATACCGQCC
GTCACCCTCCTCAAAAGC
AACCAATTACCCCATAAC
TAATACGCTTCCCAGCCA
AAGAGGAGGTAA

NC_023981

Egretta garzetta

17361

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAACAGGATAATAAAGCC
TGCTTTAAACTGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCTTCATAAGCT
GCTAGTCCCAATAATTAAT
ACTACATCAAGCCAAAGA
TGAGGTAA

NC_023969

Aix galericulata

16605

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAATGAGATAATAAAGCC
CATTTTAAGCCGGCCCTAG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCC
ACACTCCCACATAACTAA
TACCCTAAACATGCTAAA
GATGAGGTAA

NC_023946

Ciconia nigra

17795

AAGGCGG
ATTTAGC

CACTTA
CCTTGT

120

AAGAGGGATCATAAAGCC
CCCTTTAAACCGGCCCTGG
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AGTA

TACGAC

GGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCT
ATTAAACCACTATAACTA
ATACCCCCACCAGCCAAA
GACGAGGTAA

NC_022452

Anas crecca

16601

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGCGGGATAATAAAGCC
CGCTTTAAGCCGGCCCTA
GGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
CACACCCCCACATAACTA
ATACCACGTAAATGCCAA
AGATGAGGTAA

NC_020425

Alauda arvensis

17018

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

125

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTAG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCCCCCCCCCCCATA
AATTAATAAGTTTCCCAGC
CAAAGAGGAGGTAA

NC_020684

Capreolusapreolus

16358

AAGGAGG
ATTTAGC |1
AGTA

TGCTTA
CCTTGT
TACGAC

125

AACTAAGAATAGAGTGCT
TAGTTGAATTAGGCAATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAATAA
GCAAAATACATTTAAATTT
ATTTATACGTATAAACCAT
ATGAGAGGAGACAA

NC_020643

Martes foina

16530

AAGGCGG
ATTTAGT |1
AGTA

TGCTTA
CCTTGT
TACGAC

123

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCG
ATACATTTAACCATTACAT
AATGCAAACTAAACTTAA
GCAAGAGGAGATAA

NC_020639

Mustela nivalis

16512

AAGGCGG
ATTTAGT |1
AGTA

TGCTTA
CCTTGT
TACGAC

122

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
ATACACCCAAACACTACA
TAATAAAACTCACTCAAA
GCAAGAGGAGACAA

NC_020638

Mustela putorius

16523

AAGGTGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

123

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATA
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGCA
ACACACTCAAATACTACA
TAATAAAAGTAAACCTAA
AGCAAGAGGAGACAA

NC_020577

Grus grus

16649

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGTGGGATAATAATGCC
CTCTTTAAACCGGCCCTGG
GGCACGTACACACCGCCC
GTCACCCTCTTCACAAGCT
ACAGATTCTCATAAATAA
TTACACTAATTAGCCAAA
GACGAGGTAA

NC_011818

Accipiter gentilis

18266

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

118

AAATGGGATAATAAAGCC
CTATTTAAGCTGGCCCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCGTAGGCC
ATAAACCCCATAACTAAT
AGCCTATACTGCCAAAGA
TGAGGTAA

NC_016428

Apodemus agrarius

16263

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTAAGAATAGAGAGCT
TAGTTGAATTGAGCAATG
AAGTACGCACACACCGCC
CGTCACCCTCCTCAAACTA
AATAAACTAAACTATACA
TAATTCATAAACAAAATTT
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ACGAGAGGAGATAA

NC_016191

Rhinolophus
ferrumequinum

16839

AAGGTGG
ATTTAGT | 2
AGTA

CGCTTA
CCTTGT
TACGAC

125

AACCAAGAACAAAGAGCT
TGGTTGAATTAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAATAT
AAAGGTACCACCCAAACC
TATTAACACGTACCCACA
ACATGAGAGGAGATAA

NC_015810

Garrulus glandarius

16930

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGAGAGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCACAAGC
GACCAAACCCCTTAATAC
ATTAATACGCTACTCAGCT
AAAGAGGAGGCAA

NC_015807

Nycticorax
nycticorax

17829

AAGGCGG
ATTTAGT |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCAGGACAATAGAGCC
TTCTTTAAACTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCTTCACAAGCT
ACTAAACTTAATAGTTAAT
ACAGCACCCAGCCGAAGA
TGAGGTAA

NC_015790

Triturus cristatus

16564

AAGGAGG
ATTTAGC |1
AGTA

AACTTA
CCATGT
TACGAC

118

AAAAGAAAAAAGAGCGTT
CTTTTTAAACCGGCAATGG
AGCGCGCACACACCGCCC
GTCACCCTCTTCAAGAACT
ATTAGATATTAAATAAAC
AAAGAAGAAAAAAGAAG
AAGAGGCAA

