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Iesaistitas organizacijas
Vides aizsardzibas un regionalas attistibas ministrijas v/a “Nacionalais botaniskais darzs”—

NBD

Latvijas Universitates Biologijas institiits—LU BI

Promocijas darba izstrades vieta un laiks

Promocijas darbs tika izstradats NBD Augu valsts biologiskas daudzveidibas in vitro
saglabaSanas nodala laika posma no 2008. lidz 2011. gadam.

Gengtiskie petijumi tika veikti LU BI Augu Gengtikas Laboratorija 2010. un 2012. gada.
DNS kvalitates noteiksana veikta Daugavpils Universitates SBI Biotehnologiju laboratorija
2010. gada. Mikorizas izpete veikta 2008. gada sadarbiba ar Latvijas Universitates Augu
fiziologijas katedru.

Darba lietotie saisinajumi:

NBD-Nacionalais botaniskais darzs
DU-Daugavpils Universitate
LU BI-Latvijas Universitates Biologijas

IRAP—mikrosatelits (Inter —
retrotransposon amplifid polymorphism)
LTR—garie terminalie atkartojumi

institlts

ABS-abscizskabe

ACE—4,5 % aktivo hloru saturo§s sadzives
dezinfekcijas lidzeklis

AFLPs—praimeris (Amplifed fragment lenght
polimorphism)

AO-aktivas ogles pulveris
BAP-6-benzilaminopurins

C-ogleklis

Ca—kalcijs
CTAB-heksadeciltrimetilamonijbromids
DNS—dezoksiribonukleinskabe
IES—B-indoliletikskabe

MT-metatopolins

N-slapeklis

NES—a-naftiletikskabe

OT—-Orhideju taka Enguré

P—fosfors

PVP-40- polivinilpirolidons
PCR—Polimerazes k&des reakcija
RAPD-mikrosatelits (Random amplified
polymorphic DNA)

RE-rauga ekstrakts
RNS-ribonukleinskabe

TTH-2, 3, 5, trifeniltetrazolija hlorids

IEVADS
Pétijuma aktualitate

Viena no apdraud&takajam augu dzimtam ne tikai Latvija, bet ari citas pasaules
valstis, ir orhideju dzimta (Orchidaceae). Sobrid Latvija no 32 orhideju sugam aizsardzibai
ieteiktas 26 sugas un ieklautas Latvijas Sarkana gramata (Andrusaitis 2003), ka ar1 25 sugas
tiek aizsargatas ar Latvijas nacionalas likumdoSanas normativiem aktiem. Eiropas valstis
orhideju sugu aizsardzibu nosaka ES Direktiva 92/43/EEC par dabisko dzivotnu savvalas
faunas un floras aizsardzibu. Apdraudétibas kategoriju pieskirSana un likumdoSanas
normativo aktu prasibas ir tikai dala no sugu aizsardzibas preventiviem pasakumiem, tacu tie
vel neatrisina jautajumu par redlu So sugu aizsardzibu. Tatad lidztekus aizsargajamo
teritoriju statusa noteikSanai aizsargdjamo sugu dabiskajas augtenés, resp., in situ, ir
nepiecieSams tas aizsargat arl arpus to augSanas vietam slégtas teritorijas ex situ —
stadTjumos botaniskajos darzos un ari laboratorijas apstaklos in vitro, veidojot taksonu

banku. Ipasi apdraudétam un izziido$am sugam saglabaSana ex sifu metodes biezi vien ir
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vieniga iespgja, kas var nodro§inat to eksistenci arpus dabigam augteném, tadgjadi veicinot
biologiskas daudzveidibas saglabasanu. Ex situ saglabasanas metodikas izstrade kopuma
palidzes izveidot taksonu banku ne tikai valsts méroga, bet arm dos iesp&ju $aja joma
sadarboties ar Baltijas valstu specialistiem, ka ari attistit sadarbibu pasaules méroga.
Saskana ar Starptautisko botanisko darzu programmu augu aizsardziba (BGCI 2000),
botaniskie darzi piedalas biologiskas daudzveidibas nacionalo strat€giju planosana, péta un
nodros$ina augu sugu saglabaSanu ex situ.

Ja subtropu un tropu orhideju sugas ir salidzinosi viegli kultivéjamas in vitro (Augu
valsts biologiskas daudzveidibas in vitro saglabaSanas nodalas, v/a “Nacionalais botaniskais
darzs” dati, 1980-to gadu beigas, 1990-to gadu sakums), tad mérena klimatd augsné
augoSajam orhideju sugam katrai nepiecieSami specifiski kultivéSanas apstakli in vitro.
Latvijas savvalas orhideju sugu ievadiSana in vitro kultiira ir saistita ar asimbiotiskas
digsanas nodroSinasanu (orhideju séklas daba digst simbiotisko mikroorganismu klatbtitng),
kas papildus sarezgi séklu uzdigSanas procesu. Tatad in vitro ir janodroSina viss apstaklu
kopums, ko daba veic simbionti. Mikorizas klatbiitne ir obligats nosacijums visos orhideju
attistibas posmos (Rasmussen 1995; Weston et al. 2000 u.c.), kas savukart rada So sugu
biologiskas izp&tes nepiecieSamibu, 1pasi in vitro metodologisko jautajumu risinasana.
Turklat Joti sikajam orhideju séklam nav endospermas un diglis sastav no nedaudzam
suinam. Tas nozim¢, ka s€klai ir minimala mitruma uzsiicosa virsma, kas butiski var ietekmét
s€klu digSanu (Rasmussen 1995). Morfogenézes pétijumi sakotnjas attistibas stadijas
dabiskos apstaklos ir griti veicami, tad€] in vitro metodes dod iesp€ju izsekot Sim attistibas
posmam, sakot no s€klu uzdigsanas lidz pirma virszemes dzinuma attistibai, kas atkariba no
sugas ilgst vairakus gadus. Orhideju sugu vispusiga biologiska izpéte Latvija nav veikta.
Pirmo reizi Latvija savvalas orhideju p&tijumus in vitro uzsaka LZP projekta ietvaros 2006.
gada Nacionala botaniska darza Augu valsts biologiskas daudzveidibas in vitro saglabasanas
nodala.

Izpratnei par sugas dzivotsp&ju, Ipasi nozimiga ir sugu ick$gja genétiska struktiira,
kas ir viens no piemérotibas mehanismiem dzivei mainiga apkartgja vide. Sadus Liparis
loeselii petijumi veikti vairakas valstis:Vacija, Anglija, ZR-Francija, Polija, Kanada, ASV,
u.c. (Lande 1988; Vos et al.1995; Hedrick, Kalinowski 2000; Pillon et al. 2007, Rolfsmeier
1993, u.c.). Latvijas L. loeselii populacija Sai aspekta Latvija nav pé&tita. Tad€] zinasanas par
sugas genétisko daudzveidibu un tas struktiiru ir nepiecieSams priek$noteikums talakas
sugas saglabaSanas stratégijas izstradei (Lande 1988).

Pétijuma novitate
e Promocijas darba veikti detaliz&ti savvalas orhideju biologiskie p&tijumi, noteikts, ka

katrai orhideju sugai ir savas loti specifiskas prasibas augSanas un attistibas



nodrosSinasanai sterilos apstaklos. /n vitro kultiiras NBD tiek uztur&tas sesas orhideju
sugas dazadas attistibas stadijas.

Lai noverteétu inicialo barotnu komponentu ietekmi inicialajas barotn€s un lai
novertétu Latvijas savvalas orhideju sugu digtsp&ju, aprobéta tetrazolija testa metode
embriju dzivotspgjas noteiksanai.

Ar in vitro pétijumos iegitajiem regenerantiem uzsakta orhideju aklimatizacija,
ierikojot eksperimentalos stadijumus NBD teritorija. Aklimatizacijas sekmiga norise
saistita ne tikai ar vides apstakliem, bet arT ar kolonizaciju ar simbiontiem.

Pirmo reizi Latvija veikti Liparis loeselii populacijas genétiskie pétijumi, izmantojot
IRAP metodi (Kalendar et al. 2010), noteikta genétiska daudzveidiba un to

genétiskas distances astonas dazadas augtengs augosiem L. loeselii augiem.

Galvenas aizstaveésSanai izvirzitas tézes

1.

NepiecieSamais kimisko vielu kvalitativais un kvantitativais saturs augSanas un
attistibas nodroSinasanai in vitro atskiras gan katrai orhideju sugai, gan arT vienas

sugas robezas atkariba no augSanas un attistibas fazes.

. Inicialajai barotnei orhideju seklu ievadiSanai in vitro jasatur kimiskie savienojumi,

kurus daba nodroSina simbiotiskas sénes .

. In vitro iegito augu sekmiga aklimatizacija ir atkariga no kultivéSanas barotnes un

ekspozicijas pazeminata temperatiira pirms izstadiSanas substrata ex vitro.

. Latvijas Liparis loeselii populacija ir genétiski daudzveidiga un IRAP metode ir

piemérota L. loeselii genétiskas daudzveidibas izpétei.

. Vispusiga orhideju biologijas izp&te rada iesp&ju veidot taksonu banku ex situ, t.i. -

in vitro un botanisko darzu ekspozicijas, kas kalpo ka bitisks papildus garants sugu

daudzveidibas saglabasanai.

Pétijuma merkis

Latvijas reto un apdraudéto orhideju sugu biologiska izpéte, lai sekm&tu $o sugu

aizsardzibu un biologiskas daudzveidibas saglabasanu, izmantojot in vitro metodes.

Pétijuma galvenie uzdevumi:

1.
2.

Apsekot orhideju populacijas in situ.
Ievakt orhideju s€klas no dazadam populacijam un veikt embriju dzivotspgjas testu

pirms ievadiSanas in vitro.

. Izstradat in vitro metodes, kas nodro$ina orhideju uzdig§anu, augSanu un vegetativo

attistibu, lai veiktu orhideju sugu biologiskas daudzveidibas saglabasanas pasakumus

arpus to dabigas vides.

. Uzsakt aklimatizacijas izméginajumus, lai nodro$inatu in vitro iegito augu stadijumu

veidoSanu NBD un noteikt saknu koloniz&Sanos ar simbiotiskajam sén€m.



5. Izstradat metodi Liparis loeselii kvalitativas un nefragmentétas DNS iegiiSanai un
piemérot, uz PCR balstito IRAP metodi L.loeselii sugas genétiskas daudzveidibas
noteikSanai.
Pétijuma specifika

Starptautiskd programma par augu aizsardzibu botaniskajos darzos (BGCI, 2000)
tika izstradata, balstoties uz Riodezaneiro Konvenciju par biologisko daudzveidibu (CBD).
Latvija pienémusi RiodeZaneiro Konvenciju par pamatu ilgtermina stratégijai biologiskas
dudzveidibas saglabasana. 2010. gada Nagoja (Japana) tika piepemta jauna, atjaunota
stratégija biologiskas daudzveidibas saglabasana botaniskajos darzos. Latvija ir viena no 180
valstim, kas ieklauta $aja procesa. llgtermina plans paredz, ka lidz 2020. gadam vismaz 75%
apdraudgto sugu tiks saglabatas ex situ kolekcijas.

Savvalas floras aizsardzibu Latvija reglament€ nacionala normativo aktu sisteéma.

Sugu aizsardzibas statusu Latvijas normativajos aktos nosaka sugu retums un apdraudétiba
gan nacionala, gan Eiropas Savienibas (ES) méroga. Latvijas nacionalajos normativos aktos
iestradatas un tadgjadi saistoSas ir ES direktivu un regulu prasibas. ES méroga savvalas
faunas un floras aizsardzibu regulé ES Direktiva 92/43/EEC par dabisko dzivotnu savvalas
faunas un floras aizsardzibu. Direktivas prasibas iestradatas Latvijas nacionalaja
likumdosana.

Darbam ar aizsargajamam augu sugam ir saistoSi $adi normativie akti:

1. 16.03.2000. ,,Sugu un biotopu aizsardzibas likums”;

2. 14.04.2005. ,,Zinatniskas darbibas likums™;

3. 28.04.2011. likums ,,Par pasi aizsargajamam dabas teritorijam”;

4. MK 2000. gada 14. novembra noteikumi Nr. 396 ,Noteikumi par Ipasi
aizsargajamo sugu un ierobezoti izmantojamo 1pasi aizsargajamo sugu sarakstu”;

5. MK 2000. gada 5.decembri noteikumi Nr. 421 ,Ipasi aizsargdjamo biotopu
veidu saraksts”’;

6. MK 2010. gada 16. marta noteikumi Nr. 264 ,Ipasi aizsargajamo dabas teritoriju
vispargjie aizsardzibas un izmantoSanas noteikumi’;

7. IpaSi aizsargajamo teritoriju individudlie aizsardzibas un izmanto$anas
noteikumi (saistosi konkrétas 1pasi aizsargajamas dabas teritorijas, kuram $adi
noteikumi ir piegpemti);

8. MK 2001. gada 30.janvara noteikumi Nr. 45 ,mikroliegumu izveidoSanas
aizsardzibas un apsaimniekoSanas noteikumi”;

9. MK 2010. gada 21. decembra noteikumi Nr. 1165 "Kartiba, kada izsniedz
atlaujas nemedijamo sugu individu iegtsanai, ievie§ Latvijas dabai neraksturigas
savvalas sugas (introdukcija) un atjauno sugu populaciju daba (reintrodukcija)";

10. MK 2009. gada 15. septembra noteikumi Nr. 1055 "Noteikumi par to Eiropas
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Kopiena nozimigu dzivnieku un augu sugu sarakstu, kuram nepiecieSama
aizsardziba, un to dzivnieku un augu sugu individu sarakstu, kuru ieguvei
savvala var piemérot ierobeZotas izmantoSanas nosacijumus";

Saistosas ir arT starptautiskas nozimes noslégtas saistibas:

11.31.08.1995. likums "Par 1992. gada 5. junija Riodezaneiro Konvenciju par

biologisko daudzveidibu”;

12. 05.04.1995. likums ,,Par 1971. gada 2. februara Konvenciju par starptautiskas

nozimes mitrajiem, 1pasi ka idensputnu dzives vidi”.
Biologiskas daudzveidibas aizsardzibas mérkus un strat€giju valsti nosaka dokumenti, kas
nav saisto$i, bet tiem ir ieteikuma raksturs:
> Biologiskas daudzveidibas nacionala programma. Vides aizsardzibas un regionalas

attistibas ministrija, 2000;

» Vides politikas pamatnostadnes 2009.—2015.gadam (apstiprinata ar 2009. gada 31.
jilija Vides ministra rikojumu Nr. 517).

Petljuma izmantotas sugai vai tas biotopam nekaitigas petijuma metodes, ieverojot
Latvijas nacionalas likumdosanas prasibas. Fiziologiskiem eksperimentiem, kuriem
nepiecieSams liels augu skaits, tika izmantoti tikai NBD in vitro iegutie Dactylorchiza
baltica augi.

Pétijuma rezultatu aprobacija

Promocijas darba iegltie pé€tnieciskie rezultati ir atspoguloti 7 zinatniskas
publikacijas, 1 manuskripta, 13 starptautisko zinatnisko konferencu t€z€s un par petijumiem
sniegti 13 zinojumi starptautiskas zinatniskas konferences.

Zinojumi starptautiskajas konferenceés un publicétas zinatniskas konferences tezes:

Prezentejosais autors ir pasvitrots

1. Congress of EastCentGard II, Warsaw/Rogow, Poland, 2007. Stenda referats
»lhe conservation possibilities of endangered orchid species of Latvia and
Lithuania” (Jakobsone G., Dapkiiniené S., Cepurite B., Belogrudova 1.). Book of
Abstracts, 44-45.

2. 2™ World Scientific Congress: Challenges in Botanical Research and Climate
Change. The Netherland, Delft, 2008. Stenda referats “Conservation of Liparis
loeselii (L.) Rich. in protected areas of Latvia and National Botanic Garden”
(Jakobsone G., Gavrilova G., Belogrudova 1., Aleksejeva L.). Book of Abstracts,
79.

3. 22M expedition of the Baltic Botanists, Daugavpils, Latvia, 2008. Stenda referats
“Dactylorhiza fuchsii as model object in in vitro culture study for development
of terrestrial orchids” (Jakobsone G., Belogrudova 1., Megre D.). Abstracts and

Excursion Guide, 21.



10.

11

12.

Daugavpils Universitates 51. Starptautiska zinatniska konference, Daugavpils,
Latvija, 2009. Referats ,Latvijas savvalas orhideju sugu biologiskas izpétes

nepiecieSamiba in vitro” (Belogrudova I., Jakobsone G.). Zinatniskas

konferences tézu krajums, 36.

5™ International Conference "Research and conservation of biological diversity
in Baltic Region". Daugavpils, Latvija, 2009. Stenda referats “Methodological
solution of problems in investigation of Latvia's wild orchid species in vitro”

(Belogrudova L., Jakobsone G., Megre D.). Book of Abstracts, 22.

Daugavpils Universitates 52. Starptautiska zinatniska konference, Daugavpils,
Latvija, 2010. Referats ,,Latvijas reto un izztidoSo orhideju sugu saglabasanas
perspektivu izpéte: in vitro kultliras iegiSana no s€klam, kultivéSana un
aklimatizacija ex vitro” (Belogrudova 1., Jakobsone G.). Zinatniskas konferences
tezu krajums, (DU, CD formata), 52.

FESPB XVIII, Congress of the Federation of European Societies of Plant
Biology, Valensia, Spain, 2010. Stenda referats ,,Protection of rare wild orchid
species in Latvia ex situ” (Belogrudova I., Jakobsone G., Roze D., Megre D.).
Book of Abstracts, 97.

XXIII Conference — Expedition of the Baltic Botanists, Haapsalu, Estonia, 2010.
Stenda referats ,,Dactylorhiza baltica in vitro and in vivo” (Jakobsone G.,
Belogrudova 1., Roze D., Megre D.). Abstracts & Excursion guides, 23.
Daugavpils Universitates 53. Starptautiska zinatniska konference, Daugavpils,
Latvija, 2011. Referats ,,Usability of retrotransposon-based molecular markers to
assess genetic diversity Liparis loeselii” (Belogrudova I., Grauda D., Jakobsone
G., Rashal 1.). Zinatniskas konferences t€zu krajums, 16.

