Latvijas Universitate
Biologijas fakultate

Agnese Gailite

FIZIOLOGISKIE UN GENETISKIE ASPEKTI IGAUNIJAS
RUGTLAPES (SAUSSUREA ESTHONICA) SAGLABASANA

Promocijas darba kopsavilkums
biologijas doktora zinatniska grada iegiiSanai
Apaksnozare: augu fiziologija

Riga, 2012



Promocijas darbs izstradats:

SILAVA
Latvijas Valsts meZzinatnes instittta (LVMI) ,,Silava” no 2008.-2011. gadam.

f’ LATVIJAS
% % UNIVERSITATE

IEGULDIJUMS TAVA NAKOTNE

Zs ESF

EIROPAS SOCIALAIS
FONDS

Sis darbs izstradats ar Eiropas Sociala fonda atbalstu projekta «Atbalsts doktora
studijam Latvijas Universitaté» Nr.2009/01381/ IDP/1.1.2.1.2./ 09/IPIA/ VIAA/004.

Darbs sastav no ievada, 4 nodalam, secinajumiem, literatiiras saraksta.
Darba forma: disertacija biologijas nozarg, augu fiziologijas apaksnozare.

Darba zinatniskais vaditajs: Dr. habil.biol., prof. Gederts Ievins.
Zinatniskie konsultanti: Dr.biol. Dace Klavipa, Dr.biol. Dainis Rungis.

Darba recenzenti: Anita Osvalde, Dr. biol., vad. pétn., LU Biologijas institiits,
Nils Rostoks, Dr. biol., vad. pétn., Latvijas Universitate,
Inga Straupe, Dr. silv., asoc. prof., Latvijas Lauksaimniecibas
universitate.

Promocijas darba aizstavésana notiks LU Biologijas nozares promocijas padomes
atklata séde 2012.g. 19. decembr plkst. 14.30 LU Biologijas fakultate, Kronvalda
bulvart 4, 2. klausitava.

Ar promocijas darbu var iepazities Latvijas Universitates Akadeémiskas biblioteékas
filiale, Riga, Raina bulv. 19-203.

LU biologijas zinatnu nozares promocijas
padomes priekSsedetajs /Dr. biol., prof. Guntis Briimelis /

Promocijas padomes sekretare /Daina Eze/

©Latvijas Universitate, 2012
©Agnese Gailite, 2012



ANOTACIJA

Promocijas darbs izstradats Latvijas Valsts mezzinatnes institiita ,,Silava”. Darba
mérkis bija veikt kompleksu pétijumu par Igaunijas riigtlapes (Saussurea esthonica
Baer ex Rupr.) biologiju, kas ietver in vitro kultiru, fiziologiju, reprodukciju, genétisko
1zpéeti, ta rezultata ieglstot izpratni par aizsargajamo sugu saglabaSanai nepiecieSamo
biologiskas informacijas apjomu un izmantojamam pieejam. Lai netraucétu dabigo
populaciju, reto sugu izpéetei ir svarigi izmantot nedestruktivas analizes metodes. Reto
augu sugu saglabasanai paral€li saglabasanai in situ nepiecieSama arT ex Situ
saglabaSanas metozu optimala izvéle un izmantoSana. Augus eksperimentiem iesp&jams
izaudzg&t in vitro un p&c tam tos izmantot turpmakajos p&tijumos, tadéjadi neapdraudot
dabisko populaciju. P&tot citokininu ietekmi uz Igaunijas rugtlapes proliferaciju un
rizogenézi in vitro konstatéts, ka BAP ir optimals proliferacijas inducésanai, savukart 2-
1P veicina saknu veidoSanos. Lai izprastu sugas pastavésanu apdraudoSos faktorus, ar
nedestruktivam metodém dabiskos apstaklos pétita vides ietekme uz fotosintézi
raksturojoSajiem parametriem. Ta ka Igaunijas riigtlape aug kalkainos zalu purvos vai
plavas, tad kontrol€tos apstaklos analiz€ta substrata sastava un mitruma ietekme uz
fotosintezes fotokimiju, tad€jadi izslédzot pargjo vides faktoru ietekmi. Reprodukcija ir
viens no galvenajiem faktoriem, kas nodroSina sugas pastavésanu. Igaunijas rigtlapei
raksturiga gan generativa, gan vegetativa vairo$anas, pie kam viens augs var veidot
vairakus jaunus dzinumus, kas ir svarigi sugas pastavéSanai, ta ka se€klu kvalitate ir
zema. Apstrade ar GA3 vai KNOj3 uzlabo s€klu digtsp&ju. Lai prognoz&tu sugas spéju
pielagoties mainigiem vides apstakliem un l1idz ar to izdzivot ilglaicigi, p&tita genétiska
daudzveidiba starp Latvijas populacijam un populacijam Latvija un Igaunija. Abas
Latvijas populacijas genétiska daudzveidiba ir nedaudz augstaka neka pétitajas
populacijas Igaunija, liclaka daudzveidiba bija vérojama populaciju ieksieng. lgaunijas
rugtlapi salidzinaja ar astonam citam Saussurea sugam, t.sk., trim Eiropas sugam — S.
alpina, S. pygmaea un S. discolor, izmantojot divas molekularo markieru tehnikas, un
konstatgja, ka S. esthonica veido klasteri ar S. discolor un S. alpina, tad&jadi noradot uz
radniecibu starp $STm sugam.
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DARBA VISPAREJS RAKSTUROJUMS

Témas aktualitate, darba merki un uzdevumi

Pastav viedoklis, ka globalo klimata izmainu gaita var pazust 20 Iidz 30% no
Sobrid zinamajam sugam un iesp&jama viet€jo sugu biotopu samazinasanas. Ta ka tas
rada genétiskas erozijas draudus, nepiecieSami pétijumi, kas palidzetu izprast pieejas un
nepiecieSamos pasakumus biologiskas daudzveidibas saglabasanai gan ekosistémas, gan
starpsugu, gan populaciju Iimeni. Tapéc galvenajos biologiskas daudzveidibas
saglabasanas planosanas dokumentos viens no noteiktajiem pamatuzdevumiem ir
globalas biologiskas daudzveidibas saglabasana, izp&te un izmantoSana.

Lai izprastu genétiskos un ekologiskos faktorus, kas apdraud reto sugu
pastavésanu, ir svarigi noteikt populaciju genétisko daudzveidibu, sugas reprodukcijas
speju, ka art vides ietekmi uz populacijas saglabasanos ilgtermina. Janem veéra, ka lielai
dalai vaskularo augu atkariba no sugas ir iespéjama gan generativa, gan vegetativa
vairoS$anas.

Savvalas augu saglabaSanai ir divi galvenie veidi — aizsardziba to dabiskajas
augSanas vietas (in situ) un saglabasana arpus tam (ex situ). Aizsardziba in situ ir
galvenais saglabasanas veids, taCu 1paSos gadijumos var biit nepiecieSami arl sugu
aizsardzibas un saglabasanas pasakumi ex Situ un reto un izziidoSo augu kolekciju un
s€klu banku izveide. Lai nodrosSinatu biologiskas un genétiskas daudzveidibas
saglabasanu ex situ, sugas saglaba vai nu audu kultdira (in vitro), seklu bankas vai lauka
kolekcijas (botaniskajos darzos). In vitro metodes lieto augu banku veidoSanai, parasti
sugam ar vaju reprodukcijas sp&ju, Iidz ar to Sadam sugam svarigi ir in Vvitro
pavairoSanas pétijumi optimalu metozu izstradei.

Daudzos gadijumos zinasanam par augu biologijas Tpatnibam var bt izskiroSa
nozime, izstradajot konkréto sugu in situ aizsardzibas planus. Tap&c nepiecieSami
padzilinati reto augu biologijas pétijumi, jo $ada veida informacija Latvija paSlaik
gandriz nav pieejama. Ka pé€tijuma objektu izvelejamies Igaunijas rigtlapi (Saussurea
esthonica Baer ex Rupr.), jo ta ir izziidoSa suga, tai nav izstradats sugas aizsardzibas
plans, literatiira tikpat ka nav informacijas par $o sugu un tas biotops ir kalkains zalu
purvs vai plava, kas ar1 ir reti sastopams Latvija. Lidz ar to, iegiitie rezultati varétu
kalpot par pamatu ne tikai konkrétas sugas aizsardzibas plana izstrad€, bet ar1 palidzet
noskaidrot nepiecieSamas informacijas apjomu un riskus citu sugu saglabasanai.

Promocijas darba mérkis bija veikt kompleksu p&tijumu par Saussurea esthonica
biologiju — in vitro kultiiru, fiziologiju, genétiku un vairo$anos, ta rezultata iegustot
izpratni par reto sugu saglabasanai nepiecieSamo biologiskas informacijas apjomu un
1zmantojamam pieejam.

Merka sasniegSanai izvirziti sekojoSi uzdevumi:

1) veikt sugas saglabasanas in vitro p&tijumus, Tpasu uzmanibu pieverSot citokininu
ietekmei uz proliferaciju un rizogenézi;

2) tris sezonu garuma veikt fiziologiskos pétijumus dabiskos augSanas apstak]os,
izmantojot nedestruktivas analizes metodes;



3) vadoties no pétijumu rezultatiem, realizét fiziologiskos eksperimentus kontrol&tos
apstaklos;

4) analizét izveletas sugas vairoSanas potencialu, veicot seéklu digtsp€jas pétijumus,
seklu kvalitates un nepiecieSamos apstaklu, kas nodroSina optimalu digtsp&ju,
noteikSanai, ka ari, analizét vegetativo reprodukciju;

5) analiz&t sugas populaciju genétisko daudzveidibu un veikt vairaku Saussurea sugu
salidzino$o genétisko analizi.

AizstaveSanai izvirzitas tezes

1. Sugas biologijas, t.sk., genétikas un fiziologijas vispusiga izpéte dabiskos un
kontrol&tos apstaklos ir butiska tas saglabasanas stratégijas izstradasana.

2. Aizsargajamo augu uzglabasana in vitro nodroSina genétiska materiala
saglabasanu ilgtermina, ka ari darbojas ka izejmaterials sugas izpé&tei, neapdraudot
dabisko populaciju.

3. Ja vides apstaklu nelabveligas izmainas ir nelielas, tad izmainas augu vitalitate
uzrada hlorofila a fluorescences raditaji Performance Index un RC/ABS.

Iss metoZu raksturojums

Izmantotas augu mikroklonalas pavairoSanas metodes — ievadiSana in Vitro,
pavairoSana (proliferacija), apsakpoSana un izstadiSana ex vitro. Analizéta dazadu
Saussurea sugu séklu digtsp&ja in vitro un péc tam iegiitie augi izmantoti genétiskajos
pétijumos. Noskaidrota citokininu ietekme uz proliferaciju un rizogenézi, augi savairoti
fiziologiskajiem pé&tijumiem kontrol&tos apstaklos.

Fiziologiskajiem pétjjumiem dabiskajos un kontrol&tajos apstaklos izmantoti
hlorofila un hlorofila a fluorescences mérijumi, lai ar nedestruktivam metodém noteiktu
ar fotosint€zi saistitos raditajus, kas raksturo izmainas fotokimiskajos procesos.

Digtspgjas petijumiem dazados apstaklos izmantots klasiskais digtsp€jas tests Petri
traukos uz filtrpapira.

Genétiskajos  pétijumos izmantotas AFLP (Amplified Fragment Length
Polymorphism), iPBS (Inter-Primer Binding Sites) un ITS (Internal Transcribed
Spacer) molekularo markieru tehnikas. AFLP un  iPBS izmantoti gené&tiskas
daudzveidibas pétijumos, ITS un iPBS - filogenétiskajos pétijumos.

Ar darbu saistito publikaciju saraksts
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of an endemic and endangered species Saussurea esthonica Baer ex Rupr. in Latvia.
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lesniegSanai sagatavota publikacija. Gailite A., Ievinsh G. Understanding
reproductive potential for species conservation: Saussurea esthonica in Latvia. Annales
Botanici Fennici.

Konferences, kur darbs apspriests, tajas publicétas tezes

Promocijas darba rezultati prezentSti 5 starptautiskajas un 3 nacionala Iimena
zinatniskajas konferences.

Gailite A., Rungis D. 2012. Genetic diversity of Latvian and Estonian Saussurea
esthonica populations and phylogenetic comparison with S. alpina and S. discolor. 5th
Baltic Congress of Genetics. Kauna, Lietuva. Book of Abstracts 33-34.

Gailite A., Karlsons A., levinsh G. 2012. Ecophysiology of Saussurea esthonica:
changes of growth and photochemistry of photosynthesis in respect to mineral nutrition
and soil moisture. Plant Biology Congress, Freiburga, Vacija. Book of Abstracts 505-
506.

Gailite A., Ievips§ G. 2012. Igaunijas ragtlapes (Saussurea esthonica)
ekofiziologija: mineralas baroSanas un augsnes mitruma ietekme. LU 70. konference
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Gailite A., Klavina D. 2011. In vitro seed germination capacity of Saussurea
species. Starptautiska zinatniska konference ,,Advances in Plant Biotechnology in Baltic
Sea Region“ Kauna, Lietuva. Abstract Book 51-52.

Gailite A. 2011. Factors influencing seed germination of Saussurea esthonica Baer
ex Rupr. 6. starptautiska konference “Research and Conservation of Biological
Diversity in Baltic Region™ Daugavpils, Latvija. Book of Abstracts 49. Ipp.

Gailite A., Rungis D. 2011. Igaunijas ragtlapes genétiskas daudzveidibas izpéte.
LU 69. konference Riga, Latvija.

Gailite A., Andersone U., Samsone I., Rungis D., Ievin§ G. 2010. Ar fotosintézi
saistito parametru dinamika Igaunijas riigtlapes lapas dazadas augSanas vietas dabiskos
apstaklos. LU 68. konference Riga, Latvija.

Gailite A., Rungis D., Ievins G. 2009. Preliminary studies on the genetic diversity
of an endemic and endangered species Saussurea esthonica Baer ex Rupr. in Latvia. 5.
starptautiska konference “Research and Conservation of Biological Diversity in Baltic
Region” Daugavpils, Latvija. Book of Abstracts 42. Ipp.

Darba apjoms un struktira

Promocijas darba apjoms ir 93 Ipp. Darba ictvertas 19 tabulas un 35 attéli. Darbs
sastav no ievada, 4 nodalam (Literattiras apskats, Materials un metodes, Rezultati un
Diskusija). Darba nobeiguma formuléti 11 secinajumi. Darba izmantoti 205 literatiiras
avoti.



1. PETIJUMA TEORETISKAIS PAMATOJUMS

1.1. Sugas visparigais raksturojums un stavoklis Latvija

Igaunijas riigtlape [S. esthonica Baer ex Rupr., S. alpina (L.) DC. subsp. esthonica
(Baer ex Rupr.) Kupffer, S. alpina auct.] ir daudzgadigs kurvjziezu (Compositae)
dzimtas lakstaugs, ziedi ir divdzimuma stobrziedi, sakartoti kurviSos (AndruSaitis
2003). Saussurea gintt ir ap 400 sugu un gints izcelsmes centrs ir Centrala un
Austrumazija, izplatibas rietumu sparns ir Rietumeiropa un austrumu sparns —
Ziemelamerika (Lipschitz 1979). Igaunijas ragtlape sastopama Baltijas regiona -
Latvija, Sanktp&terburgas apkartné un Igaunija (ieklauta Baltijas regiona Sarkanaja
gramata) (Ingelog et al. 1993). Suga ieklauta Latvijas Sarkanaja gramata (1. kategorija,
statuss — izziidoSa suga), Eiropas Savienibas direktivas ,,Par dabisko biotopu, savvalas
augu un dzivnieku sugu aizsardzibu” (92/43 EEC) II pielikuma un Nacionalaja vides
(biologiskas daudzveidibas) monitoringa programma (Klavina et al. 2004). No 1930.
lidz 1991. gadam tika uzskatits, ka populacija Latvija izzudusi. Tomer 1991. gada
izdevas atrast 1884. gada konstatéto atradni, ka arT atrast jaunu (Andrusaitis 2003).
Sobrid Latvija zinamas divas atradnes — ApSuciema un Popes apkartné (Andrusaitis
2003). Suga ieklauta Nacionala Botaniska darza reto un apdraudéto augu kolekcija (gan
in vitro, gan lauka kolekcija) (Klavina, Smite 2009). Eiropas vaskularo augu Sarkanaja
saraksta suga apziméta ka taksons, par kuru nav pietiekosu datu (Bilz et al. 2011).

Dazi autori Igaunijas riigtlapi neizdala ka atseviSku sugu, bet gan ka Alpu riigtlapes
pasugu (S. alpina subsp. esthonica (Baer ex Rupr.) Kupff.) (Narits et al. 2000; Kell et
al. 2005). Alpu ragtlape ir arkto-alpinais augs (Stevanovi¢ et al. 2009) ar plasu
izplatibas arealu — no Kinas Iidz Centralajai un Ziemeleiropai, aug alpinajas step¢s,
klinSainas un akmenainas nogaz€s (Lipschitz 1979; Shi et al. 2011). Kultiraugu
savvalas radinieku informativaja sistéma Alpu rigtlapei izdala ¢etras pasugas - S. alpina
subsp. alpina, S. alpina subsp. depressa un S. alpina subsp. macrophylla, S. alpina
subsp. esthonica (Kell et al. 2005). Eiropa sastopamo gints parstavju skaits dazados
literatiiras avotos ir atSkirigs. Tiek minétas 3-9 vai vairak sugas (Dickore 2001, Narits et
al. 2000).

1.2. In vitro kultiiras apdraudéto sugu saglabasanai ex situ

In vitro metodes lieto augu banku veidosanai, ka ari sugam ar vaju reprodukcijas
sp&ju (Paunescu 2009). Izmantojot in vitro saglabasanas metodes, iesp&jams saglabat
daudz sugu maza laukuma vieniba, ka ari atjaunot dabiskas populacijas (Edson et al.
1997).

In vitro kolekcijas izveide izskir sekojoSus posmus: eksplanta dezinfekcija un
ievadiSana in vitro, kultivéSana (uzturéSana) un pavairoSana, ilgtermina saglabasana
(Paunescu 2009). Ja augus izmanto reintrodukcijai vai ekspoziciju veidoSanai
botaniskajos darzos, tad beigu posmi ir apsaknosana un izstadiSana ex vitro. Katram no
Siem posmiem ir vairaki butiski priek$noteikumi, lai veiksmigi uzturétu un attistitu in
vitro kulturu. Reto augu kolekciju veidoSanai parasti iesaka par eksplantiem izmantot
s€klas, tadéjadi nodrosinot genétiskas daudzveidibas saglabasanos, tomér dazam sugam
s€klas var nebiit pieejamas un tad izmanto citas auga dalas (Fay 1992).

8



Literatiira ir dati par dazu Saussurea sugu pavairoSanu ar audu kultiru metodi
(Arora, Bhojwani 1989; Guo et al. 2007; Dhar, Joshi 2005), ta¢u aprakstita metode
ietver augu pavairoSanu izmantojot kallusa kultiiras, kuras nav ieteicamas reto augu
saglabasanai (Fay 1992).

Ka pamatbarotni galvenokart lieto MS (Murashige & Skoog 1962) barotni ar
dazadam modifikacijam (Fay 1992; Holobiuc, Blindu 2007; Klavina et al. 2004;
Paunescu 2009; Sarasan et al. 2006). No fitohormoniem barotném galvenokart pievieno
auksinus un/vai citokininus. Ar1 pargjie fitohormoni — abscizskabe, etiléns un giberelini
ir butiski audu kulttiras, tomeér daudzos gadijumos tos papildus nepievieno, jo tie
sintez&jas audos, kur aktivi, bet netieSi veic regulatoro lomu (Gaspar et al. 1996).
Citokintnus plasi lieto audu kultiiras, lai stimulétu §tinu daliSanos, adventivo pumpuru
un dzinumu veidoSanos un saknu morfogenézi (Gaspar et al. 1996; Subotic¢ et al. 2009).
Tie reduce primaro saknu augsanu un lateralo saknu daudzumu (Laplaze et al. 2007).
Citokintnu loma saknu morfogenézé nav skaidri zinama, tomér to klatbiitné mainas
saknu struktiira (Kuroha, Satoh 2007). Saknu garums un diametrs ir galvenie lielumi, lai
aprakstitu un salidzinatu saknu sist€émas (Bouma et al. 2000), tap&c tos var lietot dazadu
augSanas regulatoru radita efekta raksturoSanai. Optimalaka katra fitohormona
koncentracija ir atkariga gan no auga, gan kultivéSanas apstakliem, gan konkréta
fitohormona. SalidzinoS$i augstas koncentracijas citokinini var sekmét somaklonalo
izmainu raSanos (Chuenboonngarm et al. 2001), tapéc reto augu kultivéSanai
nepiecieSams atrast optimalas citokininu koncentracijas.

1.3. Ar fotosintezi saistitas pazimes ka indikatori augu atbildei

uz vides faktoriem

Aizsargajamo sugu pétiSanai in Situ svarigi lietot nedestruktivas metodes, lai
netraumgjot augus, iegltu informaciju par auga fiziologisko stavokli, kuru nosaka auga
genétiskas, augSanas un attistibas Tpatnibas. Pie $adam metodém pieder hlorofila
fluorescences un hlorofila satura meriSana ar optiskajam metodém, kas ir nozimigas
biologiskas daudzveidibas izpéte, t.sk., savvalas augu ekofiziologijas pé&tisana in situ
(Mohammed et al. 2003; Samsone et al. 2007), jo tadgjadi iegiist informaciju par
hlorofila saturu un izmainam fluorescencé un Iidz ar to izmainam fotokimiskajos
procesos. Abas metodes lauj atkartoti, ilgaka laika perioda netrauméjot augus pétit ar
fotosint€zi saistitos procesus.

