CENCKOCTOMAHCKA AKABEMAA
B COBUR
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A i iadacieerasinssinaniisanne

Ha JucepralMoHeH TpyA Ha Tema: "KoHCTpyupaHe Ha TFEHETHYHA Kapra H
unentuduuupane Ha QTL, KOHTpoONMpaIlX aKyMyIHPaHETO Ha JIETIMBH ChCAWHCHUA B
useToBeTe Ha napannyna (Lavandula angustifolia Mill.)”, pencrasen 3a npumobusane
Ha oOpa3oBaTeHaTa U Hay4yHa cTeneH “JlokTop”, o JOKTOpCKa nmporpama ,.] CHETHKA",
npodecuonanno Hampasnenne 4.3. bBuomorndecku HaykW, Ha [TOKTOPAaHT Ha
caMocTosTelHa ToaroTtoska IlaBmuua I'muesa I'eoprieBa B ATrpOOHOWHCTHTYT, KBbM
Cenckocronancka AkajieMns — Codus.

Peuensent: npod. 1-p Enena Uranoa Teopruesa — MOPT-BAH, samosexn Ne P-05-
170 ot 11.07.2025

1. AKTYaJHOCT H 3HAYHMOCT Ha IHCEPTALMOHHATA TeMa

JlaBaHOynaTa € BMCOKO LICHEHO MEIMIIMHCKO PACTCHHE M TNPHUTEXaBa 3HaYNMa
CTOMHOCT HE CaMO TOpaJH TEPaneBTHYHUTE CH CBOWCTBA, BKJIIOYEHH B Pa3INiHA
GUONIOrMYHH MHPUIOKEHHMS, OCOBEHO B JEpMAToONOrMiTa, HO M B o0OmacTTa Ha
NPOM3BOJICTBO Ha €TEPUYHM Macia. MHOTo ce 3Hae 3a HCTOpUATA, pa3sNpOCTPaHEHUCTO,
TPaJMIHOHHUTE YMOTPeOH, (GUTOXMMUYHHTE KOMIOHEHTH, (apMakKoJoTHATa U
OHOJOTUYHUTE aKTUBHOCTH Ha naBaHgynara. CTaHa ChIO M3BECTHO, Y€ B NMOCIEHHUTE
IBe JeceTuneTus Buirapys e Boj€EI MPON3BOAUTEN M H3HOCUTEN Ha JJABAHYJIOBO MAacIIo
3a CBETOBHMA Ma3ap. JIeTaIMBUTE CheAUHEHUS B [BCTOBETE HA JIaBaH/ydaTa ca NMpeaMET
Ha TNpoydBaHMsi HACOYCHH KbM HJCHTHQMIMpAaHE M XapaKTepH3HpaHE Ha TICHH,
y4acTBAlY B OMOCHHTETHYHM mpoliecu. Te3n u3cnenBaHus ca JOMBIHCHM C JaHHH OT
aHaJIM3 Ha TeHHH (haMIUIMU CBBP3aHy ¢ GHOCHHTe3aTa Ha TeprieHoMAH. CeKBEHHPaHH Ca
reHOMHHTE TIOCIETOBATENHOCTH Ha TPU COpPTA JlaBaHAyNMa. BeIpeku ronemMus Hanpeaspk
M TEXHOJIOTMYHM BB3MOXHOCTH JOCEra HsIMa KOHCTpYyHMpaHa I¢HETHYHA KapTa, KaKTo H
chobuienns 3a uaeHTHOHuEpann QTL sokycH KOHTpOINMpalld OHOCHHTE3aTa H
aKyMYJIMPAHETO Ha JICTIMBH CHEAUHCHMS yJacTBAll¥ B CBCTaBA Ha JIABAHIYJIOBOTO
Maciio. HacTosmmsaT QUcEpTaLMOHEH TPYA € ITBPBHA 110 poja CU MPENCTaBsAil HOBH U
BaXKHH PE3YITATH 10 TO3M 0COGEHO aKTyasieH MpoGleM MMall BaXHO (PYHIAMEHTAIHO
3HaYeHHE ¥ Bb3MOXXHOCTH 33 IMHPOKO NMPAKTHHIECKO MPHIIOKECHHE.

2. OleHKa Ha CTPYKTYpaTa Ha JHCcepTAHOHHUS TPYA

JucepTallHORHUST TPYL € CTPYKTYPHPAH B CHOTBETCTBHE € OOLIONPUETHTE Y HAC
CTaHJIapTH 3a pHIoOUBaHe Ha 06pa3oBaTe/IHaTa H HayYHa CTCIIEH ,.JokTop”. Hanucan ¢
Ha 155 cTpaHMIM M Ha OTIMYEH BHCOK HayudeH CTHI. OTHENHUTE pasieiu ca nobpe
GaaHCUpPAHH U MPEICTABEHH JOCTATh4HO M3ueprarenHo. Pesynrarute ca 06001eHH U
OHArlIeACHH B TpeAcTapuTeidd 14 ¢urypu, 13 Tabmund W 3  TIPHIOXKCHMA.
Bubnuorpadckara cnpabka o6xBamia 86 M3TOUHHKA, OT KOHTO 85 Ha JIATMHMIIA H 1 Ha
kHpHIHIa. ToaMa 4acT OT WUTHPAHHTE TPY/IOBE Ca OT NOCIEAHHTE 10 TONUMHH, KOETO €
Mmokazarell 3a 3aJbBJIOOYCH aHANM3 M IO3HaBaHE Ha IpobieMa OT JOKTOPAHTKara.

HperaCHO BIICUATIICHUE IIpaBH LUTUPAHETO Ha 6’BJIl"apCKI/I aBTOpPH, KOJIETH Ha
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JOKTOpaHTKaTa, NOCTaBHIIHA OCHOBATa M IOCBETUIM HAy4YHUTC CH U3CICABAHHUA 3a
MpUIAaTaHE¢ Ha YCKOpPEHa CCICKIHA C MOJICKYJIAPHH MapKEpH 3a Ch3JaBaHC Ha HOBH
COpPTOBC H JIWHHUH JlaBaHAyJa, ocurypsgBaiid BHCOKH NOOMBM W KadecTBO Ha
JJaBaHIOYJIOBOTO Macilo.