6" International Conference “Research and conservation of Biological diversity
in Baltic region”, Daugavpils, Latvija, 2011. Stenda referats “The different

habitat types with Liparis loeselii populations in Latvia” (Roze D., Jakobsone

G., Strode L., Belogrudova 1., Visnevska L., Kreile V.). Book of Abstracts, 110.

. International Conference for Academic Disciplines, Univerity of Malta, Gozo

Campus, Malta, 2011. Stenda referats “Some aspects of the ecology of Ophrys
insectifera” (Roze D., Belogrudova I., Jakobsone G., Megre D.). Abstracts in
CD-R.

6" Planta Europa Conference “Actions for Wild Plants”, Krakow, Poland, 2011.
Stenda referats “The possible ecological reasons of the threat for Liparis loeselii
populations in Latvia” (Roze D., Jakobsone G., Belogrudova I., Megre D.,
Kreile V.). Book of Abstracts, 62.




13. 5™ Baltic Congress of Genetics, Kaunas, Vytautas Magnus University, Lithuania,

2012. Stenda referats “Genetic diersity of Liparis loeselii from different habitats
of Latvia” (Belogrudova 1., Grauda D., Lapina L., Jakobsone G., Roze D.,
Rashal 1.). Book of Abstracts, 25.

Zinatniskas publikacijas

Promocijas darbs — publikaciju kopa, kas balstita uz 5 publicétajiem un 3

publicéSanai iesniegtajiem zinatniskajiem rakstiem, no tiem 7 starptautiski recenz€jamos

zurnalos un 1 sagatavota publikacija [VIII] iesniegSanai Lietuva, V Baltijas Genétikas

kongresa ietvaros 2012.gada oktobri, publiceéSanai starptautiski indekséta zinatniska zurnala.

1.

Jakobsone G., Dapkiinien¢ S., Cepurite B., Belogrudova I. 2007. The
conservation possibilities of endangered orchid species of Latvia and Lithuania.
Monographs of Botanical Gardens (European botanic gardens together towards
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1. LITERATURAS APSKATS
Orhideju dzimtas raksturojums

Pasaulé Orchidaceae (Juss) dzimta ir viena no lielakajam ar vairak neka 30000 sugu
(Buttler 2007). Latvija sastopamas 32 orhideju sugas, kas aug dazadas augtengs: purvos,
mitras plavas, mezos, arT gravmalas, atseviskas sugas — kapu smiltls (Andrusaitis 2003).

Ziedi ir divdzimumu, pieziedlapu zakles, ziedkopas — varpa, kekara, retak pa vienam.
Apziednis ir vienkarSs, vainaglapveidigs, zigomorfs un s€klotne ar daudziem
seklaizmetniem. Putek$ni brivi, irdeni (Cypripedium) vai tetrades; tetrades salip polinijos
(pollinium). Polinijs kopa ar kajinu (caudicula) un lipkermeni (viscidium, retinaculum)
veido polinariju. Auglis ir pogala, kura ir ap 3 Iidz 4 miljoni s€klu. Lapas vienkarSas,
pamiSus, veselas, bez pielapem, ar vai bez makstim. Latvija augo$as orhidejas ir
daudzgadigi autotrofi lakstaugi ar sakneniem vai gumiem (Cepurite 2005). Orhidejam
raksturigi pazemes baribas vielu uzkrajoSie organi: sakneni, gumi, neistie sipoli
(pseudobulb), kas ir vasas parveidnes. Pateicoties pazemes uzkrajéjorganiem, augi parziemo.
Jaunas saknes dalai sugu veidojas pavasari: Liparis loeselii saknu attistiba notiek sakot no
maija lidz septembrim (Masuhara et al. 1988). Savukart Ophrys gints orhidejam jaunas
saknes sak atistities rudenT Iidz ar lapu rozetes veidosanos, kas vargtu bt saistits ar gaismas
indukcijas procesiem (Moller 1967). Orhidejam raksturigs ilgs attistibas cikls (Cepurite
2005). Cypripedium calceolus, pieméram, Iidz zied€Sanai paiet 6—10 gadi, un augs ir spgjigs
dzivot daudzus gadus pateicoties sakneniem (Kober 1972; Fast 1974; Kull 2002). Orhidejas
var vairoties ka vegetativi, ta generativi. Vegetativi vairojas tikai tas sugas, kam ir rizomas
jeb sakneni (Buttler 2007). Gumi gada cikla nomainas — pakapeniski iet boja vecais(-ie) un
veidojas jaunais(-ie). Piem@ram, Dactylorhiza fuchsii abi vecie gumi pamazam samazinas,
sakot no oktobra Iidz nakosa gada junijam, bet jaunie sak veidoties aprila viddi un
maksimalos izm@rus sasniedz septembri (Janeckovd, Kindlmann 2002). Orhidejam
iesp&jama ka sveSappute, ta paSappute (Catling 1980). Loti svariga ir putekSpu kvalitate, jo
paSappute noved pie seéklu kvalitates samazinasanas. Ja orhideju sugai ziedéSanas laika nav
tas areala atbilstoSu kukainu-apputeksnétaju sugas Ipatnu vai ari §1 suga pamazam
parvietojusies, ienemot attalu teritoriju, kur konkréta kukaina suga nemajo, notiek
paSappute. Noverojumi ar Ophrys apifera liecina, ka §1 suga ir fakultativi autogama: ja
apputeksnéSanas ar kukainiem nav notikusi vai ta ir bijusi nesekmiga, polmiju katins
noliecas uz leju, un polinijs tiek tiesa veida uzlikts uz ta pasa zieda driksnas (Buttler 2002).
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Orhideju apputeksnéSanas petijumi aptver veselu zinatnes jomu, kas kopuma raksturiga tiesi
orhideju dzimtai un ir specifiska katrai konkrétai sugai atseviski (O. insectifera, C. calceolus
u.c.), kas detaliz&ti aprakstits publikacijas (Van der Pilj, Dodson 1966; Van der Pijl 1979;
Arditti  1992; Faegri, Buttler 2002, u.c.). Pieméram, O. insectifera zieds imite
dzimumnobriedusu racgjlapsenes Argogorytes mystaceus vai A. fargei matiti un izdala
feromonus, ka rezultatd rac§jlapsenu tevins veic pseidokopulaciju un apputeksné O.
insectifera (Faegri, Van der Pijl 1979). Orhideju se€klas ir loti sikas, puteklveida, bez
endospermas. Literatiira uzraditi seklu izmeri: platums 0,07 1idz 0,40 mm, garums 0,11 Iidz
1,97 mm, atkariba no sugas. Embrijam ir salidzinoSi loti nedaudzas Siinas, piemé&ram,
Epipogium aphyllum — ir tikai 8 Siinas, t. i., kad embrijs ir attistijies peéc 3 mitotiskajam
dalisanam, Dactylorhiza majalis — 200 Stnas (Rasmussen 1995). Seklas embrijam ir
globulara attistibas stadija — tas ir olveida un tam ir nedaudz izteikta polarizacija. Seklu
uzdigSanai nepiecieSama simbiotisko sénu klatbiitne. Tiek noradits, ka seklas daba izs€jas un
zemé nonak arT ar véju un lietus pilieniem. Embrija $tinas var saturét proteina un lipidu
ieslegumus, cietes graudinus, kas tiem dod iesp&ju izdzivot neilgu laiku pirms kolonizéSanas
ar simbiontiem. Seklu $tnas var but nelieli cukuru daudzumi — saharoze, mannoze, u. c.
(Rasmussen 1995). Udensnecaurlaidigais seklapvalks lauj seéklam ilgaku laiku atrasties
augsné intakta stavokli. Seklapvalkus péc to struktiiras iedala trTs veidos: 1) kas p&c seklu
nobrieSanas sp€jigi uzsiikt Gideni; 2) tdensnecaurlaidigi s€klapvalki ar lipidu slani; 3)
tudensnecaurlaidigi séklapvalki ar “brupam” (anglu val. — carapace), kas satur kutinu,
dazadus polisaharidus un suberinu. To orhideju sugu, kuru seklapvalks ir ar “brunam”,
uzdigSanu panakt ir nopietna probléma, ka, pieméram, orhidejam no Epipactis,
Cephalanthera un Ophrys gintim (Rasmussen 1995). Seklas embrijs intensivi piesaista
tideni, jo ir loti hidrofils (Terkikh et al. 2005). Vienlaicigi idens uznems$anu ietekmée ne tikai
pasas seklas 1pasibas, bet ar ar&jie apstakli — temperatiira, tdent izSkidusas vielas un pH
(Leopold 1983).

Uzskata, ka orhideju séklu digtsp€ju ietekmé sarezgits bremzésanas mehanisms, kas
pamatojas uz diviem galvenajiem pamatprincipiem: 1) fiziologiskais (uzkrajas inhibitori) un
2) strukturalais — atkarigs no s€klapvalka uzbiives Tpatnibam. S€klu digSanas Tpatnibas var
butiski ietekmét sugas izplatibu un tas ir ciesi saistitas ar auga dzives ciklu. Sekla ir attistiti
vides faktoru uztveres mehanismi un s€klu pielagosanas spg€ja konkrétam klimatam un
biotopa Ipatnibam, kas nodroSina s€klu uzdigSanu piemérota bridi (Necajeva 2012). Sakara
ar to séklapvalka struktiras detalizéta izpste ir Tpasi aktudla. So digSanas barjeru
parvaréSanai iesaka s€klu ilgstoSu mercéSanu tdeni (Kano 1968) vai pazeminatas
temperatiras stratifikaciju, vai abus Sos procesus kopa (Cherevchenko et al. 2008). Svarigi
atzimét, ka pastav atSkiribas digSanas apstaklu prasibas starp dazadam s€klam vienai un tai
pasai sugai (Rasmussen 1995).
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Simbioze

Pastav uzskats (Rasmussen 1995), ka holarktiskas sugas normali digst pavasari ar
izp€mumiem Dactylorhiza, Orchis un vel paris gintis. Jaatzime, ka rudent augsnes virskarta
veidojas ievérojams triidvielu slanis, kura jau ziemas sakuma notiek ievérojama mikorizas
sénu aktivitate, kas kopuma rada svarigus priekSnoteikumus, lai mikotrofiskais digsts saktu
savu attistibu (Rasmussen 1995). Pavasara digSana netieSi norada, ka seklas ir izgajusas
miera periodu vai p€c-nogatavoSanas procesus, kas tam nelauj uzdigt vasara vai rudeni un
lauj saglabaties augsné ilgu laiku (JIuteuHoB 1967). Augi no mikorizas séné€m digSanas un
protokormu stadija sanem N, P un C, ka arT tideni. Pieaugus$ie augi turprett apgada sénes ar
C, jo pasi uzsak fotosintezi (Dearnaley 2007; Gebauer, Meyer 2003; Trudell et al. 2003).
Séne var but arT ka starpnieks starp orhideju un kokaugiem, sanemot no koka viniem
vajadzigas vielas. Tai jabiit piemerotai koku sugai ka saimniekaugam (McKendrick et al.
2000; Dearnaley 2007; Kottke, Chacon 2009).
Asimbiotiska diedzeSana sterilajas kultiiras

Seéklam ir japariet no proteina uzglabasanas fazes uz protetna mobilizéSanu jeb
digsanu (Rasmussen 1995). Ir nepiecieSams noskaidrot faktorus, kas kavé un kas veicina
s€klu digsanu sterilos apstaklos. P&tnieki uzskata, ka tas, cik dienas s€klas pirms izs€Sanas
jatur pazeminata temperatira, lai tas varétu digt, ir atkarigs no dazadiem to nobrieSanas
apstakliem dazados gados. Pazeminata temperatira acimredzot aktivé metaboliskas
sistémas, kas ir atbildigas par organogenézi digli. Uzskata, ka pazeminata temperatiira
samazina brivas abscizskabes (ABS) daudzumu un palielina endogéno citokininu daudzumu
embrija S$iinas. Ja seklam eksogéni pievieno ABS, tad digSana inhibg&jas pilniba. Domajams,
ka daba seklu digsanu kavé ABS, kas atrodas seklapvalka. Aukstums, sals un atkusni ziemas
laika un periodi, kas ziema atbilst mércéSanai laboratorijas apstaklos, izskalo inhibitorus un
inici€ nepiecieSamas fiziologiskas izmainas embrijos. Ja digsti tiek apgaismoti, papildus ir
vajadzigi vitamini ka pantoténskabe, tiamins un piridoksins (Rasmussen 1995). Skidra
barotne var veicinat se€klapvalka uzbrieSanu un baribas vielu uzsiikSanos. Lai s€klapvalks
uzsiuktu @ideni, v€lams to skarificet, to apstradajot ar etanolu vai &teri — ar kadu lipofilu
Skidumu. Turklat me@rcéSana nodroSina inhib&joSo vielu izskaloSanos no s€klapvalka.
Epipactis helleborine seklas ir konstatéts piecas reizes augstaks ABS endogénais Iimenis
neka Dactylorhiza maculata, kura digst salidzinosi labi: ja to s€klas steriliz€jot mérce divas
stundas, tad tajas vairs nekonstatéja ABS klatbtitni (Van Waes 1984, citéts péc Rasmussen
1995). Tacu skidras barotnes pielietoSana orhideju seéklu diedzE€Sanai ierobezo fakts, ka
kultivgjamo trauku nedrikst kustinat, jo seSas ned€las nedrikst mehaniski traucet seklas,
pretgja gadijuma digSana inhib&jas (Rasmussen 1995). Ir minéti pozitivi digSanas rezultati,
ja s€klas tiek parklatas ar agara barotni (Weinert 1990) vai arT ja kultivEjamos traukus

aizvako hermeétiski (Nakamura 1962; Kano 1968; McIntyre et al. 1974), ka rezultata traukos
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uzkrajas etiléns. Ir zinas, ka etilénu izdala dazu augu sugu digstosas s€klas, kas var biit
autostimul&joss efekts uz digsanu (Taylorson, Hendriks 1977).

Digs8anas procesam loti svarigs ir N avots. Dazu orhideju sugu digSanai nav obligati
nepiecieSams neorganiskais slapeklis, bet citam tas pat aizkave digSanu. Lielai dalai Eiropas
savvalas orhideju sugu Van Waes un Debergh (1986) noveérojusi, ka digSanas procents bijis
lielaks, ja barotn€ nebija pievienoti makroelementi, un autori konstat€jusi dazas sugas, kuras
neorganiska slapekla klatbiitné nediga vispar. Piemeéram, Orchis morio digSanas procents
pazeminajas I[idz ar neorganiska slapekla koncentracijas pieaugumu (Dijk 1988). Savukart
stimulét asimbiotisko digSanu vargja ar eksogeni pievaditiem organisko N savienojumiem
(Vejsadova 2006), pie tam tas bija piemérotaks, ja koncentracija bija augstaka. Ka
piemérotako iesaka rauga ekstraktu, kas satur lielu aminoskabju daudzumu. Specifiskiem
organiskiem savienojumiem, kurus parasti izmanto orhideju barotnés, ka, pieméram, rauga
ekstraktam un peptonam, nav pilniba noteiktas visas sastavdalas (Dijk 1988). Sie
savienojumi ir bagati ar aminoskab&m, bet satur nenoteiktu daudzumu organiska N, un to
kvalitativais un kvantitativais sastavs §1 produkta razoSanas partijam ir atskirigs. Organisko
piedevu noteikSana barotngs ir komplic€ta un atkariga no vairakiem faktoriem, jo termiska
apstrade (autoklavéSana) var izmainit to sastavu. Pieméram, glutamina pievienoSana pirms
autoklavésanas dalgji samazina N daudzumu, jo aminoskabes neiztur temperatiiru, kas
augstaka par 100 °C un degradgjas (George et al. 1988). Tomér dazadas N saturo3as
organiskas piedevas orhideju barotném tiek lietotas, jo literatliras avotos ir minéts, ka
neorganiska N ietekme uz digSanas procesu galvenos vilcienos ir negativa, bet organiska N
— pozitiva vai neitrala. Eksperimentali ir noteikts, ka inicialo barotnu receptiira samazinot
kadu no baribas vielu daudzumiem, pieméram, nepievienojot rauga ekstraktu, Liparis
lilifolia dig8anas procents bija ievérojami zemaks (Rasmussen 1995). Tas nozimg, ka dazas
aminoskabes, kas atrodas rauga ekstrakta sastava, ir loti biitiskas orhideju digSanai un digsts
tas nesintez€. Eksogéna amonija augstais limenis stimulé glutamatdehidrogenazes aktivitati
dzivas S$iinas, kas savukart veicina proteina picaugumu. N reducétds formas stimulé
nitratreduktazes aktivitati un ta parveido absorb&tos nitratus augam izmantojama veida
(Gamborg 1970). DiedzeSanas efektivitate ir atkariga arT no ta, kadas seklam ir iek$&jas
rezerves un 1pasibas (Dutra et al. 2009). Barotnu receptiiras orhidejam balstas uz mineralo
salu devas samazinasanu un organisko vielu palielinaSanu. Tomér tiesi kuras sastavdalas ir
tas, kas asimbiotiskas kultliras aizvieto mikorizu, v€l nav noteikts. Pie tam eksiste atskiribas
katrai s€klu populacijai un pat katras seklas prasibas pret kimiskam vielam (Rasmussen
1995). Daba orhideju pirmais attistibas posms (2—4—-10 gadi) notiek augsng, tatad apstaklos,
kuros nav iespgjama fotosintéze un Iidz ar to oglekla uznemsana. Saja posma, tapat ka tas
tiek lietots in vitro apstaklos, oglekli augi uznem ar cukuriem. Literatira tieck minéti divi
iesp&jamie cukura avoti digSanas ierosinoSaja faze: 1) kas ir endogéni pasa embrija un 2) ko
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veicina un sagem no simbiontiem (Rasmussen 1995). Agrina orhideju s€klu attistibas stadija
heksozes ir galvenie cukuri, kas uzkrajas embrija (Bradford, Nonogaki 2007).

