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Abstract

The family Pyrolaceae is represented in Bulgaria by six species, belonging to three
genera. The viewpoints for the taxonomical position of the species in this family are
not clearly unilateral. The aim of this study is to find molecular markers, allowing the
objectively differentiation of the genera in this family, without use of morphological
characters. Three species of the family were examined, representing the tree genera
distributed in Bulgaria: Moneses uniflora (L.) A.Gray, Orthilia secunda (L.) House and
Pyrola minor L. DNA was isolated from leafs and amplified via PCR reactions using 4
primers. The results were processed using cluster analysis and non-metric
multidimensional scalling. The consequent cladogram, obtained by the mean
euclidean distances, displayed grouping of the samples by genera, independently of
their locality. The independent multitudes confirm the accuracy of the method for
determination of the species in Pyrolaceae.
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Pesiome

CewmeiictBO Pyrolaceae e npefacTtaBeHo OT LWeCT BUAa, KOUTO Ce OTHACAT KbM TpuU
poaa. [megHuTe TOYKM 32 TAaKCOHOMUYHOTO MOSIOXKEHME Ha BUOOBETE B TOBA
CEMEWNCTBO He ca eAHO3Ha4YHW. LlenTta Ha nscnegBaHeTo € Aa ce OTKPUST MOMEKYHU
MapKepwu, KOUTO Aa No3BonsaT 06eKTUBHO AndepeHumpaHe Ha pogoBeTe.

M3cnensaHu ca Tpu Buga OT CEMENCTBOTO, KOUTO NMPeaAcTaBAaAT TpUte poda B
Bvnrapusa: Moneses uniflora (L.) A.Gray, Orthilia secunda (L.) House n Pyrola minor
L. AHK e nsonupaHa ot nucta n amnnudpunumpana 4ypes PCR peakunn, c nomowlTa Ha
4 npanimepa. Pesyntatute ca NOANIOXEHN Ha KNnacTep aHanu3 u HeMeTpu4HoO
MHOrOMepHO ckanupaHe. 3aknunTenHarta knagorpama, nosiydeHa ot cpegHuTe
€BNNOO0BU pa3CTOSAHUSA, NOKa3Ba rpynmpaHe Ha npobute nNo pogose, HE3aBUCKMMO OT
TEXHUA nokanutet. HesaBucMMmnTe MHOXeECTBa JOKa3BaT Npeum3HOCTTa Ha MeToga
npw pasrpaHn4aBaHeETo Ha poaoBeTe B Pyrolaceae.
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KnrouvoBu aymu: Moneses, Orthilia, Pyrola, ISSR, monekynapHa TakCOHOMUS

Detailed abstract

The family Pyrolaceae is represented in Bulgaria by six species, belonging to three
genera. The viewpoints for the taxonomical position of the species in this family are
not clearly unilateral. The not many morphological characters for the species
differentiation are widely variable. The members of the family are semisaprophytic
plants with specific endotrophic mycorhysis resulting to transitions between
mutualism and parasitism. These transitions cause variation in the shape and size of
the leafs.

The aim of this study is to find molecular markers, allowing the objectively
differentiation of the genera in this family, without use of morphological characters.

The study was carried out with living speciments from natural populations. Three
species of the family were examined, representing the tree genera distributed in
Bulgaria: Moneses uniflora (L.) A.Gray, Orthilia secunda (L.) House and Pyrola minor
L. The voucher specimens (Table 1) were deposited in the Herbarium of Agricultural
University — Plovdiv (SOA). DNA was isolated from leafs using DNaesy plant mini kit
following the original protocol. Our previews works [3, 4, 5, 6] suggested 4 primers
(p817, p826, p836 and p857) as the most useful for the study. The process was
optmised with tests of some PCR parameters, including DNA concentration, primer
concentration and cycle counts. Reactions without primer were used as negative
control. The PCR results were viewed electrophoretically (Fig. 3) as bands and
compared to 1 kb DNA marker to register their sizes. The recorded molecular
weights, were stored in boolean matrices and processed using cluster analysis (Fig.
1) and non-metric multidimensional scalling (Fig.2). The comparisons from each
primer were stored as datasheets with Euclidean distances, then the calculated
average distances were used to construct a consequent cladogram.