NC_015484

Plecotus auritus

16900

AAGGTGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

128

AATTAAGAATAGAGTGCT
TAATTGAATCCGGCCATG
AGGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAA
AAAATATTAATTACTACCT
AAAATATAAATAATATTA
ACTTATGAGAGGAGATAA

NC_015236

Gallinula chloropus

17027

AAGGAGG
ATTTAGT | 2
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGGGGGACAAGAATGCC
CCCTTAAACCCGGCCCTG
GAGCACGTACATACCGCC
CGTCACCCTCTTCACAGCC
CCCAATATCCATAACTAA
CACGCCCACTAGGCCAAA
GATGAGGTAA

NC_015200

Pica pica

16939

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGGGACTATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCGCAAGC
GACCCAAACCCTAATTAC
ATTAATACGCTACTCAGCT
AAAGAGGAGGCAA

NC_015198

Spinus spinus

16828

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCCCTGG
GACACATACATACCGCCC
GTCACCCTCCTCATAGGCG
CCCCCCCCCCCCCATAAAT
TAATAAGCTATCCAGCCA
AAGATGAGGTAA

NC_014046

Otis tarda

16849

AAGGCGG
ATTTAGA |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGCGGGATAATTAAGCC
CTCTTTAAACCGGCCCTGG
GGTACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACCAGCACCCATAATTAA
TGCACACTCCAGCTGAAG
ATGAGGTAA

NC_007704

Cervus elaphus

16357

AAGGAGG
ATTTAGC

TGCTTA
CCTTGT

125

AACTAAGAATAGAGTGCT
TAGTTGAACTAGGCCATG
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AGTA

TACGAC

AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAG
GCACAGTACACTCAAATT
TATTTGCACGTATTAATCA
TATGAGAGGAGACAA

NC_013700

Nyctereutes
procyonoides

16713

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

125

AACTAAGAATAGAGAGCT
TAGTTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTGA
CAAAACCAAAGCCACAAC
CATATTAACCAAACCAAA
ACACAAGAGGAGACAA

NC_007691

Cygnus
columbianus

16728

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTGGGACAATAGAGCC
TACTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGCT
ATATCCCACATAACTAAT
ACCATTAACACGCTAAAG
ATGAGGTAA

NC_002197

Ciconia ciconia

17347

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

120

AAGGGGGATAATAAAGCC
CCCTTTAAACTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCATAAGCT
ACCAAACCACCATACCTA
ATACCCCCACCAGCCGAA
GATGAGGTAA

NC_002391

Talpa europaea

16884

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

125

AATTAAGAATAGAGCGCT
TAATTGAATAAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAC
CAACGCCAAACACTATAC
ATAATTAAACGGTAATAA
GTATGAGAGGAGATAA

NC_013834

Cervus nippon

16434

AAGGAGG
ATTTAGC |1
AGTA

TGCTTA
CCTTGT
TACGAC

125

AACTAAGAATAGAGTGCT
TAGTTGAATTAGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAG
GTACAATACACTCAAACT
TATTTACACGTATTAATCA
TATGAGAGGAGATAA

NC_012772

Platalea leucorodial

16715

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGAGAGATAATAGAGCT
CTCTTTAAGTCGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACAAACCTTTATAACTAAT
ACCCAAATTAGCTGAAGA
TGAGGTAA

NC_011307

Falco tinnunculus

17663

AAGGCGG
ATTTAGC | 0O
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGCAGGACAATGTTAAG
CCTACTTTAAGTCGGCCCT
GAGGCACGTACATACCGC
CCGTCACCCTCCTCACAAG
CCACCAATCCTAAATAAC
TAATCCGCTACTATGGCCA
AAGATGAGGTAA

NC_011196

Anser anser

16738

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTGGGACAATAGAGCC
TACTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
CACATCCCACATAACTAA
TACCATAAATACGCTGAA
GATGAGGTAA

NC_011125

Meles meles

16442

AAGGTGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

122

AATTAAGAATAGAGAGCT
TAGTTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAG
CATACCCAAGCATTACAT
AATAAAATTACATTAAGA
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CAAGAGGAGATAA

NC_010227

Acrocephalus
scirpaceus

17903

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

123

AAGTGGGACAATCGAGCC
CTCTTTAAGCCGGCTCTGG
GACACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GACCCCCCCCCCCCATAA
ATTAATAAGTTATCCAGCC
AAAGATGAGGTAA