Nepietickami ir izpétita Ca®" ietekme uz orhideju digianu. Par Ca®" ir Tpasa interese,
jo daudzas Eiropas orhidejas ir kalcifilas un aug ar kalciju bagata substrata. Kalcija jonam ir
ietekme uz Siinas membranas Ipasibam un tas mijiedarbojas ar dazadiem augSanas
regulatoriem, it Tpasi ar citokininiem (George et al. 1988). Tomeér ir maz informacijas par
s€klu reakciju uz kalcija joniem. Modific€jot orhideju barotnes, ir tendence samazinat
Ca(NOs), daudzumu no 1000mg.L" 1idz mazak par 100mg.L"'. Ir receptiras, kur
neorganisko Ca®" nepievieno vispar. Andersons (1990) pievieno nedaudz kalciju ar kalcija
pantotenatu Lucke (1971) pamatbarotng. Hipotétiski varétu secinat, ka asimbiotiskai
diedz&€sanai lieto zemakas kalcija koncentracijas, lai palielinatu Stinapvalka caurlaidibu, lai
veicinatu to digsanu, jo daba to nodroSina simbionti. Atseviski autori (Thompson, Edwards
2006) raksta par zemu didzibas procentu Disa gints orhidejam, skaidrojot to ar obligato
miera periodu, kas balstas uz seklapvalka Tpatnibam, kas nelauj barotnes piedevam biit
saskarsmé ar embriju. Pastav uzskats, ka kultivéSanas metode, kura paredz&ta vienai
orhideju sugai, var nebiit piemérota tai paSai orhideju sugai no cita regiona (Arditti 1982).

Kopuma varétu teikt, ka ir daudz pretrunigas informacijas par diedz€Sanas
apstakliem in vitro kultiiras, tom&r maz ir public€tu datu par Eiropas savvalas orhideju sugu
digstu talaku kultivéSanu in vitro.

Kultiveésanas apstaklu nodroSinasana

Orhideju kultiveésanai biezi izmanto organiskas piedevas, ka peptonu, kokosriekstu pienu,
kartupelu novarjjumu, ananasu sulu, svaigu alus raugu utt. Ta ka §tm partikas vielam ir
atSkirigs kimiskais sastavs, to pielietosana nevar dot pilnvertigu prieksstatu par atsevisko
kimisko savienojumu un jonu ietekmi uz kultivéSanas procesu. Gadijumos, kad mes
nesp&jam precizi noteikt pievienojamo vielu un tas nepiecieSamo devu, kompleksie
organiskie savienojumi var dot iesp&ju nodrosinat orhideju dzivotsp€ju un attistibu in vitro.
Loti dazada sastava barotnes orhideju diedz€Sanai publicétas H. Rasmussen monografija
(1995), bet to modificéSana un piemérosana orhideju kultivéSanai ir §1 eksperimentala
petijuma pamata. S€klu digsanas stadija Skidrajam barotn€m straujak mainas pH neka
agarizetam, ka rezultata rodas nekrozes un audi aiziet boja (Cherevchenko et al. 2008).
Eksperimentos ar Pterostylis sanguinea konstatéts, ka jasminskabe stimulgja uzkrajéjorganu
augSanu. Tas nebija noverots ar Habenaria bractescens; bet ar $o sugu stimuljoso efektu
panaca pielietojot BAP (Medina et al. 2009). Eksperimentos ar Dactylorhiza gints sugam, lai
inducétu gumu diferenciaciju, lietoja BAP kombinaciju ar NES (Medina et al. 2009).
Audzgsana in vitro dod iesp&ju izsekot katrai orhideju attistibas fazei (Jakobsone 2009) un
kontrolet argjas vides apstaklus: baribas vielu sastavu, temperatiiras reZimu, gaismas

intensitati un gaismas — tumsas rezima ilgumu (Cherevchenko et al. 2008).
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Aklimatizacija ex vitro apstakliem

Maz ir literatliras datu par in vitro iegito savvalas orhideju sugu aklimatizaciju
apstakliem ex vitro. Pétijumos par Cephalanthera falcata aklimatizaciju ex vitro (Yamato,
Iwase 2008) in vitro iegiitos augus pec izstadiSanas substrata inkubgja 4°C temperatiira 6
meénesSus, ka pirmé&jo substratu izmantoja vermikulitu. P&c §is inkubacijas augus izstadija
dabiska augtené. P&c viena gada 44,4%-iem augu attistijas vasa un dazi eksemplari ziedgja.
Péc pieciem gadiem konstatéja zemu izdzivoSanas procentu — tikai 3%. Autori to skaidro
galvenokart ar simbiozes veidoSanas problémam (Smith et al. 1997).
Gengetiskie petijumi

Liparis loeselii apputeksnéSanas veidam pieversusies daudzi pé€tnieki un vairums
uzskata, ka tas ir paSapputes (Van der Pilj, Dodson 1966; Rolfsmeier 2007), tom&r pastav ari
atSkirigi viedokli, ka L. loeselii raksturiga gan sveSappute, gan pasappute (Catling 1980 ).
Pasapputes augu populacijas veidojas no tiro liniju kopuma, un noteiktos apstaklos var
veidoties situacija, kad populacija ir genétiski vienveidiga, kas savukart samazina tas sp&ju
pielagoties. Mainoties augSanas apstakliem, tas var arT novest pie populacijas bojaejas, tadel
to populacijas genétiskas daudzveidibas saglabasana ir pasi svariga sugas izdzivoSanas
strat€gijai, seviski, ja mainas klimatiskie apstakli (Rolfsmeier 2007). Vairaki jaunakie
pétijumi L. loeslii sugas biologija, ekologija un genétika veikti tieSi Eiropa. Gené&tiska
daudzveidiba un dazadu orhideju sugu struktiira Ziemelrietumu Francija un Apvienotaja
Karaliste tika pétitas, izmantojot genomu fragmentu garuma polimorfismu (AFLPs). So
pétijumu rezultati paradija, ka pat geografiski attalas populacijas varétu bt lidzigas (Vos et
al.1995; Travis et al.1996; Juan et al 2004). Orhideju dazadu sugu genétiskas daudzveidibas
izp@tei izmanto tadus plasi pazistamas kodola DNS analizes metodes ka mikrosatelitus SSR,
RAPD, AFLPs, ka arT plazmidu DNS, mitohondrijuun hloroplastu DNS analizi, parasti
izmantojot mikrosatelitu markierus. Orhideju analizei tiek izmantota arT atsevisku DNS génu
regionu sekvencéSana, bet to izmantoSanu ierobezo augstas izmaksas. Tomér visas §is
metodes ir sugu specifiskas. Lai nakotné piclagotu metodi genétiskas daudzveidibas izpétei
ar1 citam orhideju sugam, loti nozimigi Sai darba bija izmantot jaunako, uz universaliem
praimeriem balstito metodi (Kalendar et al. 2010). Izstradata IRAP metode, kura ir plasi
pielietojama organismu evoliicijas un genétiskas daudzveidibas pétijumiem, un ir vienkarsi
ievieSama, $aja petijuma ta tika izmantota L loeselii genétiskas daudzveidibas populacijas
izpetei Latvija. Izmantotie markieri ir universali, un, veicot praimeru atlasi, iesp&jams atrast
praimerus ar augstu polimorfismu konkrétas sugas genétiskai analizei (Feschotte et al. 2002;
Schulman et al. 2004; Kalendar, Schulman 2006; Kalendar et al. 2010). Universalie
retrotranspozonu markieri atSkiras no cita veida markieriem, jo retrotranspozoni parasti ir
izkaisiti genoma, tadel tas ir labs pamats retrotranspozonu izmantoSanai ari sugu gengctiskas

daudzveidibas noteikSana (Schulman 2007). Retrotranspozonu klase atkariba no ta, vai
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mobilais genétiskais elements abos savas sekvences galos satur vienadus garos terminalos
atkartojumus (LTR—ang/u val.—Long Terminal Repeat), tiek iedalita divas apaksklasés: LTR
saturosi retrotranspozoni un LTR nesaturosi retrotranspozoni (Kubis et al. 1998; Benetzen
2000; Turcotte et al. 2001; Queen et al. 2004; Sangeeta 2010; Ragupathy et al. 2010). LTR
saturoSie retrotranspozoni kod€ pasSpavairoSanai un integracijai DNS struktiirai
nepieciesamos fermentus. Sads replikdcijas mehanisms ir lidzigs retrovirusiem ar to
atSkiribu, ka retrotranspozoni neveido infektozas struktiiras, kas atstajot Stinu infic€ citas
sunas (Havecker et al. 2004). Retrotranspozoni pa genomu parvietojas, izmantojot RNS
starpproduktus, kas ar reversas transkriptazes palidzibu pirms integracijas genoma tiek
transkribéta par DNS (Turcotte et al. 2001; Miller 2004). Ar Sadu retrotranspozonu
replikacijas veidu tiek papildinats DNS materials, ievérojami palielinot genomu. Orhidejam
raksturigs loti augsts fenolu saturs gan lapas, gan ziedos, kas apgriitina augstas kvalitates
DNS iegiisanu. DNS izdaliSanai no augiem ar augstu metabolitu saturu tiek ieteiktas dazadas
metodes (Zimmer, Roalson 2005; Frier 2005; Pillon et al. 2007; u.c.), tomér par piem&rotako
tiek atzita E. Frier 2005 gada publicéta metode DNS izolacijai [ VIII].
2. MATERIALI UN METODES
2.1. Materiali

Materialam izv€letas retas un apdraudétas orhideju sugas no Dactylorhiza, Liparis,
Ophrys un Cypripedium gintim. Zinatniska p&tijuma ietvaros laika perioda no 2007.-2011.
gadam tika veiktas ekspedicijas dazados Latvijas regionos un apsekotas septinpadsmit
savvalas orhideju atradnes pie BuSnieku ezera, OviSiem, Engures ezera austrumu piekraste
pie Lepstes, Orhideju taka Engures dabas lieguma (divas atradnes), P&terezera viga Sliteres
rezervata, Jaunciema purva Ances purvu un mezu lieguma, Silabebru ezera pie Laudonas,
Svétes ezera (Dreimanu) pussala Krustkalnu rezervata, ,,Salku” grants karjera pie AinaZiem,
dabas lieguma Kemeru nacionala parka teritorija, t. sk. trijas atrdn€s pie Kaniera ezera,
Papes ezera lieguma pie Brusvitiem, Tosmares ezera austrumu krasta un Baltezera purva pie
Brocéniem. Kopuma pétijuma izmantoti astoni orhideju taksoni: Baltijas dzeguzpirkstite
(Dactylorhiza baltica (Klinge) N.1.Orlova); Fuksa dzeguzpirkstite (Dactylorhiza fuchsii
(Druce) So6); Rusova dzeguzpirkstite (Dactylorhiza russowii (Klinge) Holub); stavlapu
dzeguzpirkstite (Dactylorhiza incarnata subsp. incarnata (L.) So0); iedzeltena stavlapu
dzeguzpirkstite (Dactylorhiza ochroleuca (Wiistnei ex Boll) Holub), ko vieni botaniki
raksturo ka atsevisku sugu, bet citi ka D. incarnata subsp. ochroleuca (Wiistnei ex Boll) P.F.
Hunt et Summerh.; L&zela lipare (Liparis loeselii (L.) Rich); muSu ofrida (Ophrys
insectifera L.); dzeltena dzeguzkurpite (Cypripedium calceolus L.).

Ka modelsuga fiziologijas eksperimentos in vitro tika izvéléta D. baltica, jo jau no
2007. gada ies€tajam D. baltica s€klam tika iegiiti in vitro augi pietiekama daudzuma, lai
varétu veikt eksperimentu sérijas. Salidzino$i ar citam sugam §i suga Baltijas regiona

17



sastopama biezak; vairuma gadijumu ta aug ka atseviski eksemplari vai neliela skaita, retak
konstatétas loti bagatas atradnes (Kuusk et al. 2003). Latvija ir bagatakais §is sugas
izplatibas regions Eiropas mérena josla (Tutin et al. 1980).

2.2.Pétijjuma metodes

2.2.1. Petijumi in situ [I; 11; V; VI]

Engures ezera austrumu dala pie Lepstes ieziméti laukumi (atradnes dabiskajas
robezas) lauka pétijumiem divam retajam orhideju sugam — O. insectifera 28m* (57°
17.190N, 23° 09.032E) un L. loeselii 19m* (57° 17.175N, 023° 08.991E), kuros 2008.~2011.
gados veikta ziedu, pogalu uzskaite un augu morfologisko pazimju fiksé$ana, novéroti
konkrétie augi un izlases veida ievakts s€klu materials ievadiSanai in vitro. Lidztekus
savvalas orhideju atradn€s augosSajiem augiem dabas teritorijas, s€klas pétjjumiem
izmantotas no ex situ esoSiem augiem NBD lauka stadijumos.

2.2.2. Petijumi in vitro
Embriju dzivotspéjas tests [IV]

Ekspediciju laika tika noverotas izteiktas atSkiribas s€klu nogatavoSanas laikos starp
populacijam dazados Latvijas regionos. Lai varétu noteikt séklu vitalitati, tika aprobéts tests
ar 1% trifeniltetrazolija hloridu (TTH) (Dixon et al. 2003) un ar to noteica embriju
dzivotsp€ju astonam sugam. Ekspozicijas laiks ar TTH + Tween 20 24h 30C temperatiira,
tumsa, ka rezultata TTH dzivotsp&jigos embrijus iekraso sarkanbriina krasa.

Dazados literattiras avotos noradits, ka $1 testa veikSanai izmantoti atSkirigi s€klu
steriliz€Sanas lidzekli: natrija hipohlorids (NaOCI) vai kalcija hipohlorids (Ca (OCl),) (Van
Waes, Debergh 1986). Embriju dzivotspgjas noteikSanai Saja testa tika izmantota S§is
metodes modifikacija: metodé minétais séklu pirmapstrades Skidums tika aizstats ar CI
saturosu sadzives dezinfekcijas lidzekli ACE koncentréta veida un atSkaidijuma ar destileétu
tideni 1:2. Ekspozicijas laiks— 7, 10, 15, 20 un 25 minites. Eksperimentala cela tika
precizéts optimalakais séklu apstrades laiks un Skiduma koncentracija dazadam orhideju
sugam, lai maksimali saglabatu seéklu digtsp&ju. Péc sterilizacijas s€klas filtrpapira diskos
skalotas 3 reizes sterilizéta destiléta tideni pa 5 miniit€m, bet ceturta skaloSanas reize atstatas
merceties Iidz divam stundam. legiitie paraugi rezultatu noverteéSanai tika apskatiti
mikroskopa, saskaititi dzivotspgjigie embriji, kas iekrasoti sarkanbriina krasa, un aprékinats
embriju dzivotspgjas procents attieciba pret kop&jo s€klu daudzumu izveletaja redzeslauka
sektora. Darba izmantots mikroskops Carl Zeiss — SteREO Discovery V8, kas aprikots ar
digitalo kameru AxioCam Mrc5 att€lu iegiisanai, dzivotsp&jigo embriju skaitiSanai
izmantota lupa MBC1.

Séklu sterilizéSana un ievadiSana in vitro [I; 11; 111; 1V]
SéSanai sterilajas kultiiras izmantotas dalgji nobrieduSas s€klas dazadas gatavibas

stadijas (s€klas baltas, nav atdalijusas no placentas; seklas baltas, birstosas; s€klas
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krémkrasas lidz viegli brinam) un ari pilniba nobriedusas s€klas. Nobriedusas seklas
steriliz€ja ar Cl saturoSu sadzives dezinfekcijas lidzekli ACE koncentréta veida vai
atSkaiditu ar destiletu, sterilizetu tideni (1:2); sterilizacijas laiks 7-25 miniites. NepiecieSamo
sterilizacijas rezimu katras sugas séklam noteica eksperimentali. Inicialo un kultivéSanas
barotnu eksperimentiem izmantotas pamatbarotnes: Fast (1974); Norstog un Van Waes
(citéts pec Rasmussen 1995) un to modifikacijas (NBD laboratorijas dati), kas pielagotas
atskirigam orhideju sugam. S€$anu veica gan uz filtrpapira tiltina mégenés ar skidro barotni,
gan uz agarizétas barotnes ar samazinatu agara saturu — 0,3%. Skidro barotni laika gaita
papildinaja ar atseviski sagatavotu barotni, bet otraja variantd uz agariz€tas virsmas pilinaja
atSkaiditu barotni mitruma nodrosinasanai. Ja seklas bija dalgji nobriedusas un pogala nebija
mikroplaisu, pogalu steriliz€ja, iemercot 96% etanola un aizdedzinot, jo pogalas iekSpuse ir
sterila. Pilniba nogatavojusas s€klas steriliz&ja salocitos filtrpapira diskos, skaloja 4-5 reizes
sterila destiléta tiden1 (pédeja skalojama tident atstajot uz 2h). Atvertus sterilos filtrpapira
diskus novietoja kultivEjamos traukos uz agariz€tas barotnes virsmas, periodiski sterilos
apstaklos pievienojot skidumu ar dazadam organiskam vielam, lai veicinatu digSanu.
Kultivésana in vitro [11; 111; V]

Kultivéjamos traukus ar uzs€tam s€klam novietoja tumsa 23-25 °C. Kad seklas
uzdiga un protokormi sasniedza aptuveni 1-2 mm diametru, tos parstadija uz kultivéSanas
barotném un atkal novietoja tumsas rezima. Ik nedelu tika parskatiti uzs€jumi in vitro, lai
konstatétu uzdigusos eksemplarus, regulari parliekot audzinus uz jaunam barotné€m atbilstosi
to attistibas fazei, ka ar1 nepiecieSamibas gadijuma (barotnei laika gaita izzustot) papildinatu
baribas vielas ar Skidro barotni. Kad digstiem izveidojas saknes, kultivgjamos traukus
parvietoja gaismas kamera ar dienas gaismas spuldzém gaismas — tumsas reZima (16h
gaisma/8h tumsa). Laika gaita izlases veida vizuali lielakos un spécigakos augus ievietoja
tumsas rezima aukstuma kamera 5°C; maksimalais ekspozicijas laiks 11dz 5 méneSiem.

Lai konstatétu barotnu piedevu ietekmi uz auga attistibu, veikta eksperimentu sérija,
ka pamatbarotnes izmantojot Fast (1974) (A varianti) un Van Waes (citéts péc Rasmussen
1995) (B varianti) receptiiras, kopa 20 variantos, ka modelobjektu izveloties D. baltica:

° RE - 0; 0,5, 1; 1,5 un 2 g.L'1 (A-1) vai kopa ar BAP, 0,2 mg.L'l , kas

pievienots katram variantam ar RE (A-2).

. BAP — 0; 0,1; 0,2 un 0,3 mg.L" (B-1) vai kopa ar IES, 0,05 mg.L" (B-2)

katra varianta ar BAP.