The analysis of the DNA products displayed similar levels of polymorphism using
each of the 4 markers. The dendrograms show goodrecognition of the PCR products,
according to the species. The distribution of the Moneses shown high similarity to
Pyrola using p826 and grouping with Orthilia using p817, p836 and p857.

The independent multitudes, obtained using non-metric multidimensional scaling
prove the accuracy of the method for recognition of the genera in Pyrolaceae. The
consequent cladogram, obtained by the mean euclidean distances, displayed
grouping of the samples by genera, independently of their locality (Fig. 4).

The genetic relationship of the species from different locations was illustrated as
common clads. The highest relationship in Pyrola is displayed with the specimens
027 and 005, as the samples from the same region (006 and 007) are formed a
neighboring clad. A similar grouping is displayed in the clad of Orthilia. The displayed
levels of polymorphism are not related to the geographic distances. The grouping of
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the both genera shows independence from the locality and lack of populational value.
This probably depends of the variation in the reproduction.

The non-metric multidimension scalling (cur. 2) disposed Pyrola and Orthilia in
opposite quadrants. The sample of Moneses was better outlined using the products
of p826 and p836. The polygon of P. minor is near the center of the p826 diagram.
This suggests that in spite of the good grouping in O. secunda, and determination of
M. uniflora, p826 is not conservative enough because it is individually selective in P.
minor.

This study demonstrated the usability of ISSR method in the investigations of
Pyrolaceae. The genetig differentiation of the three groups confirm the taxonomic
independence of Moneses uniflora and Orthilia secunda from the members of genus
Pyrola.

BbBEOEHWE

CewmerictBo Pyrolaceae Lindl. BkntoyBa 4 poga v okono 45 suga, TunnyHm
NCUXPOUTK, Pa3NPOCTPAHEHN B YMEPHUTE N XNagHM obnacTu Ha CEBEPHOTO
nonyksbnobo.

B bbnrapus ca nssecTtHu 6 Buga ot CeMencTBoTO, pasnpenenenn B 3 poga Moneses,
Orthilia v Pyrola [1][2]. TpaguuMOHHOTO pa3rpaHnyaBaHe Ha POAOBETE CE OCHOBaBa
Ha MOP®OMNOrMYHN XapakTEPUCTUKN, KOUTO ca HECTABUMHM N nMaT MoANUKALIMOHEH
XapakTep nog BNusiHWE Ha okorHarta cpega.

B cBeToBeH malLab ce HabnogaBa HamansaBaHe Ha pa3MepuTe Ha nonynauuMiTe Ha
BMAOBETE OT CEMENCTBOTO, KOETO BEPOSITHO CE AbITKM Ha Pa3npoCTPaHEHNETO Ha
TaKCOHUTE B cneununyHmTE 3a TIX MECTOOBUTaAHMS U Pa3MHOXUTENHU cuctemu [8].
MpencraBuTennTe Ha CEMENCTBOTO Ca NnonycanpoUTHU pacTeHNS Cbe crneyndmnyHa
€eHOO0TpOohHa MUKOpU3a, B pe3ynTaT Ha KOATO ce HabnogasaT npexoau ot
MyTyanu3bM KbM napa3nTnsbM. ToBa e NpuynHa ga ce Habnogasa BapupaHe BbB
dopmata n pasmepute Ha nuctaTta [7].

Mpe3 nocnegHUTE roaMHM 3a OTKPMBAHE M OLEHKA Ha reHETUYHOTO pasHoobpasue
npw pacteHusiTa wupoko ce nanonaea ISSR (Inter-Simple Sequence Repeats)
meToaa [12].