2.1. JlutepaTypeH 0030p

JIuteparypHUAT 0630p € HamucaH MPO(ECHOHANHO U CTETHATo Ha 25 CTPaHUIN.
JlaHHHTE B HETO ca TIOAKPENEHH ¢ MHOTO JIoOpe 00AcHEHH WHPOPMATHBHH TaOIUIN H
durypu. IlpencraBena e obm@a xapakTepucTHka Ha pox JlaBamjayna, KakTo M
aKTyalH3upaHa MHQOpMalus 32 GOTAHHYECKMTE W OCOOCHOCTH, COPTOBHMS CHCTAB HA
NaBaHAynaTa KyTTUBHpaHa B bBuiarapus, BB3MOXHOCTM M XapaKTCpUCTHKA Ha
NaBaH/IYI0BO MAcyio, BUIORE JECTUNALIS, EKCTPaKIua U cheTa. OleHeH e 6HOCHHTEsa
Ha JIETIMBY KOMIIOHEHTH y4acTBAIllM B ChCTaBa Ha /1aBaHAYIOBOTO Macio. HampaseH e
aHaJIW3 Ha HETOBMS ChCTAB M Ch3JIaBaHE Ha CTAHIAPT, 3a 1a MOXE TOBa MAc/o Jja C€ Hapeye
,,OBJIrapcko NaBaHAyNOBO MAaclo” M Jia Ce pasrpaHd4M OT NMPOU3BOACTBOTO Ha NpyrH
tunoBe Macno. [Toka3aHo e, ye Hali-BaXXHUSAT KOMIIOHEHT B ChCTaBa Ha JIABAHyJI0BOTO
Macnio ot L. angustifolia e nuHaIUN alleTaThT. BUCOKOTO My CBABPXXAHHUE € [TOKA3aTEN 3a
106po KauecTBO. 3aABIOOYEHO Ca OLICHECHH MyOIUKYBaHH PE3yNTaTH BbpXY BHAOBC H
IIPUTOKEHHSA Ha MOTICKYIIAPHU MapKepH, KaKTO H MOJICKY/IApHA reHETHKA HA GHOCHHTE32
HA JICTIMBY KOMIIOHEHTH. B eTaiinu ca U3siICHEHH METOJUTE 3a MPHIOKEHHE HA BUAIOBETC
monexynau JHK Mapkepu, Mo3BodsiBallY Ja ce MOROOpM M 3amasd IEHETUIHOTO
pasHooOpasue M 3a Ch3JaBaHE Ha BUCOKONPOAYKTHBHHM COPTOBE JIaBaHAyla C BHCOKO
KAYeCTBO HA ETEPUYHOTO MACIIO, TIOAXOMALIM 32 MEXaHU3UpaHa 06paboTka 1 OTIIEKIAHE
B pa3JIMYHU paiioHH Ha CTpaHara.

2.2. Hen 4 3aaa49H

B T03M paszen CHO U TOUHO € GopMyiIHpaHa 1ejiTa Ha HacToAIaTa JucepTaums 1
3a HEHTHOTO MOCTHTAHE Ca BKIIOYEHH 6 KOHKpETHH 3aja4M. JIokropaHTKaTa CH [OCTaBs
HejeKka HeNl, a UMCHHO Ja KOHCTpyHpa IeHeTHYHa kapta Ha naBanjyna (Lavandula
angustifolia) v na uaeatudumupa QTL xoHTponHpany akyMylnHpPaHETO Ha JICTIHBH
ChC/IMHEHUS B LIBETOBETE Ha JIaBAH/IyIIA.

Tpsabsa na 6bje oTOENA3aHO, Ye TaKa MOCTABEHUTE LENIH W 33a[a4d HaJIXBBPIIAT
obema Ha eJlHa JOKTopcka paboTa.

2.3. MaTepHuaiu H MeTOH

To3u pasznen oOxBaima 10 cTpaHULIY U HAYUHBT Ha HETOBOTO IIPE/ICTaBAHE NOKa3Ba
BHCOKOTO HUBO Ha NPOBEAEHUTE U3CIEABAHHA. PacTUTEIHHAT MarepHan HU3ION3BaH B
TO3U TPYA € KyITHBUpaHa JaBaHy/a OT cOPT XeMyc B paloHa Ha C. 3arope, Tpakuiicka
Hu3uHa. ChOpaH e MaTepuan OT CBEXHM, Miaad Jmcta Ha 96 pactenus. OcraHanuTte
coprose L. angustifolia var. Hidcote Blue, L. latifolia n MexayceKunoHHus XHOpua L. %
heterophylla 'Big Boy James' ca 3akynenu or Bastin Nursery, Aalbeek, Hunepnannus.
Muoro nofpara mnpogecuoHaNrHa MOATOTOBKA HA [OKTOPAaHTKara € BUAHA H CE
MOTBBPXKlaBa OT LIMPOKHS CIEKTBD YCBOCHH, KOMIICTEHTHO OIMCAHM M aJICKBATHO
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MPUIOKEHH CHBPEMEHHM TCHCTHYHHM, OHOXHMMYHH, KIETHYHO-OHONOTHYHK M
MOJIEKY/ISPHH TEXHHKH, KOWTO JaBaT O€3CIIOPHO KOHKPETEH OTrOBOP Ha MOCTABCHHTE
3aJa4ud ¥ TapaHTHpaT HOCTOBEPHOCT Ha TMONydEHHTE pe3ynTard. JIOKTOpaHTKara ¢
H3BBPIIMIA TOTAM 06eM eKCriepHMEHTATHA paboTa, 32 ia OKake, Y& eheKTHBHOCTTA Ha
u30paHusi METOJI € BayKHA OCHOBA ¥ KIIFOYOB (aKTOp 3a MOTy4aBaHE Ha JIOKa3aTCICTBCHH
JIAHHH ¢ BUCOKA BB3MPOU3BOAUMOCT. V3mon3sanu ca OTIHYHO YCBOCHU TEXHUKH OT HOBO
IOKOJIEHWE, 4 WMEHHO: KOHCTpympaHe Ha SSR mpaiimepu, Oasupanu Ha NGS
CeKBEHUpAHE; KOHCTpyHUpaHe Ha SSR mpaiiMepH el ThpceHe B pedepeHTHaTa TCHOMHA
nocnegoBarensoct Ha L. angustifolia, copt Munstead; PCR amnnuduxanus Ha SSR u
SRAP mapkepu 3a dpparMenTeH ananms; pparMenTen ananus Ha SSR u SRAP Mapkepy;
PCR ammumdukanus u ceksenmpane Ha JIHK nocnenosaremsoctu; GC/MS aHanus na
JIETIUBY CheAMHEHMS B €KCTPAKTH OT I[BETOBE HA €IUHHYHU PACTCHUA; aHATTM3H HA AAHHU