. MT -0,1; 0,2 un 0,3 mg.L" (B-3).

Eksperiments ilga 1,5 méneSus. Rezultatus izvertéja pec §adiem parametriem: saknu
skaits, kopgjais saknu garums, jauna dzinuma iniciacija, barotnes nokrasosanas pakape (no 1
lIidz 5 ballem), auga nekrotizéSanas pakape (procentuali no auga), kop&ja auga vitalitate (no

1 lidz 5 balleém). Dati analiz&ti izmantojot SPSS 17 programmu. Ta ka miisu eksperimenta
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dati neatbilst standarta SPSS 17 programmas sadalfjumam, tika izmantotas neparametriskas
metodes. Vispirms ar Kruskal-Wallis testu tika salidzinatas visas paraugkopas, no kuram
atlasitas tas paraugkopas, kuras uzradija biitisku atskiribu péc konkrétiem parametriem. Sis
atlasitas paraugkopas talak tika salidzinatas ar Manna-Vitnija U-testu. Gala rezultata tika
veikts Pirsona korelacijas izvertgjums, lai parbauditu, ka paraugkopas atSkiras péc konkréta
parametra — korel@ pozitivi vai negativi [V].

Lai noverstu augu nekrozes, ko nevargja noverst pievienojot barotnei AO, més sakam
izstradat arT citas metodes, lai atrisinatu So problému. Pirmie eksperimenti tika veikti ar
paaugstinatam Ca’" devam kultivésanas barotnds D. baltica, izmantojot kalcija glukonata
monohidratu (Ci,H,Ca0y4 x H,0) [V].

2.2.3. Aklimatizacija ex vitro [V]

2007. gada in vitro ievaditas modelsugas D. baltica iegitos regeneratus izstadija
substrata 2009. gada maija 6 dazados substrata variantos. Kastites, parsegtas ar agroplévi,
kas aiztur mitruma iztvaikoSanu, novietoja plauktos zem dienas gaismas spuldzém. Visu
substratu pH Iimeni stabilizgja Iidz pH 6,8 kalkojot.

1. grants : substrats no plavas, kur aug orhidejas : priezu mizu mulca (1:1:0.5);

2. substrats Nr. 1, segts ar meza augsni no dal&ji satrid&jusam lapam;

3. substrats Nr. 1, segts ar plavas augsnes un priezu mizu mul¢as maisijumu (1:1:1);

4. velenzemes un lapu komposts : dalgji sadalijies augu dalu slanis zem sfagniem (1:3);

5. veleénzemes un lapu komposts : dalgji sadalijies augu dalu slanis zem sfagniem (1:5).

6. velénzemes un lapu komposts : dal&ji sadalijies augu dalu slanis zem sfagniem (1:5).

Variantos Nr.1-5 in vitro augus izstadija no kultivéSanas telpas ar 23—-25°C un 16h
apgaismojuma un 8h tumsas rezZima. Varianta Nr. 6 in vitro iegitie augi tika staditi ex vitro
pec 5 ménesu ekspozicijas 5°C tumsa. P&c meénesa kastes ar ex vitro iestaditajiem augiem
parvietoja atklata lauka apstaklos. Papildméslojums netika lietots. Variantus (1.3; 2.1; 2.2;
2.3; 3.1; 3.2; 4.1; 4.2; 5.1; 6.1) novért§ja 2009. gada septembri (10.att.) pe€c Sadiem
raditajiem: saknu skaits vienam augam, gumveida saknu skaits vienam augam (anglu val. -
droppers), gumu skaits vienam augam, augu kop€ja masa (g). legiitos rezultatus apstradaja
ar PC-ORD 5.0 programmas daudzdimensijas Klastera analizes metodi. P&c noverteésanas ex
vitro aklimatiz&tos D. baltica augus no visiem 6 aklimatizacijas izm&ginajuma variantiem
2009. gada septembr1 parstadija NBD teritorija 3 variantos: kultivéta dobe (1.), mitra plava
dika mala (2.), mitra plava, kura aug orhidejas no Dactylorhiza gints (3.). Pedgjie divi
varianti tuvinati in situ apstakliem. Sajos variantos stadijumiem apvérsa plavas velénu,
sakapaja, parklaja ar nelielu kiidras slani. Vienlaicigi tika nemti paraugi augsnes analizém.
2010. un 2011. gados apsekoja parziemojusos augus, registréja to izdzivotibu un raksturoja

attistibas Tpatnibas visa vegetacijas laika.
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2.2.4. Mikorizas pétijumi [I11;V]

Mikorizas noteikSanas metodi apguva 2008. gada, izmantojot D. fuchsii saknu
paraugus (8 biologiskie atkartojumi). D. baltica saknu paraugus (6 biologiskie atkartojumi)
ievaca no katra aklimatizacijas eksperimenta dazadiem substrata variantiem péc 5 m&nesiem
no eksperimenta uzsaksanas (2009. gads). D. fuchsii saknu paraugus fiks€ja ar FEE Skidumu
— 37% formalins, ledus etikskabe, 96% etanols, destiléts tdens (10:5:50:35, v/v/v/v).
Vispirms FEE fiks€tos paraugus pakapeniski atiidenoja ar etanola un terc-butanola
Skidumiem, p&c tam veica histovaska infiltraciju tajos (Ruzin 1999). Anatomiskos
Skersgriezumus (25um) pagatavoja ar rotacijas mikrotomu (Leica RM 2145).
Deparafinesanu veica ar ksilola un etanola Skidumiem un griezumus krasoja ar astra zila un
safrantna maisijumu (astra zilais 0,5% etikskabg : safranins Gident, 5:1, v/v) (Braune et al.
1999) un toluidinzilo krasu (Norriss et al. 1994). P&c krasoSanas griezumus atiidenoja ar
etanola un ksilola §kidumiem un ieslédza Kanadas balzama (Ruzin 1999). D. fuchsii un D.
baltica saknu mikorizas simbiontu noteikSanai izmantoja Hayman (1970) metodi. Vispirms
saknu fragmentus noskaloja teko$a krana tideni, tad 1h kars€ja 10% KOH skiduma. P&éc tam
saknes noskaloja tekoSa krana tident un krasoja ar 0,05% triptanzilo krasu (5min). Saknes
uzglabaja lakto-glicerola (pienskabes, glicerina un destiléta tidens maistjums, 1:1:1, v/v/v).
Mikorizas intensitati (M%) un mikorizas struktiiru sastopamibas biezumu (F%) visa saknu
sisttma izrékinaja izmantojot datorprogrammu “Mycocalc” (Trouvelot et al. 1986).
Preparatus apskatija un veica fotograféSanu ar gaismas mikroskopu Leica DM5500B, kas
aprikots ar digitalo kameru Leica DFC490; ar fotoaparatu Canon PowerShot S70.

2.2.5. Liparis loeselii genétiskas daudzveidibas noteikSana [VII; VIII]

Gengtiskam analizém L. loeselii paraugi (lapu dalas 10mm x 10mm no lapam bez
redzamiem insektu bojajumiem) ievakti 2010. gada jiinija m&nesI un julija pirmaja nedela.
Kopuma tika ievakti 54 paraugi no 9 dazadam atradném (1.att.).
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1. attels. Paraugu nemsanas vietas 2010.gada Liparis loeselii populacijas genétiskas
daudzveidibas izpetei :1.-Engure Orhideju taka (OT); 2.-Engure; 3.-Kaniera ezers; 4.-
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Kaniera ez. dabas taka (NT); 5. “Salkas” grants karjers; 6.- Silabebru ezers; 7.- Biisnieku
ezers; 8.- Dreimanu ezers; 9.-P&terezera viga.

L. loeselii lapu dalas ievietoja plastikata Petri platés ar destilétu tideni samitrinatos
filtrpapira diskos un uzglabaja vésuma lidz 10°C. Divu Iidz Cetru stundu laika paraugus
nogadaja LU BI Augu genétikas laboratorija. Paraugus Zavé&ja termostata 45°C/16h. Lai
pasargatu izkalt€tos paraugus no telpas mitruma, Petri plates papildus noslédza ar polietiléna
plévi un uzglabaja tumsa istabas temperattra.

Izdalita DNS no izkaltetam lapam (51 paraugs) un no zalajam lapinam (3 paraugi),

kas nemtas no NBD Augu valsts biologiskas daudzveidibas in vitro saglabasanas nodala
izaudzetiem L. loeselii augiem (s€klas ievaktas no atradnes P&terezera viga Sliteré un
ievaditas in vitro 2008. gada). Veikti pieci DNS izdaliSanas atkartojumi, izmantojot divas
atSkirigas DNS izdaliSanas metodes - Saghai-Maroof (1984) metode un modificéta Friar
(2005) metode (Belogrudova et al. 2012) [VII].
DNS koncentracijas noteikSanai tika izmantotas divas spektrofotometriskas metodes DNS
koncentracijas noteikSanai ar Thermo Nanodrop -1000 un Ependorf BioPhotometer. Talakai
analizu veik$anai tika atlasiti paraugi ar DNS koncentraciju 6,0-187,0 ng.uL" un noteikta
DNS kvalitate ar agarozes gela elektroforézes metodi. DNS kvalitate tika noteikta ar
agarozes g€la elektroforézes metodi (agarozes g€la koncentréacija 1,5% un stravas stiprums
70V, elektroforézes laiks 1h 30 min.). G€lu ievietoja 1XTAE bufera Skiduma peld€, kuram
pievienota krasviela — 20ul.L" efidija bromida 10% $kidums, krasosanas laiks 40min.
maisiSanas rezima, péc kuras paraugus parlika destileta tidens peldé 10min. maisiSanas
rezima. Gelu apgaismoja ar UV Itec Limited STX-20.M iekartu, kas aprikota ar digitalo
kameru, lai iegtitu attelus.

PCR kvalitates noteikSanai tika izveleti 18 universalie retrotranspozoni no Kalendar
(2010) kolekcijas, kuri citam augu sugam uzradijusi lielako polimorfisma limeni. PCR
produkta iegtiSanai ar Gene Amp® PCR System 9700 iekartu izvélgjas un uzstadija
programmu ar 30 cikliem: denaturacija 95°C/3min., kam sekoja 30 cikli secigi atkartojoties
(denaturacija 95°C/40s , markieru pielipsana 50°C/40s un elongacija 68°C/60s , cikla beigu
elongacija 72°C/10min. un mérc&Sana 4°C. Katra plates ailite iepilda kop&jo darba tilpumu
25ul: 4pl DNS parauga un 21ul MIX; kontroparaugs ar 4pl destilétu un dejonizetu (d.d.)
tdeni [VI]. Pé&c PCR veikSanas iegltie DNS pavedieni tika analiz&ti ar agarozes gg€la
elektroforézes metodi, katra PCR plates ail€, pie esoSajiem 25ul PCR produkta pievienojot
Sul krasvielu (6xMass Loading Gel Solution). Agarozes géla koncentracija 3% un stravas
stiprums 70V, elektroforézes laiks 5h 30min.. Gelu ievietoja 1xTAE bufera $kiduma peldg,
kuram pievienota krasviela — 20ul etidija bromida 10% Skidums, krasosanas laiks 40min

maisiSanas rezima, péc kuras paraugus parlika destileta Gidens peldeé 10min. maisiSanas
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rezima. Gelu apgaismoja ar UV Itec Limited STX-20.M iekartu, kas aprikota ar digitalo
kameru, lai iegiitu att€lus. L. loeselii populaciju analizei tika izveleti divi polimorfi praimeri.
legiitie rezultati analizeti ar datu apstrades programmam (POPGENE 1.31. un NTSY Spc
2.1) L. loeselii genétiskas daudzveidibas noteiks$anai [VIII].

3. GALVENIE REZULATI UN DISKUSIJA

3.1. Pétijumi in situ [I;11;V;VI]

Lauka pétijumos veikta atSkirigu biotopu apsekoSana ar merki novertet reto orhideju
sugu vitalitati dazados biotopos, lai sagatavotos petljumiem ex sifu un izvEletos
kvalitativakos augus s€klu ievakSanai un ievadiSanai in vitro no atSkirigiem biotopiem, ka art
materiala iegtiSanai genétiskam analizém.
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2. attels. Ophrys insectifera (1. apdraudetibas kategorija) un Liparis loeselii (3.
apdraudétibas kategorija) augu, ziedu un nobrieduso pogalu uzskaite divas orhideju
atradn€s Engurg pie Lepstes.

Laika posma no 2008. lidz 2011. gadam lauka pé&tijumos Enguré pie Lepstes
uzskaitito O. insectifera un L. loeselii individu, ka arT to ziedu un pogalu skaits pa gadiem ir
strauji samazinajies (1.att.), kas varétu liecinat par nelabveligu vides faktoru ietekmi uz
orhideju sugam $aja biotopa (ES nozimes aizsargdjama biotopa grupas apzim&jums—7230;
Latvijas biotopa klasifikators: C.2.1.12.) (Aunins$ 2010). Kalkainie zalu purvi ir pasi sugam
bagati un Latvija rets biotops ir kalkainie zalu purvi ar riisgano melnceri (Schoenus
ferrugineus) un dizo aslapi (Cladium mariscus), kuras ir sastopamas visas trijas Engures
orhideju atradn@s, un ir Tpasi aizsargdjami biotopi gan Latvija, gan Eiropa. ST tipa biotopi
parasti ir saistiti ar avotu tuvumu un tiem raksturigi mineralvielam bagati, biezi vien
karbonatus saturosi tideni, kuri ienes arT smiltis. Atkariba no ta, kadi avotu tideni izpliist — ar
dzelzi, kalki vai s€ru, veidojas vegetacija, kas atSkiras no pargjas purva dalas. Iesp&jamo
avotu nogulumu uzkrasanas vietas pastavigi palielinatad mitruma d€] notiek ar1 kiidras slana
uzkrasanas (Pakalne u.c. 2008). Saja laika posma tika novérots, ka ari O. insectifera sugai
samazin3jas augu un ziedu skaits (2.att.). Pogalas aizmetas, bet atSkiriba no L. loeselii
nenobrieda, jo auga virszemes dalas dazu ned€lu laika nekrotiz&jas infic€joties ar

patog€niem mikroorganismiem, kas, iespgjams, ir skaidrojams ar nokriSnu daudzuma
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palielinaSanos pogalu nobrieSanas perioda julija beigas un augusta sakuma [VI]. Konkr&tas
sugas dabiskais areals vairak ir saistits ar Vidusjiras piekrastes klimatu, kur vasaras ir
karstas un lielakoties sausas. Lidz Sim O. insectifera apdraudétiba zinatniskaja literatiira
skatita apputeksnétaju (Vandewoestijne et al. 2009; Gutowski 1989; Louis 1992) un
apgaismojuma izmainu konteksta (Dorland, Willems 2002; 2006), lidz ar to masu p&tjjumi
par klimata ietekmi uz $o sugu un iegtie pirmie rezultati ir jauzskata par novitati [VI]. Lai
detalizéti skaidrotu iemeslus O. insectifera apdraudétibai Latvija, ir nepiecieSami $o datu
salidzinajumi vairaku gadu laika. Literatiira minéts, ka orhidejas jaunu biotopu ienem
efektivak, tiklidz notikusi kolonizéSanas ar simbiontiem, kas kalpo jauno digstu apgadasanai
ar nepiecieSamam baribas vielam (Nara, Hogetsu 2004). Zinatnieku novérojumi liecina, ka,
pieméram, C. calceolus var sekmigi ienemt jaunu biotopu, kur§ ir izmainits cilveku
saimnieciskas darbibas rezultata (Shefferson, Kull 2007). Peétijumi ar vairakam orhideju
sugam paradijusi, ka orhideju mijiedarbiba ar simbiontiem kalpo augu vides stresa
parvaréSanai (McCormick et al. 2004; Otero et al. 2002; Otero et al. 2004), kas palidz
augiem pielagoties vides apstaklu mainai (McCormick et al. 2006). Misu pétijumos ar L.
loeselii konstatéts, ka ,,Salku” grants karjera pie AinaZiem populacija sekmigi ienémusi
jauno biotopu, kas sacis veidoties tikai no 1994. gada, kad tika izveidota ST grants ieguves
vieta. Konkréta gadijuma jasecina, ka populacijas attistibu ir sekmégjis viss apstaklu
komplekss — pietiekoSs apgaismojums, mitrums, u. c. faktori.
3.2. Petijumi in vitro
Embriju dzivotsp&jas novertésanas rezultati [IV]

Embriju dzivotsp&jas tests uzsakts 2009. gada, aprob&ts NBD Augu valsts
biologiskas daudzveidibas in vitro saglabasanas nodala un izmantots praktiski, lai:

1. parbauditu s€klu dzivotspgju noteikta populacija pa gadiem;

2. veiktu kontroles testu laboratorijas apstaklos modific€tajam inicialajam

barotn€m par to piemerotibu konkrétajai orhideju sugai.
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3. attéls. Ar TTH iekrasotie dzivie embriji: A—Liparis loeselii (garuma nogrieznis atbilst

200 um); B—Cypripedium calceolus (garuma nogrieznis atbilst 0,5 mm).