LlenTta Ha nscnegBaHeTO € OLEeHKa reHeTUYHUS NONMMOPdU3bM 38 TaKCOHOMUYHAaTa
NHTEepnpeTaums Ha cemencTso Pyrolaceae B bbnrapus ypes npunaraHe Ha ISSR
MapKepu.
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MATEPWANN N METOOU

lMpoyyBaHeTO € NpoBeaeHOo BbpPXY XnBM 06pa3Lm OT eCTeCTBEHW nonynaunmn.
W3cnensaHu ca Tpu Buga oT CEMENCTBOTO, NpUHaAnexatum KbM TpuTe
pasnpocTtpaHeHn B bvnrapua poga: Moneses uniflora (L.) A.Gray, Orthilia secunda
(L.) House un Pyrola minor L. Matepuanute (Tabn. 1) ca cebupanu npes 2009 r.
BayuepHu obpasum ca genosunpanu B Xepbapmyma Ha ArpapeH yHUBEpPCUTET —
Mnosgue (SOA).

CBexu n1ucTa OT pacTeHusaTa ca 3ampaseHu 1 CTPUTU Ha (OMH Npax C Te4eH a3oT.
Okono 100 mg oT maTepmana ca n3nons3BaHu 3a nsonupaHe Ha reHomHa [HK
nocpencteomMm DNaesy plant mini kit, cnegsankmn opurmHanHua My npoToOKoOf.
MpeaBaputenHo ca TectBaHn ISSR npanmepu ot KonekuyuaTa Ha Ceynckus
ObpXaBeH yHMBepcuTeT. MI3Boau oT aBTOPCKMU n3cnenBaHns B 4pyr1 pogoBe BUCLLK
pacTteHus [3,4,5,6] nokassaT KaTo Han-ygadHun 3a pabota ¢ Pyrolaceae yetnpu ISSR
onuroHykneoTngHu npavmepa (p817, p826, p836 n p857), c no ABa apbuTpapHu
NypUHOBW HykneoTnaa B 3’-kpas ca nanonaeaHu 3a ISSR-PCR. 3a ontummsnpaHe Ha
peakuNoHHUTE YCIoBMs, ca TecTBaHuM Hakonko PCR napametbpa, BkntountenHo AHK
KOHUeHTpaums (50-250 ng / peakumst), KOHLEHTpaumna Ha npanmepa (10-500 pmol /
peakuus) n 6pon umknu (25-40). Peakuumn 6e3 [IHK ca nsnonssaHu kato HEraTUBHU
koHTponu. Crnep onpegensHe Ha oNTUManHUTe YCNoBUSA, ca NpoBeaeHN
amnnudukaumm B 250 ml PCR enpyBeTku cbabpxaiwm 2 ml (150 ng) DNA maTtpuua;
1 ml nparmep (100 mmol.I"" koHueHTpauums); 25 ml PCR mactbp mukc (Fermentas,
Cat No K0171) n 22 ml Boaa ceoboaHa ot [1HK-a3n (goctaeeHa c kuta). PCR-
peakuuuTe ca nposexgaHu B PCR anapat Thermal Cycler 2720 (Applied
Biosystems) npu nsnonseaHe Ha criegHata nporpamMa: HavanHa geHatypaums Ha
OHK npu 94° C — 5 min; cnea toa 35 uunkbna npu 94° C — 1 muH; 55° C — 1 min n 30
s; 72° C — 3 min n douHanHo yabmkasaHe npu 72° C 3a 2 min. PCR npoayktute ca
cmeceHn ¢ 5 ml 6ydep 3a HaHacsaHe (Fermentas #R0611) u pasgensiHi nocpeacTsom
1,5% araposeH ren, cbabpxay 0.5 mg/ml etnanes 6pomng (KpamHa KOHUEHTpaLms).
M3nons3eaH e 1x TAE 6ydep n enektpuyecko Hanpexenune 3,5 V/cm. PaamepbT Ha
NpoayKkTuUTE € onpeaeneH vpes cpasHaBaHe ¢ 1 kb [JHK mapkep (Fermentas
GeneRuler#SM0311).