u codTyepH.
2.4. PesyaTraru H o6cbKIaHE

B pasgena ,,Pesynraru ¥ o6chxaaHe” ca OTIMYHO MPEACTABEHHU JIOKa3aTEICTBCHU
pe3yNTaTH Ha HOMydYeHHTe 3anauu. Haii-1leHHOTO BEIECTBO, H30IHPaHO OT NaBanayna (L.
angustifolia), € eTEpUYHOTO MaCIO W c€ MOJly4aBa 4Ype3 XUPOAUCTHIIALMA HIIH TMapHa
nectunanus. KauecTBEHMAT M KOJTHUECTBEH CHCTaB HA €TEPHYHOTO MACJIO OT JIaBaHAyda
(L. angustifolia) 3aBHCH OT T€eHOTHNA, MACTOTO Ha OTINICKAAHE, KITUMAaTHIHHUTE YCIIOBHUA,
pa3npOCTPAHEHUETO U MOP(OTOTHYHHITE XapaKTEPUCTHKU. ETEPHYHOTO MaCIIO CE ChCTOH
oT Hax 300 XMMHYHY CheJUHEHNS, OCHOBHHTE OT KOUTO ca THHAooM (0T 9,3% 1o 68,8%)
u muHanui auerar (ot 1,2% nmo 59,4%). I'oneMuaT HUKOHOMHYECKH HHTEPEC KBM
MPOM3BOJCTBO Ha JIABAHAYJIOBO MAaclIO Hajlara CENICKIMs Ha COPTOBE C BUCOKO Kau€CTBO
M KOJIMYECTBO HA €TEPUYHH Macna. 3a 6bp30 M HAJCKAHO JOKa3BaHE Ha KaUYECTBOTO H
KOJIMYECTBOTO HA ETEPUYHU Maciia B OBITapCKH COPTORE M JIMHUH JIABAHYJIOBH PACTCHHS
JOKTOPAHTKATa € MPOBeJa K aHAIM3Upaia MHOXECTBO €KCIIEPUMEHTH. BBBEXKAAHETO Ha
MOJIEKYJTHUTE MApKEPH B TEHETHYHHUTE H3CIICABAHMUS TIPH JIABAHTYJIaTa € Bh3MOXHOCT 112
C€ IIPOCIENAT OCHOBHH [E€HH, YYacTBali B OHOCHHTE3aTa Ha JICTIIMBY CheAuHeHNMs. JIHec
3a BCEKH JIOKYC € Bb3MOXKHO Oa ce HamepsaT cnenudununu JIHK mapkepu, cBbp3aHu ¢
MKOHOMHYECKH BAXHM IIPH3HAIM, KOUTO Aa ObJaT MPUIOKEHH 32 YCKOPEHA CENeKINs Ha
JTHHHM B COPTOBE C BUCOKO Ka4ECTBO HA ETEPUYHOTO MACJIO.

3a ycnemHoTo npunarane Ha SSR MapkepHTe € HeOOXOAUM TIPEIU3EH PpparMeHTeH
ananmz Ha PCR  ammmmduiupanure JHK dparmentn, cwpabpxanm  SSR
nocuenosarenHocTd. Hail-eeKTUBHHMAT NOAXOJ, NPHIOKEH OT leopruesa BKIOYBA
¢parmenTen ananus upe3 kammwsipen JIHK cexBenarop u mu3nonssane Ha 5°-
dnyopecueHTHO Oenasan mpaiiMep 3a aMmmM@HKallid W BU3yajnu3aluis  Ha
aHaMM3MpaHUTE YydacTelM. Ilpum u36opa Ha edextuBHa mnpouexypa 3a PCR
amrumaduKanus Ha uscnensad SSR yuactsk or reHomuara JJHK ¢ 5°- dmnyopecueHTHO
fenszan mpaiiMep TA € TECTBaja TPU Pa3lIUYHH [POLENYPH. 3a MPOBEXIAHETO Ha
IEHOTHIIMPAHE HA Cerperupaiiara Iomynanus c¢bc SSR Mapkepu JOKTOpaHTKara
usnon3ea ase rpynd SSR mpaiimepu (Ham 490 mpaliMepHM OBOHMKH), 3a KOHTO C€
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npeanonara, ye aMmumpar SSR y4acTbIM OT TEHOMa Ha COpT Xemyc. 3a HacHIIaHE
Ha TeHeTWYHATa KapTa C JOTBIHUTENHN MapKepH (TokycH) T u3nonssa SRAP mMapkepn
W3IION3BaiiKA  ,)yHHBEpCalTHH“ TpaliMepnu jsodiku. Cien mposexJaHe Ha
aMIUTUKAIMOHEH TecToBe ¢ orAenHu SRAP mpaliMepHH MBOWKH ¥ rIHK ot copt
XeMyc ¥ ToceaBan hparMeHTeH aHaTH3 ¢ KalluisSpeH cekBeHarop I'eoprrena onpeaens
SRAP npaiiMepHH NBOWKY 32 aHaNM3 Ha 8 PacTEeHHdA OT MOMyNauMsATa, OCHTypABAIIH
XPOMATOTpaMH ¢ HHCBK (oH U 106pe paszencuy muxose. [Tasnaa 'eopruesa nokassa,
ye SRAP Mapkepute ca eheKTHBHO CPEACTBO 32 MOBHIIABAHE HA MapKepHAaTa TUIFTHOCT
B FCHETHYHHU KapTH, Thil KaTo T¢ MOTaT /ia Ce Mpujiarat ¢XHOBPEMCHHO 34 FEHOTUIINPAHE
Ha roisaM 6poii ToKycH ¢ elHa paiMepHa JBOHKA.

B To3u HayueH Tpya (GoKycupaH BEPXY KOHCTPYHPaHETO Ha EHETHYHATa KapTa
JOKTOpaHTKaTa e aHanusupana 411 nokyca, oT xouTo 377 jokyca ca IOJy4eHH Hpe3
reHOTHIIMpaHe ¢ Tpu rpynu SSR MapkepH, a 34 noKyca HIEHTHOHULHPAHH YPE3 AHATIUS C
nomomra Ha SRAP MapkepH, KoeTo OTpa3sBa LIMpPOKaTa H 3a/(bJ0OYCHA I¢HETHYHA
MOJIrOTOBKA HAa KaHUATKATA.

Cnen cpaBHsABaHe Ha e(EKTHBHOCTTA HAa OTKpPUBaHE Ha nonumoppuu SSR
MapKepH, NIpH TeCTBaHUTe TPU rpynd SSR MapkepH, KaHIMIATKaTa HAMHpPa HaH-BHCOKa
edextuBnocT npu NGS-SSR Mapkepute (06mo 57.7%), mo-HHUCKa HO CpaBHUMA
edekrunoct npu GEN-SSR Mapkepure (06mo 51.3%) u 3HaYUTENHO TO-HHCKA
e()eKTMBHOCT Ha OTKpUBaHe Ha nonuMopduu EST-SSR Mapkepy, Bp3IM3aia Ha 29.4%.