NC_010228

Sylvia atricapilla

17937

AAGGAGG
ATTTAGC |1
AGTA

CACTTA
CCTTGT
TACGAC

122

AAGTGGGAGCAGAGAGCC
CTCTTTAAGCCGGCTCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
GCCCCCCCCCCCCATACCT|
TAATAAGCCATTCAGCCG
AAGAGGAGGTAA

NC_009258

Bombina variegata

18551

AAGGAGG
ATTTAGT | 2
AGTA

TACTTA
CCATGT
TACGAC

118

AAAAGAAACAATAGTGTT
CTTTTTAAACTGGCCCTGG
GGCGCGCACACACCGCCC
GTCACCCTCTTCAACTAGA
ACTGATATATTTCTAAAAC
ATAAAACGAGTACAAGAA
GAGGTAA

NC_008550

Pandion haliaetus

17864

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

122

AAACAGGATAATAAAGCC
CAATTTAAGCTGGCCCTG
AGGCACGTACATACCGCC
CGTCACCCTCCTCACAAGC
TACAACCCTCTTAGATAAC
TAACACACCCAAAAGCTG
AAGATGAGGTAA

NC_008540

Apus apus

17037

AAGGCGG
ATTTAGC | O
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGAAGGATAATAAAGCC
ACCTTTAAACTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGCT
ACAACACCCAACATACCT
AATTTCCTAACTAGCTAAA
GATGAGGTAA

NC_008434

Vulpes vulpes

16813

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

126

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAA
TAAGACTGAGGCCATAAA
CATATTAACTCACATCAA
AACACGAGAGGAGATAA

NC_008328

Lacerta viridis

17156

AAGGTGA
ATTTAGC | 2
AGTA

CGCTTA
CCGTGT
TACGAC

122

AACTAGATAAGAGAGTCT
ATTTTAACAACGCTCTGGG
ACGCGTACACACCGCCCG
TCACCCTCCTCAAACAAC
ATAAACTAAACTACTTTTA
TAAATCAAAAAAGTTAAA
CAGAGGAGGCAA

NC_008140

Podiceps cristatus

16134

AAGGCGG
ATTTAGC | 0O
AGTA

CGCTTA
CCTTGT
TACGAC

119

AAGCGGAACAATACAGTC
CCCTTTAAGTTGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCACAAGCT
ACAAAATCCCATAACTAA
TATCTACATCAGCTGAAG
ATGAGGTAA

NC_008092

Canis lupus

16729

AAGGAGG
ATTTAGT | 2
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTAAGAATAGAGAGCT
TAATTGAATAGGGCCATG
AAGCACGCACACACCGCC
CGTCACCCTCCTCAAGTAA
TAAGACACAACCATAACC
ATATTAACTTAACTAAAA
CACAAGAGGAGACAA

NC_008064

Microtus
rossiaemeridionalis

16283

AAGGAGG
ATTTAGT

TGCTTA
CCTTGT

124

AATTAAGAATAGAGAGCT
TAATTGAATAGAGCAATG
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AGTA

TACGAC

AAGTACGTACACACCGCC
CGTCACCCTCCTCAAACTA
AATAAACGAAAACTATAC
ATAATTACATCAAATTTTT
ACGAGAGGAGATAA

NC_004539

Anser albifrons

16737

AAGGCGG
ATTTAGC
AGTA

CACTTA
CCTTGT
TACGAC

119

AAGTGGGACAATAGAGCC
TACTTTAAGCCGGCCCTGG
GGCACGTACATACCGCCC
GTCACCCTCCTCAAAAGC
CACATCCCACATAACTAA
TACCATAAATACGCTGAA
GATGAGGTAA

NC_003712

Arenaria interpres

16725

AAGGCGG
ATTTAGC
AGTA

CACTTA
CCTTGT
TACGAC

121

AAGCGGGACAATATAAGC
CCCCTTTAAGCTGGCCCTG
GGGCACGTACATACCGT
CGTCACCCTCCTCACAAGC
TACACTCACATAATACCTA
ATACAATCCCTAGCTGAA
GATGAGGTAA

NC_004028

Lepus europaeus

17734

AAGGAGG
ATTTAGC
AGTA

TGCTTA
CCTTGT
TACGAC

124

AATTAAGAATAGAGTGCT
TAATTGAACAAGGCCATG
AAGCACGCACACACCGCC
CGTCGCCCTCCTCAAGTAC
TGAATATTAATTATAGTTA
ATTCCTGAACAAGCAGGT
ATAAGAGGAGATAA

NC_003128

Buteo buteo

18674

AAGGCGG
ATTTAGC
AGTA

CACTTA
CCTTGT
TACGAC

119

AACTGGGACAATAAAGCC
CTATTTAAGTTGGCCCTGA
GGCACGTACATACCGCCC
GTCACCCTCCTCGCAGGCT
ATACCCCCACATAACTAA
TAACCCACTATGCCAAAG
ATGAGGTAA
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Anexa 3. Date cu referire la specimenele dmicrotine din Moldova