Embriju dzivotsp&jas tests ]ava iepriekS prognozet s€klu iesp&jamo vitalitati no
konkréta s€klu materiala pirms ievadiSanas in vitro (3.att.). legltie rezultati liecingja, ka
embriju dzivotspgja katrai sugai atSkiras gan p&c ievaksanas vietas un laika, gan arT dazados
gados. Tests kalpoja ar1 uzglabato séklu dzivotsp€jas parbaudei un tika konstatéts, ka L.
loeselii s€klas, kuras tika ievaktas 2009. gada rudeni, uzglabajot noslégta trauka 4°C
temperattra, arT peéc gada nezaud€ja embriju dzivotsp&ju (30%). Literatira minéta TTH testa
veikSana seklas pirmapstrades, resp., sterilizé€Sanas ilgums ar 5% Ca(OCl), + 1% Tween 80,
katrai sugai bija atSkirigs — robezas no 8min. Iidz 1 stundai, lai sekmigi biitu izbalinajies
s€klapvalks, bet embrijs vél biitu dzivs. C. calceolus s€klu nepiecieSamais pirmapstrades
laiks— 25min., D. incarnata— 16min. (Van Waes, Debergh 1986). Miisu eksperiments par
nepieciesamo s€klu izbalinasanas ilgumu, lai ta rezultata embriji saglabatu savu dzivotspgju,
bija pielietojot ACE skidumu (1:2) L. loeselii 10min., D. ochroleuca 10min.; koncentréta
ACE skiduma - C. calceolus 12—15min., O. insectifera 10min.. Liela nozime eksperimentala
darba pieredzei ar orhidejam bija, veicot izm&ginajumus in vitro ar dazadu séklu gatavibas
pakapi. Mainigo klimatisko faktoru ietekmé dazados Latvijas regionos tika novérotas
izteiktas atSkiribas s€klu nobrieSana starp populacijam. Ekspedicijas ievaktais s€klu
materials ievadiSanai in vitro liecinaja par dazadu s€klu gatavibas pakapi viena laika:
2008.gada pie BusSnicka ezera L. loeselii s€klas vel bija saistitas ar placentu tai laika, kad
Krustkalnos s€klas bija pargatavojusas, birstoSas, ar labi attistitu s€klapvalku [II; IV].
Embriju dzivotspéjas tests lava kontrolet ievakto seklu digSanas rezultatus in vitro.
Aseptiska seklu ievadiSana in vitro [;1ILITIV]

Eksperimentali noteica nepiecieSamo s€klu sterilizéSanas laiku pirms s€Sanas in vitro
un ACE s$kiduma koncentraciju dazadam orhideju sugam, kas bija tads pats ka embriju
dzivotsp€jas testa, lai nodroSinatu sterilitati un vienlaicigi maksimali saglabatu embrija
dzivotsp&ju: neatSkaidita dezinfic€josa ACE steriliz€§ja C. calceolus 12—15min., O.
insectifera 10min.; 50% ACE atSkaidijuma— C. calceolus— 25min., pargjas sugas— 10min..
Literatiira minéts, ka atsevisku sugu s€klapvalks var satur€t kutinu, suberinu, dazadus
polisaharidus, veidojot “brunas” (anglu val. - carapace) (Rasmussen 1995). Tas var radit
nopietnu problému $adu se€klu diedzesanai in vitro kultiiras. M@rcgjot izveleto optimalako
laiku koncentréta ACE Skiduma, vienlaikus tika panakta C. calceolus un O. insectifera s€klu
steriliz€Sana un s€klapvalka skarifikacija. Ka viens no digSanas bremzgjosiem faktoriem ir
s€klapvalka esosa ABS, kura darbojas ka inhibitors (Van Waes 1984, citéts peéc Rasmussen
1995). Miisu pétijumos, lai izskalotu seklapvalka esoso ABS, s€klas papildus tika turétas 2h
sterila destileéta tdeni. legiistot s€klu fotografijas mikroskopa, bija iesp&jams seklapvalka
“brunas” nofikset ar1 vizuali (4.A att.). C. calceolus $ada s€klapvalka struktiira nebija
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novérota (4.B att.). Sakotngji izmantojot $kidras barotnes un séSanu uz filtrpapira tiltiniem
mégenés, kad neatverusas pogalas steriliz€ja iemércot 96% etanola un aizdedzinaja,
nodroginaja to pilnigu sterilitati [I; IT]. So metodi pielietoja dal&ji nobrieduso seklu izsésanai
sterilajas barotnés bez agara. Skidras barotnes deva iesp&ju baribas $kidumu papildinat vai
ar1 filtrpapira tiltinu ar séklam parvietot mégenés no jauna pagatavotajas barotnés. Tacu Sai
metodei konstatéti ar1 trikumi: dal&ji nogatavojusas séklas var nesanemt pietickosu baribas
vielu un fiziologiski aktivo vielu daudzumu, kas katrai sugai nepiecieSams to sakotn&ja
attistiba. Turklat, ka literatira minéts, Skidrajam barotném straujak mainas pH neka
agarizétajam, ka rezultata rodas nekrozes un audi aiziet boja (Cherevchenko et al. 2008).
Tadel darba gaita tika izstradata jauna s€klu ievadiSanas metodika, kad pilnigi nobriedusu
s€klu steriliz€sanu veica filtrpapira diskos, kurus novietoja uz agariz€tdm inicialajam
barotném. Ari sadi ievadot in vitro, bija iesp&jams filtrpapira diskus dalgji pasargat no

izzuSanas, periodiski samitrinot tos ar atSkaiditu barotnes Skidumu.

4. attels. Orhideju seklas: A—Ophrys insectifera seklas no NBD. Sékla ar labi attistitu
embriju (kreisa pus€) un neattistitu embriju (laba puse). Seklapvalks ar izteiktam
“brunam” ta $iinas (garuma nogrieznis atbilst 150 um). B—Cypripedium calceolus
sekla ar atskirigu s€klapvalku (garuma nogrieznis atbilst 150 pum).

Izméginot Van Waes un Debergh (1986) pamatbarotni ar un bez AO ka adsorbenta
s€klu diedzesanas barotnés, tika noskaidrots, ka AO pievieno$ana samazinaja uzdiguso augu
skaitu (5.att.). Tas norada, ka in vitro kulturas iniciacijas faz€ adsorbenta klatbiitne nav

ieteicama.
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5. attels. Dactylorhiza baltica s€klu digsana uz Van Waes et al. 1986 pamatbarotnes (AO —
ar aktivo ogli, VW — bez aktivas ogles) laika posma no ievadiSanas in vitro 2007.
gada 9. novembri.

Visu orhideju sugu s€klas diedz&ja tumsa un atseviskos gadijumos digSana ilga pat
vairakus gadus, tad€] bija svarigi izsekot, lai kultivéSanas trauki neizzust. Miisu pétijuma
rezultati paradija, ka s€klu digSanas stimuléSanai, ka arT mitruma nodro$inaSanai (sakotngjos
eksperimentos disku virsma ar s€klam papildus tika mitrinata ar sterilu destilétu tdeni)
metodes nomaina uz modificetas Skidras barotnes pievienoSanu bija efektiva, bet
laikietilpiga (1 reizi /1-2 méneSos, s€klu digSanas inici€Sanas perioda lidz pat 5 reizém).
Salidzinot ar epifitiskajam orhidejam, kuru uzdigSanai nepiecieSama gaisma (Augu valsts
biologiskas daudzveidibas in vitro saglabasanas nodalas dati), zemes (anglu v.—terrestrial)
orhidejas labak digst tumsa (Rasmussen 1995). DigSanu veicinoSais galvenais faktors
dazadu merena klimata joslas augu sugam ir vides temperatiira, kas ietekmé seéklu miera
perioda partrauksanu (Necajeva 2012, u.c.). Fizisko miera perioda ilgumu var partraukt vai
samazinat arT mehaniska vai kimiska ietekme (Baskin 1998). Viens no faktoriem var but ar1
laiks: C. calceolus s€klas, kas bija iesétas in vitro, saka digt péc 2—3 méneSiem, bet atsevisku
s€klu digSana bija noverojama lidz pat 2 gadiem (Jakobsone 2009). Miisu eksperimentos
konstatéjam digSanu barotn€s bez apstrades ar pazeminato temperatiiru; bitiska loma bija
aminoskabém, bet citokintnu pievienoSana visam sugam nebija nepiecieSama.
Eksperimentala cela ir izdevies aprobét metodiku ievadiSanai in vitro se$am no astonam
petamajam orhideju sugam: D. baltica, D. fuchsii, D. russowii, D. ochroleuca, L. loeselii, C.
calceolus.

AugSanas un attistibas nodrosinasana in vitro [1II11;V]

Augu ekofiziologija ir eksperimentala zinatne, kas péta fiziologiskos mehanismus,
kuri ir ekologisko pétijumu pamata (Lambers et al. 2008). Apsekojot biotopus un vadoties
no literatliras par in situ pétijjumiem, ir méginats §is zinasanas izmantot augu attistibas
nodroSinaSanai in vitro apstaklos. Svarigakie faktori kultivéSanai ir barotnes makro- un
mikroelementu sastavs, vides pH, gaismas-tumsas rezZims un temperatira (Mitrofanova
2011).

KultivéSanas barotnes
Katrai auga attistibas stadijai tika pielietotas atSkirigas barotnes un to modifikacijas.

Organisko piedevu noteikSana barotné€s ir komplic€ta, pie tam eksiste atSkiribas katrai seklu

populacijai un pat katras séklas prasibas pret kimiskiem reagentiem (Rasmussen 1995), kas

misu gadijuma tika piemekl&tas un noteiktas eksperimentala cela, modificgjot literatiira
publicétas pamatbarotnes. Viens no in vitro svarigakajiem nemainigajiem nosacijumiem ir

barotnes pH un barotnes konsistence (Mitrofanova 2011). Ir atSkirigi viedokli par
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fitohormonu pievienoSanu inicialajas barotngs, piemeram, bija konstatets, ka kinetmns
inhibgja gan protokormu, gan rizoidu veidosanos (Hadley 1970). Wotavova-Novotna (2007)
pieradija, ka auksini veicinaja saknu veidoSanos, bet citokinini pastiprinaja dzinumu attistibu
un Stnu daliSsanos dazam Dactylorhiza sugam. In vitro augu virszemes dalu attistibu
klasiskaja varianta nodroSina citokininu un auksinu attieciba, kas vairakas reizes parsniedz
1:1, t. i., tiem taksoniem, kam fitohormonu piedeva ir nepiecieSama. Vejsadova (2006)
publicgjusi eksperimentu rezultatus, kas paradija normalu attistibu zemes orhideju sugam
Dactylorhiza incarnata subsp. serotina un D. maculata subsp. maculata, pievienojot
kultivéSanas barotnei IES un zeatinu attiecigi 1,43uM un 0,72uM, kas aptuveni atbilst 0,25
un 0,15mg.L™", bet apsaknoSanai 1,34pM NES kopa ar 1,11uM BAP. ApsaknoSanas
eksperiments autorei ildzis 12 m&nesus. Savukart miisu p&tijumi liecinaja, ka Dactylorhiza
gints sugas digstot veido sakni un talaka auksinu pielieto$ana nebija nepiecieSama; turpmaka
kultivéSanas procesa vecas saknes pamazam atmira un veidojas jaunas. Ari daba parsvara
saknes zemes orhidejam katru gadu veidojas no jauna un vecas atmirst (Smith, Read 1997).
Misu nodalas pétijumos konstatéts, ka D. fuchsii sakotngji vargja kultivét uz barotném bez
augSanas regulatoriem, tuberidiju un saknu veidoSanos novéroja jau péc 3—6 méneSiem no
digsanas sakuma (Jakobsone 2008). Savukart eksperimentalos p&tijumos ar C. calceolus pec
3—6 ménesu inkub&Sanas tumsa 5°C temperatlira in vitro ar citokininu (BAP, kinetinu vai
zeatinu) pievienoSanu barotné€m tika iegiiti C. calceolus augi, kurus péc 4-5 menesiem
izstadija ex vitro (Klavina et al. 2009). Jasecina, ka dzinumu attistibai fitohormoni citokinini
nebija nepiecieSami, ja Sie augi domati parstadiSanai ex vifro; fitohormoni bija japievieno
barotnei, lai uzturétu dzinumu ilgstosi juvenila stadija, ka arT jaunu dzinumu veidoSanas
ierosinasanai. Musu pétjjumi velreiz apliecina to, ka katrai orhideju sugai japieméro
atSkirigas kultivéSanas metodes. Eksperimentu rezultati ar D. baltica paradija, ka jaunu
dzinumu iniciaciju vargja iegit ar fitohormonu kombinaciju 0,2mg.L"' BAP + 0,05mg.L"
IES (6.A att.), bet kultivéSanas laika bija sakusies barotnes krasoSanas, kas vélak izraisija
auga nekrozes. Ar 1,5g.L"' RE piedevu Fast (1974) barotnei dala dzinumu juvenilizgjas, un

p&c nakosas parstadisanas in vitro dazi no tiem veidoja jaunus dzinumus (6.B att.).
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6. attels. Dactylorhiza baltica pec 1,5 ménesu kultivéSanas in vitro: A—pamatbarotnei (Van
Waes, Debergh 1986) pievienots 0,2mg.L”" BAP + 0,05mg.L”' IES, uz saknes
izveidojies jauns dzinums; B—pamatbarotnei (Fast 1974) pievienots 1,5g.L" RE,
dzinuma attistibas faze pirms proliferacijas; C—pamatbarotnei (Fast 1974) pievienots
1,0g.L" RE, dzinums ar labi attistitu tuberidiju un vitalitates novértgjumu (4,5
balles).

Izvertgjot auga vitalitati, labako rezultatu uzradija variants, kam Fast (1974)

pamatbarotn@ bija pievienots 1g.L”" RE (6.Catt.). Literatiira noradits, ka RE satur vitaminus

un 10% aminoskabes (Rasmussen 1995), un Sie slapekla organiskie savienojumi orhidejam

ka simbiotiskajiem augiem ir vieglak uzpemama forma neka slapekla neorganiskie

savienojumi. Pievienojot barotnei RE, nebija noverotas saknu un gumu nekrozes $aja

eksperimenta. Savukart fitohormona MT pievienoSana barotnei nebija ieteicama D. baltica

barotnés, jo eksperimentos veidojas vidgji 25% saknu un gumu nekrozes, kaut gan MT

stimulgja jaunu dzinumu veidoSanos.D. baltica eksperimentu datu matematiskas apstrades

rezultati, izmantojot SPSS 17 programmu, apkopoti 1. un 2. tabula [V].

1.tabula. BAP un rauga ekstrakta (RE) ietekme uz D. baltica auga kvalitates raditajiem in
vitro (pamatbarotnes Van Waes, Debergh 1986 modifikacija), piemerojot Kruskala — Volisa

testu.
*)Kruskala Saknu Proliferacijas Jauns Saknu | Ieprieksgja
Volisa tests | Tuberidijs | skaits | Vitalitate | koeficients | dzinums | Nekrozes | garums barotne
Chi-Square 12,429 9,215 14,379 10,186 20,169 16,481 7,425 4,449
Asymp. Sig. 0,190 0,418 0,109 0,336 0,017 0,057 0,593 0,879

*) Kruskala Volisa testa raditaji

2.tabula. Fitohormonu BAP, MT un IES ietekme uz D. baltica auga kvalitates raditajiem in
vitro (pamatbarotnes Fast 1974 modifikacija), piemérojot Kruskala — Volisa testu.

*)Kruskala Saknu Proliferacijas Jauns Saknu | Ieprieksgja

Volisa tests | Tuberidijs | skaits | Vitalitate | koeficients | dzinums | Nekrozes | garums barotne
Chi-Square 6,861 6,072 20,496 14,427 8,339 17,233 3,154 18,300
Asymp. Sig. 0,652 0,733 0,015 0,108 0,500 0,045 0,958 0,032

*) Kruskala Volisa testa raditaji
Paraugkopas butiski atSkiras, ja Asymp. Sig. = 0,00<0,05, tadel Van Waes, Debergh

(1986) pamatbarotnes modifikacijas eksperimenta varianti ar BAP un RE biutiski atSkiras
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pec jaunajiem dzinumiem (0,017), kas izveidojusies uz saknem (1.tab.). Eksperimentu s€rija
uz Fast (1974) pamatbarotnes modifikacijas ar fitohormonu BAP, MT un IES pievienoSanu,
varianti butiski atS$kiras pec vitalitates (0,015), ieprieks€jas barotnes sastava (0,032) un
nekrozeém (0,045) (2.tab.).

Eksperimentu varianti papildus tika izvertéti, veicot divu paraugkopu salidzinaSanu
ar Manna un Vitnija U-testu, kas uzradija, ka péc Siem parametriem varianti savstarp&ji
butiski neatSkiras. Pamatojoties uz Manna un Vitnija testa rezultatiem, tika veikts ar1 Pirsona
korelacijas tests, lai noskaidrotu, kuri parametri savstarpgji korel€ pozitivi, bet kuri negativi.
Rezultata eksperimentos uz Van Waes, Debergh (1986) pamatbarotnes modifikacijas
ticamibas intervala p<0,01 butiskakas negativas korelacijas ir starp vitalitati un nekrozem(-
0,802), ka arT otra cieSaka negativa korelacija konstat€ta starp saknu skaitu un jauno
dzinumu skaitu (-0,300). Vieniga ciesa pozitiva korelacija konstateta starp tuberidiju skaitu
un vitalitati (0,289). Eksperimentu s€rijai uz Fast (1974) pamatbarotnes modifikacijas ar
ticamibas Itmeni p<0,01 Pirsona korelacija uzrada ciesu negativu korelaciju starp nekrozi un
vitalitati (-0,738), saknu garumu (-0,389) un tuberidijiem (-0,358). Savukart vitalitate
pozitivi korel€ ar tuberidijiem (0,487), saknu skaitu (0,280) un saknu garumu (0,230).
Eksperimentala darba rezultatu izvertésana péc Kruskala-Volisa testa, Manna un Vitnija U-
testa un Pirsona korelacijas testa lauj detalizétak prognozet turpmakos in vitro kultivéSanas
eksperimentalas darbibas virzienus. Sos pétijumus nepiecie$sams vél turpinat. Atskiriba no
masveida pavairojamiem kultiraugiem, t. sk. epifitisko orhideju kultiiras Skirn€m, retajiem
un apdraud€tajiem augiem nepiecieSama tada attistibas un pavairoSanas nodro§inasana in
vitro, kas ir pietuvinata to dabiskiem procesiem. KultivéSanas gaita izvirzijas divas galvenas
problémas: audu nekrozu novérsana un jaunu augu iegiiSana Iidzigi ka tas notiek in situ, kur
pavairoSanas ir neliela. Audu nekrozes izsauc pastiprinata fenolu izdaliSanas no augiem
barotné (Wotavova-Novotna 2007), kas taja oksid€jas veidojot hinonus, kuri augiem ir
toksiski, ka rezultata augu audi nekrotizgjas. Klasiska metode $a procesa novérSanai ir
adsorbenta pievienoSana. Parasti §im nolikam dazadu augu kultivéjamam barotném
pievieno AO devas no 1 Iidz 2g (Rasmussen 1995; Malmgren 1994; Stephan 1988; Voth
1976). Promocijas darba novérst audu nekrozes ar 1,5g.L"' AO pievienosanu izdevas tikai

sugai D. russowii (7.A att.).
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7. attels. AO ietekme uz orhideju kultivéSanu in vitro: A—Dactylorhiza russowii nekrozes
nebija konstatétas; B—Dactylorhiza baltica — dala labi attistitu dzinumu iet boja no
audu nekrozeém.