CrnesBalna BakHa CTHIIKA B TO3U TPYA € IPOBEACHHUAT aHAIU3 Ha BETPEBUIIOBO H
MeXTYBHIOBO TpWIokeHHe Ha morydenute SSR Mmapkepu. 3a Ja ce OlEHH
BE3MOXKHOCTTA 3a BBTPEBHIOBO M MEXIYBHIOBO mpuiokeHue Ha SSR Mmapkepure,
BKJIOUECHH B KOHCTPYMpaHaTa TeHeTH4Ha KapTa, ChoTBeTHUTE SSR mpaliMepHu JBOHKH
ca TectBanu 3a PCR ammndukanus Ha resomua JIHK, usonupana ot L. angustifolia var.
Hidcote Blue, e muuun ot L. latifolia v Mextysunosus xubpun L. x heterophylla var.
Big Boy James. OT nojy4eHUTe pe3yATaTH JNOKTOPAHTKaTa HaMHpa BHCOKa CTCIEH HA
BETPEBHIOBA U MEXIYBHIOBA IPHIOKHUMOCT Ha TecTBaHuTe SSR Mapkepu, KaTo Haj
93% ot TecTBanuTe SSR npaiiMepHu nBoiiku napaT nonoxureaHa PCR aMITHUKAIIHA
npu var. Hidcote Blue, a wax 78% or MapkepuTe moka3par mnonoxurensa PCR
ammmidukanus npu JIHK npo6u ot apyru BuaoBe Lavandula. HaGmonaBanara BUCOKa
BHTPEBUNOBA W MEXKIYBHUIOBAa MPUIMKUMOCT Ha MapKepuTe Mpefmnoara, 1e
paspa6orenusr or I'eopruesa Habop or SSR Mapkepu Moxe JHa Obiae €(EKTHBHO
U3MON3BaH 3a OIEHKA HAa TEHETHYHOTO pa3sHOooOpa3ue B €CTECTBCHU MOMYIANUH U
KOJIGKIIMM OT TEHETHYHH pecypcH Ha naBaHjynara. OcBeH TOBa, roisiMa 4act oOT
TECTBAHHTE MAPKEPH MOTaT Ja OBIAT NPHIOKCHH 33 Ch3JIaBaHETO Ha pe(epeHTHH
reHeTHYHH KapTH, 6asupann Ha SSR Mapkepu 3a BUIoBe OT poji Lavandula, ¢ moteHIMan
33 [O-IIHPOKO MPUIIOKECHUE B CbBPEMEHHATA PACTHTETHA CEICKIIHA.

HyKIeoTHIHATE TIOCEOBATENHOCTH ONpPECIICHH OT Kapauuarkara upes NGS
cekBenupaHe Ha renomua JIHK, kaxro u pedepentnara JTHK mocnenoBaTenHocT Ha
reHoMa Ha L. angustifolia Morar na 6bIaT U3NON3BaHH KATO OCHOBA 3a €(PEKTHBHO
ompefensHe ¥ ort6op Ha HoBu noiauMopdHn SSR Mmapkepu. B paMkure Ha
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JMcepTalMonHara pabota T4 e ycraHopuna 255 monumoppuu NGS-SSR Mmapkepa
onpenenenn cen ananus Ha NGS nocrenosarentoctu ot L. angustifolia copt Xemyc u
79 momumopdru GEN-SSR Mapkepa ompeleleHH clejl aHalu3 Ha pedepeHTHara
reHOMHA MociejoBaTeTHOCT Ha L. angustifolia copt Munstead.

KOHCTpyMpaHETO Ha TEHETHYHH KapTH cbC SSR MapkepH, mpemiaraT OTIHYHa
BB3MOXHOCT J1a OBIAT H3MOI3BAHH KAaTO OCHOBHH F€HETHYHH KapTH M 1a ObJar AUPEKTHO
IIPUIOKEHH 32 Pa3IMYHH TCHOTUTIOBE 6JarofapeHne Ha BUCOKATa MMPEHOCHMOCT Ha SSR
MapkepHuTe. Brrpeku rogemus 6poi MOIEKYNApHH, FCHETHYHH ¥ TEHOMHH H3CIICIBAHNSA
M CBBP3aHHTE C TAX JaHHM 3a JaBaHIyla W IIaBaHJMH, BCE OLle HE € ChOOLICHO 32
Ch3J]aBAHETO Ha TeHETHYHA KapTa Ha BPB3KMTE 32 TAX, KAaKTO U 33 MICHTH)ULIUPAHETO 1
kaprorpapupanero Ha QTL, cBbp3anH C BaXHH XapakTepucTHkd. OCBCH TOBa,
enuncTBeHuTe SSR MapkepH, foKknanBanu focera 3a Bugosere Lavandula, ca Habop oT
EST-SSR mapkepu, KOUTO HE ¢a JOCTATHYHM 3a IPOYyYBAHMA 32 KAPTUPAaHE HA r€HOMa U
QTL amanus. B pesynrtar OT FeHOTHIMPAHETO Ha CErperdpaiia MoIyJaalus MolrydeHa
cnex camoonpamBaHe Ha L. angustifolia copr Xemyc, 3a mepBd mbT ['eopruesa
KOHCTpyMpa TeHETHYHA KapTa, BKIIoYBamia obmo 25 rpynM Ha CBBP3BaHE,
CHOTBETCTBAIIX Ha XAIUTOMIHHA XpOMO30MeH Habop Ha copT XeMyc. KoHcTpyHnpaHara oT
Hesl TeHeTHYHA KapTa BKII0YBa 06110 375 nokyca, ot KouTo 343 nokycu Ha SSR Mapkepu
u 32 nokycu Ha SRAP mapxepy, ¢ o61a ronemuHa 2518.91¢M 1 cbe cpeiHO pa3cTosHue
MexTy ToKycuTe oT 6.72 cM. Ciiest cpaBHEHHETO Ha KapTaTa ¥ pedepeHTHaTa TeHOMHA
MOC/IeOBATENHOCT € Toka3aHo, de LG kaptute oOxsamar cpeaHo 82,6% ot
XpOMO3OMHHTE Tocieoratennoctu. Ot npuioxennTe TectoBe 32 PCR ammnndukarys
Teopruera ycTaHoBsiBa, 4e paspaboTeHus oT Hes Habop or SSR Mapkepu e ¢ BHCOKa
BHTPEBU10Ba (>93%) 1 MexxayBuIoBa (>78%) PeHOCUMOCT.

BakHa wacT OT JMCepTallMOHHAaTa paboTa Ha JOKTOpAHTKaTa € MOCBETCHA HA
uaeHtudumupane Ha QTL, 5MOKycH KOHTpONMpAIUM aKyMYIHPaHETO Ha JICTIIHMBH
CheIMHEHUS B LBeTOBeTe Ha L. angustifolia copt Xemyc. 3Hae ce, 4¢ JaBaHAYIOBOTO
MacJIo ChabpkKa IKMPOK HaGop OT pa3NNIHM JIETIHBH ChEAMHECHHUA, KOUTO C€ CHHTE3UPAT
M aKyMyJIHpaT OCHOBHO B LBETOBeTe. 3a npoBexjaaHe Ha TakbB QTL aHamus, ocBeH
KOHCTpyHpaHaTa TE€HETHYHA Kapra, € HeoOXoOuMo H ONpeJensHe Ha ChCTaBa M
CBIBPKAHUETO Ha OTACIHHUTE JICTIIMBM ChEAMHEHHS B [BETYET2 HA PACTEHHATA OT
cerperupamara nonynanus. IlpencraBeHuTe JaHHM TOKa3Bar, Y€ OCHOBMTE JICTIMBH
ChEIHHEHHS C HAM-TONAM /71 B €TEPUYHOTO Macio oT L. angustifolia, copt Xemyc ca
nuHanoon 24,79%) u nuHanun anertar (44.44%). Te cwcraBnaBaT okono 70% ot
NETINUBUTEC ChEAUHEHWS M HMMAT HaH-BUCOKM CpPEIHHM KOHIEHTpAIUH, KaTo JIHHAJIMWI
aleTara € BOJEUIOTO ChEIAHHEHME, CHCTABJIABAIIO IIOYTH IOJOBUHATA OT JIETJIMBHUTE
KOMIIOHEHTH.