Fotokimiskie procesi nosaka fotosinté€zes efektivitati un ir tiesi saistiti ar hlorofila
saturu lapas. Tas var mainities apgaismojuma intensitates, augsnes mineralelementu
sastava, lapu novecoSanas rezultata (Richardson et al. 2002), Gidens satura lapas un
diennakts laika ietekmé& (Samsone et al. 2007). Hlorofila samazinajumu lapas saista ar
stresu un to uzskata par stresa indikatoru (Netto et al. 2005).

Hlorofila fluorescence ir loti jutiga reakcija un to ietekmé lapu fiziologiskais
stavoklis, 1idz ar to, var atri novertet individuala auga stavokli. Izmainas fluorescences
raditajos paradas karstuma, aukstuma, sausuma, appliiSanas, mineralelementu, substrata
ipasibu (saluma) ietekmé (Sayed 2003; Baker, Rosenqvist 2004).



1.4. Mineralelementu ietekme uz savvalas augu augSanu

Mineralvielu pieejamiba, uznemSana un akumulacija auga atkariga gan no vides,
gan augsnes faktoriem (Osvalde 2011). Mineralelementu uznemsana caur sakném
atkariga no saknu morfologiskajiem (skaita, garuma, blivuma), fiziologiskajiem (saknu /
dzinumu attiecibas, saknu mikroorganismu ietekmes, fidens uzpemsanas spgjas),
biokimiskajiem parametriem un mineralelementu sp&jas virzities difuzijas vai
tdensplismas veida (Baligar et al. 2001). Mineralelementi darbojas ka antagonisti vai
sinergisti un viena elementa parbagatiba vai nepietickamiba auga var izsaukt cita
elementa koncentracijas izmainas (Osvalde 2011).

Kalkainas augsn€s augoSie augi ir adapt&jusies augstajam kalcija saturam augsng,
un apiet parmérigu kalcija uznemsanu lapas, tiem kalcija klatbiitn€ ir raksturigs lielaks
fosfora saturs lapas, neka kalcifobiem augiem, vai augiem, kas augusi skabas augsnés
(Zohlen, Tyler 2004). Ar kalciju bagatas sausakas augsnés kalcifilie augi labak uznem
dzelzi, cinku un kalciju, savukart mitrakas — kaliju, magniju, manganu un fosforu, tomer
tas atkarigs no auga sugas (Misra, Tyler 1999).

Augsné sastopami arT smagie metali, kas pat Joti mazas koncentracijas augiem ir
toksiski. So elementu toksiskums izpauzas §iinu membranu caurlaidibas izmaini$ana,
reaggjot ar metabolitiem vai nomainot elementus enzimatiskajas reakcijas un receptoru
proteinos. Rezultata samazinas augu augSana, tiek bojatas saknes, samazinas ari
fotosintezes pigmentu daudzums (Fargasova 1998).

1.5. Mitruma un sausuma ietekme

Dabiskaja vidé augo$i augi parasti ir piemerojuSies tidens Ilimena svarstibam,
Parmerigu tidens daudzumu sanemosas slikti adaptetas sugas cieS no skabekla trikuma
audos, kas atrodas zem fiidens, ka ari uzpem anaerobo mikroorganismu raditos
produktus (Mn**, Fe**, S%, H,S, karboksilskabes) (Jackson, Colmer 2005), lidz ar to
saind€jot augu saknes. Samazinas citokininu sintéze sakn€s un auga virszemes dalu
apgade ar tiem. Mitruma stresa ietekm& (augiem appliistot) samazinas hlorofila
daudzums lapas (Clua et al. 2009; Panda et al. 2006), ka arT izmainas fotosintéze
(Kozlowski 2002). Tomér pret appliSanu tolerantiem augiem lapas vérojams
paaugstinats hlorofila saturs (Das et al. 2009; Macek 2006). Dzinumu elongacija notiek
samazinoties iekS€jas abscizskabes ltmenim, ko radijis etilena pieaugums, un lidz ar to
palielinas giberelinu daudzums, ka ar1 augu jutiba pret tiem (Voesenck et al. 2003).
Mineralo elementu (slapekla, fosfora un kalija) absorbcija parmitros apstaklos
samazinas (Kozlowski 2002).

Sausuma ietekme verojama fotoinhib&Sana. Augi var izvairities no fotoinhib&Sanas
samazinot gaismas absorbciju vai palielinot absorbétas gaismas parpalikumu. Viens no
veidiem ir hlorofila satura samazinaSanas, kas nodroSina gaismas absorbcijas
samazinasanu, nesamazinot fotokimisko aktivitati. Lai apietu fotoinhib&Sanu, galvenas
fotoaizsargajoSas atbildes kopa ar iespgjamu lapas gaismas absorbcijas spé€jas
samazinasanos, ir palielinata fotoelpo$ana un termala iztvaikoSana (Galmés et al. 2007).
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1.6. Savvalas augu séklu digsana un to noteicoSie faktori

Seklu digSana ir nozimigs posms auga dzive, ta atkariga no s€klu kvalitates, vides
apstakliem un daudzos gadijumos saistita ar miera periodu.

Seklu digSanas un miera perioda mehanisms ietver abscizskabes (inhibitors) un
giberelinu (stimulators) antagonismu. Abscizskabe kontrole s€klas attistibu, miera
perioda uzsaksanu, savukart giberelini veicina un nodroSina digSanu (Kermonde 2005).
Sie fitohormoni regulé gan miera perioda sakumu, gan uzturéSanu, gan beigas. Ari
etilens ir iesaistits So procesu regulacija, galvenokart, samazinot séklu jutibu pret
endogéno abscizskabi. Seklu daudzums, kam nav miera perioda, ka ari miera perioda
veids var vari€t starp gadiem un sugas robeZzas, atkariba no atraSanas vietas ziedkopa vai

augli, no apkartgjas vides ietekmes uz matesaugu laika, kad notiek seklu attistiba
(Baskin, Baskin 2004).

1.7. Savvalas augu vegetativa vairoSanas

Nereti savvalas augiem raksturiga gan generativa, gan vegetativa vairo$anas.
Vegetativas vairoSanas formas ir dazadas, tas ir veidojusas sugas evoliicijas gaita,
piemérojoties specifiskiem vides apstakliem (Klimes, KlimeSova 1999; Klimes 2008).
Pedgjas desmitgades paradas arvien vairak pé€tijumu par vides apstaklu un augu
sabiedribu ietekmi uz augu augSanu vegetativi vairojoties (Tamm et al. 2002; Sammul
et al. 2004; Klime$ 2008). Galvenie faktori, kas raksturo $adus augus, ir vegetativa
izplatiba laika un telpa un rametu ilgdzivotiba (Groenendael et al. 1996; Tamm et al.
2002). Literatiira nav zinu par S. esthonica vegetativas reprodukcijas veidiem, tomgér tas
ir viens no bitiskakajiem faktoriem sugas izdzivoSanai ilgtermina. Uzskata, ka S.
obvallata vairojas generativi un vegetativi (ar sakneniem) (Dhar, Joshi 2005), savukart
S. alpina veido stolonus (Hill et al. 2004).

1.8. Molekularo markieru tehnikas un to pielietojums augu
biologijas petijumos

Genétiskas daudzveidibas izpétei lieto morfologiskas, biokimiskas un DNS
markieru metodes. Jaunakie ir DNS markieri, t.i., nukleotidu sekvences, kas atbilst
noteiktai vietai genoma, un ko identificé no kop&ja genoma. DNS markieru metodes
plasi lieto genétiskas daudzveidibas pétisanai, tas parada genétisko daudzveidibu gan
populaciju ieksSien€, gan starp populacijam (Agarwal et al. 2008). Parsvara ir pétiti
lauksaimniecibas augi. Lidz ar to, pieejams plass informacijas apjoms par to sekvencém,
ka art daudz un dazadi markieri (Varshney et al. 2005). Saussurea gints ir maz pétita ar
molekularajiem markieriem, jo ta ir liela un sugu iekSiené ir liela daudzveidiba (Raab-
Straube 2003; Wang, Liu 2004), Iidz ar to, izp&te ir apgritinata. Molekularie markieri
Saussurea gints sugam nav izveidoti, tapéc molekularajos pétijumos jaizmanto
anonimie markieri.

Molekulari genétiskajos pétijumos, lai atSkirtu tuvradniecigus individus, ka ari
geénu kart€Sanai biezi izmanto AFLP analizi (Vos et al. 1995). Viena no jaunakaja DNS
markieru tehnikam ir uz retrotranspozonu konservativajam sekvenceém balstita iPBS
metode (Kalendar et al. 2011). Viena no biezak lietotajam metodém filogenétiskajos
péttjumos ir ribosomalas ITS metode (Poczai, Hyvonen 2010).
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2. MATERIALS UN METODES

2.1. Pétijjumu vietas un apstakli

Ekofiziologiskos pé&tijumus in Situ veica un lapas genétiskajam analizém ievaca
abas populacijas Latvija (turpmakaja teksta populacijas nosauktas tuvakas apdzivotas
vietas varda, t.i., ApSuciems un Pope) un divas populacijas Igaunija (Parnu-Jaagupi un
Kalevi). Latvijas S. esthonica atradnes ir ar ipasSu juridisko statusu ka T1pasi
aizsargajamas un Natura 2000 teritorijas: mikroliegums ,,Dublukrogs” netalu no
ApSuciema un dabas liegums ,,Popes zalu purvs” netalu no Popes. Abam atradném
raksturigs zalu purvs ar kalkainu augsni. Igaunija pétitas S. esthonica atradnes ir
aizaugusi plava pie Parnu-Jaagupi un zalu purvs pie Kalevi. S. esthonica vai nu veido
lapu rozeti un nezied (turpmak teksta vegetativie augi), vai viedo ziedkopu un tad lapas
izkartotas uz ziedkata (turpmak teksta generativie (ziedoSie) augi).

2.2. Pétijumi in vitro kultara

No 14 botaniskajiem darziem caur botanisko darzu séklapmainas sisttmu Index
Seminum sanéma 11 Saussurea gints sugu séklu paraugus no Eiropas un Azijas.
Izmantoja divus modificétas Murashige & Skoog (1962; MS) barotnes variantus: (1) ar
%2> MS makroelementiem, 2% saharozi, 0.6% agaru un (2) ar 4 MS makroelementiem,
2% saharozi, 0.6% agaru, papildinatu ar 0.2 mg L™ kinetina. Uzskaitija inficétas seklas,
aprekinaja digtsp€ju procentos un digSanas laiku dienas.

Lai noteiktu citokininu ietekmi uz S. esthonica proliferaciju un rizogenézi, in vitro
savairotus augus parnesa uz barotném ar 2 vai 1 MS makroelementiem, 3% saharozi,
0.6% agaru, un citokininiem. Lietoja §adus citokininus: kinetinu 0.5, 1.0, 1.5 un 2.0 mg
L' N6-(delta 2-izopentenil)-adeninu (2-iP) — 0.25, 0.5, 0.75 un 1.0 mg L™ vai
6-benzilaminopurinu (BAP) — 0.25, 0.5, 0.75 un 1.0 mg L™ Ka kontroli izmantoja
bezhormonu barotni ar %2 vai 1MS makroelementiem. Dzinumus kultivéja 300 ml
kultivésanas traukos, kuros ielieti 50 ml barotnes. Katra varianta bija 30 mikrodzinumi
tris atkartojumos. P&c Cetru ned€lu kultivéSanas uzskaitlja dzinumus veidojoSos
eksplantus, dzinumu un saknu skaitu. Saknes, kas izveidojas barotnés ar kinetinu un
2-1P, ieskengja izmantojot skeneri PERFECTION V750 PRO (Epson) un, lai noveértétu
saknu morfologiju, analiz&ja izmantojot att€la analizes sisttmu WinRHIZO 2008. In
vitro kultiras audzg&ja telpa 24 + 2 °C temperatiira ar fotoperiodu 16 h, fotonu plismas
blivumu 40 pmol s m?,

2.3. Ekofiziologiskie petijumi

2.3.1. Petijumi dabiskos apstaklos

S. esthonica ekofiziologiskos pétijumus in situ veica abas Latvijas atradnés
vegetacijas perioda reizi ménest (2009. gada julija, augusta un septembra sakuma, 2010.
un 2011. gada jiinija, julija, augusta un septembra sakuma), ka ar1 2009. lidz 2011. gada
julija divas Igaunijas atradnés. Ar hlorofilmetru SPAD 502 (Konica-Minolta, Japana)
meérija hlorofila saturu lapas un hlorofila a fluorometru Handy PEA (Hansatech
Instruments, Lielbritanija) raditajus - F\/Fn, Pl , RC/ABS, F\/Fq, (1-V))/V;.
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2.3.2. Petijumi kontroletos apstaklos

Eksperimenta par substrata ietekmi kontrol€tos apstaklos izmantoja ¢etrus dazadus
substratus, kas atSkiras ar mineralvielu sastavu tajos. Kontroles varianta substrats
saturja mineralvielas tada sastava un koncentracija, kas optimala lielakajai dalai
kultiiraugu, bet, ta ka S. esthonica aug kalkainas augsnés, papildus pievienojot dolomita
miltus. Otra varianta substrata mineralvielu sastavs bija lidzigs ApSuciema atradnes
augsnei ar paaugstinatu mangana un dzelzs saturu. Tresa varianta augsnes sastavs bija
lidzigs Popes atradnes augsnei, bet ceturta varianta augsne (Pope +) bija ka treSaja
varianta, atSkiroties tikai ar palielinatu slapekla un s€ra saturu. Substratu receptiiru
izstradaja Dr. biol. Andis Karlsons LU BI Augu mineralas baroSanas laboratorija.

Eksperimenta ar dazadiem mitruma rezimiem izmantoja 4. varianta substratu.
Audu kulttira pavairotus S. esthonica augus parstadija pa vienam plastmasas vegetacijas
traukos (9x9x10 cm), tiem atlava iesakpoties un peéc trim nedélam sadalija Cetras
eksperimentalajas grupas, kas atSkiras ar laistiSanas reZimu. Lai uzturétu atbilstoSo
laistiSanas reZimu, optimala reZima gadijuma uztur€ja 100% individualo trauku (kopa ar
substratu un augu) masu, mérena sausuma varianta ta bija 90% no optimala varianta
masas, bet mitraja varianta — 150% no optimalas masas. Slapjo reZimu uzturgja, traukus
ar augiem ievietojot tident 3 cm dziluma, ka rezultata trauku masa sasniedza 200% no
optimala varianta masas.

Abu eksperimenta gaita vizuali noteica augu stavokli to izsakot ka vitalitati balles
un lapu skaitu. Reizi nedéla mérija hlorofila saturu lapas un hlorofila a fluorescenci.

2.4. Reprodukcija

2.4.1. Digtspejas pétijumi

S. esthonica seklas digtsp&jas pétijumiem ievaca 2009. un 2010. gada dabiskajas
populacijas un 2011. gada no Nacionalaja botaniskaja darza auguSiem augiem. Lai
noskaidrotu zieda kurviti esoSo s€klu izmerus, izmérija piecu augu s€klas (kopa 33
kurvisi) vaktas dabiskajas populacijas. Seklu izméru noteikSanai izmantoja milimetru
papiru. Noteica, kada proporcija sastopamas katra izmera s€klas. Péc tam seklas vizuali
1zverteja un saskaitija tuksas seklas.

Lai noteiktu digtsp€jas atkaribu no s€klu izmeriem, izmantoja ranzetas 3, 4, 5 mm
seklu frakcijas. S€klas novietoja Petri traukos, kuros ieklats filtrpapirs divas kartas, kas
samitrinats ar H,0, 10% M, 10° M, 10* M GA; vai 0.2% KNOj;, un diedz&ja 22 °C
tumsa.

Digtsp€jas testam, kura noteica digtsp€jas atkaribu no kultivéSanas apstakliem,
izmantoja 4 mm s€klu frakciju. Dalu séklu glabaja vienu ménesi 4 °C ledusskapi, bet
pargjas 17 °C temperatiira lidz eksperimenta sakumam. S€klas novietoja Petri traukos,
kuros ieklats filtrpapirs divas kartas, kas samitrinats H,O, 10% M, 10° M, 10" M GA,
vai 0.2% KNOj; veica tris atkartojumos. S&klas diedzgja 22 °C tumsa un 22 °C ar
fotoperiodu 16/8 h. Rezultatus analiz€ja, izmantojot ANOVA analizi.

2.4.2. Vegetativas vairoSands izvértejums
Desmit augus no digtsp&jas testa uzdigusam kontroles varianta séklam izstadija
vegetacijas traukos kiidras substrata, audz€ja pa vasaru lauka apstaklos, parzieminaja un

péc parziemoSanas lauka apstaklos noteica izveidojuSos dzinumu un ziedkatus
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veidojoso dzinumu skaitu. Divus augus izné€ma no vegetacijas traukiem, tiem noskaloja
saknes un analizgja saknu struktiiru.

2.5. Genétiskas daudzveidibas salidzinajums un Saussurea gints
filogenctiska analize

2.5.1. Saussurea esthonica Latvijas populaciju genetiska daudzveidiba

DNS izdalija no 29 ApSuciema un 24 Popes atradn€s augosu S. esthonica individu
lapam, izmantojot firmas Fermentas genomiska DNS attiriSanas komplektu (Fermentas
Genomic DNA Purification Kit). Katram izdalitajam paraugam izmérijja DNS
koncentraciju ar UV/VIS spektrofotometru Lambda 25.

Gengétisko daudzveidibu noteica ar divam metodém — iPBS (Inter Primer Binding
Site) un AFLP (Amplified Fragment Length Polymorphism).

2.5.2. Latvijas un Igaunijas populaciju geneétiskas daudzveidibas
salidzinasana

Analiz€m izmantoja Cetrus iPBS DNS markierus: (2001, 2076, 2081, 2083
(Kalendar et al. 2010). Genétisko daudzveidibu Latvijas un Igaunijas populaciju starpa
noteica divos veidos: (1) ar neiezimétajiem PBS praimeriem, amplificétos fragmentus
sadalot elektroforéze agarozes géla un pec tam fotografjot, izmantojot digitalo sistemu
Alpha DigiDoc; (2) ar HEX un 6-FAM krasu iezimétajiem PBS praimeriem. Rezultatus
sakartoja binaraja sisttma un analiz€ja, izmantojot programmu GenAlEx 6 (Peakall,
Smouse 2006).

2.5.3.Vairaku Saussurea gints sugu filogenetiskais saltdzinajums

Genétiskajam analizém izmantoja iPBS un ITS metodes. iPBS analizeé amplific€tos
fragmentus sadalija izmantojot ABI PRISM 3130x| gen&tisko analizatoru un genotip&ja
izmantojot GeneMapper v4.0, veidoja binaro datu matrici un analiz&ja ar GenAlEx 6
(Peakall, Smouse 2006). Filogenétisko koku veidoja izmantojot Neighbour-joining
klasteru analizi MEGA 4 programma (Tamura et al. 2007). ITS sekven&S$anas analizes
veica ar ABI PRISM 3130xl| genétisko analizatoru un datus analiz&ja ar programmu
MEGA 4 (Tamura et al. 2007).

3. GALVENIE REZULTATI
3.1. In vitro kultaras
3.1.1. Saussurea sugu digtspeja in vitro
Digtspgja bezhormonu barotnés ar 2 MS bija 14.3% un 2 MS, kam pievienots
kinetins - 16.6%. Dazadam sugam digtsp&ja atskiras: S. alpina — 13% lidz 100 % S.
maximowiczii. Kopuma 92% séklu uzdiga 3 ned€lu laika, 6% turpmakajas 2 ned¢las un
tikai 2% diga 3 ménesus.
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3.1.2. DaZadu citokininu ietekme uz augu kultiveSanu in vitro

Barotné bez citokininiem dzinumu proliferaciju nenovéroja. Barotnés, kuram bija
pievienots BAP, augoSajiem dzinumiem novéroja izteiktu proliferaciju. BAP ietekmé
palielinajas jaunus dzinumus veidojoSo eksplantu skaits, ka ar1 dzinumu skaits no
eksplanta. Vieniga statistiski biitiska atskiriba starp citokininu koncentracijam paradijas
varianta ar 1 MS makroelementiem un BAP (p < 0.05). Variantos ar dazadam
makroelementu koncentracijam bitiska atskiriba paradijas variantos ar 1 mg L™" BAP un
makroelementiem 2 un 1 MS (p < 0.05). Dzinumu garums varigja starp 0.8 un 3.3 cm,
tomér ne fitohormona veids, ne koncentracija biitiski neietekmé&ja dzinumu stiepSanos.
Paradijas tikai tendence, ka BAP pievienoSana barotnei varétu kavét dzinumu
elongaciju.

Saknes vislabak veidojas barotnés bez fitohormoniem un ar 2-iP. BAP inhibgja
saknu veidoSanos. Mazak par 30% eksplantu veidoja saknes barotnés ar BAP un tas bija
paresninatas un 1sas. Jo lielaka bija lietota BAP koncentracija, jo mazak saknu novéroja.
Biitiskas bija atSkiribas gan saknes veidojoSo eksplantu skaita, gan saknu skaita no
eksplanta visos variantos iznemot variantus ar kinetinu un 2-iP ar 1MS makrosalu
koncentraciju.