MonekynsapHo-6nonormyHnuTe n3cnenBaHnsa ca nposeaeHn B nabopartopumnte no
MonekynsapHa 6uonorus kbM kategpa ,Pn3nonorusi Ha pacTeHusTa U MonekynsipHa
ovonorusa” kbm MY MNancuin XuneHgapckn”.

AmnnucuunpaHnTe HeaABYCMUCHEHU NMHUM Ca OTOENA3aHn Kato MOMEKYHN Macu
nocpeacTsom nporpamara GelPro n cniep ToBa pbYHO ca NpepasnpeneneHn B
KnacoBe OT MOSIEKYNHN Macu 3a CbCTaBsHe Ha Bynesu matpuum (Hanu4dme - 1 un
oTcbeTBMe - 0). [lenbT nonMmopdu3bM Ha MEXAYBUOOBO HUBO € U3YUCIIEH KaTo
nponopuus Ha NONIMMOPdHUTE NOKYCK KbM 06LLmnsa 6Gpor nokycn, otbensasaHn 3a
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BCUYKM 0BpasLm OT CbLLMSA TAKCOH. 3a KracTtep aHanM3mTe 1 MHOrOMepHOTO
ckanupaHe e nsnonssaHa nporpamata PAST [10].

OT nonyyeHnTe MaTpuum ¢ €BKNMAOBU Pa3CTOSAHUSA OT BCUYKM pe3ynTaTu ca B3eTu
cpefHu CTOMHOCTU, KOUTO Ca BbBeAEHW B HOBa AnaroHanHa martpuvua Ha
pasCcTosHMATa N ca U3MNoN3BaHU 3a KOHCTPyMpaHe Ha Knagorpama ¢ noMmolTa Ha
T-Rex 3.0a1 [11] no meTtoaa Bio-NJ, koaTo e BusyanusnpaHa ¢ PhyloDraw 2.0 [9].

PESYINTATHA

AHann3bT Ha pasnpegerneHneTo Ha nonumopdgHuTe nsnum Ha AHK-npoaykTw,
nony4yeHun ypes ISSR nokasea cXogHW HMBA Ha NONIMMOPMUIBM U NPU YeTUPUTE
mapkepa (dur. 1, 2, 3). [leHaporpamnTe, NOfy4YeHN Ypes Knactep-aHanus, nokassar
nobpo pasgensaHe Ha PCR npoagyktute ot Pyrola minor v Orthilia secunda B
3aBMCUMOCT OT BUaoBaTa NpUHaaIeXHOCT.

PasnpenenaHeto Ha npoaykTnte ¢ p826 nokassa No-rofisiMo reHeTUYHO CXOACTBO Ha
Moneses ¢ ase ot npobute npuHaanexawm kbM poga Pyrola, pokaTto npu p817, p836
n p857 Tou ce rpynupa ¢ pasnuyHu npodu ot Orthilia (ur. 1, 2).

OBCBXOAHE

eHeTnM4yHaTa 6GNM30CT Ha BMAOBE OT pasfvyHU panoHn, rpynupaHy B obLy knag,
NoKa3Ba pPOACTBO M NPUHALNEXHOCT KbM TPU AICHO 060CO6EHN TaKCOHOMUYHM TPYNN.
Hai-Bncoko reHeTU4HO CxoAcTBO B rpynata Pyrola nokassat npobute ot 027 n 005,
B CPaBHEHME C ocTaHanute nNpobu oT cbms paroH (006 n 007), kouto ce rpynupar
B 6nn3bk, HO 06ocobeH knag. MNogobHo rpynupaHe ce Habnogasa v B knaga Ha
Orthilia. Npo6a 007 ot BorkoBo Noka3ea Han-rofAMo reHeTUYHO CXOACTBO C Ta3un OT
Wnpoka nonsaHa (008). Te3an HMBaA Ha rEHETMYEH NONMMOPMUIBbM HAMAT npsika
Bpb3Ka C reorpadckute pasctoaHus. [pynMpaHeTo B ABaTa poda nokassa
He3aBUCMMOCT OT floKanuTeTa u HAMa nonynaunoHeH xapaktep. ToBa BEPOATHO ce
AbIKN Ha bakTa, Ye BUOOBETE Ce pa3MHOXaBaT KakToO CEMEHHO, NPU Hanuyne Ha
cneumduryHa MUKopmsHa roba, Taka 1 BereTatmBHO, Ypes3 KoOpeHuLLa.