KonnuecTBOTO M CHCTAaBBET HAa CHCAMHEHUATA B JIABAHJYJIOBOTO MAacjio B TO3M
JMCEPTAILIMOHEH TPYA ca TMOMJIMKEHH Ha IeHETHYEH KOHTPOJI, KaTO BapHalMATa UM €
kapTorpadupana ¢ nomomra Ha QTL ananus. Kaprorpadupanero na QTLs, cBbp3anu ¢
HATPYNBaHE Ha JICTJIMBM ChEOVHCHHS B LBETOBETE € BaXKHA CTHIIKA B CENCKIHUATA 32
HOJIYYABAHETO HA JIMHHM M COPTOBE JIaBaHAYJa C BHCOKO CBABPXAHHE M Ka4E€CTBO HA
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eTepuyHO Macio. M3monsBadky JaHHUTE OT GC/MS apanu3a ¥ KOHCTpyHpaHaTa
reHeTHYHa KapTa ¢ nposefeH QTL aHanu3 Ha €KCTpakTH OT IBETHCTA HA pacteHHus oT
cerperupailiara Tomynanus  CopT Xemyc. Ot Tesnm amamusu leopruesa ¢
nnentudunmpana 43 QTL cebp3aHn ¢ HHBAaT2 Ha aKyMyTHpaHe Ha 25 netnuBH
CheJVHEHNUs B [BETOBETEC Ha M3CIICABAHUTE PACTCHHATA. Jlokazana € ChINO CTUHHYCH
QTL 70KyC KOHTPONHMPAL OTHOMIEHHETO MEXY ChABPKAHMETO HA INHATIOON U JIUHATUI
aleTar B eKCTPAKTH OT I[BETOBETE Ha U3CICABAHUTE PACTCHHUA JaBaHIyIa, KOCTO ¢ BaXXCH
napaMeThp ONpeeNsll KaYeCTBOTO Ha JOOUBAHOTO NaBaHYI0BO MACIIO. CpaBHHUTETHUA
AHATH3, HA CHALPKAHUETO HA JHHANIOON U JIMHAIAJ aleTaT B LIBETOBCTE HA PaCTCHUA €
pa3mMuHM anenHd KoHourypaumm Ha SSR JIOKycH pasnonokeHn B paiiona Ha
naenTudpunmpanns QTL, noTebpxnaBa pe3ylTaTHTC OT QTL amanu3a U MokKa3sa, 4e
choTBeTHHTE SSR MapKkepy MOTar Jia ce M3MON3BAT 32 MapKep aCHCTHPaHa CCICKIHUA Ha
JMHUA C BHCOKO ChIbpXKaHMe Ha nuHanun anerar. OT aHanM3a Ha TCHOMHHTC
MOCIIeI0BaTeNHOCTH B pafiona Ha upeHTHOHumpanus QTL, 32 OTHOMICHHCTO MENKIY
JTMHANOON Y JIMHAJMI alleTaT B IBETOBETE HA JIaBaH[yjlara, JOKTOpaHTKaTa yCTaHOBABA
rena LiAAT4, xomupani aneTun TpaHcdepasa, kKaTo KaHAUIAT T€H CBbp3aH C TO3M QTL

JIOKYC.
2.5. A3B0oaOH U NPHHOCH

OT NPOBEIEHUTE EKCTIEPUMEHTH ca GopMynupanu 12 u3Bofa u 3 NPUHOCA, KOUTO
HambIHO mnpueMaM. Te ca JIOTHYHO CNEICTBUE OT LSAJNOCTHO H3BBpIICHATA
eKCIiepUMeHTaNHa paboTa ¥ U3LMIO OTPa3ABaT MOIYYCHUTE PE3YATATH, KOHTO OCBCH
(yH/IaMeHTANeH XapakTep Morar a GbJaT OCHOBA 32 pa3paboTBaHE Ha CTpaTerws 3a
NPUIIOXKEHHUE B CEJICKOCTOIAHCKATA IIPAKTHKA.

3. llyonukanuu u cnpaska 3a MHH

JIoKTOpaHTKaTa € MNpEACTaBWIa CNUChK OT 2 mybnukauuu MO  TeMara.
PasnpeieIeHHETO B CIMCAHMSA MO KBAPTHIIM Ha Te3H JBE CTAaTHH € CIIeIHOTO: efHa e ¢ Q1
H enna e ¢ Q3. O6mmar um IF e 6,462. Cratuute ca 0TpaseHH B pedepupaHu NPeCTHNHH
HayaHW KypHanmu: International Journal of Molecular Sciences w Biotechnology &
Biotechnological Equipment. B efHa oT nyOnukanuute I'eopruesa e BofIell aBTOP, KOETO
IIOKA3Ba JIMYHHSA J1 IPUHOC B HelfHOTO M3rotesHe. Cnpaskarta 3a n3nbaHenuero va MHU
ot 3PACPE 3a Hayuna o6mact 4. [IpHpojHM Haykd, MaTeMarMka ¥ HHGbOpMaTHKa
npodecronanHo Hanpasiesne: 4.3 Buonornueckn Hayku, Cho0pa3eHa ¢ NPUETHTE KbM
3aKoHa JombIHUTENHM Hapenbu B CCA, ynoctoBepsBa, uye ITanuna I'uHesa I'eopruesa
dbopmupa o6mo B rpyma ,I'“ 35 Touxm, moxpusamu MHU 3a 3aemane na OHC
"JlokTop*. PesynTatu oT nMcepramusTa ca AOKJIaJBaHM U Ha 4 HAllHOHAIHU HAyYHH
¢opyma. JIokropaHTKaTa € yUaCTHHK B Hay4YeH KOJIEKTHB Ha [TPOEKT CBbP3aH C TEMATa Ha
aucepranusta i ,,J eneTnyHa kapra 1 QTL ananu3 Ha CTOMAHCKU NPH3HALM U ChCTaBa HA
eTepHYHOTO MacJio MpH naBauayna (Lavandula angustifolia Mill.), kakTo 1 B ome Ba
Apyru Knacupanu u punancupanu or ®HHU/MOH npoekra.



Te3n BUCOKH HAayKOMCTpHYHH IIOKAa3aTClIy, TOCTUIHATH OT JOKTOpPAHTKara, 3a
CpaBHHUTEITHO KPaThK IICPHOI, olle BEJIHBXK MOTBBPXKIaBaT 3HAYUMOCTTA HA HpOGJIeMa "
aKTyalJTHOCTTa Ha ITOTY4YCHHUTC pe3yaTaru.