Visi saknu parametri barotnés ar /2 MS atSkiras starp variantiem ar kinetinu un
2-iP. Savukart, lietojot makroelementus koncentracija 1MS, nebija bitisku atSkiribu
starp apstradi ar citokintniem un kontroli. Noveéroja, ka saknu vidgjais diametrs
variantos ar kinetinu mazliet samazinajas. Gan saknu garums, gan laukums samazinajas
palielinot citokininu koncentraciju. 2-iP lietojot koncentracija 0.25 mg L™ novéroja
saknu skaita palielinasanos un $1 koncentracija paradija labaku rezultatu neka kontrole.
Variantos ar 2-iP un variantos ar 2 MS saknu galinu skaits bija lielaks, Iidz ar to var
teikt, ka 2 MS veicina saknu zaroSanos salidzinot ar pilnu MS makroelementu formulu
un 2-iP palielina saknu skaitu.

3.2. Ekofiziologiskie pétijumi
3.2.1. Petijumi dabiskos apstaklos

Kopuma hlorofila saturs lapas sezonas laika mainijas nedaudz, vargja noveérot
tendenci tam samazinaties vegetacijas sezonas beigas, septembri (1. attéls).
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1. attels. Hlorofila satura sezonalas izmainas 2009. gada (A), 2010. gada (B), 2011.
gada (C) generativo (G) un vegetativo (V) Saussurea esthonica augu lapas savvalas
apstaklos dazadas atradnés.
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Statistiski buitisks samazinajums bija novérojums ApsSuciema atradné augoSajiem
generativajiem augiem 2009. gada, ka arT, abu veidu augiem $aja atradn€ 2010. un 2011.
gada. Salidzinot ziedoSos un neziedoSos S. esthonica augus dazadas atradnés, vargja
konstatet, ka atSkiribas lielakoties bija nebiitiskas, bet bija raksturiga tendence, ka
vegetativajiem augiem F,/Fp, bija augstaks (2. attéls). Statistiski butiski augstaks F,/Fp,
Iimenis vegetativajiem augiem bija novérojams 2010. gada augusta Pop& un septembri
ApsSuciema, ka ar1, 2011. gada augusta ApSuciema. Augiem Igaunijas atradnés F,/F,
vertibas bija nedaudz augstakas vai ApSuciema atbilstoSo vertibu limeni (iznemot 2011.
gada jualiju).
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2. attels. Hlorofila fluorescences parametra F,/F,, sezonalas izmainas 2009. gada (A),
2010. gada (B) un 2011. gada (C) generativo (G) un vegetativo (V) Saussurea esthonica
augu lapas savvalas apstaklos dazadas atradnés.

Kompleksa fluorescences parametra Performance Index (PI), kas raksturo augu
kopgjo fiziologisko vitalitati, izmainas paradija lidzigas tendences ka F./F;, gadijuma,
bet ar mazakam variacijam samazinasanas virziena un lielakdam — paaugstinasanas
virziena (3. attels).
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3. attels. Hlorofila fluorescences parametra Performance Index sezonalas izmainas
2009. gada (A), 2010. gada (B) un 2011. gada (C) generativo (G) un vegetativo (V)
Saussurea esthonica augu lapas savvalas apstaklos dazadas atradnés.

Ja 2009. gada sezonas laika nebija noverojamas krasas PI svarstibas, tad 2010.
gada augusta un 2011. gada no jinija lidz augustam ApSuciema augosajiem augiem S§is
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raditajs biitiski pieauga. Popes atradnes augiem PI visas sezonas bija butiski zemaks
neka ApSuciema augiem. Atskiribas starp generativajiem un vegetativajiem individiem
nebija statistiski butiskas, izpemot 2010. gada augusta ApSuciema un septembri
ApSuciema un Popg, ka ar1, 2011. gada ApSuciema visa sezonas garuma.

Fu/Fo izmainas S. esthonica augu lapas bija lidzigas PI izmainam, bet ar butiski
mazaku amplitidu. Bitiski augstaks F,/Fy lIimenis ApSuciema augu lapas saglabajas
visas sezonas garuma 2009. gada, 2010. gada tas bija vienads ar Popes augu F./F,
julija), bet augusta un septembri tas bija nov€rojams paaugstinata Itmeni tikai
vegetativajiem augiem. Arl aktivo reakcijas centru Ipatsvaru raksturojo$a parametra
RC/ABS izmainas (4. attéls) bija Iidzigas PI un F,/F izmaipam.
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4. attels. Hlorofila fluorescences parametra RC/ABS sezonalas izmainas 2009. gada
(A), 2010. gada (B) un 2011. gada (C) generativo (G) un vegetativo (V) Saussurea
esthonica augu lapas savvalas apstaklos dazadas atradnés.

Novéroto izmainu amplitida bija liclaka neka F./F;, bet mazaka neka PI.
Raksturigi, ka ApSuciema augiem RC/ABS bija augstaka [iment neka Popes augiem, bet
[gaunijas atradpu augiem RC/ABS bija tuvu ApSuciema augu limenim vai zem ta.
Salidzinosi nelielas atSkiribas starp dazadu atradnu augiem vargja novérot attieciba uz
fluorescences parametru (1-V))/Vj, kas parada tumsas reakciju ietekmi uz PS II
(fotosistemas II) aktivitati. Noveroja, ka ar PS II fotosint€tisko aktivitati saistitie raditaji
kopuma augstaki bija vegetativajos, nevis generativajos augos, tomér §is atSkiribas
nebija loti izteiktas. Krasakas atSkiribas starp ar PS II saistitajiem raditajiem paradijas
augusta merijumos, kas varétu biit saistits ar generativo augu lapu atraku novecosanos.

Visu ar PS II aktivitati saistito raditaju pazeminata aktivitate Popg, iesp&jams, ir
kompleksa mitruma un augsnes minerala sastava ietekmes izpausme. Tade] turpmakajos
eksperimentos kontrol&tos apstak]os pétija So divu parametru ietekmi.

3.2.2. Augsnes mineralsastava un mitruma ietekme uz Saussurea

esthonica augsanu kontrolétos apstaklos

Lai noskaidrotu, ka mainas S. esthonica augu augsana un fiziologiska vitalitate
atkariba no augsnes mineralelementu sastava, augus audz€ja kontrol€tos apstaklos
substrata ar Cetram atSkirigam mineralelementu kombinacijam. Analizgjot lapu skaita
izmainas dazadas augsnés, konstatéts, ka lapu skaits krasi samazinajas ApSuciema
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augsné, savukart lielakais lapu skaits bija uzlabota Popes (Pope +) varianta augiem. ST
likumsakariba paradijas ari attieciba uz vizuali noveértéto augu vitalitati. Kopuma
vertejot morfologiskos raditajus eksperimenta beigas, augu attistibai labvéligaka bija
Pope + augsne, kurai sekoja Popes augsne un kontroles augsne, bet ApSuciema augsne
bija vismazak labveliga.

Eksperimenta sakuma nelabvéliga ietekme uz lapu hlorofila saturu bija vérojama
Popes augsnes varianta augiem, bet vélaka laika tas saglabajas vid&ja liment (5. att€ls
A).
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5. attels. Hlorofila satura (A) un hlorofila a fluorescences parametru Performance Index
(B), FJ/Fn, (C), RC/ABS (D) izmainas Saussurea esthonica eksperimentos kontrolétos
apstaklos ar dazada mineralvielu sastava substratiem.

ApSuciema augsnes varianta lapu hlorofila saturs eksperimenta laika nemainijas,
bet uzlabotas Popes augsnes varianta var€ja noverot stabilu lapu hlorofila satura
pieaugumu Vvisa eksperimenta laika. Savukart, viszemakais hlorofila saturs bija
raksturigs kontroles augiem. Pret€ji lapu hlorofila saturam, kas paradija butiskas
atSkiribas starp eksperimenta variantu augiem, hlorofila a fluorescences raditaji
eksperimenta sakuma mainijas salidzinosi maz (5. att€ls). Vienigi Performance Index
(5. attels B) un RC/ABS (5. attéls D) augiem Popes augsné paradija nelielu, bet btisku
samazinajumu lidz 3. eksperimenta ned€lai. Talakaja perioda (no 4. lidz 6. ned€lai)
vargja noverot lielakas atSkiribas starp eksperimentalajiem variantiem. Bitiski, ka
izmainas bija atSkirigas dazadiem fluorescences parametriem — Performance Index un
RC/ABS no vienas puses, un F,/F., un F,/Fq no otras, mainijas lidzigi.

Ta ka Sie rezultati bija pretruna noverojumam, ka tieSi Pop€ ir viszemakie
fiziologiskas vitalitates raditaji, iekartoja eksperimentu mitruma reZima ietekmes
parbaudei un konstat&ja, ka vizuali noteiktais lapu skaits un augu vitalitate palielinajas
palielinata mitruma apstaklos augoSiem augiem. Optimalakais bija palielinata mitruma
rezims (150%), pie kura vargja novérot stabilu lapu daudzuma palielinaSanos visa
eksperimenta gaita. Lapu skaita biitisks pieaugums bija nove€rojams ari appliidusa
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augsné (200%) augsajiem S. esthonica augiem, bet to daudzums talak nemainTjas sakot
ar sesto nedelu. Biitisks lapu skaita pieaugums nebija noveérojams ,,optimala“ varianta
(100%) augiem, bet sausuma apstaklos sakot ar sesto ned€lu bija veérojama pakapeniska
lapu skaita samazinaSanas.

Biitiski, ka augiem, kas auga appludinata augsné, péc Cetru ned€lu audz€Sanas
vizuali var€ja noverot violetu plankumu veidoSanos starp dzislam, ka ari, vélaka
perioda, hlorozi, paradot iesp&jamu metabolisma trauc€jumu sekas.

Pirmajas seSas ned€las hlorofila saturs kontroles augiem un augiem ar palielinatu
mitrumu nemainijas. Pec tam augiem, kuriem bija 200% mitrums, hlorofila saturs
samazinajas. Augiem, kuri tika laistiti nepietickami, hlorofila saturs saka pazeminaties
jau péc divam nedélam. F,/F,, un F,/Fy izmainas visos variantos bija loti nelielas (6.
attels).

15

Hiorofils (%)
o/z\
Vil
i‘\q
\
D
<
%(
/
{
e
o
Performance Index (%)
/
\
/
”\

F1000 54
=

<

w
=995

#J
o<>

1

99.0

O— 90%
985 —O>— 100%
150°

V ﬁf%ﬁ%

4 6
Laiks (nedélas)

10 4

6. attels. Hlorofila satura (A) un hlorofila a fluorescences parametru Performance Index
(B), FJ/Fn, (C), RC/ABS (D) izmainas Saussurea esthonica eksperimentos kontrolétos
apstaklos ar dazadiem mitruma reZimiem.

PI un RC/ABS visos variantos strauji samazinajas pirmajas tris nedélas. Pec tam
pakapeniski palielinajas. Eksperimenta beigas RC/ABS Iimenis 100 un 150% mitruma
nodro§inajuma variantos bija ievérojami augstaks neka 90% un 200% variantos.

3.3. Reprodukcija

3.3.1. Saussurea esthonica seklu digtspéja

Savvala ievaktu S. esthonica seéklu garums vari€ja no 2 lidz 5 mm. Visvairak bija 4
mm s€klu (51%), bet 3 mm (21%) un 5 mm (25%) seklu skaits atskiras nedaudz. Mazo
s€klu (2 mm) daudzums bija neliels (3%) un tas bija nedigstosas. Vizuali novertgjot,
44% no 3 Iidz 5 mm garuma seéklam bija tukSas. 22 °C tumsa diga 46% 5 mm s&klu,
28% 4 mm seklu un 16% 3 mm seklu. Seklu izmérs butiski ietekmé&ja digtspeju
(p < 0.05).

Apgaismojuma un aukstas stratifikacijas ietekme uz dig§anu kombinacija ar akttvo
vielu ietekmi uz 4 mm garuma s€klam redzama 7. attela.
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7. attels. Saussurea esthonica digtspgja atkariba no seklu priekSapstrades,
apgaismojuma un kultivéSanas apstakliem.

Biitiskas atSkiribas bija starp dazadiem apstrades veidiem (p < 0.05), t.i., KNO3 un
GAs, bet ne starp apgaismojuma rezimiem. GA3 10° un 10™* M labak veicinaja digtsp&ju
neka GA3 107 M.

Seklu digsanas laiks varigja starp 3 un 21 dienu ar maksimumu 4-7 dienas. Lielaka
dala seklu uzdiga 14 dienu laika. Tikai 2% s€klu diga 14 Iidz 21 dienas. Novérojam, ka
stratificétas s€klas uzdiga atrak. Septinas dienas uzdiga 86% stratificéto seklu un 77%
seklu, kas pirms digtsp&jas testa bija glabatas 17 °C temperatiira.

Dala seklu (19.5%), kas neuzdiga viena meéneSa laika, tika novertetas ka
nedigstosas (seklas iekSpus€ novéroja baltu digli), pargjas bija nedzivas (ieks€jie audi
bija melni). P&c sekojosas skarifikacijas nedigstosas séklas uzdiga 2 Iidz 5 dienu laika.

3.3.2. Vegetativas vairoSandas potencials
Vegetativas vairoSanas potencialu noteica analiz&jot veidoto dzinumu skaitu péc

parziemosanas otraja un treSaja vegetacijas sezona. Pirmaja gada p€c parziemosanas
viens augs vidgji veidoja 5 dzinumus (1. tabula).

1. tabula. Kopgjais dzinumu skaits un ziedosie dzinumi péc augu parziemosanas 2011.

un 2012. g.
Gads Kopg€jais dzinumu skaits ZiedoSie dzinumi no kop€ja dzinumu skaita
2011. 5.00+1.30 0.60+0.27
2012, 6.60+1.33 0.50+0.08

Tomer tris augi veidoja pa vienam dzinumam. Otraja gada kop€jais dzinumu skaits
bija 66 un no viena auga vargja iegit 2 lidz 17 dzinumus. Pirmaja gada péc
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parziemosanas ziedoSos dzinumus novéroja Cetriem augiem, pie kam diviem no tiem
noveroja divas ziedkopas katram. Otraja gada atkartoti zied&ja tikai viens augs, pargjie
ziedoSie bija tadi, kas ieprieks$€ja gada nezied¢ja.

Lai noskaidrotu, ar kadu strukttiru palidzibu S. esthonica vairojas vegetativi un cik
liela méra, divus augus iznéma no vegetacijas traukiem un vértéja. Konstatgja, ka
veidojas divu veidu dzinumi — vertikali orientéti adventivie dzinumi tuvu galvenajam
dzinumam un dal&ji horizontali orienteti sakneni ar dzinumiem attalinati no galvena
dzinuma. Jauno dzinumu atdaliSanos no galvena dzinuma nenovéroja.

3.4. Molekulari genétiska izpete

3.4.1. Daudzveidiba Latvijas populacijas

Saussurea esthonica Latvijas populacijas genétisko daudzveidibu analiz€ja ar iPBS
un AFLP metodém. iPBS analizé pieci praimeri kopuma producgja (uzradija) 67
fragmentus. Cetri unikali fragmenti konstatéti ApSuciema populacija. Saja populacija
bija arT mazliet augstaka sagaidama heterozigotate (0.30) neka Popes populacija (0.29).

Ar AFLP analizi ieguva 208 fragmentus. Ari ar So analizi augstaka sagaidama
heterozigotate bija ApSuciema populacija (0.32), ka arT atrasti 5 unikali fragmenti. Popé
attiecigi sagaidama heterozigotate bija 0.3 un 2 unikali fragmenti. Ar abam metodém
lielaka daudzveidiba bija populaciju iekSieng, nevis starp populacijam (8. attels).

4 starp Y4 starp N\
A populacijam B populacijam
r 11% ’ 3%
_ .. populaciju
e iek$ieng
ieksieng o
89% 9%
- AN J

8. attels. Genétiskas daudzveidibas sadalijums Latvijas populacijas ar iPBS analizi (A),
ar AFLP metodi (B).

3.4.2. Daudzveidiba starp populacijam Latvija un Igaunija

Ta ka analizgjot genétisko daudzveidibu starp populacijam Latvija, iPBS metode
uzradija lielaku daudzveidibu starp populacijam, tad So metodi izmantoja daudzveidibas
analizei starp Latvijas un Igaunijas populacijam. Izmantoja neiezime€tos un iezim&tos
PBS markierus. Analizé ar neiezimétajiem PBS markieriem rezultatus vizualizgja
agarozes g€la un izveidojas 51 fragmenta josla. Ar iezimétajiem PBS markieriem
analizes veica genétiskaja analizatora izmantojot GeneMapper v4.0 programmu, ieguva
365 fragmentus. Tos talak analiz§jot, noteica daudzveidibu starp populacijam,
populaciju iekSiené un starp regioniem. Lielaka daudzveidiba bija vérojama populaciju
ieksieng (9. attels). Salidzinot abas metodes, atSkiribas starp tam ir nelielas.
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9. attels. Daudzveidiba populaciju iekSien€ un starp populacijam ar neiezimetajiem PBS
markieriem (A), ar iezimé&tajiem PBS markieriem (B).

Nei genétiskas distances starp Latvijas populacijam bija 0.062 and 0.003 ar
neiezimétajiem un iezimétajiem iPBS markieriem, starp populacijam Igaunija attiecigi -
0.041 un 0.002. AtSkiribas iegutajos rezultatos skaidrojamas ar atSkirigo ieguto
fragmentu skaitu ar katru no metodém. Tomér starp Igaunijas populacijam Nei
genétiskas distances bija mazakas neka starp Latvijas populacijam.

3.4.3. DaZadu Saussurea sugu salidzindjums

Saussurea sugu salidzinasanai izmantoja ITS un iezimétos PBS markierus.
Kopuma ieguva ITS sekvences no 9 Saussurea sugu 45 individiem. Analiz€tas
sekvences bija aptuveni 486 nukleotidus lielas. Tas atrodamas NCBI sekvencu datubaze
ar numuriem JN808226-JN808270.

A S.alpina B S.riederi
S.esthonica S.esthonica

S.discolor S.discolor
S.riederi S.alpina

S.pulchella

S.maximowiczii
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4(7—{S.albescens S.albescens
S.candicans L————— S.maximowiczii

S.pygmaea

S.candicans

S.pygmaea

— ||
0.02 0.01

10. attels. Neighbour-joining dendrogramma veidota izmantojot genétiskas distances,
kas iegiitas pec ITS sekvencu datiem (A), iPBS datiem (B).

Izmantojot katras sugas sekvences, aprékinaja genétisko distanci (p-distances metode)
starp sugam un izmantojot Neighbour-joining metodi konstruéja dendrogrammu (10.
attels).

S. esthonica taksonomiska radnieciba ar S. alpina un S. discolor

Lai labak izpétitu S. esthonica taksonomisko statusu, veica talaku filogengtisko
analizi izmantojot tris sugu — S. esthonica, S. alpina un S. discolor individus. Konstrugja
Neighbour-joining filogené&tisko koku, izmantojot p-distance genétisko distanci starp
individiem (11. att€ls).
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11. attels. S. esthonica, S. alpina un S. discolor Neighbour-joining dendrogramma
izmantojot gené&tiskas distances, kas iegiitas ITS analize. Skaitli zem zariem ir bootstrap
Itmeni (1000 bootstraps). LV 1 — ApSuciema populacija, LV 2 — Popes populacija, EST
1 - Parnu-Jaagupi populacija, EST 2 — Kalevi populacija.

Lai arf vérojamas dazas atkapes, pieméram, [S. esthonica 2 (EST2) un S. esthonica
5 (EST2)], vairums individu veidoja klasterus atbilstoSi sugam un populacijam.
Interesants reultats bija tas, ka S. alpina Austrijas populacija veidoja klasteri ar S.
discolor (sekvences bija identiskas), kas arT ir no Austrijas. Savukart, S. alpina Italijas
un Norvégijas populacijas veidoja klasteri ar S. esthonica individiem (sekvences bija
identiskas). AtSkiribas starp pétitajam populacijam Latvija un Igaunija Saja analize
nenoveroja.

4. DISKUSIJA

4.1. In vitro kultiiras sugu saglabasanai ex situ

Ta ka no arvalstu botaniskajiem darziem var&ja sanemt séklas, tad So paraugu in
vitro kultiiras uzsaksanai ka eksplantus izmantojam s¢klas. Ja seklu kvalitate ir laba, tas
uzdigst tris ned€lu laika. Japiebilst, ka vairuma gadijumu nebija zinams s€klu ieguves
laiks un uzglabasanas apstakli.

In vitro kultiru uzturéSanai plasi izmanto dazadus fitohormonus. Ta ka S.
esthonica labi apsaknojas bezhormonu barotné, tad darba neapskatijam auksinu ietekmi
uz saknu veidoSanos, savukart, bez citokininiem nav iesp&jama S§1 auga proliferacija.
Misu rezultati paradija, ka labako proliferaciju iegtist barotnei pievienojot BAP. Joshi,
Dhar (2003) secinajusi, ka BAP S. obvallata pavairosanai ir labaks par kinetinu, bet,
inducgjot dzinumus no kallusa kultiiras, proliferacijas barotnei pievieno gan kinetinu,
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gan naftiletikskabi. 2-iP 0.25 mg L™ veicinaja saknu veido$anos, bet lielakas
koncentracijas samazinajas saknu garums un laukums. Chuenboonngarm et al. (2001)
parbaudijis, ka Gardenia jasminoides proliferacijai lietojot 2.5-10 mg L™ 2-iP iegast
dazus dzinumus (1-5), bet $adas koncentracijas izsauca somaklonalas izmainas. Ar1 citi
autori uzskata, ka reto augu saglabasanai in vitro, svarigi izmantot optimalas
fitohormonu devas, lai izvairitos no somaklonalajam izmainam, kaut ari atseviskos
gadijumos tieSi somaklonalo izmainu inducéSanai varétu biit pozitivs efekts (Fay 1992,
Paunescu 2009).