,

nregi it hatzea

d e Batcade ef Lifg DataBysténts

Process | Record | Sequence ) i Identification
Species name Region | Country Authors
ID ID ID method
TERVM Piatra
16986180| 17881601| Microtus arvalis
001-23 Alba
TERVM ) . )
17064964 | 17913161 Microtus arvalis Horesti
002-23
TERVM Microtus )
17064965| 17913162 ) o | Horesti
00323 rossiaemeridionalis
TERVM Microtus )
17064966| 17913163 Horesti
004-23 rossiaemeridionalis
TERVM Microtus
17064967 | 17913254 Horesti
00523 rossiaemeridionalis
TERVM _ , _ Victor
17064968 | 17913255| Microtus arvalis Horesti
006-23 Sitnic,
CYTB
TERVM ) . _ | Moldova ) Victoria
17064970| 17913274| Microtus arvalis | Horesti sequencing ]
007-23 Nistreanu,
TERVM ) _ Chisinau Gerald
17064973| 17913275| Microtus arvalis
00823 suburb Heckel
TERVM Microtus
17530961 | 18430628 Malcoci
00923 rossiaemeridionalis
TERVM Microtus
17530962 | 18430629 ] o | Malcoci
01023 rossiaemeridionalis
TERVM Microtus )
17530963 | 18430630 ] o | Malcoci
011-23 rossiaemeridionalis
TERVM Microtus )
17530964 | 18430631 ] o | Malcoci
012-23 rossiaemeridionalis
TERVM Microtus )
17530965| 18430632 ) o | Malcoci
01323 rossiaemeridionalis
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Anexa 4 Acte de implementare

MINISTERUL EDUCATIEI SI CERCETARII AL REPUBLICII MOLDOVA
I I.P. UNIVERSITATEA PEDAGOGICA DE STAT ,,JON CREANGA™ DIN CHISINAU

FACULTATEA BIOLOGIE $I CHIMIE

MD-2009, Chisinau, str. Drumul Viilor, 26a, Tel.: (+373) 280536, e-mail: bio_chimiciupsc.md

Nr.££7 din 9. 06,202 3

Act de implementare

Prin prezentul, se confirma ci rezultatele stiintifice obtinute si recomandarile
elaborate in cadrul tezei de doctor in stiinte biologice a Dlui Victor SITNIC
intitulatd ,,Abordiri bioinformatice in cercetarea diversitatii vertebratelor
terestre in Republica Moldova” sunt implementate in procesul didactic teoretic si
experimental la specialitdtile Biologie, Ecologie, Biologie si Chimie, Chimie i
Biologie, Biologie aplicald, la realizarea tezelor de licenta si masterat din cadrul
catedrei Biologie Animala a Facultatii Biologie si Chimie a Universitatii Pedagogice

vu

de Stat ,,Jon Creanga” din Chisinau.

Decanul facultatii Blologle,sgChlmle
T

Dr., conf. univ. i X
/ FACULTME\:

BIOLOGIE
S CHIMIE
)

c§ - Nicolai ALUCHI

'1 .
‘0
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Romania-Republic of Moldova
ENI-CROSS BORDER COOPERATION

"BIOLOGIA CANCERULUI"

U OLOGIC
LABORATORUL $TIINTIFIC
str.Micolse TESTEMITANU 30 '
?:'.:"2‘;“7‘."“:: 862188, 22 862.167

CERTIFICAT
Nr. 1 din 02.05.2023

Prin prezenta certificare confirm ca rezultatele stiintifice obtinute de dl Victor
SITNIC in teza de doctor in biologie ,, Abordari bioinformatice in cercetarea
diversitatii vertebratelor terestre in Republica Moldova” au fost utilizate in
calitate de suport metodologic pentru analiza datelor cu privire la biodiversitatea
microbiomului colonic uman in cadrul proiectului transfrontalier interinstitutional
(IRO Iasi, Romania - IMSP Institutul Oncologic, Republica Moldova) ,, Changes in
human  colonic microbiome in antibiotic generated stress”, cod proiect
2SOFT/1.2/105, acronim COLONSTRESS. Proiectul, finantat de Uniunea

Europeand, s-a desfasurat in perioada anilor 2020-2022 si a avut la baza

V- Soatan

Sefa laboratorului stiintific

secventierea si analiza metagenomica a ADN-ului microbian.

,» Biologia cancerului”
Cercetator coordonator COLONSTRESS
dr.st.biol., conf. cercet.

Valentina STRATAN

IMSP INSTITUTUL ONCOLOGKC

Valentina Strata
Sefa laborstorulu) n
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