No seklu s€sanas lidz digsta stadijai kultivésana notiek pilniga tumsas rezZima un tiek
regulari parraudzita, jo jaunie digsti var nekrotiz€ties. Augi parstadami jaunas, katrai
attistibas fazei atbilstosas barotn€s ik péc 3—6 ned€lam atkariba no sugas, gan lai stimulétu
normalu augSanu un attistibu, gan ari nekrozu novérSanai. Nekrozes dazadas auga
kultivéSanas stadijas ir viena no svarigakajam problémam in vitro, jo tas var novest augu pie
pilnigas bojaejas [II]. Lai atrastu risinajumu Sai problémai, ar in vitro iegitajiem
modelsugas D. baltica augiem veikti pirmie izm&ginajumi ar paaugstintu Ca’>" devu
barotné. No literatiiras zinams, ka augsta Ca’" koncentracija $iinapvalka un §inu membrana
lielakoties kalpo tas izturibas nodroSinasanai un $inu membranu struktiiras regul&Sanai.
Augsta fermenta poligalaktouronazes aktivitate, kas savukart skel pektinu, tiek novérota tad,
kad trikst Ca*", kas ir par iemeslu $inapvalka degradacijai, ka rezultata augu audi klast
“miksti”, caurspidigi. Kalcijs ir nepiecieSams katjonu-anjonu Iidzsvaram, organisko un
neorganisko vielu jonu savstarpgjai mijiedarbibai (Pierik 1997). Uzsaktajos eksperimentos
ar paaugstinatu Ca" saturu tas pievienots modificétai Norstog (1973) pamatbarotnei kalcija
glukonata monohidrata (C1;H»CaOy4 x H,0) veida. Sie izméginajumi salidzinjuma ar
Norstog (1973) pamatbarotni pieradija bitisku nekrozu samazinasanos regenerantu
kultivésanas procesa (8.att.)-vienreiz&ja paaugstinita kalcija deva (2,28g.L") saglabaja
peciedarbibu, radot iesp&u kultivet orhidejas citokininu klatbiitn€, kas dod iesp&ju

kultivéSanas procesa iegiit jaunus dzinumus [V].
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8. attéls. Dactylorhiza baltica pec kultivéSanas in vitro 1,5 méneSus modificéta Norstog
(1973) pamatbarotné: A-ar neizmainitu kalcija devu veidojas nekrozes; B-ar
paaugstinatu kalcija devu (2,28g.L™).

Apgaismojums un temperatiira
No izs€Sanas in vitro lidz digstu iegliSanai ar normali izveidotam sakném,

kultivéSana notiek pilniga tumsas reZima. Tas saistits ar to, ka arT daba sakotngja attistiba
notiek augsné. Ja zemes orhidejam S§is posms in sifu ilgst 3—4 un vairak gadus atkariba no
sugas (Rasmussen 1995), tad in vitro apstaklos tas norit dazus meénesus. Ja nav nepiecieSama
pavairoSana vai uzturéSana sterila kultiira, rudeni asimbiotiska kulttira iesétas orhidejas jau
pavasari var izstadit substrata [V]. Gan saglabaSanas noliikos augu sterilaja banka, gan
aklimatizacijai ex vitro iegitos regenerantus vélams 2—4 meneSus eksponét pazeminata
temperattra (5+£2°C) lénas augSanas apstak]os un tumsa, lai tie izietu miera periodu.

3.3. Regenerantu aklimatizésana ex vitro [V]

Aklimatizacija ir auga individa morfologiska un fiziologiska pielagoSanas, lai
kompensétu dzivotsp&jas samazinaSanos péc sakotngjas stresa reakcijas (Lambers et al.
2008). Tiek praktiz€tas dazadas in vitro augu aklimatizéSanas metodes, bet 1pasi svarigi ir
uzturét pastavigus aklimatizéSanas nosacijumus, lai augi izvairitos no stresa (Gordon 1991).
Autors uzsver, ka ir pieci svarigakie faktori, kuru kopums ir janodroSina un jakontrolg, lai
buitu nemainigi aklimatizacijas procesa un tie ir: papildus gaisa mitrums (pirmajas 2 nedélas
1idz 95%—-100%, 3. nedg€la pakapeniski samazinot), substrata baribas vielas, gaismas rezims,
gaisa cirkulacija un temperatira. Lai sekmigi reintroducétu in vitro iegiitos regenerantus ex
situ—in situ apstaklos NBD, veiktas augsnes analizes un izvéltas stadiSanas vietas, nemot
vera musu lauka petijumus in situ. Analizéti augsnes paraugi aklimatizacijas eksperimentam
izveletajam trim vietam: no kultivétas dobes (1), mitras plavas dika mala (2) un plavas (3),
kura aug Dactylorhiza gints orhidejas. Augsnes analizu rezultati apkopoti 3.tabula.
Aklimatizacijas procesa laika in vitro eksperimentali iegiitajiem D. baltica regenerantiem
gaisa mitrumu nodroSinaja ar divkarSu agropléves parsegumu substratu kastem (Nr.1-6),
kontroléta maksligas gaismas rezima — pirmas 3 ned€las 24h maksliga apgaismojuma un 23—

25°C temperatiira un 2 ned¢las ara apstaklos zem agropléves.
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3. tabula. Baribas elementu saturs Dactylorhiza baltica aklimatizacijas eksperimenta NBD

un Orhideju taka Engures dabas lieguma

0

Kimiskie

Baribas elementi (mg.L") 1M HCI izvilkuma

1.variants 2.variants 3.variants Engure
elementi | Kultiveta | Mitrd plava Mitra Orhideju taka
dobe tidenskratuves plava
mala

N 68 27 25 19
P 807 174 172 30

275 90 53 140
Ca 7375 13500 3035 3413
Mg 875 3750 788 413
S 21 21 21 20
Fe 1060 960 920 330
Mn 110 75 65 29
Zn 17 3,25 3,95 3,65
Cu 8 2,25 1,45 0,35
Mo 0,05 0,04 0,06 0,04
B 1 <0,1 0,6 0,40
pHxa 6,85 7,15 6,74 5,50

Metodes jutibas robeza (*) ; mikroelementiem robezas 0,01-0,5 mg.L'l‘
D Augsnes analizes veiktas LU BI Augu mineralas barosanas laboratorija, LZP projekta Nr. 09.1549
C sadalas ietvaros.

P&c augsnes analizu rezultatiem redzams, ka visos NBD augsnes paraugos ir augsts

kalcija, magnija, fosfora un dzelzs saturs salidzinajuma ar Engures Orhideju taku. Tomér

apliecinajumu par iesp&ju in vitro pavairotas orhidejas pilniba aklimatiz&t in situ tuvinatiem

apstakliem misuprat vairak pamatoja tas, ka 3. un it Tpasi 2.varianta (mitra plava

tdenskratuves mala) deva tas, ka $ajas plavas jau savvala auga Dactylorhiza gints sugas.

Ex vitro izstadito Dactylorhiza baltica kvalitates

novértgjums dazados substratos

Litawaual,

Substratu varianti

6

= Vid§jais normalo saknu skaits
(gab.)

m Vid§jais gumsaknu skaits
(gab.)

O Vidgjais gumu skaits (gab.)

= Vidgjia viena auga masa (g)

9. attels. Dactylorhiza baltica (6.variants: veleénzemes un lapu komposts: dalgji sadalijuSos
augu dalu slanis zem sfagniem (1:5), ekspozicija piecus meneSus tumsa I€nas
augsanas apstaklos 5°C) augi péc piecu menesu aklimatizacijas ex vitro 2009. gada.

Pirms izstadisanas NBD teritorija rudeni veikta to kvalitates novertésana.
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Rezultati tika izvertéti pec D. baltica piecu méneSu aklimatizacijas seSos dazados
substrata variantos (9.att.). Aklimatizacijas ex vitro petijjuma uzdevums bija noskaidrot, ka
auga in vitro kultivéSanas apstakli (barotnes sastavs, temperatiira) ietekmeja D. baltica
kvalitates raditajus. legiitos rezultatus apstradaja ar PC-ORD 5.0 programmas

daudzdimensijas Klastera analizes metodi (10.att.).

Distance (Objective Function)
51E-03 2=7E.'01 . 5,3I§-01 . 8E:O1

1,1E+00

Information Remaining (%)
100 5 50 25

K1_1 A —
Ké6_1 &4 —

K1_2 A
K4_2 Ai |—

K2_2 A —

K2_1 A

K2_3 A
) A ] substrata variants / soil test

K4_1 A —— A1 A2 A3 A4 A5
10. atteéls. Klasteru dendrogramma ar Dactylorhiza baltica augu aklimatizéSanas

rezultatiem, izvertgjot seSus substratu (atskirigais krasojums) un augu kultivésanas in

vitro variantus (K1-K6).

Lai atrastu sakaribas starp augu aklimatizacijai izmantoto substratu variantiem un D.
baltica augu kvalitates raditajiem, Klasteru analiz€ izvél€ts dalijums ses$as grupas, izvertéjot
péc cCetriem faktoriem: p&c saknu skaita, gumveida saknu skaita (anglu val.—droppers),
gumu skaita un auga videjas masas (g). [zvertgjot iegiitos rezultatus jasecina, ka substratu
atSkiribas $aja gadijuma D. baltica augu kvalitates raditaju izvert§juma nav biitiskas. Biitiski
atSkiras K4.1.un K4.2.varianti, jo in vitro augu kultivéSana bija izmantotas atSkirigas
barotnu modifikacijas, kas liek secinat, ka Saja eksperimenta kultiv€Sanas barotnes pirms
auga aklimatiz€Sanas ex vitro bitiskak ietekmé&ja auga vitalitati neka aklimatiz€Sanas
substratu izvele. Izteikta atSkiriba no pargjiem variantiem bija variantam Nr.3 (K3.1. un
K3.2.), kas arT liecinaja par D. baltica augu atskirigiem kultivéSanas apstakliem in vitro,
resp., kuri bija in vitro kultivéti ar paaugstinatu kalcija devu. Neskatoties uz to, ka substratu
variantos Nr.1.-5. in vitro augus izstadija no kultivésanas telpas ar 23-25°C un 16h
apgaismojumu, bet substratu varianta Nr.6 in vitro iegiitie augi tika staditi ex vitro péc 5
meénesu ekspozicijas 5°C tumsa, klasteru dendrogramma ir redzama So variantu lidziba
(piem. K6.1. un K1.1.). Tatad biitu jasecina, ka aklimatizacijai izv€l&tie substrata varianti ir
lidzigi. Tomer pec 5.B attéla redzams, ka 6.variantam kvalitates raditaji ieveérojami atskiras,

ko acimredzot ietekméja miera periods (piecus ménesus 5°C, tumsa).
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Rezultata 2010. gada 6.varianta augi parziemoja sekmigi, ka arT jau nakosaja gada
uzziedgja pirmie augi katra no trim dazadajiem eksperimentalajiem stadijumiem NBD, ko
nenoveroja citos variantos. Tas savukart liecinaja, ka uzziedeSanu ietekmgja nevis ex vitro
eksperimentalo stadijumu variants, bet tieSi in vitro KkultivéSanas apstakli pirms
aklimatizacijas. Salidzinosi augstako vitalitati 6.varianta augi saglabaja art 2011. gada.

2010. un 2011. gadu dati par D. baltica reintrodukciju in situ tuvinatajos apstaklos
NBD paraditi 11.att€la. Jau 2010. gada pavasari D. baltica visos trijos NBD
eksperimentalajos stadijumos pa vienam eksemplaram pirmo reizi uzziedgja. Pe&c
parziemosanas 2010./2011. gada D. baltica sekmigi konkur€ja ar citam sugam plava ex situ
— in situ apstaklos (12.A att.). Eksperimenti kultivéta dob& tomér neattaisnojas, jo vieta
nebija piemérota. 2010. gada rudeni $aja dob& izdzivojusie D. baltica augi, kas tika
parstaditi citd nozogota NBD dobé puséna un 2011. gada pavasari Sie D. baltica stadi bija

sekmigi parziemojusi (12.B att.).

A

Lo 2.6.var, B
1.5.var. L 2.5.var. —_—
Layar, H2011VI DAAr et m2011 VI
15 = H2010 VIII 23yar e m2010 VIl
La.var sty L
S00VE ) o ar ®2010VI
1.2.var. t 2010V e ity uum 3010V
- 2009 IX 21var, [—
BT 2009 X
‘ ‘ 0 5 10 15 20
0 5 0 15 20 25 30
augu skaits (gab.) augu skaits (gab.)
3.6.var, [l C 70 60 65 D
60
3.5.var. L 50
3.4.var, — #2011Vl 40 2010 VI
- ®2010 VIII 27 26 kopéjais augu
3.3.var, 30 .
19 :
— %2010 VI 20 11 skaits
3.1var, M 2010V lg | 1_ H 1 I 2. ziedoSie augi
2009 IX
& & &
0 10 20 30 40 ,g.“é\ ,§‘§ ,?;i.*f"*\
augu skaits (gab.) A S

11. attels. Dactylorhiza baltica izdzivojuSo augu skaits ex vitro apstaklos: A — kultiveta
dobg; B — mitra plava tidenskratuves mala, kas palaikam applist; C — mitra plava; D
— kopgjais izdzivojuso un uzzied€juso augu skaits tris dazados ex vitro stadijumos.
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12. attels. Dactylorhiza btica (6.variants) péc p-ﬁriemoéanas 2009. un 20. gados: A—ar
labi attistitu ziedkopu un raksturigo lapu pigmentaciju NBD eksperimentala ara
stadtjuma (mitra plava dika mala); B—ziedosi augi kultivéta dobeg.

3.4. Mikorizas veidoSanas aklimatizetiem Dactylorhiza baltica augiem [III;V]
Lai orhidejas aklimatizétos ex vitro, viens no svarigakajiem faktoriem ir sekmiga

mikorizas izveidoSanas. Simbiozes procesa orhidejas uznem baribas vielas no s€nes
(Cameron et al. 1999). Orhidejas un to simbiotiskas sénes veido kopigu saknu un micéliju
tiklu, kas kopa ar augsni veido ekosistemas kopumu (Selosse et al. 2006). Darba iegiitie
rezultati paradija, ka aklimatizacijas procesa asimbiotiskos apstaklos iegilitic augi

kolonizgjas ar simbiontiem (13.att.).

13. attels. Dactylorhiza baltica in vitro augu saknu kolonizacija ar simbiontiem pé&c piecu
meénesu aklimatizacijas ex vitro: A; B—4.variants [velénzemes un lapu komposts :
dalgji sadalijies augu dalu slanis zem sfagniem (1:3)]; mikorizas sépu hifas
kolonizgjusas spurgalinas; C — saknu Stinas koloniz&Sanas ar mikorizas sénu hifam.
Nogrieznis atbilst 30um (A un C); 50um (B).
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Analizgjamos saknu fragmentos tika aprékinati mikorizas kolonizgSanas pakapes
raditaji: mikorizas intensitate visa saknu sisttma (M%) un mikorizas frekvence jeb
mikorizas struktiru sastopamibas biezums (F%) visa saknu sist€éma. SeSiem substratu
variantiem (Nr.1-6) veica statistisko datu apstradi, izmantojot M% un F% parametrus,
izmantojot datorprogrammu “Mycocalc” (4.tab.).

4. tabula. Dactylorhiza baltica saknu klonizeSanas intensitate (M%) un frekvence (F%) péc
piecu ménesu aklimatizacijas ex vitro dazados augsnes substratos (Nr.1-06).

Variants Nr.1 Nr.2 Nr.3 Nr.4 Nr.5 Nr.6
M% 0,2 11,7 0.4 1,1 0,6 7,2
F% 5 69 12 29 20 83

Paraugiem péc aklimatizacijas ex vitro no substratu variantiem Nr.2 [substrats Nr.1
(grants : substrats no plavas, kur aug orhidejas : priezu mizu mulcéa (1:1:0.5)], segts ar meza
augsni no dalgji satriidgjusam lapam) un Nr.6 [veleénzemes un lapu komposts : dal&ji
sadalijies augu dalu slanis zem sfagniem (1:5)] simbiozes intensitate (M%) un mikorizas
frekvence (F%) bija ievérojami augstaka neka par&jos variantos (Nr.1;3;4;5), kas liecinaja,
ka 2. un 6.varianta substratad ir komponenti, kas stimul§ja mikorizaciju, iesp€jams,
atbilstoSas simbiotiskas sénes vai to attistibai labveligi apstakli. Tas, ka in vitro augi sekmigi
uznem sakn@s simbiontus, paradija arT petijumi NBD analizétos C. calceolus paraugos jau
pec 2 ménesu aklimatiz€Sanas ex vitro, veicot mikorizas p&tijumus pec publicétas metodes
(Hayman 1970), saknu mikorizacijas procents bija robezas no 1,0-8,9% (Klavina et al.
2009).

Lai pilniba realizétu in vitro iegiito orhideju aklimatizaciju ex vitro un panaktu $o
augu adaptaciju dabiska vai dabiskai videi tuvinatos apstaklos, nepiecieSami papildus
pétijumi. Sobrid veiksmigi jau uzsakti D. fuchsii un D. baltica mikorizas p&tijumi, ka arf tiks
turpinati mikorizas pétijumi ari citam orhideju sugam [III;V].

3.5. Liparis loeselii populaciju genétiska daudzveidiba dazados Latvijas biotopos [VII;
VIII].

No parbauditajiem 18 uz retrotranspozoniem balstitajiem PCR praimeriem, tikai divi
(2079 un 2415) uzradija augstu genétisko polimorfismu un lidz ar to bija pieméroti L.
loeselii genétiskas daudzveidibas izpétei.

S.tabula. Nukleotidu sekvences, kuras raksturigas diviem markieriem un uzrada Liparis
loeselii genétiskas daudzveidibas populaciju polimorfismu.

Praimera Nr. ® Nukleotidu sekvences (5°—3’)
2079 AGGTGGGCGCCA
2415 CATCGTAGGTGGGCGCCA

(*) Kalendar et al. 2010.
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Abi praimeri kopuma veidoja 50 lokusus, ar praimeri 2415 tika iezim&ti 23 lokusi un
ar praimeri 2079-27 lokusi (5.tab.). Iezim&to lokusu polimorfisms bija atSkirigs dazados
biotopos augusSiem augiem un svarstijas no 48% lidz 84% (6.tab.).