PavairoSanai optimalakais citokinins ir BAP. Kinetins un 2-iP maz ietekmée
proliferaciju. Tomér 2-iP var izmantot augSanas un apsaknoSanas veicinasanai. Galvena
uzmaniba japievers adekvatam, bet ne parmerigam augSanas hormonu koncentracijam.

4.2. Ekofiziologiskie pétijumi dabiskajos apstaklos

Lai salidzinatu augu adaptaciju vidé un noteiktu to ,,labsajitu”, izmantoja hlorofila
satura un hlorofila a fluorescences noteikSanu ar nedestruktivam metodém. Kopuma
vegetacijas sezonas beigas hlorofila saturam bija tendence samazinaties, kas
skaidrojams ar lapu novecoSanos. Pop€ un Igaunija méritajiem augiem hlorofila saturs
generativo augu lapas bija lielaks neka vegetativo augu lapas, savukart, ApSuciema
augiem tas vari€ja. PEtijjuma par hlorofila daudzumu lapas dazadas roZzu sugas un
skirn€s to ontogenéze, konstatSts, ka dazadam sugam, ka arT Skirn€m hlorofila
daudzums atSkiras, tomeér vairuma gadijumu hlorofila daudzums ziedéSanas laika
samazinas un auglu nogatavoSanas faz& mazliet paaugstinas (Adumitresei et al. 2011).
Ar citi autori (Ding et al. 2005) pétjjuma ar dazadiem kukuriizas hibridiem
konstatéjusi, ka péc ziedéSanas hlorofila daudzums un F,/F, vairuma gadijumu
samazinas, to saistot parsvara ar lapu novecoSanos. Miisu pétijuma zied€Sanas fazei
atbilst julija mérjjumi, savukart, seéklu nogatavosanas fazei — augusta merijumi. Pie tam,
bija vérojams, ka Popé€ augi zied nedaudz ilgak un augusta dala augu vél zied€ja. Art pa
gadiem konkretajos laikos ziedoSo vai nozied€juSo augu skaits atSkiras. Kopuma
hlorofila daudzums nedaudz palielinajas starp ziedéSanas un séklu nogatavoSanas fazi,
tomer 2011. gada ApSuciema tas samazinajas. Vegetativo augu lapas hlorofila saturs
saka samazinaties jau julija (iznemot 2011. gada ApSuciema) (1. attels). Lapam
novecojot, hlorofila saturs tajas samazinas, jo metaboliti atpliist uz atrag€josSajiem
centriem, bet hlorofila sintézes intensitate kritas. legttie rezultati parada, ka hlorofila
daudzums liela méra atkarigs gan no vides faktoriem, gan ontogen&zes periodiem.

Hlorofila fluorescences raditajs F,/F,, Popg bija zem 0.8, kas, iesp&jams, ir saistits
ar lielaku nokrisnu daudzumu Popg, jo nokrisnu daudzumam pieaugot, samazinas ar PS
IT aktivitati saistitie raditaji. Art krasais F,/F samazinajums Popg 2011. gada augusta
varétu but saistits ar palielinatu nokriSpu daudzumu. Literatiira atrodami dati par
appludinaSanas ietekmi uz risu stadiem, tiem Fv/Fm samazindjumu noveroja jau péc
divam dienam (Panda et al. 2006). Nov&roja, ka ar PS II fotosint&tisko aktivitati saistitie
raditaji kopuma augstaki bija vegetativajos, nevis generativajos augos (2.-4. attéls),
tomer $is atSkiribas nebija izteiktas. Krasakas atSkiribas dazados gados starp ar PSII
saistitajiem raditajiem paradijas augusta meérjjumos. Tas var€tu biit saistits ar augu
attistibu ontogenézg, jo augusta sakuma, kad veica mérijjumus, dala augu ziedgja, dalai
jau bija gatavas séklas. Zinams, ka F,/F,, sak samazinaties kukuriizas augiem Cetras
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ned€las péc ziedu atvérSanas (Ding et al. 2005). Lidz ar to miisu novérotas atskiribas
augusta merjjumos pa gadiem varctu bat saistitas ar izmainam augu ontogeneze.

Ta ka hlorofila saturs abu atradnu augiem bija saméra lidzigs, tad, acimredzot,
fotoinhib&sana saistita ar PS II aktivitates samazinasan0s, nesamazinot pigmentu saturu.
Visu ar fotosist€émas II aktivitati saistito raditaju pazeminata aktivitate Popg€, iesp&jams
Ir saisttta ar mérijumu veikSanas laiku, nokri$nu Itmeni, ka ar1 ir kompleksa mitruma un
augsnes minerala sastava ietekmes izpausme.

4.3. Augsnes mineralelementu sastava un mitruma ietekme uz

fotosintézi raksturojosajiem parametriem kontrolétos apstaklos

Hlorofila saturs palielinajas Popes + varianta augiem, samazinajas kontroles un
Popes varianta augiem, savukart, ApSuciema varianta augiem visu eksperimenta laiku
tas saglabajas nemainigs (5. attels). Tas var€tu biit saistits ar palielinato mangana un
dzelzs saturu ApSuciema varianta substrata. Ka zinams, 1idz 80% S$iinas esosas dzelzs
atrodas tieSi hloroplastos un piedalas hlorofila sintezes sakuma posmos. Mangans
piedalas wdens saskel3ana fotosistema II. So elementu parmérigas koncentracijas,
iespejams, neitralizé substrata esosais kalcijs.

Fluorescences raditaji F,/F, un F,/Fy nedaudz palielinajas kontroles, Popes un
Popes + varianta augiem, savukart, ApSuciema varianta augiem tie bija zem 0.8,
tadejadi noradot uz fotosintezes fotoinhibéSanu. RC/ABS samazinajums liecina par to,
ka palielinas antenu hlorofila saturs katra reakcijas centra (Thach et al. 2007). Lidz ar
to, kontroles un ApSuciema varianta augiem vérojama fotosintezes fotoinhib&Sana
reakcijas centru parslodzes del.

Ta ka Popes un Popes + varianta augiem eksperimenta gaita PI un RC/ABS
uzlabojas, tad var secinat, ka Sie radita;ji tikai dalgji ir atkarigi no slapekla un séra satura
augsné UN mineralelementu ietekme visdrizak ir kompleksa. Pirmaja varianta,
iespjams, palielinatais fosfora, kalija un magnija saturs samazinaja slapekla un séra
ietekmi, jo, k@ zinams, dazadi mineralelementi darbojas ka sinergisti vai antagonisti, un
var€ja radit nelielo PI uzlabojumu.

Kopuma ar fotosisteémas II fotokimiju saistitie raditaji lauj secinat, ka Igaunijas
rigtlapei piemérotaks ir Popes + varianta vai Popes varianta substrats. Neatbilstiba starp
legltajiem rezultatiem dabiskajas populacijas un kontrol€tos apstaklos liek domat, ka ta
varétu bit saistita ar citu augsné esoSo elementu, pieméram, cinka, ietekmi uz
fotosintézi raksturojoSajiem parametriem, kas var aizvietot mangana atomu mangana
klasteri, 1idz ar to, inhib&ot PS II aktivitati. ST neatbilstiba varétu bit saistita ari ar
laistiSanas rezimu, apgaismojumu un temperatiiru, jo kontrolétaja eksperimenta augi
tika m€reni laistiti un temperatiiras bija stabilas.

Daziem mitru vietu augiem novérota hlorofila satura samazinasanas plidu ietekmé
(Clua et al. 2009). Ari tdens deficita apstaklos vérojams hlorofila satura samazinajums
lapas (Schlemmer et al. 2005; Sakalauskiené et al. 2008). Noverotais hlorofila satura
samazinajumu sausa varianta (90%) un applidusaja augsné (200%) augoSajiem augiem
sakrit ar literatlira minétajiem datiem. Ta ka F,/F un F,/Fy gandriz nemaz neatskiras
starp variantiem (6. att€ls), tad varam secinat, ka. palielinats mitrums Siem augiem nav
stresa faktors un tie labi adaptéjusies mainigam tdens rezimam. Ir p&tijumi, ka jau divas
dienas p&c augu appludinasanas F,/F;, samazinas, kas liecina par PS II sp&jas reducéet
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primaro akceptoru plastohinonu samazinasanos (Panda et al. 2006). Acimredzot,
kultivgjot S. esthonica augus parmitros apstaklos, bet neappludinot, fotosintézes
fotoinhib&Sana neiestajas. Noverots, ka pret appliSanu tolerantam risu Skirném
fotoinhib&sanu nenovéro (F./F,, nemainas), tomér PI izmainas ilgaka laika perioda
paradas (Sarkar et al. 2004). ArT p&tot sausuma ietekmi uz abelu lapam konstatéts, ka
sausuma ietekme uz maksimalo kvantu izmantoSanas efektivitati, ja PSII reakcijas
centri ir atverti, ir nenozimiga un fotoinhib&Sanu nenovéro (Massacci, Jones 1990).
Pétijuma noskaidrojas, ka sausuma un parmériga mitruma apstaklos izmainas ar PSII
efektivitati saistitie raditaji PI un RC/ABS. Tatad parmériga sausuma un mitruma
ietekm& mainas nevis fotokimijas primarais iznakums (F,/F), bet gan aktivo/neaktivo
reakcijas centru attieciba pret antenu hlorofilu (RC/ABS), reakcijas centru blivums,
nulles I[imena fluorescence (Fy).

4.4, VairoSanas potencials

VairoSanas ir viens no auga dzives cikla svarigakajiem komponentiem. Liela dala
savvalas sugu vairojas gan generativi, gan vegetativi. Ja generativa vairoSanas tiek
kaveta, augs pastiprinati sak vairoties vegetativi. Tai pat laika generativa vairoSanas ir
ta, kas nodrosSina genétisko daudzveidibu populacija un lidz ar to suga var labak
pielagoties apkartejas vides izmainam.

S. esthonica seklu digtsp&ja licla méra atkariga no séklu izméra un lielakam séklam
ir labaka digtsp€ja. 1zveloties 4 un 5 mm lielas seklas ir lielaka varbutiba, ka seklas digs.
Literatura ir dati par digtsp&jas atkaribu no s€klu masas. Tomér biezi dati ir pretrunigi.
Konstatéts, ka pastav negativa korelacija starp s€klu masu un digtsp&ju (Bu et al. 2007).
Pret&js uzskats ir, ka Sarracenia purpurea lielakas séklas sak digt atrak un tam ir labaka
digtsp€ja (Ellison 2001). Uzskata, ka s€klu izmérs ietekm& digtsp&ju, tomér tas
neietekmé turpmako digstu augSanu (Moélken et al. 2005). Savvalas augu séklam biezi
raksturigs miera periods un ta partraukSanai lieto dazadas metodes un dazadam augu
sugam tas var atSkirties. Piem&ram, dazas Lonicera gints sugas digst p&c aukstas, dazas
péc aukstas-karstas, dazas peéc karstas stratifikacijas, art GA3 uzlabo digtsp&ju (Hidayati
et al. 2000). Konstatéts, ka Primula modesta digtspéja bez mitras aukstumapstrades ir
20-60%, bet 1 ménesi turot 4 °C tumsa digtsp&ja palielinajas 1idz 90-100% (Shimono et
al. 2004).

Ar1 misu rezultati parada, ka auksta stratifikacija pozitivi ietekmé digtspeju.
Labakie rezultati ieguti s€klas apstradajot ar GAsz. Ari KNOj pozitivi ietekmgja
digtsp&ju. Lidzigu rezultatu ieguva ari Sharma et al. (2006) ar S. costus séklam. S.
costus ir vidgja digtspgja (lidz 68%) un labako rezultatu ieguva pirms digSanas vienu
ménesi seklas paklaujot aukstajai stratifikacijai. GA; (10° M) bija efektivaks par GAs
(10 M) un tas, savukart — par KNO; un H,O (Sharma et al. 2006). Seklu digtsp&ju var
ietekmét arT apgaismojums. Ir sugas, kas labak digst gaisma, un ir sugas, kas labak digst
tumsa. Seklas diedz€jot tumsa paradijas aukstumapstrades pozitivais efekts, savukart
diedzgjot gaisma/tumsa Sis efekts nebija izteikts.

Dzivo nesadiguso s€klu skarifikacija art pozitivi ietekméja digtsp&ju. Zinams, ka
skarifikacija veicina necaurlaidiga s€klapvalka izraisito digSanas inhib&Sanas un/vai
augSanas inhibitoru izraisita miera perioda apieSanu. Salidzinot iegiitos rezultatus ar
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literatira min&tajiem miera perioda tipiem konstatéts, ka S. esthonica raksturigs seklais
fiziologiskais miera periods.

Vegetativa vairoSanas savvalas augiem ir biezi sastopama. Uzskata, ka to biezak
novero vesos, mitros, no€notos apstaklos un nabadziga augsné augosiem augiem un tai
var bt filogenétiski, dzives cikla noteikti iemesli vai vienkarsi ta ir augu adaptacijas
konkrétiem apstakliem sekas (Sosnova et al. 2010). Ap 21% no klonalo augu sugam ir
vairak ka viens klonalas augSanas veids (Klimes, KlimeSova 1999). S. esthonica
vairojas vegetativi vai nu ar sakneniem, vai arT hipokotila veidojas adventivie pumpuri,
kas talak veido lapu rozetes. Tipiskakais vegetativas vairoSanas veids S. esthonica
augiem ir ar sakneniem. P&c miisu datiem dzinumu skaits no matesauga ir >1. Atskiriba
no Saussurea alpina, S. esthonica aug mitras vietas, lidz ar to vegetativa vairo$anas
varétu biit labak izteikta, neka kalnos augoSajam sugam.

4.5. Molekulari genétiska izpéte

Geneétiskas daudzveidibas izpéteé arvien plasak tiek lietoti molekularie markieri.
Vairuma gadijumu sugas specifiski markieri izstradati kultiiraugiem un tie ari parsvara
tieck pétiti. Savvalas augu izp&t€ parasti izmanto metodes, kuras izmanto sugas
nespecifiskos markierus, pieméram, AFLP, kas ir universala un neprasa konkréetu
sekvencu datus. Arvien plasak pétijumos lieto retrotranspozonu markierus. Viena no
metodém, kas uzrada polimorfismus bez iepriek§ zinamiem sekvencu datiem un Iidz ar
to izmantojama tam sugam, kam nav izveidotu markieru, ir iPBS metode (Kalendar et
al. 2010). Ta ka S. esthonica nav sugas specifisku markieru, bija svarigi, lai lietotie
markieri uzraditu atSkiribas. Tapéc salidzinot populacijas lietotas divas metodes. P&tot
populacijas Latvija ar AFLP metodi lielaka daudzveidiba paradijas populaciju iekSieng,
iPBS markieri uzradija lielaku polimorfismu starp populacijam. Kopuma abas S§is
metodes ir lietojamas daudzveidibas noteikSanai un iegilitie rezultati ir lidzigi. Abas
populacijas ir atSkiramas. Ir tadi individi, kas raksturigi tikai konkrétajai populacijai un
ir tadi, kas sastopami abas populacijas. Ta ka iPBS markieri uzradija lielaku dazadibu
starppopulaciju Itmeni, tad Latvijas populaciju salidzinaSanai ar Igaunijas populacijam
izmantojam tos. Izmantojam iezim€tos un neiezim€tos iPBS markierus. lezimétie
markieri ir jutigaki, 11dz ar to ar So metodi atrada lielaku fragmentu skaitu, tomér abas
metodes uzradija [idzigu rezultatu. Lielaka atskiriba bija vérojama starp regioniem (10-
13%), t.i., Latviju un Igauniju, nevis starp populacijam (3-5%). Lielakais iegtto
fragmentu skaits bija ApSuciema populacija, mazakais — Kalevi. Unikalo fragmentu
skaits un sagaidama heterozigotate lielaka bija Latvijas populacijas. Ta ka daudzveidiba
ir cieSi saistita ar populacijas izmériem un augu reprodukciju, 2009. gada uzskaitija
ziedoSos augus, lai noteiktu populacijas lielumu. Izradijas, ka vismazaka ir Pédrnu-
Jaagupi populacija, tai seko, Kalevi, Pope, bet ApSuciema populacija ir lielaka. Lidz ar
to var teikt, ka populacijas Latvija ir pietickoSi stabilas un genétiskas daudzveidibas
zudums tas neapdraud. Taja pat laika S. esthonica vairak izplatita Igaunija (ap 60
populaciju) (Narits et al. 2000). Tas, iesp&jams, ir skaidrojums, kade] genétiskas
distances Igaunijas populacijas ir mazakas, neka Latvijas populacijas. Lidzigs
noverojums ir arl par izolétas populacijas augos$a reta auga Campanula thyrsoides
genétisko daudzveidibu, kas, izradas, nebija atkariga no populacijas izméra (A gisdottir
et al. 2009).
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Lai iegltu prieksstatu par S. esthonica radniecibu ar citam Saussurea sugam, ta
salidzinata izmantojot ITS un iPBS metodes. Atskiribas starp abam metodém paradas
rezultatos: daudzveidiba sugu iekSiené 84% ar iPBS un 26% ar ITS sekvengSanu.
Neatkarigi no $im atSkirtbam, filogenétiska radnieciba ar abam markieru metodém
atklaj Iidzigus rezultatus: S. esthonica veido klasteri ar S. alpina un S. discolor, savukart
S. pygmaea ir loti atSkiriga no paréjam analiz€tajam Eiropas sugam. Tomér, ta ka mums
bija tikai viens analiz§amais individs, tad, lai precizétu rezultatu, biitu nepiecieSama
vairaku individu analize. Kopuma iegitie filogenézes rezultati saskan ar Lipschitz
(1979) doto klasifikaciju (2. tabula).

2. tabula. Analizéjamo sugu klasifikacija péc Lipschitz (1979)

Suga Klasifikacija

S. esthonica Subg. Saussurea, sect. Saussurea

S. alpina Subg. Saussurea, sect. Saussurea

S. riederi Subg. Saussurea, sect. Saussurea
Subg. Saussurea, sect. Saussurea, subsect.

S. discolor Cordifoliae

S. albescens Subg. Saussurea, sect. Elatae

S. candicans Subg. Saussurea, sect. Elatae

S. maximowiczii | Subg. Saussurea, sect. Laguranthera

S. pygmaea Subg. Saussurea, sect. Pycnocephala

S. pulchella Subg. Theodorea, sect. Theodorea

Visas analiz&tas sugas pieder apaks$gintij Saussurea, iznemot S. pulchella, kas ir
Theodorea apaksginti. S. alpina, S. discolor, S. esthonica un S. riederi ir sekcija
Saussurea, un veido vienu klasteri, kas labi redzams ITS sekvencu filogenéze. S.
maximowiczii, kas ir atseviska sekcija (Laguranthera), veido atsevisku Kklasteri. S.
pygmaea ari atrodas atseviska sekcija (Pycnocephala). S. albescens un S. candicans
pieder sekcijai Elatae, un veido vienu klasteri. Vieniga anomalija bija S. pulchella, kas
pieder atseviskai apaks$gintij, tacu filogen&tiskaja koka veidoja klasteri ar S. albescens
un S. candicans.

Saussurea gints filogenéze nav pilniba izpétita (Raab-Straube 2003, Wang, Liu
2004) un ir daudz neskaidribu. Ieprieks S. esthonica taksonomiskais statuss ir pétits,
balstoties uz morfologisko Tpasibu izpéti (Narits et al. 2000), secinot, ka S. esthonica
varétu but S. alpina eko-geografiska pasuga. S. esthonica, S. alpina un S. discolor
filogengtiska analize, izmantojot ITS sekvencu datus, neparadija skaidru So sugu
radniecibu, Norvégijas un Italijas S. alpina populacijas veidoja klasteri ar S. esthonica,
bet Austrijas S. alpina populacija bija tuvaka Austrijas S. discolor populacijai. Jau
19.gs. beigas Fransé (Francheau), pétot Saussurea gints sugas Japana, izvirzija hipotézi,
ka gints izcelsmes centros sugas ir morfologiski atSkirigakas, savukart areala malas
sugas ir griti atSkiramas (Lipschitz 1979). Lidzigu secinajumu izdarijis ari Martins
(2006) petot Klasea ginti, un noradot, ka sugas, kas atrodas izcelsmes centra, ir
homogénakas, morfologiski labak atSkiramas un, iesp&jams, vairak reproduktivi
izolétas, savukart gints izplatibas areala malas notiek hibridizacija un jaunu sugu
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veidoSanas. Ta ka Rietumeiropa ir Saussurea gints izplatibas areala rietumu mala, tas
izskaidro Alpu riiglapes daudzveidibu un iesp&jamibu, ka ST suga nav monofilétiska.
Rezultati parada, ka Igaunijas rigtlape ir tuva Norvégijas un Italijas Alpu ragtlapem
(kas, iesp&jams, ir S. alpina ssp. alpina), savukart S. alpina no Austrijas, kas, analiz&jot
ar ITS praimeriem, bija radniecigaka S. discolor, varétu bt cita S. alpina pasuga. Lai
precizi varétu pateikt, vai Igaunijas rigtlape ir Alpu riigtlapes pasuga, nepiecieSams
lielaks paraugu skaits un precizaka informacija par S. alpina citzemju paraugiem.