4, TIpenopbKH, 3a0e/1eXKKH U BHITPOCH

JIMCepTalMOHHHUAT TPYR € OTINYHO OPOPMEH H € €AHO 3aBbPLICHO M3CJICABAHE,
TIPeOCTaBAI0 3HaunMa HaydHa wHpopmauus. C yrOBOICTBUE TpsiOBa na otbenexa,
OTIWUHHTE CH BIIECYATIEHUS OT TO3M TPYJ, KOHTO PasKpuBa BE3MOXKHOCTH M 32 OBACIIO
fpaKTHUecko npuioxkenue. HanpaBeHu ca npey3HU aHallu3|, BAXHUA H3BOIHU, HOBM U 3a
II'BPBH IIBT OTPA3EHH PE3YIITATH.

ABTOpedepaTsT € M3TOTBEH CBITIACHO W3WCKBaHMATA M OTpas3sBa aJCKBATHO
OCHOBHHTE PE3YJITATH, H3BOAU U MPUHOCU HA AUCCPTALIMOHHUS TPYA.

KBM JOKTOpaHTKaTa MMaM CJICJAHUTE BBIIPOCH:

1. ITo xaxBM KpUTEPUH € IOAOpaH copT XeMyC, KaKTO H TE€3U 3AKYIICHH! OT Huaepnanausa?
2. Koii OT 3acerHaTuTe B JUCEPTAUATAa acmeKTH TpAOBa Ja MMa INPHOPHUTET MpH
cleBally HAy4HH pa3paboTku?

3. KakBu IIpenopbKy 3a [PaKTHKATa Morar Ja Obaar HanpaBeHH CBbp3aHH C MIaHHPAHC
Ha COPTOBHs ChCTAB Ha HOBH HaCaXJeHUs?

5. 3akaoueHue

Hoxtopantkata Ilarnmuna ['uneBa IeoprueBa € mpoBena IIHPOKOMAIabHK
W3CNeBAHWMA M ¢ TONYdHIA 3HAYMMH W OPWIMHAJHM TNPHHOCH MyONMKyBaHH B
MPECTHKHA Hay4dHH crHcanus ¢ obur P 6,462. PesynTaTure B TO3H AHCEPTALMOHEH
TPYA 4 OPeJCTABAT KaTo aMOUIIMO3E¢H MIIa]l H3CICAOBATEN C OPUTMHAIHYI HAYHH HACH U
BHCOKa METONOJIOTMUHA TOATOTOBKA. 3a ITBPBH IBT ¢ MyOIMKyBaHa KOHCTpYHpaHa
TeHETHYHA KapTa [PH JaBaHIyNa U 3a IbPBH MbT ¢ uaeHTudunupan QTL sokyc, BaxeH
NapaMeThp ONpeNeiAll Ka4eCTBOTO Ha JIaBaHIYyl10BOTO Macno. HaykoMeTpuuHHTE
nokasareny Ha [Tasmuna ['mHeBa [eopruesa HambiHo nokpusatr MHU u orroBapsaT Ha
BCHUKH M3MCKBAHHS Ha 3aKOHA 33 Da3BHTHEC HAa akaJeMU4HHs ChcTaB B PernyGnuka
Boarapus (3PACPE), IIpaBuiHiKa 32 HETOBOTO MPUIIOKEHUE K BRTPEIIHUTE NIPABHIIHULIA
Ha Arpo6uomuctutyT u Ha CCA 3a 3aemane Ha OHC ,Jlokrop™ B 0o0nacT Ha BHCIIE
obpazoBanue 4. TlpuponHu Hayky, MaTeMaTHKa M HHQOpMAaTHKa; ITpodecronanHo
HanpasicHue 4.3. BHoNOTHuecKM Hayky; HayyHa crenuanHoct "l'eHetnxa” 3a OHC
LJoxrop”. KazaHoTo 40 TyK, MM JaBa OCHOBaHMEe YOEAEHO [Ja MpenopbhuaM Ha
YBaXKAEMOTO HAyuHO XypH W Ha Haydunus chBeT Ha ATPOGHOHHCTHTYT KbM CCA na

” »
npuchaaT Ha Ilanuna [eopruesa oOpa3oBareHaTa ¥ Hay4Ha CTCNCH | );Q_Igrop‘. o
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REVIEW

of a thesis entitle: "Construction of a genetic map and identification of QTLs controlling
the accumulation of volatile compounds in the flowers of lavender (Lavandula
angustifolia Mill.)", submitted for defending the educational and scientific degree of
Ph.D. in the Ph.D. program "Genetics", professional field 4.3. Biological Sciences, by
Pavlina Gineva Georgieva, a Ph.D. student in independent training at the Agrobiological
Institute at the Bulgarian Agricultural Academy — Sofia.

Reviewed by: Prof. Elena Ivanova Georgieva, Ph.D. — IPPG-Bulgarian Academy of
Sciences, Order No. RD-05-170 of 11.07.2025

1. Relevance and significance of the dissertation topic

Lavender is a highly valued medicinal plant and is significant not only for its
therapeutic properties, which are used in various biological applications, especially in
dermatology, but also in the production of essential oils. Much is known about the
history, distribution, traditional uses, phytochemical components, pharmacology, and
biological activities of lavender. It has also become known that in the last two decades,
Bulgaria has been a leading producer and exporter of lavender oil to the world market.
The volatile compounds in lavender flowers are the subject of studies aimed at
identifying and characterizing genes involved in biosynthetic processes. These studies
are supplemented with data from the analysis of gene families associated with the
biosynthesis of terpenoids. The genomic sequences of three lavender varieties have been
sequenced. Despite the great progress and technological capabilities, no genetic map has
been constructed to date, nor have there been reports of identified QTL loci controlling
the biosynthesis and accumulation of volatile compounds involved in the composition
of lavender oil. This dissertation is the first of its kind to present new and important
results on this particularly topical problem, which is of fundamental importance and has
potential for wide practical application.

2. Assessment of the structure of the dissertation

The dissertation is structured in accordance with the generally accepted standards
in Bulgaria for obtaining the educational and scientific degree of " Ph.D.". It is written
in 155 pages and in an excellent scientific style. The individual sections are well
balanced and presented in sufficient detail. The results are summarized and illustrated
in 14 representative figures, 13 tables, and 3 appendices. The bibliography covers 86
sources, 85 of which are in Latin and 1 in Cyrillic. Most of the cited works are from the
last 10 years, which is indicative of the Ph.D. student's in-depth analysis and knowledge
of the problem. The citation of Bulgarian authors, colleagues of the Ph.D. student, who
have established the basis and devoted their scientific research to the application of
accelerated selection with molecular markers for the creation of new varieties and lines



of lavender, ensuring high yields and quality of lavender oil, makes a remarkable
impression.