Mpu cpaBHABaHe Ha gnarpaMmnTe OT HEMETPUYHO MHOTOMEPHO cKkanupaHe (dwr. 2),
ce Habniogasa, Ye He3aBMCUMO OT U3Non3BaHuTe npanmepu, TexHute PCR npogyktu
pasnonarat Pyrola minor u Orthilia secunda B NpOTUBOMOMOXHW KBaAPaHTU Ha
kKoopauHaTHaTta cuctema. ObpaseubT oT Moneses uniflora ce otoensi No-AcHO B
KoopaMHaTHaTa cuctema npu npoayktute Ha p826 n p836. MNonuroHsT Ha P. minor B
Anarpamara Ha p826 e 6n130 40 LUEeHTbpa Ha KoopauHaTHaTa cuctema. Toea
0O3Ha4vaBa, 4Ye Bbrpekn gobpoto rpynupaHe Ha O. secunda v otaensHe Ha M. uniflora,
p826 He e JOCTaTbYHO KOHCEPBATMBEH U € CEeNEeKTUBEH Ha MHANBMAYaNHO HUBO Npwu
P. minor. HeszaBucUMUTE MHOXECTBA, NONy4YeHN Ype3 HEMETPUYHO MHOTOMEPHO
cKkanupaHe AeMOHCTpupaT npeumsHoCcTTa Ha MeToa 3a AndpepeHumpaHe Ha TakCOHU
B Pyrolaceae.
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B o6o6bweHarta knagorpama (cwr. 4), nonyvyeHa OT U3dncngBaHe Ha cpefHu
€BKNNOoBW pasCTosHUSA, He ce Habnogasa pasnpegensiHe Ha uscrneaBaHuTe
nonynaumm no reorpadcka nokanusaumnda. Obocobsasart ce Tpu rpynn, He3aBUCUMN OT
nokanuteTta Ha NpobuTte, KOETO NOTBbPXKAABA TAKCOHOMUYHUS UM POLOB PaHT.
eHeTn4HO poa Moneses nokassa no-ronisiMa 6nun3ocT ¢ pog Pyrola, koeTo
KopecnoHaupa ¢ 6nmskmn mopgonornyHm 6enesm (doopma Ha nmcra), MectoobutTaHus
(ceH4ecTn 1 BnaxkHn mecTa B UrnonucTtHu ropn Hag 1200 M H. B.) U NABTHOCT Ha
nonynaumnte B cpaBHeHue ¢ pog Orthilia, kONTO NposiBsABa No-rofisima ToNepaHTHOCT
MO OTHOLLEHME Ha BMAXXHOCTTA M NO-LUMPOK BUCOYMHEH ananasoH (1000-2000 m H.
B.).

SAKJTFOMEHNE

ToBa npoyyBaHe eMOHCTpUpa, Ye ISSR e nogxoaail metoq 3a uscnegBaHe Ha
FEHETUYHUTE PasnmMunsa Mexay punoreHeTUYHO BNN3KKN rpynu, NpUHaanexaLlm Kbm
ceMencTBo Pyrolaceae. [eHeTUYHaTa andpepeHumaunsa Ha TpuTe rpynu nogkpenaT
TakcoHommn4yHaTa obocobeHocT Ha Moneses uniflora v Orthilia secunda ot
npegcrasutenute Ha pog Pyrola.
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Table 1. Voucher specimens (floristic region, UTM-coordinates, locality, collector,
numbers)

Tabnuua 1. BaydepHun obpasum (donopuctmyeH panoH, UTM-koopguHaTu, nokanurer,
KONekTop, HOMep).