4.6. Sugas ilgtermina saglabaSana un citu aizsargajamo sugu
strategijas izstrade

S. esthonica izpéetes gaita iegiitie rezultati rada, ka sugu iesp&jams saglabat ex situ
In vitro, tomér ir vairaki faktori, kas Saja saglabasanas veida japem véra. Viens no
butiskakajiem limitgjosiem faktoriem ir tas, ka s€klam ir slikta digtsp&ja, 1idz ar to in
vitro kultiiras izveide ir apgritinata. ST pasa iemesla dé] seklu saglabasana seklu banka
varétu biit problematiska. Otrkart, in vitro kultliras varétu nebiit piemérotas sugas
saglabasanai, jo, lai nodrosSinatu gené&tiskas daudzveidibas saglabasanu, jasaglaba lielaks
skaits genotipu. Lidz ar to in vitro kolekcija ir nozimiga paral€li in situ saglabasanai un
to optimali var izmantot ekspoziciju veidoSanai vai augu pavairoSanai zinatnisko
petijumu veikSanai, tomér biitu jadoma par iesp&jam izvertet s€klu kvalitati un tas
uzglabat seéklu banka genétiskas daudzveidibas nodrosinasanai.

Lai nodroSinatu aizsargajamo augu saglabasanu in situ, javeic genctiskas
daudzveidibas pétijumi populaciju iekSiené un starp populacijam, lai prognozetu
populacijas izdzivoSanu ilgtermina un izprastu un, iesp&€jams, censtos samazinat
draudus, ko populacijai varétu nodarit genétiskas daudzveidibas samazinasanas.
Petljumu rezultata konstatéjam, ka S. esthonica populacijas genétiskas daudzveidibas
samazina$anas paSlaik neapdraud, tomé&r periodiski bitu javeic genétiskas
daudzveidibas monitorings, lai prognozétu populacijas dzivotsp€ju ilgtermina. Tas
seviski svarigi mazam un izol€tam populacijam, jo tas visvairak apdraud nejausas vides
vai genétiskas izmainas.

Ar1 vides faktoru ietekmi uz augu vitalitati un dzivotsp&ju ir janem vera, 1idz ar to
ar fotosistemas II efektivitati saistitie raditaji dod ieskatu augu vispargja vitalitaté un
nelabvéligos apstaklos paradas fotoinhib&Sana, hlorofila satura samazinajums lapas, ka
ari Performance index samazinajums. S. esthonica kopuma labi piemérojusies
mainigiem vides faktoriem. Parmeérigas mineralelementu koncentracijas augsné auga
biologisko Tpasibu, ka arT mineralelementu sinergisma vai antagonisma ietekmé tiek
neitraliz€tas. Zinams, ka mitro vietu kalcifilas vaskularo augu sugas ir tolerantas pret
tdens ITmena mainu 25 c¢m robezas. S. esthonica labi adaptéjusies dazadiem mitruma
reZimiem un, acimredzot, perodiskam tdens Itmena svarstibam, ka vairums kalcifilo
augu sugu, kas aug mitras vietas. Tomér jarekinas, ka parmerigs sausums vai mitrums
samazina augu vitalitati.

Loti nopietns drauds sugas pastavéSanai ir zema s€klu kvalitate, kas samazina S.
esthonica iesp&jas vairoties generativi. Dalgji to kompens€ auga sp&ja vairoties
vegetativi, tomér nav Tsti skaidrs, kadi apstakli uzlabotu auga sp&ju veidot generativos
dzinumus, jo ziedu skaits ir mazs. ArT citu augu saglabasanas stratégijas izstradé sugas
vairoS$anas Ipatnibu un potenciala noteikSana varétu biit nozimiga.
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10.

11.

SECINAJUMI

Izmantojot séklas, audu kultiira iesp&jams ieviest dazadu Saussurea sugu augus, ko
var izmantot talakos pé€tijumos. Atkariba no sugas s€klas uzdigst piecu lidz
trisdesmit piecu dienu laika.

In vitro kultoras dazadiem citokintnu dabas savienojumiem ir atskiriga ietekme: 6-
benzilaminopurins veicina dzinumu proliferaciju, N6-(delta 2-izopentenil)-adenins
zemas koncentracijas veicina saknu veidosanos, kinetina koncentraciju palielinot
nemainas proliferacija un saknu skaits.

Noverotas atSkiribas pétijumos dabiskos apstaklos starp ApSuciema un Popes
augiem saistitas ar kompleksu ilgstoSu un pastavigu vides apstaklu ietekmi.
Sabalansets substrata sastavs bez parmérigiem dzelzs un mangana daudzumiem
labveligi ietekmé Saussurea esthonica augu augSanu un vitalitati kontrol&tos
apstak]os.

Saussurea esthonica adapt&jusies mainigam augsnes mitruma rezimam. Augam
labveligaka ir méreni mitra lidz mitra augsne.

Nelabveligu apstaklu salidzinosi neliela ietekm& samazinas Performance Index un
RC/ABS, kas saistiti ar aktivo/neaktivo reakcijas centru attiecibu pret antenu
hlorofilu un reakcijas centru blivumu, bet izmainas maksimalaja kvantu
efektivitaté (F,/Fn) un fotokimijas primaraja iznakuma (F,/F,) neparadas.
Saussurea esthonica raksturiga gan generativa, gan vegetativa vairoSanas. Viens
individs vidgji veido sesus dzinumus.

Saussurea esthonica séklam raksturigs seklais fiziologiskais miera periods. Seklas
digst tris 1idz divdesmit vienu dienu, ar maksimalo atrumu piecas Iidz septinas
dienas. Seklu digtsp&ju ietekmé seklu izmeérs un diedz&€Sanas apstakl]i.

No genétiska viedokla, Saussurea esthonica populacijas Latvija ir pietiekosi
stabilas, un genétiskas daudzveidibas zudums tas neapdraud.

Saussurea gints filogenézes p&tijumos iesp&jams izmantot iPBS un ITS analizes.
Saussurea discolor un Saussurea alpina veido vienu klasteri ar Saussurea
esthonica. Saussurea pulchella, Saussurea albescens un Saussurea candicans
veido atsevisku klasteri, Saussurea pygmaea atrodas atseviski no pargjam
pétitajam sugam.

Saussurea esthonica ir filogenétiski tuva Italijas un Norvégijas Alpu rigtlapém, bet
atSkiras no Austrijas Alpu rugtlapeém. Iesp€jams, tas saistits ar citu Alpu riigtlapes
pasugu Austrija.
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ANOTATION

The research described in the doctoral thesis has been carried out at the Latvian
State Forest Research Institute ,,Silava”. The aim of the research was to undertake a
comprehensive study on the biology of Estonian saw-wort (Saussurea esthonica Baer ex
Rupr.) in order to obtain biological information and to elucidate approaches for
conservation of this endangered species. It is important to use nondestructive methods
of analysis for investigation of rare plant species in natural conditions. The research
examined in vitro culture, physiology, reproduction and genetic analyses. Parallel to in
situ protection, development and application of ex situ conservation strategies should be
undertaken. It is possible to propagate plants in vitro for use in experimental research to
avoid damaging natural populations. In vitro culture experimental results showed that
BAP is the optimal cytokinin for proliferation in vitro, however 2-iP promotes root
formation. For determining the main factors which affect species survival in natural
populations, research about the influence of environmental factors on photosynthesis
related parameters was performed with non-destructive methods. Estonian saw-wort is a
species found in calcareous wet meadows and fens, therefore changes in growth and
photochemistry of photosynthesis with respect to mineral nutrition and soil moisture in
controlled conditions were investigated. Reproductive success is one of the factors
which affects species and population viability. Estonian saw-wort can propagate both
generatively and vegetatively and may produce several new shoots per plant promoting
vegetative propagation. This is important for species survival because seed quality is
low. Treatments with GA; or KNO3; promoted germination. To estimate the ability of
this species to adapt to changing environmental conditions and to maintain long term
viability, genetic diversity among and within populations in Latvia and Estonia was
estimated. Latvian populations have a relatively high level of genetic diversity and most
of genetic variation was found within populations. Investigation of the phylogenetic
relationship of S. esthonica with eight other Saussurea species, including three
European species: S. alpina, S. pygmaea and S. discolor, utilising two different
molecular marker techniques showed that S. discolor and S. alpina formed one cluster
with S. esthonica. The results from this investigation support a close relationship
between these species.
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GENERAL DESCRIPTION
Importance of the subject, aim and tasks of this study

It is argued that 20 to 30% of the currently known species may be lost due to
global climate change and a decrease of the habitats of native species is possible.
Research, which helps to understand the approaches and the necessary measures for
conservation of biodiversity, at the ecosystem level, between species and populations is
necessary. Therefore the main tasks emphasized in documents for planning biodiversity
conservation are conservation, research and sustainable use of global biological
diversity.

To comprehend the genetic and ecological factors which affect the existence and
survival of endangered plant species, estimation of population genetic diversity,
reproduction potential and the influence of environmental factors on population long-
term survival is essential. Wild vascular plants often reproduce both generatively and
vegetatively.

There are two main methods to protect wild species — conservation in natural
habitats (in situ) and conservation outside natural habitats (ex situ). The main method
utilised for species conservation is in situ, nevertheless parallel to in situ protection, in
particular cases, ex situ conservation strategies such as development of threatened plant
collections and seed banks are also necessary for species protection. To ensure
maintenance of biological and genetical diversity ex situ, species are kept in tissue
culture collections (in vitro), seed banks or field collections (mainly in botanical
gardens). In vitro methods can be used for creating plant gene banks, especially for
species with low reproduction potential. Therefore it is important to create optimal
methods for micropropagation.

In numerous situations, knowledge about plant biology could play an essential role
in developing plans for species protection. Therefore research on endangered plant
biology is required, because this information is currently very scarce in Latvia. Estonian
saw-wort (S. esthonica Baer ex Rupr.), was taken as a research object, because it is an
endangered species, without a species protection plan, and information about this
species is scarce. Therefore the obtained results could be utilised as a basis not only for
development of a protection plan for this species, but also to help to understand the
amount of information and research required and threats for protection of other species.

The aim of the study was to undertake a comprehensive study on the biology
(including in vitro culture, physiology, genetics and reproduction) of Estonian saw-wort
(Saussurea esthonica Baer ex Rupr.) in order to obtain biological information about this
species and to elucidate approaches for conservation of this endangered species.

To achieve this aim the following scientific tasks were formulated:

1) to perform in vitro research with particular attention to the influence of
cytokinin on proliferation and rhizogenesis.

2) to perform in situ physiological research with non-destructive physiological
analysis methods in successive three years.

3) according to obtained results, perform physiological experiments in controlled
conditions.
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4) to analyse species reproduction with seed germination studies to determine seed
quality and treatments for germination and to determine the extent of vegetative
reproduction.

5) to analyse population genetic diversity of S. esthonica and to perform
phylogenetic analysis of several Saussurea species.

Main thesis for defence

1. Comprehensive research of species biology including genetics and physiology in
natural and controlled conditions is essential for development of species conservation
strategies.

2. Conservation of protected species in vitro provides long-term preservation of
genetic material and acts as source material for study of species without damaging
natural populations.

3. If unfavourable changes in environmental conditions are small, changes in plant
vitality are best indicated by chlorophyll a fluorescence parameters Pl and RC/ABS.

Methods utilized in the research

Plant micropropagation methods were used — in vitro culture establishment,
proliferation, rhizogenesis and transfer to ex vitro conditions. In vitro obtained plants for
several Saussurea species were used for DNA extraction. For analysis of the influence
of cytokinin on root formation in vitro, methods were used. Micropropagated plants
were also used for physiological experiments in controlled conditions.

Chlorophyll content and chlorophyll a fluorescence measurements in natural and
controlled conditions were used, to obtain photosynthesis related parameters with non-
destructive methods.

For germination tests with different treatments, classical germination tests in Petri
dishes were performed.

AFLP (Amplified Fragment Length Polymorphism), iPBS (Inter-Primer Binding
Sites) and ITS (Internal Transcribed Spacer) molecular marker techniques were utilised
for genetic research. The AFLP and iPBS methods were used for genetic diversity
studies, and the iPBS and ITS marker methods - for phylogeny analyses.
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references are included.

39



1. SUMMARY OF THE EXISTING SCIENTIFIC
INFORMATION IN THE RESEARCH AREA
1.1. General description of the species and its position in Latvia

Estonian saw-wort [S. esthonica Baer ex Rupr., S. alpina (L.) DC. subsp. esthonica
(Baer ex Rupr.) Kupffer, S. alpina auct.] is a perennial species of the family
Compositae, with bisexual disk flowers set in capitula (Andrusaitis 2003). The genus
Saussurea comprises of about 400 species and the centre of origin is in Central and
Eastern Asia. The distribution area of this genus is from West Europe to North America
(Lipschitz 1979). Estonian saw-wort is widespread in the Baltic region — Latvia, Estonia
and the Leningrad region in Russia (Ingelog et al. 1993). S. esthonica is an endangered
species in Latvia, and is included in the Red Data Book of Latvia, in the European
Union Directive on Conservation of Species and Habitats and in the National Biological
Diversity Monitoring Programme (Klavipa et al. 2004). Between 1930 and 1991, this
species was considered to be extinct in Latvia. However, in 1991, a Latvian population
first described in 1884 was rediscovered, along with another new population
(Andrusaitis 2003). There are two known populations of S. esthonica in Latvia — in the
protected wetlands in the vicinity of ApSuciems and Pope (Andrusaitis 2003). This
species is included in the collection of threatened plant species in the National Botanic
Garden (in vitro and field collection) (Klavina, Smite 2009). In the European Red List
of Vascular Plants S. esthonica is named as a data deficient taxon (Bilz et al. 2011).

Estonian saw-wort has been classified both as a separate species, as well as a
subspecies of Alpine saw-wort (S. alpina ssp. esthonica (Baer ex Rupr.) Kupff.) (Narits
et al. 2000; Kell et al. 2005). Alpine saw-wort is an arcto-alpine plant (Stevanovic et al.
2009) with wide distribution area from China to Central and North Europe, growing in
alpine steppes and rocky and scree slopes (Lipschitz 1979; Shi et al. 2011). In the Crop
Wild Relative Information System four subspecies of Alpine saw-wort are reported - S.
alpina subsp. alpina, S. alpina subsp. depressa and S. alpina subsp. macrophylla, S.
alpina subsp. esthonica (Kell et al. 2005). In Europe, this genus is represented by three
to nine or more species depending on the species definition (Dickore 2001, Narits et al.
2000).

1.2. Invitro culture for preservation of threatened species

In vitro methods are useful for creating in vitro collections, for species with low
reproductive potential (Paunescu 2009). These methods allow a large number of species
to be kept in a relatively small area, as well as renewal of natural populations (Edson et
al. 1997).

The main steps for creating an in vitro collection are: disinfection of explants and
culture initiation, cultivation (maintainance) and propagation, long-term storage
(Paunescu 2009). If plants are to be used for reintroduction or as expositions in
botanical gardens, the final steps are plant rooting and transfer to ex vitro conditions.
There are some important preconditions for every step for successful in vitro culture
maintenance. Usually seeds are used as explants for establishment of endangered plant
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cultures. Nevertheless, in some cases seeds are not accessible and other parts of plants
are used for in vitro culture establishment (Fay 1992).

There are some published studies about propagation of species of the genus
Saussurea by tissue culture (Arora, Bhojwani 1989; Guo et al. 2007; Dhar, Joshi 2005),
but this method is based on creating cultures via callus, which is not suggested for
preservation of rare plant species (Fay 1992).

MS (Murashige & Skoog 1962) medium with various modifications is mainly used
(Fay 1992; Holobiuc, Blindu 2007; Klavina et al. 2004; Paunescu 2009; Sarasan et al.
2006), and auxins and cytokinins are added as plant growth regulators. Cytokinins are
widely used for stimulating cell division, adventitious bud and shoot formation and root
morphogenesis (Gaspar et al. 1996; Suboti¢ et al. 2009). They reduce primary root
growth and lateral root density (Laplaze et al. 2007). The role of cytokinins is not
completely known, but root architecture is altered in their presence (Kuroha, Satoh
2007). Root length and diameter are the main measurements for comparison and
description of root systems (Bouma et al. 2000), therefore they are useful for analysing
the effect of different plant growth regulators. The optimal concentration of each plant
growth regulator in medium is dependent on species, cultivation conditions and the
particular plant growth regulator. At high concentrations, cytokinins can promote
somaclonal variation (Chuenboonngarm et al. 2001), therefore for conservation of rare
species the use of optimal cytokinin concentrations is neccessary.

1.3. Photosynthesis related parameters as indicators of plant

response to environmental factors

Use of non-destructive methods is important for threatened plant research, to
obtain information about plant physiological parameters without damaging natural
populations. Two of these methods are chlorophyll content and chlorophyll fluorescence
measurement using optical methods. These methods are important for ecophysiological
studies of wild plants in natural habitats (Mohammed et al. 2003; Samsone et al. 2007).
Both methods allow repeated measurement of the same plant material over a prolonged
period.

Photochemical processes determine the effectiveness of photosynthesis and are
closely related to leaf chlorophyll content, which is affected by light intensity, mineral
nutrition, leaf senescence (Richardson et al. 2002), leaf moisture content and diurnal
rhythm (Samsone et al. 2007). Decrease of chlorophyll content in leaves indicates plant
stress (Netto et al. 2005).

Chlorophyll fluorescence is a sensitive reaction and is dependent on the leaf
physiological state and allows for the rapid estimation of the individual condition of
each plant. Changes in fluorescence appear in response to heat, cold, drought,
submergence, mineral nutrition and soil quality (Sayed 2003; Baker, Rosenqvist 2004).

1.4. Influence of mineral elements on wild plant growth

Environmental and soil properties affect soil mineral availability, nutrient uptake,
as well as accumulation within the plant (Osvalde 2011). Nutrient acquisition from the
soil is dependent on root morphological parameters (number, length, thickness, density),

physiological (root / shoot ratio, root microorganisms, water uptake), biochemical
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parameters and diffusion and mass flow (Baligar et al. 2001). Mineral elements act as
synergists or antagonists and excess or deficiency of one element can inhibit or
stimulate the uptake of other nutrients (Osvalde 2011), e.qg. if soil has an excess of iron,
then uptake of other elements, especially micronutrients from the soil decreases (Rinkis,
Ramane 1989).

Plants growing in calcareous soils are well adapted to high calcium content in soil
and avoid calcium excess in leaves by maintaining calcium in soluble forms. These
plants have higher phosphorus concentration in leaves in comparison with calcifuge
plants or those which are growing in acidic soils (Zohlen, Tyler 2004). In limestone
soils with low moisture content, calcicole plants have better uptake of iron, zinc and
calcium, but in elevated moisture content — potassium, manganese, magnesium and
phosphorus, nevertheless, element uptake is strongly dependent on plant species (Misra,
Tyler 1999).

Many elements available in soil are toxic for plants even at quite low
concentrations. Mechanisms of toxicity may act by altering the permeability of cell
membranes, by reacting with essential metabolites, or by replacing one another in
enzymatic pathways and receptor proteins. The result is root growth inhibition as well
as reduction of photosynthetic pigments (FargaSova 1998).

1.5. Influence of moisture and drought

Plants growing in natural habitats are well adapted to changing water levels. The
effect of excess water on poorly adapted species is the threat of oxygen deficiency in
tissues below water level, as well as accumulation of products of anaerobic metabolism
by soil micro-organisms (e.g. Mn*, Fe**, S*, H,S and carboxylic acids) (Jackson,
Colmer 2005). Cytokinin synthesis in roots decreases as well as supply to above ground
tissues. The chlorophyll content in leaves decreases (Clua et al. 2009; Panda et al. 2006)
and photosynthesis changes (Kozlowski 2002) during submergence. Nevertheless, in
submergence tolerant plants, leaf chlorophyll content is high (Das et al. 2009; Macek
2006). Submergence induces an increase of ethylene and GA; promoting shoot
elongation and decline of endogenous abscisic acid (Voesenek et al. 2003). Absorbtion
of mineral elements in excess water conditions decreases (Kozlowski 2002).

Photoinhibition is observed during drought conditions. Plants can avoid
photoinhibition by reducing light absorbance or increasing use of alternative sinks for
the absorbed light. One method is reduction of chlorophyll content, which reduces light
absorption, without reduction of photochemical activity. To avoid photoinhibition, the
main responses are an increase of respiration and thermal dissipation together with
decrease of leaf light absorbance (Galmés et al. 2007).

1.6. Factors influencing seed germination in wild species

Seed germination is an important part of the life cycle of plants and depends on
seed quality, environmental conditions and in several cases is related to seed dormancy.

Abscisic acid (inhibitor) and giberellins (promoter) generally act as antagonists to
control breaking of dormancy and germination. Abscisic acid controls seed
development and initiation of dormancy, in contrast, giberellins function to promote and
maintain germination (Kermonde 2005). These phytohormones regulate initiation,
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maintenance and breaking of dormancy. Ethylene is involved in these processes as well
by reducing seed sensitivity to endogenous abscisic acid. In natural environments
germination is affected by seed quantity, successful semination and accessibility of
suitable sites for germination, i.e., sites where germination can be successful (Shimono,
Washitani 2004). Suitability of sites for germination is affected by temperature
fluctuations, light regime or canopy shading as well as season.

The number of seeds without dormancy and type of dormancy can vary between
years and among species, dependent on location within flowers or fruits, and can be
influenced by environmental factors at the time when seeds were harvested (Baskin,
Baskin 2004).

1.7. Vegetative reproduction

Wild plants often have both vegetative and generative modes of reproduction.
Vegetative growth forms are varied and have arisen during species evolution and as
adaptations to particular environmental conditions (Klimes, Klimesova 1999; Klimes
2008). Over the past decades, considerable progress has been made in research on the
influence of environment and plant community on clonal growth (Tamm et al. 2002;
Sammul et al. 2004; Klimes 2008). The main descriptive factors of vegetatively
propagating plants are distribution in time and space and ramet longevity (Groenendael
et al. 1996; Tamm et al. 2002). There is a lack of published data about vegetative
growth types of Saussurea esthonica, nevertheless, vegetative reproduction is one of the
essential factors for long-term survival of species. There is data about Saussurea
obvallata generative and vegetative (with rhizomes) reproduction (Dhar, Joshi 2005)
and Saussurea alpina vegetative propagation by stolons (Hill et al. 2004).