2.1. Review of the literature

The literature review is professionally written and concisely presented in 25
pages. The data contained therein is supported by well-explained informative tables and
figures. It presents a general description of the Lavandula genus, as well as updated
information on its botanical characteristics, the varieties of lavender cultivated in
Bulgaria, the properties and characteristics of lavender oil, types of distillation,
extraction, and composition. The biosynthesis of volatile components involved in the
composition of lavender oil is evaluated. An analysis of its composition has been made
and a standard has been created so that this oil can be called "Bulgarian lavender oil"
and distinguished from the production of other types of oils. It has been shown that the
most important component in the composition of lavender oil from L. angustifolia is
linalyl acetate. Its high content is an indicator of good quality. Published results on the
types and applications of molecular markers, as well as the molecular genetics of the
biosynthesis of volatile components, have been extensively evaluated. The methods for
applying the types of molecular DNA markers have been clarified in details, allowing
for the improvement and preservation of genetic diversity and the creation of highly
productive lavender varieties with high-quality essential oil, suitable for mechanized
processing and cultivation in different regions of the country.

2.2. Aim and goals

This section clearly and precisely formulates the aim of this dissertation and
includes six specific goals for its achievement. The Ph.D. student has set herself a
difficult goal, namely to construct a genetic map of lavender (Lavandula angustifolia)
and to identify QTLs controlling the accumulation of volatile compounds in lavender
flowers.

It should be noted that the goals and tasks set in this way exceed the scope of a
Ph.D. thesis.

2.3. Materials and methods

This section covers 10 pages and its presentation reflects the high level of the
research conducted. The plant material used in this study is cultivated lavender of the
Hemus variety in the area of Zagore village, Thracian lowland. Material was collected
from fresh, young leaves of 96 plants. The other varieties, L. angustifolia var. Hidcote
Blue, L. latifolia, and the intersectional hybrid L. x heterophylla 'Big Boy James', were
purchased from Bastin Nursery, Aalbeek, Netherlands. The student's excellent
professional training is evident and confirmed by the wide range of modern genetic,
biochemical, cell biological, and molecular techniques, which provide an indisputably
concrete answer to the tasks set and guarantee the reliability of the results obtained. The
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Ph.D. student has carried out a large amount of experimental work to prove that the
effectiveness of the chosen method is an important basis and a key factor for obtaining
highly reproducible evidence. She has used well-established new-generation techniques,
namely: construction of SSR primers based on NGS sequencing; construction of SSR
primers after searching the reference genome sequence of L. angustifolia, Munstead
variety; PCR amplification of SSR and SRAP markers for fragment analysis; fragment
analysis of SSR and SRAP markers; PCR amplification and sequencing of DNA
sequences; GC/MS analysis of volatile compounds in extracts from flowers of individual
plants; data analysis and software.

2.4. Results and discussion

The section "Results and discussion" excellently presents the evidence-based
results of the tasks assigned. The most valuable substance isolated from lavender (L.
angustifolia) is essential oil, which is obtained through hydrodistillation or steam
distillation. The qualitative and quantitative composition of lavender essential oil (L.
angustifolia) depends on the genotype, place of cultivation, climatic conditions, and
distribution. The qualitative and quantitative composition of Lavender (L. angustifolia)
essential oil depends on the genotype, place of cultivation, climatic conditions,
distribution, and morphological characteristics. The essential oil consists of over 300
chemical compounds, the main ones being linalool (9.3% to 68.8%) and linalyl acetate
(1.2% to 59.4%). The great economic interest in the production of lavender oil requires
the selection of varieties with high quality and quantity of essential oils. For quick and
reliable verification of the quality and quantity of essential oils in Bulgarian varieties
and lines of lavender plants, the Ph.D. student conducted and analyzed numerous
experiments. The introduction of molecular markers in genetic research on lavender
provides an opportunity to track key genes involved in the biosynthesis of volatile
compounds. Today, it is possible to find specific DNA markers for each locus that are
associated with economically important traits, which can be used for accelerated
selection of lines and varieties with high essential oil quality.

For the successful application of SSR markers, precise fragment analysis of PCR-
amplified DNA fragments containing SSR sequences is necessary. The most effective
approach applied by Georgieva involves fragment analysis using a capillary DNA
sequencer and the use of a 5'-fluorescently labelled primer for amplification and
visualization of the analyzed regions. When selecting an effective procedure for PCR
amplification of the studied SSR region of genomic DNA with a 5'-fluorescently labelled
primer, she tested three different procedures. To genotype the segregating population
with SSR markers, the Ph.D. student used two groups of SSR primers (over 490 primer
pairs), which are expected to amplify SSR regions from the genome of the Hemus
variety. To saturate the genetic map with additional markers (loci), she used SRAP
markers using "universal" primer pairs. After conducting amplification tests with



individual SRAP primer pairs and gDNA from the Hemus variety and subsequent
fragment analysis with a capillary sequencer, Georgieva determined SRAP primer pairs
for analysis of 8 plants from the population, providing chromatograms with low
background and well-separated peaks. Pavlina Georgieva shows that SRAP markers are
an effective means of increasing marker density in genetic maps, as they can be applied
simultaneously for genotyping a large number of loci with a single primer pair.

In this scientific thesis on the construction of the genetic map, the Ph.D. student
analyzed 411 loci, of which 377 loci were obtained by genotyping with three groups of
SSR markers, and 34 loci identified through analysis using SRAP markers, reflecting
the candidate's broad and in-depth genetic training.

After comparing the detection efficiency of polymorphic SSR markers in the
three tested groups of SSR markers, the candidate found the highest efficiency in NGS-
SSR markers (57.7% overall), lower but comparable efficiency in GEN-SSR markers
(51.3% overall), and significantly lower detection efficiency in polymorphic EST-SSR
markers, amounting to 29.4%.

The next important step in this work is the analysis of the intraspecific and
interspecific application of the obtained SSR markers. To assess the potential for
intraspecific and interspecific application of the SSR markers included in the
constructed genetic map, the respective SSR primer pairs were tested for PCR
amplification of genomic DNA isolated from L. angustifolia var. Hidcote Blue, two lines
of L. latifolia, and the interspecific hybrid L. x heterophylla var. Big Boy James. Based
on the results obtained, the Ph.D. student found a high degree of intraspecific and
interspecific applicability of the tested SSR markers, with over 93% of the tested SSR
primer pairs giving positive PCR amplification in var. Hidcote Blue, and over 78% of
the markers showed positive PCR amplification in DNA samples from other Lavandula
species. The observed high intraspecific and interspecific applicability of the markers
suggests that the set of SSR markers developed by Georgieva can be effectively used to
assess genetic diversity in natural populations and collections of lavender genetic
resources. In addition, most of the tested markers can be applied to create reference
genetic maps based on SSR markers for species of the genus Lavandula, with potential
for wider application in contemporary plant breeding. The nucleotide sequences
determined by the candidate through NGS sequencing of genomic DNA, as well as the
reference DNA sequence of the L. angustifolia genome, can be used as a basis for the
effective determination and selection of new polymorphic SSR markers. Within the
scope of her dissertation, she identified 255 polymorphic NGS-SSR markers determined
after analysis of NGS sequences from L. angustifolia variety Hemus and 79 polymorphic
GEN-SSR markers determined after analysis of the reference genome sequence of L.
angustifolia variety Munstead.