Moneses uniflora

Pogonn(3): 35TKG63. ropata Hag s3. LUupoka nonsaHa, 1497 m, Ts.R.
04.05.2009, 09MONO0001, SOA s/n

Rhodopes(w): 35TKG63. the forest above Shiroka-polyana dam lake, 1497 m,
Ts.R. 04.05.2009, 09MONO0001, SOA s/n

Orthilia secunda

Pogonn(3): 35TKG62: ropata Hag s3. LUupoka nonsaHa, 1519 m, Ts.R.
09.2009, 09ORS0008, SOA s/n.

Rhodopes(w): 35TKG62: the forst above Shiroka-polyana dam lake, 1519 m,
Ts.R. 09.2009, 090ORS0008, SOA s/n.

Pogonu(c): 35TLG15: ropata mexay Konpuskute 1 Llap KanosH, 1118 m, K.S.
4.05.2009, 090RS0001, SOA s/n; 35TLGO5: ropata no nbTa borkoso-
PaBHuwa, 1085-1187 m, K.S. 08.08.2009, 090RS0005, 090ORS0006,
090RS0007, SOA s/n.

Rhodopes(c): 35TLG15: the forest between Koprivkite and Tsar Kaloyan, 1118
m, K.S. 4.05.2009, 090RS0001, SOA s/n; 35TLGO05: the forest near the way
Boykovo-Ravnshta, 1085-1187 m, K.S. 08.08.2009, 090RS0005,
090RS0006, 090ORS0007, SOA s/n.

Pyrola minor

Ctapa nnaHuHa(c): 35TLH22: no nbTekaTa mexay Kapnoso u x. Xybasel, 925
m, K.S. 30.07.2009, PYRO-0027, SOA s/n

Stara planina(c): 35TLH22: the path between Karlovo and Hubavets refuge,
925 m, K.S. 30.07.2009, PYRO-0027, SOA s/n

Pogonu(c): 35TLGO5: ropata no nbts bonkoBo-PaBHuwa, 1121 m, K.S.
08.08.2009, 09PYRO0005, 09PYRO0006, SOA s/n; ropata mexay X. PaBHuwa un
maH. C. boropoguua, 1340 m, K.S. 09.09.2009, 09PYR0007, SOA s/n

Pogonu(c): 35TLGOS5: the forest on the way Boykovo-Ravnishta, 1121 m, K.S.
08.08.2009, 09PYRO0005, 09PYRO0006, SOA s/n; the forest between Ravnishta
refuge and the monastery St. Bogoroditsa, 1340 m, K.S. 09.09.2009,
09PYRO0007, SOA s/n
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Fig.1. Cluster analysis of the results obtained by the PCR amplyfication using the
primers p817 (a), p826 (b), p836 (c) n p857 (d)

®ur. 1. Knactep aHanua Ha pesyntatute nonydeHn ot PCR-peakuunn ¢ npanmepute

p817 (a), p826 (b), p836 (c) u p857 (d)
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$ur. 2. HemeTpUYHO MHOTOMEPHO CKanvpaHe Ha pe3yntatute oT PCRc
npanmepuTe: p817 (a), p826 (b), p836 (c) n p857 (d).

~ - nonwurod Ha Pyrola minor, Z - nonwurod Ha Orthilia secunda

Fig. 2 Non-metric multidimensional scalling of the PCR — results using the primers:
p&1/ (a), p626 (b), p836 (c) » p857 (d).

= - poligon of Pyrola minor, ~ - poligon of Orthilia secunda
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Fig. 3. Electrophoretically displayed products of the amplification using p836
dur. 3. EnekTpodopeTUyHO NposBeHN NPOoAYyKTM OT aMmnnudukaums ¢ p836
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Fia. 4. Consequent cladoaram of the united data
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