1.8. Molecular marker techniques and their application to plant

biology research

Genetic factors play an essential role for long-term preservation of species,
therefore genetic diversity studies among and within populations using morphological,
biochemical and DNA markers are widely used. The most recent methods utilise DNA
markers, e.g. nucleotide sequences that are representative of the differences at the
genome level (Agarwal et al. 2008). Different DNA marker techniques, e.g. AFLP
(Amplified Fragment Length Polymorphism) (Vos et al. 1995) are used to analyse
genetic diversity within and among populations. One recently developed DNA marker
method is the iPBS (Inter Primer Binding Site) technique based on retrotransposon
sequences (Kalendar et al. 2010). For phylogeny studies ITS (Internal Transcribed
Spacers) are often used (Poczai, Hyvonen 2010). There are few reports about molecular
marker studies of the genus Saussurea (Raab-Straube 2003; Wang, Liu 2004), due to
the large size of this genus and high intra-specific genetic diversity. Species-specific
molecular markers have not been developed for this genus, therefore for molecular
research, utilisation of anonymous DNA marker techniques is necessary.
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2. MATERIALS AND METHODS

2.1. Study sites and conditions

In situ ecophysiological studies were undertaken and leaf material for genetic
analyses were collected from both populations in Latvia (referred to in the text by the
name of the closest settlement — ApsSuciems and Pope) and two populations in Estonia
(Parnu-Jaagupi and Kalevi). The populations in Latvia are located in Natura 2000
protected areas Micro-reserve Dublukrogs and Nature reserve Popes zalu purvs. In
Latvia S. esthonica inhabits fens with calcareous soils. In Estonia according to Narits et
al. (2000) Parnu-Jaagupi is a Molinia site type and Kalevi — rich paludified grassland. S.
esthonica can form either leaf rossetes without flowering (vegetative plants) or flowers
with leaves on flowering stems (generative (flowering) plants).

2.2. In vitro studies

Twenty five seed accessions from Europe and Asia representing 11 species were
obtained from 14 botanical gardens through the Index Seminum and were germinated in
aseptic conditions using in vitro methods. Two media were used: hormone-free medium
consisting of half-strength MS (Murashige & Skoog 1962) macronutrients and a
medium with % MS macronutrients supplemented with 0.2 mg L™ Kinetin.
Contamination, germination percentage and speed of germination were measured.

To determine the role of cytokinins on shoot proliferation and root formation,
microshoots were cultivated on hormone free medium for 2 weeks and then transferred
to media supplemented with %2 and 1MS macronutrients, 3% sucrose, 0.6% agar, kinetin
at concentrations 0.5-2 mg L™, 6- (y, y-dimethylallylamino) purine (2-iP) — 0.25-1 mg
L™ or 6-benzylaminopurine (BAP) — 0.25-1 mg L. Media supplemented with % and
1MS macronutrients and without plant growth regulators were used as controls. Shoots
were cultured in jars (300 ml) containing 50 ml of medium. Each treatment consisted of
30 microshoots in three replicates. After four weeks of cultivation, percentage of
explants producing shoots, number of shoots and roots were counted. Roots produced in
media supplemented with kinetin and 2-iP were captured with a scanner PERFECTION
V750 PRO (Epson) and analysed using the image analysis system WinRHIZO 2008 to
evaluate root morphology. Total root length per plant, surface area, average diameter
and number of tips were measured. All in vitro cultures were incubated in a growth
chamber at 24 + 2 °C under a 16 h photoperiod regime.

2.3. Ecophysiological research

2.3.1. Studies in natural conditions

Data were collected in situ over three years (2009-2011) three times per growing
season (from June to September) in both Latvian Saussurea esthonica populations and
in July from 2009 to 2011 in both populations in Estonia. Chlorophyll content was
measured by chlorophyll meter SPAD 502 (Konica-Minolta, Japan) in SPAD units.
Chlorophyll fluorescence parameters were measured using chlorophyll a fluorometer
Handy PEA (Hansatech Instruments, UK) and F./F,, F./F;, Pl and RC/ABS were
estimated.
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2.3.2. Studies in controlled conditions

Four substrates were used with different concentrations of mineral nutrients.
Substrate containing mineral elements at concentrations optimal for crop plants with
added dolomite dust was used as a control. The second substrate was similar to soil
from the ApSuciems site, with increased iron and manganese concentrations. The third
substrate was similar to soil from the Pope site, and the fourth substrate (Pope +) was
the third substrate improved with nitrogen and sulphur. Substrates were developed by
Dr. biol. Andis Karlsons at the Institute of Biology, University of Latvia, Plant Mineral
Nutrition Laboratory. In vitro propagated plants were replanted into pots (9x9x10 cm)
with the respective substrate. During the experiment, plant vitality (in grades),
percentage of growing plants and number of leaves was counted. Once in a week leaf
chlorophyll content and chlorophyll a fluorescence was measured.

A study of the effect of differing moisture regimes was done using the Pope +
substrate. In vitro propagated plants were replanted into pots (9x9x10 ¢m) and after 3
weeks divided into four groups with different moisture regimes - 100% (optimal), 90%
(dry), 150% (damp) and 200% (flooded) (these regimes were maintained by weighing
the pots). The wet regime was maintained by placing pots in 3 cm of water. During the
experiment, plant vitality (in grades), percentage of growing plants and number of
leaves was counted. Once a week leaf chlorophyll content and chlorophyll a
fluorescence was measured.

2.4. Reproduction

2.4.1. Germination studies

S. esthonica seeds for germination studies were collected in 2009 and 2010 from
natural populations and in 2011 from the National Botanic Garden. Seeds from 33
capitula were collected from 5 plants from the natural populations. Seeds were
measured using graph paper and the proportion of each seed size class was determined.
Empty seeds were identified visually and also counted.

Seeds were dried, inspected visually and empty seeds were discarded. To
determine the correlation between germination and seed size, seeds of different classes
(3, 4 and 5 mm) were soaked in GA; (at three concentrations - 10% M, 10° M, 10 M),
0.2% KNOg solutions and distilled water overnight, then transferred to Petri dishes lined
with a double layer of filter paper moistened with each respective solution and
transferred to an incubator KB 53 (BINDER) and incubated at 22 °C in darkness.

To perform germination tests in different treatments, 4 mm length seeds in three
replications were used. Seeds were divided into two portions — one stored at 4 °C for
one month and the other stored at 17 °C before the germination experiment. Seeds were
soaked in H,O, GA; (at three concentrations - 102 M, 10° M, 10* M) and 0.2 % KNO;
solutions overnight, then transferred to Petri dishes lined with a double layer of filter
paper moistened with each respective solution. The seeds were germinated under two
light regimes - dark and a 16 h daily photoperiod provided by cool white light in a
climate chamber (SELECTA). The temperature was held constant at 22 °C. The number
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of germinated seeds was counted at periodic intervals for 4 weeks and the germination
rate was calculated.

2.4.2. Vegetative reproduction

Ten seedlings from the germination test were planted in pots in the spring of 2010,
and overwintered in open air conditions. At the end of April in 2011 and 2012, when
shoots start to grow, the number of shoots per pot was counted, and in June flowering
shoots were counted. In 2011, two plants with vegetative shoots were removed from
pots to observe the type of vegetative growth.

2.5. Genetic diversity of Saussurea esthonica and phylogenetic
analysis of the genus Saussurea

2.5.1. Genetic diversity analysis of Saussurea esthonica populations in
Latvia

Leaves of 29 randomly chosen plants from the ApSuciems population and 24
randomly chosen plants from the Pope population were used for DNA extraction using a
protocol based on the Fermentas Genomic DNA purification kit. The DNA
concentration of each sample was measured using a UV/VIS spectrometer Lambda 25.
For genetic diversity studies, two DNS molecular marker methods were used: iPBS
(Inter Primer Binding Site) and AFLP (Amplified Fragment Length Polymorphism).

2.5.2. Genetic diversity analysis of Latvian and Estonian Saussurea

esthonica populations

Four PBS primers were used for genetic analysis: 2001, 2076, 2081, 2083
(Kalendar et al. 2010). The iPBS marker analysis was performed using two methods —
one utilising ethidium bromide staining and the other utilising fluorescently labelled
PBS primers. For both methods a binary data matrix was constructed. Results were
analysed using GenAlEx 6 (Peakall, Smouse 2006).

2.5.3. Investigation of the taxonomic status of Saussurea esthonica

For phylogenetic analysis iPBS and ITS methods were used. Amplified products
obtained with iPBS method were separated using an ABI PRISM 3130xl Genetic
Analyser and amplification fragments were genotyped using GeneMapper v4.0, and a
binary data matrix was constructed. Results were analysed using GenAlEx 6 (Peakall
and Smouse 2006). Phylogenetic trees were constructed using the Neighbour-Joining
cluster analysis in the MEGA version 4 software (Tamura et al. 2007). ITS sequencing
analysis was performed on an ABI PRISM 3130xI Genetic Analyser and data analysed
by using the programme MEGA version 4 (Tamura et al. 2007).
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3. MAIN RESULTS

3.1. In vitro studies

3.1.1. In vitro germination of Saussurea sp.

The germination rate on hormone-free medium with 2 MS macronutrients was
14.3% and in %4 MS medium supplemented with kinetin 16.6%. Germination rate varied
from 13% of one accession of S. alpina to 100 % of S. maximowiczii. In total, 92% of
seeds germinated within 3 weeks, 6% — in the following two weeks and the remaining
2 % of seeds germinated within 3 months.

3.1.2. Effect of cytokinins on proliferation and rooting of in vitro

cultures of Saussurea esthonica

The microshoots on medium without cytokinins failed to multiply. The percentage
of explants producing shoots and number of shoots per explant were higher in cultures
supplemented with BAP. The number of shoots per explant cultivated on media with
full strength MS macronutrients supplemented with BAP (p < 0.05) was significantly
higher. There was no significant difference between treatments with 2 and 1 MS
macronutrients except for media supplemented with 1 mg L™ BAP (p < 0.05). Shoot
length fluctuated between 0.8 and 3.3 cm, but the difference was not significant.
However, the shoot length decreased with increasing BAP concentrations.

The best results with respect to root formation were obtained in hormone-free
medium and media with 2-iP. Less than 30% of explants cultivated on media with BAP
produced roots. Obtained roots were short and thick without lateral roots. Higher
concentrations of BAP decreased root formation and number of roots. Kinetin reduced
total root length, but treatment with 2-iP showed no difference from the control.

All root parameters for explants grown on Y2 MS were significantly different
between kinetin and 2-iP, however, neither cytokinin treatment was significantly
different from the control. With 1 MS media, no significant differences were found
between growth substance treatments or the control. Treatments with kinetin tended to
have thinner roots than treatments with 2-iP. Root length and surface area tended to
decrease with increasing cytokinin concentrations. Treatment with 2-iP at a
concentration of 0.25 mg L™ resulted in an increase in root length in comparison with
the control. This relationship was independent of MS macronutrient concentration. The
number of root tips indicated the degree of root branching. Treatments with 2 MS
macronutrients promoted branching and treatments with 2-iP increased the number of
roots in comparison with the control.

3.2. Ecophysiological studies

3.2.1. Studies in natural conditions

Leaf chlorophyll content changed slightly during the growing season. There was a
tendency for chlorophyll content to decrease in September (Fig.1). A significant
difference was observed between Apsuciems generative plants in 2009 and vegetative
and generative plants in ApSuciems in 2010 and 2011.
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Fig. 1. Seasonal changes in chlorophyll content in 2009 (A), 2010 (B), 2011 (C) in the
leaves of generative (G) and vegetative (V) Saussurea esthonica plant growing in
natural conditions in different habitats.

Comparing vegetative and generative plants, the parameter F,/F.,, was slightly
higher in vegetative plants (Fig. 2). A significant difference was found in F,/F, in
vegetative plants in August 2010 in Pope and September 2010 in ApSuciems, and in
August 2011 in the ApSuciems population. Plants from both populations in Estonia had
the same or slightly higher F,/F, than in ApSuciems (except in July 2011).
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Fig. 2. Seasonal changes of the chlorophyll fluorescence parameter F./F, in 2009 (A),
2010 (B), 2011 (C) in the leaves of generative (G) and vegetative (V) Saussurea
esthonica plants growing in natural conditions in different habitats.

Changes in the complex fluorescence parameter Performance Index (PI), which
characterizes plant physiological vitality, showed similar trends as F,/Fr, but with less
variation at lower values and greater variation at higher values (Fig. 3). During the 2009
growing season, no drastic fluctuations in Pl were observed, however in August 2010
and June to August 2011, PI in the plants from the ApSuciems population increased
significantly. All measurements of Pl in plants from the Pope population were
significantly lower than the Apsuciems plants. Differences in Pl between generative and
vegetative specimens were not statistically significant, except in August 2010 in
Apsuciems, September 2010 in ApSuciems and Pope, as well as throughout the 2011
growing season in Apsuciems.
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Fig. 3. Seasonal changes of the chlorophyll fluorescence parameter Pl in 2009 (A), 2010
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(B), 2011 (C) in the leaves of generative (G) and vegetative (V) Saussurea esthonica
plants growing in natural conditions in different habitats.

Changes in F,/Fq in S. esthonica plant leaves were similar to changes in PI, but
with significantly smaller amplitude. Significantly higher levels of F,/F, were measured
in the leaves of the ApSuciems plants througout the 2009 growing season. In 2010 it
was similar to the Pope population F,/F, measurements, while in 2011, differences
between the populations were observed in June and July, while in August and
September, it was measured at high levels only in vegetative plants. Also, changes in
the parameter characterizing the proportion of active reaction centers (RC/ABS) (Fig. 4)
were similar to changes in Pl and F,/F,. The observed changes of RC/ABS were greater
in amplitude than F,/Fo, but smaller than changes in PI. Typically, RC/ABS was higher
in plants from the ApsSuciems population than Pope plants.
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Fig. 4. Seasonal changes of the chlorophyll fluorescence parameter RC/ABS in 2009
(A), 2010 (B), 2011 (C) in the leaves of generative (G) and vegetative (V) Saussurea
esthonica plants growing in natural conditions in different habitats.

Relatively small differences were observed in the fluorescence parameter
measuring dark reaction effects on PS Il activity - (1-Vj)/Vj. It was observed that the
indicators related to the photosynthetic activity of PS Il were generally higher in
vegetative than generative plants, however, these differences were not very pronounced.
Larger differences between the PS Il-related indicators appeared in August, which could
be related to faster senescence of generative plant leaves.
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All decreases in PS Il activity-related parameters in plants from the Pope
population are associated with precipitation levels, and also possibly to the effects of the
interaction of soil moisture and mineral composition. Therefore, subsequent
experiments under controlled conditions studied the effects of these two parameters.

3.2.2. Changes in growth and photochemistry of photosynthesis with
respect to mineral nutrition and soil moisture content in controlled

conditions

To understand plant physiological vitality and growth with respect to mineral
nutrition, plants were grown in four substrates in controlled conditions. Plants grown in
Pope+ substrate had more leaves per plant, during the experiment, the number of leaves
increased in plants grown in control, Pope and Pope+ substrates, but in the Apsuciems
substrate plant leaf number decreased. Visually estimated plant vitality decreased in
control and Apsuciems substrates, while increased slightly in the Pope and Pope+
substrates.

At the beginning of the experiment, an adverse effect on the chlorophyll content of
the leaves was observed in plants grown in the Pope substrate, but later it stabilised at
an average level (Fig. 5A). In plants grown on ApSuciems substrate, leaf chlorophyll
content did not change during the experiment, but in plants grown in the Pope+
substrate a stable increase in leaf chlorophyll content was observed during the
experiment. The lowest leaf chlorophyll content was observed in control plants.
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Fig. 5. Changes in the chlorophyll content (A) and chlorophyll fluorescence parameters
Performace index (B), F./F, (C), RC/ABS (D) in controlled conditions in different
substrates

In contrast to the leaf chlorophyll content, which showed significant differences
between the experimental variations, relatively minor changes in chlorophyll a
fluorescence parameters were observed at the beginning of the experiment (Fig. 5).
Only Performance Index (Fig. 5B) and RC/ABS (Fig. 5D) in plants grown in Pope
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substrate showed a slight but significant reduction up to the 3rd week of the experiment.
At a later period (from the 4th to the 6th week), greater differences between
experimental variations were observed. Importantly, the changes were varying for
Performance Index and RC/ABS on the one hand, while changes in F,/F,, and F,/F,
were similar.

Since these results were contrary to the observation that the lowest physiological
indicators of vitality were in the Pope population, an experiment examining the impact
of moisture regime was undertaken. Visually evaluated vitality indicators changed
during the experiment similarly to changes in leaf number - stable growth in plant
vitality was observed in damp regime (150%) up to the 6th week and then remained at a
high level. Also, in the flooded regime (200%), plant vitality increased slightly at the
beginning of the experiment and then remained stable, but in the control and dry
regimes, it was significantly reduced until the 9th week. Importantly, after 4 weeks of
cultivation in the flooded regime, the formation of purple spots between leaf veins could
be observed, as well as chlorosis at a later period, indicating possible metabolic
disruptions.

g

Time (weeks)

Fig. 6. Changes in the chlorophyll content (A) and chlorophyll fluorescence parameters
Performace index (B), F./F, (C), RC/ABS (D) in controlled conditions with different
watering regimes

During the first six weeks, chlorophyll content of plants grown in optimal, damp
and flooded regimes remained invariable (fig. 6). After this the chlorophyll content
decreased in flooded plants. In comparison, chlorophyll content started to decrease
already after 2 weeks in plant leaves cultivated in the dry regime. Changes in F,/Fp, in
all variants were insignificant. Pl and RC/ABS rapidly decreased in all regimes in the
first two weeks due to plant adaptation to different soil moisture regimes. At the end of
the experiment, all fluorescence related parameters were higher in plants cultivated in
100 and 150% moisture, while plants cultivated in dry soil or in flooded soil did not
reach optimum levels.
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3.3. Reproduction

3.3.1. Saussurea esthonica seed germination

Seed size varied from 2 to 5 mm. Two mm length seeds were undeveloped and did
not germinate. 44% of all 3 to 5 mm long S. esthonica seeds were visually empty.

In total, 46% of 5 mm length seeds, 28% of 4 mm length seeds and 16% of 3 mm
length seeds germinated. A significant difference in germination was found between
seed size classes (p < 0.05).

A significant difference in germination rate was found between the different
treatments (p < 0.05) e.g. KNO3; and GA;3, but not between lighting regimes. GA; at
concentrations 10 and 10* M was more appropriate for germination than 102 M GA,

(fig. 7).
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Fig. 7. Effect of pre-treatment, treatment and light conditions on Saussurea esthonica
germination

Germination time varied from 3 to 21 days with the largest number of seeds
germinating in four to seven days. The majority of seeds germinated within 14 days,
with only 2% of seeds germinating from 14 to 21 days. 86% of seeds with cold pre-
treatment germinated in the first seven days compared to 77% of seeds without cold pre-
treatment.

Seeds which failed to germinate were divided into two groups: dead seeds
(mouldy, dark inside) and non-germinated seeds. The majority of these seeds were dead,
with only 19.5% of seeds which did not germinate during the germination test were
estimated as hard seeds. After scarification all viable seeds (with white embryos)
germinated within two to five days.
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3.3.2. Vegetative reproduction

From ten plants, 50 shoots were obtained in 2011 (Table 1). Three individuals did
not produce new shoots, and remained with only one shoot during the vegetation
season. The other plants developed from 2 to 11 shoots per plant, and four plants
flowered. There were two inflorescences in each of two pots and one inflorescence in
each of the other two pots. In 2012, the number of obtained shoots increased and these
ten plants produced 66 shoots (two to 17 shoots per plant). The number of flowering
plants in 2012 was similar as in 2011, but only one inflorescence was observed per pot.

Table 1. Vegetative and generative shoots obtained from overwintered plants in
2011 and 2012

Year Vegetative shoots per plant Flowering stems per plant
2011 5.00+1.30 0.60+0.27
2012 6.60+1.33 0.50+0.08

To examine underground structures, two plants displaying differing placement of
shoots in relation to the mother plant stem were removed from pots. In some cases new
shoots developed close to the main shoot and in some cases the plant produced below-
ground rhizomatic branches not splitting from the mother plant.

3.4. Molecular genetic research

3.4.1. Diversity in Latvian populations

Genetic diversity was studied by using iPBS and AFLP methods. The five iPBS
primers produced a total of 67 fragments. Four unique fragments were detected in the
ApSuciems population. The ApSuciems population has slightly higher expected
heterozygosity (0.30), than the Pope population (0.29).

The total number of fragments genotyped in the AFLP analysis was 208. Higher
expected heterozygosity was found in the ApSuciems population (0.32) in comparison
to the Pope population (0.30). There are five unique fragments detected in the
ApSuciems population and two in the Pope population. With both marker methods most
of the genetic diversity was found within populations (Fig. 8).

( among Yo among N\
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Fig. 8. Genetic diversity within and among populations based on iPBS (A) and AFLP
(B) analysis.
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3.4.2. Genetic diversity analysis of Latvian and Estonian Saussurea

esthonica populations

Our previous results show that iPBS markers are able to detect genetic diversity
within S. esthonica and more sensitive to genetic variations among populations. The
IPBS genotyping using the four unlabelled primers produced in a total of 51 fragments.
Utilising the same four fluorescently labelled iPBS primers, a total of 365 fragments
were visualised on an ABI PRISM 3130xl Genetic Analyser. Most of the genetic
variation was found within populations (Fig. 9). While the genetic differentiation
between populations was low (3-5%), the differentiation between regions (Latvia and
Estonia) was relatively higher (10-13%).
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Fig. 9. Genetic diversity within and among populations based on unlabelled iPBS (A)
and labelled iPBS (B) primers.