The construction of genetic maps with SSR markers offers an excellent
opportunity to be used as basic genetic maps and to be directly applied to different
genotypes due to the high transferability of SSR markers. Despite the large number of
molecular, genetic, and genomic studies and related data on lavender and lavandin, no
genetic linkage map has been reported for these species, nor have QTLs associated with
important traits been identified and mapped. Furthermore, the only SSR markers
reported so far for Lavandula species are a set of EST-SSR markers, which are not
sufficient for genome mapping studies and QTL analysis. As a result of genotyping a
segregating population obtained after self-pollination of L. angustifolia variety Hemus,
Georgieva constructed for the first time a genetic map comprising a total of 25 linkage
groups corresponding to the haploid chromosome set of variety Hemus. The genetic map
she constructed includes a total of 375 loci, of which 343 are SSR marker loci and 32
are SRAP marker loci, with a total size of 2518.91 ¢cM and an average distance between
loci of 6.72 ¢cM. After comparing the map and the reference genome sequence, it was
shown that the LG maps cover an average of 82.6% of the chromosome sequences. From
the PCR amplification tests performed, Georgieva found that the set of SSR markers she
developed has high intraspecific (>93%) and interspecific (>78%) transferability. QTL
analysis using the constructed map and gas chromatography/mass spectrometry
(GC/MS), a set of data for extracted volatile substances from flowers, mapped a total of
43 QTLs for the accumulation of 25 different volatile substances.

An important part of the Ph.D. student's dissertation is devoted to identifying
QTLs, loci controlling the accumulation of volatile compounds in the flowers of L.
angustifolia variety Hemus. It is known that lavender oil contains a wide range of
different volatile compounds, which are synthesized and accumulated mainly in the
flowers. In order to perform such a QTL analysis, in addition to the constructed genetic
map, it is also necessary to determine the composition and content of the individual
volatile compounds in the flowers of the plants from the segregating population. The
data presented show that the main volatile compounds with the highest proportion in the
essential oil of L. angustifolia, Hemus variety, are Linalool (24.79%) and Linaly! acetate
(44.44%). They account for about 70% of the volatile compounds and have the highest
average concentrations, with LA being the leading compound, accounting for almost
half of the volatile components.

The quantity and composition of compounds in lavender oil in this dissertation
are subject to genetic control, and their variation is mapped using QTL analysis.
Mapping QTLs associated with the accumulation of volatile compounds in flowers is an
important step in the selection of lavender lines and varicties with high essential oil
content and quality. Using data from GC/MS analysis and the constructed genetic map,
QTL analysis was performed on extracts from flowers of plants from the segregating
population of the Hemus variety. From these analyses, Georgieva identified 43 QTLs
associated with the levels of accumulation of 25 volatile compounds in the flowers of
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the studied plants. She also proved a single QTL locus controlling the ratio between the
content of linalool and linalyl acetate in extracts from the flowers of the studied lavender
plants, which is an important parameter determining the quality of the lavender oil
obtained.

The comparative analysis of the content of linalool and linalyl acetate in the
flowers of plants with different allele configurations of SSR loci located in the region of
the identified QTL confirms the results of the QTL analysis and shows that the
corresponding SSR markers can be used for marker-assisted selection of lines with high
linalyl acetate content. From the analysis of genomic sequences in the region of the
identified QTL, for the ratio between linalool and linalyl acetate in lavender flowers, the
doctoral student identifies the LIAAT4 gene, encoding acetyl transferase, as a candidate
gene associated with this QTL locus.

2.5. Conclusions and contributions

The experiments conducted have led to 12 conclusions and 3 contributions, which
I fully accept. They are a logical consequence of the experimental work carried out and
fully reflect the results obtained, which, in addition to their fundamental nature, can
serve as a basis for developing a strategy for application in agricultural practice.

3. Publications and reference for MNI

The Ph.D. student has submitted a list of two publications on the topic. The
distribution of these two articles in journals by quartiles is as follows: one is Q1 and one
is Q3. their total IF is 6.462. The articles are published in prestigious peer-reviewed
scientific journals: International Journal of Molecular Sciences and Biotechnology &
Biotechnological Equipment. Georgieva is the lead author in one of the publications,
which demonstrates her personal contribution to its preparation. The report on the
implementation of the MNR (minimum national requirements) by the ZRASRB for
scientific field 4. Natural Sciences, Mathematics, and Informatics, professional field:
4.3 Biological Sciences, in accordance with the additional regulations adopted by the
AGRICULTURAL ACADEMY, certifies that Pavlina Gineva Georgieva has a total of
35 points in group "G," covering the MNR for the position of "Ph.D." The results of the
dissertation have also been reported at four national scientific forums. The Ph.D. student
is a member of the scientific team of the project "Genetic map and QTL analysis of
economic traits and essential oil composition in lavender (Lavandula angustifolia
Mill.)", as well as two other ranked projects funded by the National Science
Fund/Ministry of Education and Science.

4. Recommendations, comments, and questions

The doctoral thesis is excellently structured and is a complete study providing
significant scientific information. I am pleased to note my excellent impressions of this
work, which reveals opportunities for future practical application. Precise analyses,
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important conclusions, and new and for the first time reported results have been
presented.

The abstract has been prepared in accordance with the requirements and
adequately reflects the main results, conclusions, and contributions of the dissertation.

I have the following questions for the Ph.D. student:

1. What criteria were used to select the Hemus variety, as well as those purchased
from the Netherlands?

2. Which of the aspects covered in the dissertation should be given priority in
future scientific research?

3. What practical recommendations can be made regarding the planning of the
varietal composition of new plantations?

These high scientometric indicators achieved by the Ph.D. student in a relatively
short period of time once again confirm the significance of the problem and the
relevance of the results obtained.

5. Conclusion

Ph.D. student Pavlina Gineva Georgieva has conducted extensive research and
has made significant and original contributions published in prestigious scientific
journals having a total Impact Factor of 6.462. The results in this dissertation present
her as an ambitious young researcher with original scientific ideas and high
methodological training. For the first time, a constructed genetic map of Lavender has
been published, and for the first time, a QTL locus, an important parameter determining
the quality of lavender oil, has been identified. The scientometric parameters of Pavlina
Gineva Georgieva fully cover the MNR and meet all the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria (ZRASRB), the
Regulations for its application, and the internal regulations of the Agrobiological
Institute and the Bulgarian Agricultural Academy for obtaining a Ph.D. degree in the
field of higher education 4. Natural Sciences, Mathematics, and Informatics;
Professional field 4.3. Biological Sciences; scientific specialty "Genetics" for the
academic degree of Ph.D. The above gives me reason to confidently recommend to the
distinguished scientific jury and the Scientific Council of the Agrobiological Institute at
the Bulgarian Agricultural Academy to award Pavlina Georgieva the educational and
scientific degree of "Ph.D."

29.08.2025 Signed: ©Y

/prof. Elena Georgieva, Ph.D./
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