6.tabula. Polimorfo lokusu dauzums Liparis loeselii populacijas.

Polimorfo lokusu
L .loeselii biotops skaits frekvence (%)
Engures OT 32 64
Engure pie Lepstes 42 84
Krustkalni 28 56
Péterezera viga, Slitere 24 48
Pargjos pétitajos biotopos 0 0

Polimorfo lokusu daudzums raksturo L. loeselii genétisko daudzveidibu, ko izsaka ar
Neja indeksu (Nei 1972). No visiem analizétiem lokusiem tris lokusi bija raksturigi tikai
vienam L.loeselii ekotipam un netika konstateti citas augten€s augosajiem augiem. Veicot
genotip€Sanu tika konstatgti tris ,,unikalie” lokusi ar markieri 2415. Divi unikali lokusi Nr.4
un Nr.13 tika konstat€ti orhidejam no Engures OT un viens (Nr.16) no Kaniera ezera
apkartne augosajiem augiem (7.tab.).

7.tabula. Liparis loeselii unikalas al€les

Lokusa Nr. Biotops Alglu frekvence (%)
4 Engures OT 13,4
13 Engures OT 50,0
16 Kanieris 13,4

legiito rezultatu analizei tika izmantotas datu matematiskas apstrades programmas:
PopGene 1.31 un NTSYSpc 2.1 (14.;15.att.).

—Ii Engure ©OT

Engure

Peterezers

Direpnannu ex.

Busnicknu ez

Eatieris IT

I— K anieris
B vy

Silabebn

14. attels. Liparis loeselii Latvijas populacijas genétisko daudzveidibu raksturojosa

dendrogramma.
Paraugu nemsanas vietas: 1.-Engure Orhideju taka (OT); 2.-Engure; 3.-Kaniera ezers; 4.-Kaniera ez.
dabas taka (NT); 5. “Salkas™ grants karjers; 6.- Silabebru ezers; 7.- Bugnieku ezers; 8.- Dreimanu
ezers; 9.-Peterezera viga (1.att.).
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Dendrogramma parada astonas dazadas augtenés augoSo analizéto augu genétisko
lidzibu. Dendrogramma divas grupas veido genétiski savstarp&ji Iidzigu individu klasterus:
L. loeselii no Engures OT un Engures (pie Lepstes) ekotipi, ka arT no Kaniera ezera —
Ainazu apkaimes grants karjera (,,Salkas”) ekotipiem. Individi no Kaniera ezera un Ainazu
grants karjera populacijam ir geografiski attali, bet gen&tiski savstarpéji lidzigi, uz ko norada
arT genétiskas distances (8.tab.), kuru vértibas svarstas no 0,092 Iidz 0,374. Izteikti gen&tiski
atSkirigu individu kopu veido astotas grupas klastera atzars, kas raksturo individus no
Silabebru ezera populacijas. GGenétiskas distances (8.tab.) vértibas svarstas no 0,317 lidz

0,654.

8. tabula. Gengétiskas distances starp Liparis loeselii individiem no dazadiem biotopiem

Engure Engure  Kanieris Kanieris “Salku”  Silabebru Biisnieku Dreimanu
Biotops OoT pie NT grants ezers ezers ezera
Lepstes karjers pussala

Engure pie Lepstes 0,068

Kanieris 0,306 0,300

Kanieris NT 0,222 0,198 0,396

“galkas”grants karjers 0,374 0,338 0,092 0,446

Silabebru ezers 0,317 0,325 0,610 0,654 0,654

Busnieku ezers 0,138 0,213 0,313 0,301 0,478 0,616

Dreimanu ezera 0,076 0,125 0,280 0,293 0,333 0,183 0,203

pussala

Pé&terezera viga 0,101 0,085 0,186 0,182 0,244 0,534 0,110 0,171

Gengtiskas atskiribas starp Siem diviem ekotipiem, iesp&jams, varétu biit saistitas ar
pielagoSanos augsanas apstakliem, respektivi, paaugstinatam tidens Iimenim, baribas vielam,
gaismai, ka arT ar dazadam mikorizas sénu sugam, ka tas jau iepriek§ min&ts art citu autoru
darbos (Taylor and Bruns 1999; Bidartondo et al. 2004). Dendrogramma (15.att.), kura
paradita visu analizéto augu genétiska daudzveidiba, raksturo L. loeselii Latvijas populacijas

iek§gjo genétisko struktiiru.
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15.attéls. Dendrogramma Liparis loeselii genétiskas struktiiras izverté€Sanai populacijas
iekSieng: A—Engures Orhidveju taka (OT); B—Engure; C—Kaniera ezers; D—Kaniera
ez. dabas taka (NT); E—“Salkas” grants karjers; F—Silabebru ezers; G—BuSnieku
ezers; H-Dreimanu ezera pussala; J-Péterezera viga.

Apkopojot dendrogramma (15.att.) iegiitos rezultatus, nav nov€rojama paraugu
grupéSanas atbilstos$i to ievakSanas vietam. Dendrogramma redzami divi lieli, saméra
noskirti klasteru grupas atzarojumi un Cetras mazakas grupas, no kuram divi atzari ir
atseviski atdaliti (D1-Kanieris NT, J2 —P&terezera viga) un §is atradnes atrodas geografiski
attali noskirtas. V&l ir izdalams neliels klastera apakSzars ar zemu strukturizaciju, kura
apvienoti savstarpgji lidzigi L. loselii individi no dazadam atradném (Kapiera ez. un
,Salkas” ), kuras veidojusas bijusajas grants ieguves vietas. No ta izriet, ka L. loeselii
populacijas ieks$¢ja genétiska daudzveidiba vai augu genétiska lidziba, iesp&jams, ir saistita
ar populacijas vecumu un augsanas apstakliem. Piem&ram, paraugu nemsSanas vietd grants
karjera ,Salkas” var izskaidrot ar to, ka biotops sacis veidoties no 1994. gada, kad izveidota
grants ieguve un L. loeselii saméra atri izplatijusies pa visu, augSanai piemérotas grants
karjera teritorijas dalu. Vegetacija raksturojas ar relativi zemu daudzgadigo zalaju ar
domingjoso sugu Equisetum variegatum [VIII; Tab.5]. L. loeselii polimorfisms tika
konstatéts Buisnieku ezera un Kaniera NT atradn@s, kuras ir nesen izveidojusas dabiskas
sukcesijas rezultata, ko izraisija ezera aizaugSana un purva veidoSanas Sajas augtenes.
Vegetacija sastav no daudzgadigajiem augiem ar augstu vasas dalu, bet $o sugu daudzums
pagaidam pielauj L. loeselii populaciju eksistenci $ajos biotopos. ,,Salku” grants karjera
atradn€ augosajai L.Loeselii populacijai Sobrid ir optimali augSanas apstakli, un ka norada
ar citi autori, $ados apstaklos nav izteikta starpsugu konkurence, kas raditu papildus stresu
(Rasmussen 1995; McMaster 2001; Pillon et al. 2007). Kopuma més varétu pienemt

hipotézi, ka L.loeselii augi no dazadam Latvijas atradném ir genétiski lidzigi. Lai

40



parliecinoSi izvertetu ieglitos rezultatus, nepiecieSsami talaki petijumi, ieklaujot jaunus L.
loeselii biotopus un palielinot analiz€jamo paraugu skaitu.

SECINAJUMI

<> Eksperimentali izstradata metodika orhideju ievadiSanai in vitro kultiras seSam no
astonam pétitajam sugam: Dactylorhiza baltica, D. fuchsii, D. russowii, D.
ochroleuca, Liparis. loeselii, Cypripedium calceolus.

> Petijumos noskaidrots, ka nepiecieSamais kimisko vielu kvalitativais un kvantitativais
saturs augSanas un attistibas nodroSinasanai in vitro atSkiras gan katrai orhideju
sugai, gan arl vienas sugas robezas atkariba no augsanas un attistibas fazes.

<> Nekrozu novérSanai biitiska nozime ir Ca glukonata pievienoSanai Dactylorhiza
gints sugu kultivéSanas barotném: vienreizéja paaugstinata Ca deva (2,28mg.L™")
saglabaja peciedarbibu, radot iesp&ju kultivet orhidejas citokininu klatbitné.

< Optimalakais variants aklimatizacijai ex vitro miisu pétijumos ar Dactylorhiza
baltica bija augiem, kas eksponéti pazeminata temperatura (5°C) un tumsa piecus
meénesus: atseviski augi uzzied€ja jau gadu péc izstadiSanas NBD teritorija visos
eksperimentalajos stadijumos.

> In vitro iegitie Dactylorhiza baltica augi p&c izstadiSanas visos substratu variantos
bija kolonizgjusSies ar simbiotiskajiem mikroorganismiem, kas nodroSinaja to
izdzivosanu ex vitro apstaklos.

< Liparis loeselii augstas koncentracijas un kvalitativa DNS produkta iegtiSanai ir
piemé&rota modificeéta Friar (2005) metode ar DNS divkarSo izgulsnésanu.

< Liparis loeselii populacija konstatéta genétiska daudzveidiba nav saistita ar paraugu
augtenes atraSanas vietu. Konstatéta iesp&jama saistiba starp augu genétisko Iidzibu
un to augsanu I1dzigos augsanas apstaklos.

X Petijumi, kas ietver orhideju asimbiotisko diedze$anu, audzesanu un pavairoSanu, ka
ar1 aklimatizaciju ex vitro, parada, ka in vitro metodes ir butiskas orhideju sugu
iesp&jamai reintrodukcijai daba - sugu daudzveidibas saglabasanai.
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Organisations:
Ministry of Environmental Protection and regional development, s/a “National botanic
garden” — NBG, Department of Plant Biological Diversity /n Vitro Conservation.
Institute of Biology at the University of Latvia — LU BI, Plants Genetics Laboratory
Time and place of work doctoral thesis

The Doctorate paper was worked out and the results were analysed in NBG
Department of Plant Biological Diversity In Vitro Conservation from 2008 to 2011. The
genetic research was done in Plants Genetics Laboratory of LU BI in 2010 and 2012. The
usage of technical equipment (Thermo Nanodrop 1000) in 2010 to detect the DNA quality
was performed in the SBI Biotechnological Laboratory at Daugavpils University.

The research of mycorrhiza was done in 2008 cooperation with the Department of
Plant Physiology at the University of Latvia.

Terms and nomenclature

NBG - National Botanic Garden IRAP - Inter — retrotransposon amplifid polymorphism
DU — Daugavpils University OT — Orchid Trail

LU BI — Institute of Biology of University =~ PVP- 40 — polyvinilpyrrolidone

of Latvia PCR- Polimerase chain reaction

ABA — Abscisic acid RAPD — Random amplified polymorphic DNA
ACE —4.5 % of CI  desinfectant solution LTR — Long Terminal Repeats

AFLPs — Amplifed fragment length MT - meta-Topoline

polymorphism N — nitrogen

AC — activated charcoal NT — Natural Trail

BAP — 6-Benzylaminopurine NAA - a-Naphthaleneacetic acid

C - carbon YE — Yeast extract

Ca — calcium RNA — Ribonucleinic acid

CTAB — cetyltrimethylammonium bromide ~ SSR - Simple sequnce repeat

DNA — Desoxyribonucleic acid TTH -2, 3, 5 triphenyltetrazolium chloride

IAA - B- Indoleacetic acid

INTRODUCTION

Importance of studies
One of the most endangered plant families not only in Latvia, but also in other

countries in the world is wild orchid family (Orchidaceae). 26 orchid species of the 32
growing in Latvia have been recommended for protection and included in Latvian Red Book
(Andrusaitis 2003), as well as 25 of them are protected by the national legislation of Latvia.
In Europe, the orchid species protection is set by EU Directive 92/43/EEC on the
conservation of natural habitats and of wild fauna and flora. Attributing the category of
danger and the requirements by legislation is just a part of species protection preventive
events, but they do not solve the question of real protection of these species. Therefore
besides setting the status of protective territories for natural habitats of endangered species,
that is, in situ, it is necessary to protect them also in closed territories ex situ — plantings in
botanic gardens and also in laboratory conditions in vitro, creating the taxa bank that is,
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outside their natural habitat. For especially rare and endangered species the ex situ methods
are most often the only ones, which can provide their existence outside the natural habitats
and conservation of biological diversity. These methods on the whole will help to create the
taxa bank not only within the state, but also it will give the opportunity to cooperate in this
field with specialists from the Baltic countries, as well as to develop the cooperation in the
world scale. According to the International Botanical Garden Programme of plant protection
(BGCI 2000), botanic gardens participate in the planning of national strategies of biological
diversity, investigate and provide the plant species preservation ex situ. If subtropical and
tropical orchid species are comparatively easy to cultivate in vitro (Department of Plant
Biological Diversity in vitro Conservation, NBG data, late 1980-s, early 1990-s), then
terrestrial orchids each needs specific cultivation conditions in vitro. The introduction of
Latvian wild orchid species in vitro culture is connected with the ensuring of asymbiotic
germination (orchid seeds germinate only at the presence of symbiotic microorganisms),
which additionally complicates the seed germination process. Therefore in vitro must
replace all set of conditions, which is provided in nature by symbionts. Mycorrhiza is
essential also in all orchid development processes in the soil (Rasmussen 1995; Weston et al.
2000 u.c.). This, in its turn, creates the necessity of biological research of the species,
especially in the solution of methodological questions in aseptic conditions. Besides, the
very minute orchid seeds do not have endosperm and the embryo consists of a few cells.
This means that the seed has minimum adsorptive surface, which can essentially affect seed
germination (Rasmussen 1995). Morphogenetic research in the initial development stages in
natural conditions is not practically possible; therefore in vitro methods give the opportunity
to follow this development stage, beginning with the seed germination until the development
of the first over ground shoot, which depending on the species can last for several years.
Detailed biological research of orchid species in Latvia has not been done. For the first time
in Latvia, the research of wild orchids in vitro were started in 2006 in NBG Department of
Plant Biological Diversity in vitro Conservation within the project of Latvian Council of
Science.

For the understanding of species vitality, very important is the inner genetic structure
of species, which is one of the types of adjustability for living in the changing environment.
Such investigations of Liparis loeselii have been done in several countries: Germany,
England, NW France, Poland, Canada, the USA, etc. (Lande 1988; Vos et al.1995; Hedrick,
Kalinowski 2000; Pillon et al. 2007, Rolfsmeier 1993, etc.). The population of L. loeselii in
Latvia has not been researched in this aspect. Therefore the knowledge about the genetic
diversity of the species and its structure is a necessary precondition for the workout of

further species conservation strategy (Lande 1988).

47



Novelty of the research

This doctoral thesis did detailed biological research of wild orchids for the first time
in Latvia, because each orchid species has its own very specific requirements for
growth and development ensuring in sterile conditions. In NBG, in vitro cultures
were studied six orchids species in different development stages.

There was approbated tetrazolium test (TTH) method for Latvian wild orchid species
seeds to test embryos vitality what is necessary for evaluating the testing initial
media.

In vitro obtained plants were acclimatized in experimental plantations in the territory
of NBG. Successful process of acclimatization was connected not only with
environmental conditions, but also with colonisation with symbionts.

Genetic research of Liparis loeselii has been started for the first time in Latvia, using
the world newest molecular methods - retrotransposon markers based (IRAP)
molecular method (Kalendar et al. 2010) to detect the genetic diversity of eight

habitats in Latvia.

The main theses put forward for defence

1.

The necessary prescription of culture media for growth and development of orchids
in vitro differs both for each orchid species and within one species depending on the
stage of development.

The media for germination in vitro must contain chemical compounds, which are
ensured in nature by symbiotic fungi.

The successful acclimatization of plants acquired in vitro depends on culture media
and exposition in lowered temperature before transplanting in soil ex vitro.

Liparis loeselii population of Latvia is genetically diverse and IRAP method is
appropriate for genetic diversity analysis of L. loeselii research.

Orchid biology research creates the opportunity to create the taxa bank ex situ, i.e. in
vitro and in expositions in botanic gardens, what serves as an essential additional

guarantee for conservation of species’ diversity.

The aim of study

Biological research of rare and endangered orchid species in Latvia, to realise the

protection of these species and conservation of biological diversity using in vitro methods.

The main tasks of the research:

1.
2.

Inspect the orchid populations in situ.

Collect orchid seeds from different habitats and do embryo vitality test (TTH) before
the sowing in vitro.

Elaborate in vitro methods what ensured orchid germination, growth and vegetative

development to preserve biological diversity of orchid species ex situ.
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4. Start acclimatization experiments to create the plantations of in vifro obtained
orchids in the botanic garden and detect their root colonisation with symbiotic fungi.
5. Modify DNA method to acquire qualitative DNA product of rare orchid species

Liparis loeselii and make PCR based universal IRAP retrotransposon primer choice

to detect genetic diversity of population of L. loeselii.
Research specificity

International programme about plant protection in botanical gardens (BGCI, 2000)
was worked out basing on Rio de Janeiro Convention of biological diversity (CBD). Latvia
has accepted the Rio Convention as the base for long-term strategy in the conservation of
biological diversity in Botanical Gardens. In 2010 in Nagoya (Japan), there was accepted a
new updated strategy in conservation of biological diversity. Latvia is one of 180 countries,
which are included in this process. Long-term plan provides that by 2020 at least 75% of the
endangered species will have been ensured with conservation in ex situ collections.

Wild flora protection in Latvia is regulated by the national system of laws and
regulations. The protective status of a species in laws and regulations of Latvia is stated by
the rarity and danger of the species both in national and EU level. National laws and
regulations of Latvia have worked in and therefore binding to them requirements of EU
directives and regulations. In EU level the orchid species protection is set by EU Directive
92/43/EEC on the conservation of natural habitats and of wild fauna and flora. The
requirements of the Directive have been included in the national legislation of Latvia. Only
non-harmful methods to the species or its habitat were used in this study, observing the
requirements of the national legislation of Latvia. The in vitro plants of Dactylorchiza
baltica obtained from collection in NBG were used in physiological studies, which require
large quantities of individuals.