The Nei’s genetic distance between the Latvian populations was 0.062 and 0.003
with the unlabelled and labelled iPBS primers respectively, while between the Estonian
populations the genetic distances were 0.041 and 0.002 respectively. The difference in
genetic distance using the two visualisation techniques is a consequence of the different
numbers of fragments detected, however, the Nei genetic distance between the Estonian
populations was lower than between the Latvian populations.

3.4.3. Comparison of different Saussurea species

ITS sequences were obtained from 45 individuals from 9 Saussurea species. The
analysed sequences were approximately 486 nucleotides in length (GenBank accessions
JN808226-JN808270). The aligned sequences were used to calculate the genetic
distance (p-distance method) between species, utilizing all sequences from each species,

S.alpina S.riederi
A S.esthonica B J— S.esthonica
S.discolor S.discolor
S.riederi S.alpina
S.maximowiczii S.pulchella

S.pulchella
S.albescens S.albescens
S.candicans S.maximowiczii

S.pygmaea S.pygmaea

S.candicans

| — | —
0.02 0.01

Fig. 10. Neighbour-Joining dendrogram utilizing genetic distance based on the ITS
sequence data (A) and iPBS data (B).
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and an unrooted dendrogram was produced using the Neighbour-Joining method (Fig.
10).

Taxonomic relationship of S. esthonica with S. alpina and S. discolor

In order to more fully investigate the taxonomic status of S. esthonica, a further
phylogenetic analysis was done using individuals from the three species: S. esthonica, S.
alpina and S. discolor. An unrooted Neighbour-Joining phylogeny was generated using
the p-distance genetic distance between the individuals (Fig. 11).

S.esthonica 5 (EST1)
S.esthonica 2 (LV2)
S.esthonica 4 (EST1)
S.esthonica 1 (EST1)
S.esthonica 4 (EST2)
S.esthonica 6 (LV1)
S.esthonica 5 (LV1)
S.esthonica 3 (LV1)
S.esthonica 2 (LV1)
S.alpina 2 (Norway)
68| |S.alpina 1 (Norway)
S.alpina 2 (Italy)
S.alpina 1 (ltaly)
—— S.esthonica 1 (EST2)
— S.esthonica 7 (LV1)

@
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S.esthonica 5 (EST2)
S.alpina 1 (Austria)
S.alpina 2 (Austria)
70 S.alpina 3 (Austria)
S.alpina 4 (Austria)
S.discolor 1 (Austria)
S.discolor 2 (Austria)
S.discolor 3 (Austria)
S.discolor 4 (Austria)
S.discolor 5 (Austria)
S.discolor 6 (Austria)

7

N

S.esthonica 2 (EST2)

—
0.002

Fig. 11. Unrooted Neighbour-Joining dendrogram of S. esthonica, S. alpina and S.

discolor individuals utilising genetic distances based on the ITS sequencing data.
Numbers on the branches are percentage bootstrap values (1000 bootstraps).

While there are a few outliers (S. esthonica 2 (EST2) and S. esthonica 5 (EST2)),
the majority of the individuals clustered according to species and/or population. It is
interesting to note that the Austrian population of S. alpina clusters together with the S.
discolor population, which is also of Austrian origin. The Italian and Norwegian
populations of S. alpina cluster together with the S. esthonica individuals. There was no
differentiation between the four populations of S. esthonica.
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4. DISCUSSION

4.1. Use of in vitro cultures for conservation of species

Tissue culture techniques are useful for obtaining Saussurea seedlings which could
be used for future research. If seed quality is sufficient, germination time of various
Saussurea species is up to three weeks, depending on the species.

Different plant growth regulators are widely used for maintainance of in vitro
cultures. Saussurea esthonica is capable of rooting in hormone-free media, therefore the
influence of auxin on rooting was not examined in this study. Nevertheless, cytokinins
are required for proliferation. Treatment with kinetin was less effective on shoot
formation than BAP, and the applied concentrations did not correlate with the number
of obtained shoots. Joshi and Dhar (2003) concluded that kinetin alone was less
favourable for shoot multiplication of S. obvallata than BAP. There was a steady
decrease in shoot length with a progressive increase in Kinetin concentration, a gradual
increase in BAP concentration significantly increased shoot number.

Our results showed that 2-iP at a concentration of 2.5 mg L™ promoted root
formation but higher concentrations decreased root length and surface area.
Chuenboonngarm et al. (2001) concluded that treatment with 2-iP at concentrations of
2.5 to 10 mg L™ gave multiple shoots (1 to 4) for Gardenia jasminoides, but resulted in
somaclonal variation. Also, other authors report that for in vitro preservation of
endangered plants, it is important to use the optimal dose of phytohormone to avoid
somaclonal changes, although in some cases direct induction of somaclonal changes
could have a positive effect (Fay 1992, Paunescu 2009)

BAP promoted propagation, and at concentrations of 0.5 to 1 mg L™ it is useful for
achieving fast propagation rates. At lower concentrations it is appropriate for culture
maintenance without frequent sub-culturing. Kinetin and 2-iP were not useful for
proliferation, but better suited for conservation purposes. 2-iP is suited for growing and
rooting purposes.

4.2. Ecophysiological studies in natural conditions

To compare adaptation of S. esthonica to environmental conditions and to assess
vitality, determination of chlorophyll content and chlorophyll a fluorescence via non-
destructive methods was done. Over the growing season, chlorophyll content tended to
decrease, which can be explained by the aging of leaves. In the Pope and Estonian
populations chlorophyll content of generative plant leaves was greater than of the
vegetative leaves, however in the ApsSuciems population this varied. A study of the
amount of chlorophyll in leaves of various rose species and varieties, found that the
amount of chlorophyll is variable, but in most cases the amount of chlorophyll decreases
during flowering and increases during the fruit ripening stage (Adumitresei et al. 2011).
A study (Ding et al. 2005) of corn hybrids found that after flowering, chlorophyll
content and F,/F,, was reduced in most cases, mostly as a result of aging. In this study,
measurements from July correspond to the flowering phase, while the August
measurements correspond with the seed maturation phase. In addition, it was observed
that the Pope plants flower a little longer and some plants were still flowering in
August. Variation was also observed between years in the flowering dynamic. In
general, chlorophyll content increased slightly between flowering and fruit ripening,
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however, in 2011 it was reduced in the ApSuciems population. Vegetative plant leaf
chlorophyll content began to decrease as early as July (except in 2011 in the ApSuciems
population) (Fig. 1). In senescing leaves chlorophyll content decreases, since
metabolites diffuse to reaction centers, and the chlorophyll synthesis rate decreases.
Consequently, our measurements show that the amount of chlorophyll depends on both
environmental and ontogenesis factors.

The chlorophyll fluorescence ratio F,/F, in Pope was below 0.8. This is probably
due to increased precipitation in Pope, because as rainfall increases, PS Il activity-
related indicators decrease. Also, the sharp decrease of F./Fy, in Pope in August 2011
could be due to increased precipitation. In studies on the impact of flooding on rice
plants, a decrease of Fv/Fm was observed already after two days (Panda et al. 2006).
The plant vitality indicator Pl was higher in ApSuciems plants as well as Estonian
populations over all three years than in the Pope plants. This indicates that plants in the
Pope population had reduced plant vigor.

It was observed that the photosynthetic activity of PS Il-related indicators were
generally higher in vegetative than generative plants (Figures 2-4), although these
differences were not pronounced. Sharper differences in PSlli-related performance
measurements between the different years appeared in August. This could be due to
plant development, as in early August, when the measurements were made, some plants
were still flowering, while some had already set seed. It is known that F,/F,, in maize
begins to decline 4 weeks after flowering (Ding et al. 2005). Consequently, the
observed differences in the measurements in August each year could be related to
differences in plant development.

As the chlorophyll content of plants from the two populations was relatively
similar, then photoinhibition is due to reduction of PS ll-related activity, without
reduction of pigment content. The reduction of all PS Il activity-related parameters in
Pope may be associated with the time of measurement, precipitation levels, as well as
influence of soil moisture and mineral composition.

4.3. Influence of mineral nutrition and watering regime in

controlled conditions on growth and photochemistry of photosynthesis

Chlorophyll content increased in plants grown in the Pope + substrate, decreased in
plant grown in control and Pope substrates, and remained unchanged in plants grown on
the ApSuciems substrate (Fig. 5). This could be due to the increased manganese and iron
content in the ApSuciems substrate. Up to 80% of the iron in cells is located in
chloroplasts and participates in the early stages of chlorophyll synthesis. Manganese
participates in water splitting in PS Il. Excessive concentrations of these elements are
possibly neutralized by calcium in soil.

The fluorescence parameters F,/F,, and Fv/F, slightly increased in the plants grown
in the control, Pope and Pope + substrates, in turn, plants grown in the ApSuciems
substrate were below 0.8, indicating photoinhibition of photosynthesis. A decrease in
RC/ABS indicates an increase in the antenna chlorophyll content per reaction center
(Thach et al. 2007). Consequently, photoinhibition due to overloading of reaction
centers was observed in plants grown in the control and ApSuciems substrates.
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Since Pl and RC/ABS improved over the course of the experiment in the plant
grown in the Pope and Pope + substrates, it can be concluded that these parameters are
only partly dependent on the nitrogen and sulfur content in the soil, but the impact of
mineral elements is likely to be complex. It is possible that the increased phosphorus,
potassium and magnesium in the control substrate reduced the effects of nitrogen and
sulfur, as various mineral elements can act synergistically or antagonistically, and
therefore could result in the small Pl improvements observed.

Overall, the PS 11 photochemistry related indicators suggest that the Pope and +
Pope substrates are most appropriate for S.esthonica. The discrepancy between the
results obtained in natural populations and under controlled conditions suggest that it
may be related to other elements in the soil, such as zinc, that can replace manganese
atoms in the manganese cluster thereby inhibiting the activity of PS Il. This discrepancy
could also be linked to the watering scheme, lighting or temperature, as in the controlled
experiment, plants were watered moderately and the temperature was stable.

In some plants growing in moist conditions, a reduction of chlorophyll content has
been observed in response to flooding (Clua et al. 2009). Also, water shortage induces a
decrease in leaf chlorophyll content (Schlemmer et al. 2005; Sakalauskiené et al. 2008).
In this study, a reduction in chlorophyll content was observed in plants growing in the
dry regime (90%) and flooded soil (200%), while chlorophyll content during the
experiment even increased slightly in plants growing in the optimal (100%) and damp
(150%) regimes.

There was almost no difference in F,/F,, and Fv/F, between the watering regimes
(Fig. 6). Apparently, the increased moisture stress on these plants is not a factor and
they are well adapted to a changing water regime. Previous studies have found that
FJ/F., decreases already two days after flooding, reflecting the reduced reduction
capacity of the PS Il primary acceptor plastoquinone (Panda et al. 2006). Obviously,
photoinhibition of photosynthesis does not occur during the cultivation of S. esthonica
plants in waterlogged, but not flooded conditions. It has been reported that
photoinhibition is not observed (F./F, does not change) in flooding tolerant rice
varieties, but that changes in Pl appear over time (Sarkar et al. 2004). Also studies on
the effects of drought on apple tree leaves found that effects on the maximum quantum
efficiency if the PSII reaction centers are open, is insignificant and photoinhibition is
not observed (Massacci, Jones 1990).

In this study, we found that drought and excessive moisture conditions change the
PSII efficiency related indicators Pl and RC/ABS. Thus, excessive dryness and moisture
does not change the primary outcome of photochemistry (F./Fy), but rather the
active/inactive reaction center to antenna chlorophyll ratio (RC/ABS), reaction center
density and zero fluorescence level (Fo).

4.4. Reproduction

One of the factors determining population viability is reproductive success. Wild
species often have the ability for both generative and vegetative propagation.If sexual
reproduction is delayed, the plant begins to reproduce vegetatively. At the same time,
sexual reproduction ensures that the genetic diversity of populations is maintained and
thus the species can adapt better to environmental changes.
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Germination is strongly affected by seed size. There is a higher probability that 4
and 5 mm seeds will germinate. Previous studies have reported on the dependence of
germination on seed weight, however, data are often contradictory. It has been reported
that there is a negative correlation between seed weight and germination (Bu et al.
2007). The opposite has been reported in Sarracenia purpurea, where larger seeds begin
to germinate faster and have better germination (Ellison 2001). It is considered that seed
size affects germination, but does not affect the subsequent growth of seedlings
(Molken et al. 2005). Wild seeds are often characterized by dormancy and the breaking
of which is induced by the use of various methods, which may differ between plant
species. For example, some species of the genus Lonicera germinate after cold
stratification, some after hot-cold stratification, and some after hot-stratification, and
also GA; improves germination (Hidayati et al. 2000). It was found that germination of
Primula modesta without cold moist temperature treatment is 20-60%, but after 1 month
treatment at 4 °C in the dark, germination increased to 90-100% (Shimono et al. 2004).

Treatments with GA; and KNO; had a significant influence on germination and
cold stratification positively influenced germination. Similar results were obtained with
S. costus (Sharma et al. 2006) where the prechilling for one month was the most
effective treatment, and treatment with GA; in concentrations 10° M and 10 M was
better than treatment with KNO;. Photoperiod could have a significant influence on
germination. Some species require light for germination, some — dark. Positive effect of
cold pre-treatment was observed on germination in the dark, which was not observed
during germination in a light/dark regime.

Scarification of live ungerminated seed had a positive effect on germination. It is
known that sacrification overcomes impermeable seed coat induced dormancy and/or
growth inhibitor induced dormancy. Our results showed that S. esthonica could have
non-deep physiological dormancy.

Vegetative reproduction of wild species is common. It is considered that it is found
at an increased frequency in cool, moist, shaded and poor soil conditions and can be due
to the life cycle of certain species, or as a plant adaptation to particular conditions
(Sosnova et al. 2010). Approximately 21% of clonal plant species have more than one
type of clonal reproduction (Klimes, KlimeSova 1999). S. esthonica reproduces
vegetatively either by rhizomes or by formation of adventive buds in the hypocotyl that
form leaf rosettes. The most typical type of vegetative reproduction of S. esthonica
plants is by rhizomes. According to our data, the number of shoots from the maternal
plant is >1. Unlike Saussurea alpina, S. esthonica grows in damp areas, therefore
vegetative reproduction could be more common than in the mountain species.

4.5. Molecular genetic studies

For diversity analysis DNA marker methods have been widely used. There are no
species specific markers for the genus Saussurea. One of the methods not requiring
prior knowledge of DNA sequence is the AFLP technique. A number of DNA marker
techniques based on retrotransposon sequences, both species specific and non-specific,
have been developed and utilised for genetic diversity studies. One recently described
retrotransposon-based molecular marker technique is the inter-primer binding site
(iPBS) method, which is based on conserved retrotransposon primer binding site
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sequences (Kalendar et al. 2010). This method detects polymorphism for all plant
species without the need for prior sequence data, so it is useful for species with
underdeveloped marker systems. Therefore for analysis of population genetic diversity,
these two methods were used. The AFLP method appears to be more sensitive to
detecting variation between individuals, while the retrotransposon markers detect higher
differentiation among populations. Obtained results indicated that the iPBS method is
useful for genetic diversity studies in S. esthonica and detects higher differentiation
between populations than the AFLP method. Therefore for comparison of Latvian and
Estonian populations, the iPBS method was used. Two iPBS techniques were used:
ethidium bromide staining and fluorescently labelled primers. The number of fragments
detected using these iPBS techniques were different, with the fluorescently labelled
primers detecting a much larger number of fragments. Correspondingly, the proportion
of lower frequency and unique alleles was higher, and the expected heterozygosity
estimates were lower. However, the tendencies were similar, with lower genetic
polymorphism detected in the Estonian populations in comparison with the Latvian
populations. Most of the genetic variation was found within populations. While the
genetic differentiation between populations was low (3-5%), the differentiation between
regions (Latvia and Estonia) was relatively higher (10-13%). The comparisons among
the populations using both techniques revealed similar tendencies, with a lower number
of fragments and lower expected heterozygosity detected in the Estonian populations.
This difference is also reflected in the number of flowering plants in our studied
populations, with a lower number detected in the Estonian populations in comparison to
the Latvian populations. However, based on these results it seems that the Latvian
populations have a relatively high level of genetic diversity, and they are not genetically
differentiated, indicating that they have common provenance. The Latvian populations
are isolated, and are separated by ~95 km, so it seems unlikely that there is gene flow
between these populations. The genetic distances between the Estonian populations
were lower than between the Latvian populations, even though the geographic distance
between the Estonia populations is larger. This could be due to higher gene flow
between the Estonian populations via intermediate populations, given that S. esthonica
populations are found throughout Estonia (Narits et al. 2000). A similar observation has
also been made in isolated populations of the endangered species Campanula
thyrsoides, where genetic diversity was not related to population size (Egisdottir et al.
2009).

For investigation of the taxonomic status of S. esthonica and its relationship with
other Saussurea species the ITS and iPBS methods were used. From a total of 25 seed
accessions from 11 Saussurea species, it was only possible to obtain germinated
seedlings from 11 accessions of 8 species. This meant that three species were not able to
be investigated (S. neopulchella, S. nipponica and S. parviflora), as well as one
subspecies (S. alpina subsp. depressa), along with additional accessions/populations of
the analysed species. The differences between two used DNA marker techniques is
highlighted by the amount of intra-species genetic variation revealed by each technique
— 84% for iPBS; 26% for ITS sequencing. In general obtained results are similar to the
classification proposed by Lipschitz (1979) classification (Table 2).
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Table 2. Species classification according to Lipschitz (1979)

Species Classification

S. esthonica Subg. Saussurea, sect. Saussurea

S. alpina Subg. Saussurea, sect. Saussurea

S. riederi Subg. Saussurea, sect. Saussurea
Subg. Saussurea, sect. Saussurea, subsect.

S. discolor Cordifoliae

S. albescens Subg. Saussurea, sect. Elatae

S. candicans Subg. Saussurea, sect. Elatae

S. maximowiczii | Subg. Saussurea, sect. Laguranthera

S. pygmaea Subg. Saussurea, sect. Pycnocephala

S. pulchella Subg. Theodorea, sect. Theodorea

All the analysed species were previously described as belonging to the subgenus
Saussurea, with the exception of S. pulchella, which was placed into the subgenus
Theodorea. S. alpina, S. discolor, S. esthonica and S. riederi were all placed in the
section Saussurea, and clustered together. S. maximowiczii, which has been classified
into a separate section (Laguranthera), clustered separately from the other species. S.
pygmaea has been previously classified into a separate section (Pycnocephala) S.
albescens and S. candicans were placed into the section Elatae, and both these species
are clustered together in the obtained phylogenies. The one anomaly was S. pulchella,
which was placed in a separate subgenus, however in the obtained phylogenies, it
clustered together with S. albescens and S. candicans.

The phylogeny of the genus Saussurea is not fully resolved (Raab-Straube 2003;
Wang and Liu 2004), and many uncertainties remain. The relationship and species
status of S. esthonica with regard to the other Saussurea species is equally unclear. The
further phlylogenetic analysis of the individuals from S. esthonica, S. alpina and S.
discolor using the ITS sequencing data did not unambiguously reveal the taxonomic
relationships between these species, with Norwegian and Italian S. alpina populations
clustering with S. esthonica, while the Austrian S. alpina population was more
genetically similar to the Austrian S. discolor population. Populations found at the
fringes of species’ distributions are often more subject to speciation, radiation and
hybridisation than populations found in the ancestral areas (Lipschitz 1979). The
clustering of the Norwegian and lItalian populations of S. alpina with the S. esthonica
populations could indicate the sub-species status of S. esthonica, however it may also
imply that S. alpina is not a monophyletic species. As mentioned previously, S. alpina
exhibits a high degree of polymorphism, both morphological and cytological, and the
European populations, located on the edge of the distribution area, could be expected to
show a high degree of polymorphism and to be prone to radiation, speciation and
hybridisation (Martins 2006). Analysis of the results from this study, indicate that it is
possible that the Norwegian and Italian S. alpina accessions are from the sub-species
alpina, while the Austrian accession is from another sub-species. Given the
undetermined sub-species designation of the S. alpina accessions analysed in this study,
it is not possible to draw firm conclusions about the intra-specific relationships within
S. alpina.
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4.6. Long term conservation of S. esthonica and development of

conservation strategies for other species

The results from this investigation of S. esthonica show that this species can be
conserved ex situ, in in vitro conditions, but there are several factors that must be taken
into account. One of the major limiting factors is that the seeds have poor germination,
so that the initiation of in vitro cultures is difficult. For the same reason, seed
conservation in seed banks could be a problem. Secondly, in vitro culture might not be
suitable for species conservation, as in order to ensure genetic diversity, a large number
of genotypes must be maintained. Consequently, the in vitro collection is an important
parallel to in situ conservation and can be optimally used for preparation of exhibits in
botanical gardens or for propagation of plants for scientific research. However,
possibilities to evaluate the quality of seeds and to store them in seed banks must be
explored in order to ensure conservation of genetic diversity.

To ensure the in situ conservation of endangered plants, monitoring of genetic
diversity within and between populations is necessary to reduce the threats to the
population that could cause loss of genetic diversity in order to ensure long-term
survival of the populations. The results of this study indicate that currently there does
not seem to be a loss of genetic diversity in Latvian S. esthonica populations, however,
genetic diversity monitoring should be periodically carried out in order to maintain
long-term population viability. This is particularly important for small and isolated
populations, because they are most at risk of accidental or random environmental or
genetic variation.

The impact of environmental factors on plant vitality and viability must also be
taken into account, and PSII efficiency related indicators give insight into overall plant
vitality and photoinhibition and a reduction in leaf chlorophyll content and Pl occur
during adverse conditions. S. esthonica is generally well adapted to changing
environmental conditions. Excessive concentrations of minerals in soil are neutralized
by the biological properties of the plant, as well as mineral synergistic or antagonistic
effects. Vascular plant species growing in wet calcareous sites are tolerant to water level
changes of up to 25 cm. S. esthonica is well adapted to different moisture regimes and,
apparently, periodic water level fluctuations as are most of the calcicoles plant species
that grow in damp areas. However, excessive dryness or humidity reduces plant vitality.

The low seed quality is a very serious threat to species survival, as it reduces the
ability of S. esthonica to reproduce generatively. This was partly offset by the ability to
reproduce vegetatively, but it is not clear what factors can enhance the plant's ability to
create generative shoots, as the flower number is small. Research on reproductive
features and potential could be significant for development of conservation strategies
for other plant species.
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10.

11.

CONCLUSIONS

Tissue culture techniques are useful for obtaining Saussurea seedlings which could
be used for future research. Depending on species germination, time of various
Saussurea species is usually five to 35 days.

Different cytokinins have various effects on in vitro culture: BAP promotes
proliferation, 2-iP in small concentrations promotes rooting, increasing Kinetin
concentration does not influence proliferation and number of roots.

Differences were observed between plants growing in ApsSuciems and Pope in
natural conditions, which are associated with complex long-term and permanent
effects of environmental conditions.

A balanced substrate without excessive iron and manganese levels has a positive
effect on Saussurea esthonica plant growth and vitality under controlled
conditions.

Saussurea esthonica is well adapted to variable soil moisture regimes. The optimal
moisture regimes are moderate to moist soils.

Adverse conditions of a relatively small effect reduce Performance Index and
RC/ABS, which are related to the active/inactive reaction center ratio to the
chlorophyll antenna and reaction center density, but changes in the maximum
guantum efficiency (F./F) and in the primary outcome of photochemistry (F./F)
do not appear.

Saussurea esthonica can reproduce both generatively and vegetatively. One plant
produced in average six new shoots.

Saussurea esthonica displays non-deep physiological dormancy. Germination time
varied from 3 to 21 days with the largest number of seeds germinating in five to
seven days. Germination is dependent on seed size and germination treatments.
Genetic diversity studies of Latvian populations indicate that they are genetically
robust, and do not show signs of loss of genetic diversity.

Similar phylogenies of the analysed Saussurea species were obtained with the ITS
sequence analysis as well as the iPBS markers. Saussurea discolor and Saussurea
alpina clustered together with Saussurea esthonica. Saussurea albescens and
Saussurea candicans clustered together, however Saussurea pulchella, classified
into a different subgenus also clustered with these two species. The one analysed
Saussurea pygmaea individual was very distant from the other analysed species.
Saussurea esthonica is closely related to the analysed Italian and Norwegian S.
alpina populations, but differ from Austrian S. alpina populations. Possibly, this
could be attributed to a different sub-species of S. alpina found in Austria.

63



ACKNOWLEDGEMENTS

| thank my supervisor Dr. habil. biol., prof. Gederts levinsh and scientific
consultants: Dr. biol. Dace Klavina, Dr. biol. Dainis Rungis.

| thank my coleagues from LSFRI “Silava” Genetic Resource Centre Dr. chem.
llze Veinberga, Anita Gaile, Angelika Voronova-Petrova, Anna Korica, Krista
Kanberga-Silina, Ilze Gaile, Linards Lubinskis.

| thank my coleagues from LSFRI “Silava” Dace Auzenbaha, Dr. silv. Talis
Gaitnieks, Darta Klavina, Dr. sc. ing. Mudrite Daugaviete, Dr. silv. Imants Baumanis,
Dr. biol. Austra Abolina, Ausma Korica and Ojars Polis for support and assistance.

| thank Dr. biol. Gertriide Gavrilova un Dr. biol., Dr. habil. geogr. Maris Laivins$
for assistance at the beginning of this study.

| thank Dr. Malle Leht from Estonian University of Life Sciences for assistance in
collecting leaf material in Estonia.

| thank Anita Roze — National Botanic Garden seed exchange curator for help in
seed ordering, and Bundesgarden (Austria), Reykjavik HB (lceland), Bonn HBU
(Germany), Graz HBU (Austria), Siauliai HBU (Lithuania), Okamoto Ofuna HB
(Japan), HB Alpino Paradisia (Italy), Goteborg HB (Sweden), Vladivostok HBA
(Russia), Torino HBU direction de ,,Chanousia” (Italy), HB Tallinnensis (Estonia),
Botanical Garden P. J. Safarik University (Slovakia), St-Petersburg HBIB (Russia),
University of Oslo, the BG (Norway), HB Akureyri (Iceland) for supplying seeds.

| thank Dr. biol. Ineta Samsone, Dr. biol. Una Andersone, Dr. biol. Jevgenija
Necajeva, Dr. biol. Dace Megre, Dr. biol. Mara Vikmane, Dr. biol. Uldis Kondratovics
un Dr. biol. Nils Rostoks from University of Latvia.

| thank the staff of the Plant Mineral Nutrition Laboratory, Institute of Biology,
University of Latvia for substrate analysis, and Andis Karlsons for development of
substrate composition.

64



REFERENCES
IZMANTOTAS LITERATURAS SARAKSTS

Adumitresei L., Zamfirache M.M., Olteanu Z., Boz I. 2011. Observations on the foliar
assimilating pigments content for wild and garden roses. Journal of Plant
Development 18: 47-54.

Agisdottir H.H., Kuss P., Stocklin J. 2009. Isolated populations of a rare alpine plant
show high genetic diversity and considerable population differentiation. Annals
of Botany 104: 1313-1322.

Agarwal M., Shrivastava N., Padh H. 2008. Advances in molecular marker techniques
and their applications in plant sciences. Plant Cell Reports 27: 617-631.
Andrusaitis G. (redaktors) 2003. Latvijas Sarkana Gramata. 3. s€jums. Vaskularie augi.

Riga. 691 Ipp.

Arora R., Bhojwani S. S. 1989. In vitro propagation and low temperature storage of
Saussurea lappa C.B.Clarke — an endangered medicinal plant. Plant Cell
Reports 8: 44 — 47.

Baker N.R., Rosenqvist E. 2004. Applications of chlorophyll fluorescence can improve
crop production strategies: an examination of future possibilities. Journal of
Experimental Botany 55: 1607-1621.

Baligar V.C., Fageria N.K., He Z.L. 2001. Nutrient use efficiency in plants.
Communication in Soil Science and Plant Analysis 32: 921-950.

Baskin J.M., Baskin C.C. 2004. A classification system for seed dormancy. Seed
Science Research 14: 1-16.

Bilz M., Kell S.P., Maxted N., Lansdown R.V. 2011. European Red List of Vascular
Plants. Luxembourg: Publications Office of the European Union. 130 p.

Bouma T. J., Nielsen K. L., Koutstaal B. 2000. Sample preparation and scanning
protocol for computerised analysis of root length and diameter. Plant and Soil
218: 185-196.

Bu H., Chen X., Xu X,, Liu K., Jia P., Du G. 2007. Seed mass and germination in an
alpine meadow on the eastern Tsinghai-Tibet plateau. Plant Ecolology 191:
127-149.

Chuenboonngarm N., Charoonsote S., Bhamarapravati S. 2001. Effect on BA and 2-iP
on shoot proliferation and somaclonal variation of Gardenia jasminoides Ellis
In vitro culture. Science Asia 27: 137-141.

Clua A., Orsini H., Beltrano J. 2009. Incidence of variable flooding period on Lotus
tenuis biomass production and leaf senescence. Lotus Newsletter 39: 13-20.

Das K.K., Panda D., Sarkar R.K., Reddy J.N., Ismail A.M. 2009. Submergence
tolerance in relation to variable floodwater conditions in rice. Environmental
and Experimental Botany 66: 425-434.

Dhar U., Joshi M. 2005. Efficient plant regeneration protocol through callus for
Saussurea obvallata (DC.) Edgew. (Asteraceae): effect of explant type, age and
plant growth regulators. Plant Cell Reports 24: 195 — 200.

Dickore W.B. 2001. Observations of some Saussurea (Compositae-Cardueae) of W
Kunlun, Karakorum and W Himalaya. Edinburgh Journal of Botany 58: 15-29.

65



Ding L., Wang K.J., Jiang G.M., Biswas D.K., Xu H., Li L.F., Li Y.H. 2005. Effects of
nitrogen deficiency on photosynthetic traits of maize hybrids released in
different years. Annals of Botany 96: 925-930.

Edson J.L., Wenny D.L.,, Leege-Brusven A.D., Everett R.L. 1997. Using
Micropropagation to Conserve Threatened Rare Species in Sustainable Forests.
Journal of Sustainable Forestry 5: 279 -291.

Ellison A.M. (2001). Interspecific and intraspecific variation in seed size and
germination requirements of Sarracenia (Sarraceniaceae). American Journal of
Botany 88: 429 - 437,

Fargasova A. 1998. Root growth inhibition, photosynthetic pigments, and metal
accumulation in Sinapis alba as the parameters for trace metals effect
determination. Bulletin of Environmental Contamination and Toxicology 61:
762-769.

Fay M.F. 1992. Conservation of rare and endangered plants using in vitro methods. In
Vitro Cellular and Developmental Biology — Plant 28:1-4.

Galmés J., Abadia A., Medrano H., Flexas J. 2007. Photosynthesis and photoprotection
responses to water stress in the wild-extinct plant Lysimachia minoricensis.
Environmental and Experimental Botany 60: 308-317.

Gaspar T., Kevers C., Penel C., Greppin H., Reid D.M., Thorpe T.A. 1996. Plant
hormones and plant growth regulators in plant tissue culture. In Vitro Cellular
and Developmental Biology — Plant 32: 272-289.

Groenendael J. M. van, Klime$ L., KlimeSova J., Hendriks R.J.J. 1996. Comparitive
ecology of clonal plants. Philosophical Transactions of the Royal Society of
London - Biological Sciences 351: 1331-1339.

Guo M., Gao M., Liu C.-Z. 2007. In vitro propagation of an endangered medicinal plant
Saussurea involucrata Kar. et Kir. Plant Cell Reports 26: 261-265.

Hidayati S.N., Baskin J.M., Baskin C.C. 2000. Dormancy-breaking and germination
requirements of seeds of four Lonicera species (Caprifoliaceae) with
underdeveloped spatulate embryos. Seed Science Research 10: 459 — 4609.

Hill M.O., Preston C.D., Roy D.B. 2004. PLANTATT - attributes of British and Irish
plants: status, size, life history, geography and habitats. Online Atlas of the
British and Irish Flora http://www.brc.ac.uk/plantatlas/index.php?q =plant/
saussurea-alpina). Accessed on 25 June 2012

Holobiuc I., Blindu R. 2007. In vitro culture introduction for ex situ conservation of
some rare plant species. Romanian Journal of Biology — Plant Biology 51-52:
13-23.

Ingelog T., Andersson R., Tjernberg M. 1993. Red Data Book of the Baltic Region. Part
1. — Swedish Threatened Species Unit, Uppsala. 95 pp.

Jackson M. B., Colmer T. D. 2005. Response and adaptation by plants to flooding
stress. Annals of Botany 96: 501-505.

Kalendar R., Antonius K., Smykal P., Schulman A.H. 2010. iPBS: a universal method
for DNA fingerprinting and retrotransposon isolation. Theoretical and Applied
Genetics 121:1419-1430.

Kell S.P., Kniipffer H., Jury S.L., Maxted N. and Ford-Lloyd B.V. 2005. Catalogue of
Crop Wild Relatives for Europe and the Mediterranean. University of

66



Birmingham, Birmingham, UK. Available online via the Crop Wild Relative
Information System (CWRIS — http://www.pgrforum.org/cwris/cwris.asp)

Kermonde A.R. 2005. Role of abscisic acid in seed dormancy. Journal of Plant Growth
Regulation 24: 319-344.

Klime§ L. 2008. Clonal splitters and integrators in harsh environments of the Trans-
Himalaya. Evolutionary Ecology 22: 351-367.

Klime$ L., Klimesova J. 1999. CLO-PLA2 — a database of clonal plants in central
Europe. Plant Ecology 141: 9-109.

Klavina D., Gailite A., Jakobsone G., Necajeva J., Gavrilova G. 2004. Tissue culture
technology in conservation of threatened plant species in Latvia. Acta
Universitatis Latviensis, Biology 676: 183-188.

Klavipa D., Smite D. 2009. Collection of threatened plants of Latvia in National
Botanic Garden. Baltic Botanic Gardens in 2007-2008. Riga, Latvija 61-65.

Kozlowski T.T. 2002. Physiological-ecological impacts of flooding on riparian forest
ecosystems. Wetlands 22: 550-561.

Kuroha T., Satoh S. 2007. Involvement of cytokinins in adventitious and lateral root
formation. Plant Root 1: 27-33.

Laplaze L., Benkova E., Casimiro I., Maes L., Vanneste S., Swarup R., Weijers D.,
Calvo V., Parizot B, Herrera-Rodriguez M. B., Offringa R., Graham N, Dumas
P., Friml J., Bogusz D., Beeckman T., Bennett M. 2007. Cytokinins act direcly
on lateral root founder cells to inhibit root initiation. Plant Cell. 19: 3889-3900.

Lipschitz S. (JIummun C.) 1979. Pox Saussurea DC. Nauka, Leningrad. P 283 (in
russian).

Macek P., Rejmankova E., Houdkova K. 2006. The effect of long-term submergence on
functional properties of Eleocharis cellulosa Torr. Aquatic Botany 84: 251-258.

Massacci A., Jones H.G. 1990. Use of simultaneous analysis of gas-exchange and
chlorophyll fluorescence quencing for analysing the effects of water stress on
photosynthesis in apple leaves.Trees 4: 1-8.

Misra A., Tyler G. 1999. Influence of soil moisture on soil solution chemistry and
concentrations of minerals in the calcicoles Phleum phleoides and Veronica
spicata grown on a limestone soil. Annals of Botany 84: 401-410.

Mohammed G.H., Zarco-Tejada P., Miller J. R. 2003. Applications of chlorophyll
fluorescence in forestry and ecophysiology. Chapter 3 in Practical Application
of Chlorophyll Fluorescence in Plant Biology. Ed. De Ell I.R., Toivonen
P.M.A. Kluwer academic publishers. Boston / Dordrect/ London. 80-124.

Molken T. van, Jorritsma-Wienk L.D., Hoek P.H.W. van, Kroon H. 2005. Only seed
size matters for germination in different populations of the dimorphic
Tragopodon pratensis subsp. pratensis (Asteraceae). American Journal of
Botany 92: 432-437.

Murashige T., Skoog F. 1962. A revised medium for rapid growth and bio assays with
tobacco tissue cultures. Physiologia Plantarum 15: 473-497.

Narits A., Leht M., Paal J. 2000. Taxonomic status of Saussurea alpina subsp.
esthonica (Asteraceae): phenetical analysis. Annales Botanici Fennici 37: 197-
206.

67



Netto A.T., Campostrini E., de Oliveira J.G., Bressan-Smith R.E. 2005. Photosynthetic
pigments, nitrogen, chlorophyll a fluorescence and SPAD-502 readings in
coffee leaves. Scientia Horticulturae 104: 199-2009.

Osvalde A. 2011. Optimization of plant mineral nutrition revisited: the roles of plant
requirements, nutrient interactions, and soil properties in fertilization
management. Environmental and Experimental Biology 9: 1-8.

Panda D., Rao D.N., Sharma S.G., Strasser R.J., Sarkar R.K. 2006. Submergence effects
on rise genotypes during seedling stage: probing of submergence driven
changes of photosystem Il by chlorophyll a fluorescence induction O-J-1-P
transients. Photosynthetica 44: 69-75.

Paunescu A. 2009. Biotechnology for endangered plant conservation: a critical
overview. Romanian Biotechological Letters 14: 4095-4103.

Peakall, R. and Smouse P.E. 2006. GENALEX 6: genetic analysis in Excel. Population
genetic software for teaching and research. Molecular Ecology Notes 6: 288-
295.

Poczai P., Hyvonen J. 2010. Nuclear ribosomal spacer regions in plant phylogenetics:
problems and prospects. Molecular Biology Reports 37: 1897-1912.

Raab-Straube E. 2003. Phylogenetic relationships in Saussurea (Compositae, Cardueae)
sensu lato, inferred from morphological, ITS and trnL-trnF sequence data, with
a synopsis of Himalaiella gen. nov., Lipschitziella and Frolovia. Willdenowia
33: 379-393.

Richardson A.D., Duigan S.P., Berlyn G.P. 2002. An evaluation of noninvasive
methods to estimate foliar chlorophyll content. New Phytologist 153: 185-194.

Sakalauskiené S., gabajeviené G., Lazauskas S., Brazaityt¢ A., Samuolien¢ G.,
Urbonaviciuté A., Sakalauskaité J., Ulinskait¢ R., Duchovskis P. 2008.
Complex influence of different humidity and temperature regime on pea
photosynthetic indices in VI-VII organogenesis stages. Scientific Works of the
Lithuanian Institute of Horticulture and Lithuanian University of Agriculture.
Sodininkyste ir DarZininkysté 27: 199-207.

Sarkar R.K., Panda D., Rao D.N., Sharma S.G. 2004. Chlorophyll fluorescence
parameters as indicators of submergence tolerance in rice. International Rice
Research Notes 29: 66-68.

Sammul M., Kull K., Niitla T., Mols T. 2004. A comparison of plant communities on
the basis of their clonal growth patterns. Evolutionary Ecology 18: 443- 467.

Samsone 1., Andersone U., Vikmane M., Ievina B., Pakarna G., Ievinsh G. 2007.
Nondestructive methods in plant biology: an accurate measurement of
chlorophyll content by a chlorophyll meter. Acta Universitatis Latviensis 723:
145-154.

Sarasan V., Cripps R., Ramsay M.M., Atherton C., McMichen M., Prendergast G.,
Rowntree J.K. 2006. Conservation in vitro of threatened plants — progress in the
past decade. In vitro Cell. Dev. Biol. — Plant 42: 206-214.

Schlemmer M.R., Francis D.D., Shanahan J.F., Schepers J.S. 2005. Remotely
measuring chlorophyll content in corn leaves with differing nitrogen levels and
relative water content. Agronomy Journal 97:106-112.

68



Sharma R.K., Sharma S., Sharma S.S. 2006. Seed germination behaviour of some
medicinal plants of Lahaul and Spiti cold desert (Himachal Pradesh):
implications for conservation and cultivation. Current Science 90: 1113-1118.

Shi Z., Raab-Straube E. von, Greuter W., Martins L. 2011. Cardueae. In: Wu Z. Y.,
Raven P. H., Hong D. Y., eds., Flora of China vol. 20-21 (Asteraceae). Science
Press (Beijing) & Missouri Botanical Garden Press (St Louis), 42-194.
http://flora.huh.harvard.edu/china/mss/volume20/Flora_of _China_Volume_20
21 Cardueae.pdf. 28.06.2012.

Shimono A., Washitani |. 2004. Seedling emergence patterns and dormancy /
germination physiology of Primula modesta in a subalpine region. Ecological
Research 19: 541 — 551.

Sosnova M., Diggelen R. van, KlimeSova J. 2010. Distribution of clonal growth forms
in wetlands. Aquatic Botany 92: 33-39.

Distribution and diversity of Arctic-Alpine species in the Balkans. Plant
Systematics and Evolution 283: 219-235.

Suboti¢ A., Jevremovi¢ S., Grubisi¢ D. 2009. Influence of cytokinins on in vitro
morphogenesis in root cultures of Centaurium erythraea — valuable medicinal
plant. Scientia Horticulturae 120: 386-390.

Tamm A., Kull K., Sammul M. 2002. Classifying clonal growth forms based on
vegetative mobility and ramet longevity: a whole community analysis.
Evolutionary Ecology 15: 383-401.

Tamura K., Dudley J., Nei M., Kumar S. 2007. MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software version 4.0. Molecular Biology and
Evolution 24:1596-1599.

Thach L.B., Shapcott A., Schmidt S., Critchley C. 2007. The OJIP fast fluorescence rise
characterizes Graptophyllum species and their stress responses. Photosynthesis
Research 94: 423-436.

Varshney R.K., Graner A., Sorrells M.E. 2005. Genomics-assisted breeding for crop
improvement. Trends in Plant Science 10: 621-630.

Voesenek L.A.C.J., Benschop J.J., Bou J., Cox M.C.H., Groeneveld H.W., Millenaar
F.F., Vreeburg R.AM., Peeters A.J.M. 2003. Interactions between plant
hormones regulate submergence—induced shoot elongation in the flooding-
tolerant dicot Rumex palustris. Annals of Botany 91: 205-211.

Vos P., Hogers R., Bleeker M., Reijans M., van de Lee T., Hornes M., Frijters A., Pot
J., Peleman J., Kuiper M. and Zabeau M. 1995. AFLP: a new technique for
DNA fingerprinting. Nucleic Acids Research 23: 4407-4414.

Wang Yu-Jin, Liu Jian-Quan 2004. Phylogenetic analyses of Saussurea sect.
Pseudoeriocoryne (Asteraceae: Cardueae) based on chloroplast DNA trnL-F
sequences. Biochemical Systematics and Ecology 32: 1009-1023.

Zohlen A., Tyler G. 2004. Soluble inorganic tissue phosphorus and calcicole-calcifuge
behaviour of plants. Annals of Botany 94: 427-432.

69