1. LITERATURE REVIEW
Characteristics of the orchid family

In the world the Orchidaceae Juss. family is one of the biggest with more than 30000
species (Buttler 2007). The 32 orchid species found in Latvia grow in bogs, wet meadows,
forests, also in slopes of ditches; separate species — in dune sands (Andrusaitis 2003). The
fruit is capsule which contains about 3 to 4 million seeds. Orchids are characterised by long
development cycle (Cepurite 2005). For example, it takes 6 — 10 years for Cypripedium
calceolus to grow until flowering (Kober 1972; Fast 1974); clone of this species can live for
many years due to rootstocks (Kull 1988). Orchids can propagate both in vegetative and
generative ways. Vegetative way is used only by those species which have rhizomes (Buttler
2007). Orchids can have both cross-pollination and self-pollination. Orchid pollination
research includes a whole scientific field which in general characterises exactly the orchid

genera and what is specific to each particular species separately (O. insectifera, C. calceolus
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etc.), which has been described in detail in publications (Van der Pijl, Dadson, 1996). For
example, the flower of O. imsectifera imitates fully developed female of wasp species
Argogorytes mystaceus L. or A. fargei and extracts pheromones, as the result of which the
male wasp Argogorytes mystaceus L. does pseudocopulation and pollinates (Faegri, Van der
Pijl 1982). Orchid seeds are very minute, dusty, without endosperm. Seeds sizes in the
literature are indicated as 0.07 to 0.40 mm wide and from 0.11 to 1.97 mm long, depending
on the species. Seed germination needs the presence of symbiotic fungi. Waterproof seed-
coat allows the seeds to be in the soil for longer time in intact condition. Seed-coats for their
structure can be divided in three types: 1) which after seed ripening are able to soak up
water; 2) waterproof seed-coats with lipid layer; 3) waterproof seed-coats with “carapace”
which contain cutine, different polysaccharides and suberine. To achieve the germination of
the orchid species whose seed-coats contain “carapace” is a big problem. It is important to
note that there exists the gradation of germination conditions in the requirements for certain
conditions among different seeds of one and the same species (Rasmussen 1995).
Symbiosis

We must notice that in autumn there is formed significantly more biomass (fallen
leaves, faded grass etc.). In early winter there is a significant stimulation of fungal activity
which in total creates important preconditions for the mycotrophic sprout to start its
development (Rasmussen 1995). In the germination and protocorm stage the plants receive
from the fungi N, P and C, as well as water, whereas adult plants supply the fungi with C,
because they start photosynthesis (Dearnaley 2007; Gebauer, Meyer 2003; Trudell et al.
2003). Fungi can also be as the mediator between the orchid and the tree, getting from the
tree the substances necessary for them and the tree species must be suitable for being the
host plant. (McKendrick et al. 2000, Dearnaley 2007; Kottke, Chacon 2009).
Asymbiotic germination in sterile cultures

Seeds must change from protein storing phase to protein mobilisation or germination
(Rasmussen 1995). Further, it is necessary to clarify the factors which prevent and which
promote seed germination in sterile conditions. Researchers consider that the lowered
temperature obviously activates metabolic systems, which are responsible for organogenesis
in the sprouts. It is considered that lowered temperature decreases the amount of free
abscisic acid (ABA) and increases the amount of endogenous cytokinins in the embryo cells.
It is thought that in nature the seed germination is prevented by ABS which is placed in the
seed-coat. If the sprouts are small, it is necessary to have such vitamins as pantothen acid,
thiamine and pyridoxine (Rasmussen 1995). Liquid media can promote the seed-coat
turgescence and absorption of nutrient elements. Besides, soaking provides washing the
inhibitory substances out of the seed-coat. For the germination process the source of N is

very important. Some orchid species germination does not necessarily need non-organic
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nitrogen, but for some others it even prevents germination. Specific organic combinations
which are usually used in orchid media, as yeast extract and peptone, have indefinite
components (Dijk 1988). Detection of organic additives in media is complicated and
depends on several factors, because thermal processing (autoclaving) can change their
contents. It means that some amino acids which are present in the contents of yeast extract
are very essential for orchid germination and they are synthesized neither by the germ, nor
by symbionts. Germination effectiveness depends also on that, what kind of inner resources
and features the seeds have. However, it has not yet been detected, which exactly
components are the ones that replace mycorrhiza in asymbiotic cultures. Besides, there exist
differences for each seed population and even for each seed’s requirements to chemical
reagents (Rasmussen 1995). In nature the first development stage of orchids (2—4—10 years)
takes place in the soil, that is, in conditions in which photosynthesis is not possible and
together with that also the admission of carbon. Not sufficiently investigated is the influence
of Ca®" on the orchid germination. Ca*” makes a special interest because many of European
orchids grow in calcareous soil. This ion has some influence on cell membrane features and
it interacts with different growth regulators, especially with cytokinins (George et al. 1988).
Modifying orchid mediums, there is a tendency to decrease the amount of Ca(NOs), from
1000 mg.L™" to less than 100 mg.L™". There are prescriptions where non-organic Ca®" is not
added at all. Andersons (1990) adds a little of Ca’" with Ca pantothenate to Luck medium.
Hypothetically we could conclude that asymbiotic germination uses particularly low
concentrations of Ca®", to increase the cell membrane penetrability also for calciphil species
to support their germination because in nature it is ensured by symbionts. On the whole we
can say that there is quite a lot of contradictory information about creating the germination
conditions in vitro cultures, but there are very few published data about further cultivation
processes in vitro for European wild orchid species.
Provision of cultivation conditions

For orchid cultivation there are often used organic additives, such as peptone,
coconut milk, potato broth, pineapple juice, fresh beer yeast etc. But in cases when we
cannot set the substance to be added and its dosage exactly, these complex organic
compounds can give the opportunity to provide orchid vitality and development in vitro. In
experiments with Dactylorhiza genus species to induce the differentiation of pseudobulb,
there was used the combination of BAP and NAA (Wotavova-Novotna et al. 2007).
Growing in vitro gives the opportunity to follow each orchid development phase and control
the conditions of outer environment: contents of nutrients, temperature, light intensity and
the length of light-darkness regime (Cherevchenko et al. 2008).

Acclimatisation for ex vitro conditions
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There are few literature data about the acclimatisation of wild orchid species
acquired in vitro for ex vitro conditions. In investigations about Cephalanthera falcata
acclimatisation ex vitro (Yamato, Iwase 2008), the plants acquired in vitro after planting in
the substrate were incubated in the temperature of 4 °C for 6 months. After this incubation
the plants were planted in nature. In one year 44,4 % of plants had developed shoots and
some individuals had flowered. In five years low vitality percentage was stated — only 3 %.
Authors explain this fact mainly with the problems of symbiosis formation (Smith et al.
1997).

Genetic research

L. loeselii is considered to be self-pollinated plant (Van der Pilj, Dodson 1966;
Rolfsmeier 2007), but others researchers described different opinions— self-pollinated ever
crosspollination (Catling 1980). Therefore good knowledge about the species genetic
diversity and its structure is a necessary prerequisite to preserve the species because it
reflects the condition and species vitality potential (Lande 1988). Genetic diversity and
structure of these species in northwest France and the United Kingdom were researched by
using Amplifed genome fragment length polymorphism (AFLPs). The results of this
research showed that even geographically distant populations could be similar. Recently
made multilocus markers (AFLPs) intensify the fragment length polymorphism (Vos et
al.1995), which have already testified their usability in population genetics, for rare or
endangered species (Juan et al 2004; Travis et al.1996). Great genome of L. loeselii does not
allow doing the genetic research of this species successfully, using such widely known DNA
microsatellite markers as RAPD, AFLP, SSR. Therefore several authors as an alternative
recommend using plasmid (mitochondrion, chloroplast) markers. For orchid analysis there is
also used the sequencing of separate DNA gene regions, but it is a restricted because of high
expenses, therefore there are used universal retrotransposon markers developed in 2010.
Universal retrotransposon markers differ from other kinds of markers, because they are
usually dispersed in genome, therefore it is the base of retrotransposon usage in the detection
of orchid species genetic diversity (Schulman 2007). Retrotransposon class, depending on if
the mobile genetic element in both sides of its sequence contains equally long terminal
repeats (LTR), is divided into two sub-classes: retrotransposons containing LTR and
retrotransposons non-containing LTR (Kubis et al.1998; Benetzen 2000; Turcotte et al.
2001; Queen et al. 2004; Sangeeta 2010; Ragupathy et al. 2010). LTR containing
retrotransposons themselves encode the reverse transcriptase and integrase, and
endonuclease (for example, RN-ase). Such replication mechanism is similar to retroviruses
with the difference that retrotransposons do not form infectious structures which, when
leaving the cell, infect other cells (Havecker et al. 2004). Retrotransposons move around the

genome using intermediate products of RNA, which with the help of reverse transcriptase
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before integration into the genome is transcribed to DNA (Turcotte et al. 2001; Miller 2004).
With such way of retrotransposon replication it is possible to multiply DNS material,
significantly increasing genome. For isolating the DNA out of plants with high metabolic
contents, the most suitable has been claimed the method by Frier (2005) and methods for
DNA isolation (Zimmer, Roalson 2005).

2. MATERIALS AND METHODS

2.1. Materials

Rare and endangered orchid species from Dactylorhiza, Liparis, Ophrys and
Cypripedium genera were selected for this study. Within the scientific research in the period
from 2007 to 2011 there were made expeditions in different regions of Latvia, and there
were inspected seventeen wild orchid findings or near Lake BuSnieki near “Ovisi”, eastern
shore of Lake Engure near Lepste, Orchid Trail in Lake Engure nature protected area (two
findings), bog Pé&terezers in Slitere preserve, bog Jaunciems in Ances bog and forest
protected area, Lake Silabebri near Laudona, Lake Svetes on Dreimani peninsula in
Krustkalni nature preserve, ,.Salku” gravel-pit near Ainazi, Kemeri national park (three
findings around Lake Kanieris), nature protected area by Lake Pape near Brusviti, east shore
of Lake Tosmare and in bog Baltezers near Brocéni.

In total, eight orchid taxa were used in this research: Dactylorhiza baltica (Klinge)
N. L. Orlova; Dactylorhiza fuchsii (Druce) Sod; Dactylorhiza russowii (Klinge) Holub;
Dactylorhiza incarnata subsp. incarnata (L.) So0; Dactylorhiza ochroleuca (Wistnei ex
Boll) Holub, which by some botanists is characterised as a separate species, but the others
call it D. incarnata subsp. ochroleuca (Wiistnei ex Boll) P.F. Hunt et Summerh.; Liparis
loeselii (L.) Rich; Ophrys insectifera (L.); Cypripedium calceolus (L.).

Dactylorhiza baltica was selected as the modelling species in physiological study in
vitro, because already from the seeds of D. baltica sown in 2007 there were got in vitro
plants in sufficient amount to be able to do series of experiments. In comparison with other
species, this species in the Baltic region is found more often; in most of cases it grows as
separate individuals or in small numbers, very rich findings have been found more rarely
(Kuusk et al. 2003). Latvia is the richest region of this species distribution in the temperate
zone of Europe (Tutin et al. 1980).

2.2. Research methods
2.2.1. Investigations in situ [1; 11; V; VI]

In the eastern part of Lake Engure near Lepste there are marked fields (findings in
their natural borders) for fields investigations in two rare orchid species — Ophrys insectifera
28m” (57° 17.190N, 23° 09.032E) and Liparis loeselii 19m® (57° 17.175N, 023° 08.991E),
in which during 2008 — 2011 there was done counting of flowers, capsules and fixing the

morphological data of plants, observed particular plants, to selectively collect the seed
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material for sowing in vitro. Besides from the orchids growing in situ, the seeds from NBG
collection were sampled for this study.

2.2.2 Investigations in vitro

Embryo vitality test [IV]

There were during expeditions observed distinct differences in seed ripening times
among populations in different regions of Latvia. To detect seed germination vitality, there
was approbated a test with 1% TTH (Dixon et al. 2003) and the embryo vitality in seeds of
eight species was detected. Exposition time with TTH + Tween 20 24h in 30°C temperature,
darkness, as a result TTH coloured the vital embryos in brownish-reed colour.

Different literature sources tell that for doing this test there are used different seed
sterilisation agents: natrium hypochloride (NaOCI) or calcium hypochloride (Ca(OCl),)
(Van Waes, Debergh 1986). Seed vitality was detected in this test by using a modification of
this method: the first processing liquid mentioned in the method was replaced by CI
containing household disinfection liquid ACE in concentrated or dissolved with distilled
water 1:2. Exposition time— 7, 10, 15, 20 and 25 minutes. Experimentally there was
specified the most optimal seed coat decolourised time and the liquid concentration for
different orchid species to preserve the seed germination in the most extent. After
decolourization the seeds were rinsed in filter paper discs 3 times in sterilised distilled water
each time for Smin, but in the fourth rinsing time they were left to soak for two hours. The
acquired samples for result assessment were looked under the microscope, calculated vital
embryos which were coloured in brownish-red colour, and estimated percentage of embryo
vitality in correlation with total number of seeds in the selected vision sector. There was
used microscope Carl Zeiss — SteREO Discovery V8, which was equipped with digital
camera AxioCam Mrc5 for getting pictures, magnifier MBC1 was used to count the vital
embryos.

Seed sterilisation and sowing in vitro [I; 11; 111; 1V]

Partly ripe seeds were used for seeding in sterile cultures in different stages of
readiness (white seeds, not separated from placenta; white seeds, dry; cream to brown colour
seeds) and fully ripe seeds as well. If seeds were partly ripe and the capsule did not have
micro cracks, the capsule was sterilised by soaking in 96% ethanol and burning, because the
inner side of a capsule is sterile. The ripe seeds were sterilised with CI° containing
household disinfection liquid ACE in concentrated way or with distilled, sterilised water
(1:2); sterilisation time 7-25 minutes. The necessary sterilisation mode for each species
seeds was set experimentally. For initial and cultivation media experiments there were used
basic media: Fast (1974); Norstog and Van Waes (cited after Rasmussen 1995) and their
modifications (NBG laboratory data), which were adapted to different orchid species. The

seeds were sowed both on filter paper in test tubes with liquid medium, and on agarised
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medium with lowered contents of agar—0.3%. During the time, the liquid medium was added
by a separately prepared medium, but in the second variant on the agarised there was
dropped liquid medium for ensuring the wetness. If the seeds were partial mature and
capsule has not micro-crack, that sterilisation by soaking in 96% ethanol and burning,
because inside of capsule is sterile. Fully ripe seeds were sterilised in folded filter paper
discs, rinsed 4-5 times in sterile distilled water (leaving in the last rinsing for 2h). Open
sterile filter paper discs were put in cultivation vessels on agarised medium surface, in sterile
conditions, periodically adding liquid with different organic substances to promote
germination.

Cultivation in vitro [11; 111; V]

Cultivation vessels with sowed seeds were put in darkness at 23-25°C. When the
seeds germinated and protocorms reached approximately 1-2mm in diameter, they were re-
planted on cultivation media and put in darkness again. Every week the sowings in vitro
were checked to detect the germinated individuals, regularly replacing the new plants on
new medium according to their development stage, as well as in necessity (media drying out
by the time) to add the substances with liquid medium. When the sprouts develop roots,
cultivation vessels were put into light camera with daylight lamps in light-darkness mode
(16h light/8h darkness). We have select the visually biggest and strongest plants and have
put in darkness mode in cold camera at 5°C; maximum exposition time up to 5 months.

To state the influence of medium additives on the plant development, there was done
a series of experiments, as the basic media using Fast (1974) (A variants) and Van Waes
(cited after Rasmussen 1995) (B variants) prescriptions, in total 20 variants, selecting D.
baltica as the model object:

° YE-0;0.5;1; 1.5and 2 g.L'1 (A-1) or together with BAP, 0.2 mg.L'1 , which

was added to each variant with YE (A-2).

. BAP —0; 0.1; 0.2 and 0.3 mg.L™" (B-1) or together with IES, 0.05 mg.L"' (B-

2) at each variant with BAP.

. MT 0.1; 0.2 and 0.3 mg.L" (B-3).

Experiment lasted for 1.5 months. The results were assessed by such parameters:
number of roots, total length of roots, new shoot initiation, medium colouring level (from 1
to 5 points), plant necrosis level (percentage of plant), total plant vitality (from 1 to 5
points). Data were analysed by using SPSS 17 programme. As the data of our experiment do
not correspond with the standard SPSS 17 programme division, there were used non-
parametric methods. At first, with Kruskal-Wallis test there were compared all sample
clusters, of which there were selected those sample clusters that showed essential difference

in particular parameters. These selected sample clusters were further analysed with Manna-
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Whitney U-test. In the end there was done Pearson correlation assessment to check how the
sample clusters differ in a particular parameter — correlate positively or negatively [V].

To prevent plant necroses, which could not have been avoided adding AC to the
medium, we started to work out other methods as well, to solve this problem. The first
experiments were done with increased Ca>" doses in cultivation media of D. baltica, using
calcium gluconate monohydrate (C;,H,CaOy4 x H,0) [V].

2.2.3. Acclimatization ex vitro [V]

Acquired regenerates of modelling species of D. baltica sowed in 2007 were planted in
substrate in May 2009 in 6 different substrate variants and the boxes covered with polythene
which prevents wetness vaporisation, were put on shelves under daylight lamps. pH level of
all substrates was stabilised to pH 6.8 by chalking.

1. gravel: substrate from the meadow where orchids grow: pine bark mulch (1:1:0.5);

2. substrate No. 1, covered with forest soil from partly decomposed leaves;

3. substrate No. 1, covered with mixture of meadow soil and pine bark mulch (1:1:1);

4

. compost of turf and leaves: layer of partly decomposed plant parts under sphagnum

(1:3);

5. compost of turf and leaves: layer of partly decomposed plant parts under sphagnum
(1:5).

6. compost of turf and leaves: layer of partly decomposed plant parts under sphagnum
(1:5).

In variants No.1-5 the plants acquired in vitro were planted out of the cultivation
room at 23-25°C and in 16h light and 8h darkness mode. In variant No. 6 plants acquired in
vitro were planted ex vitro after being exposed for 5 months at 5°C in darkness.

One month later boxes with plants planted ex vitro were moved to open field
conditions. Additional fertiliser was not used. Variants (1.3; 2.1; 2.2; 2.3; 3.1; 3.2; 4.1; 4.2;
5.1; 6.1) were assessed in September 2009 (Fig.10) according to the following indicators:
number of roots per plant, number of droppers per plant, number of tubers per plant, total
weight of plants (g).

The acquired results were processed with PC-ORD 5.0 programme multi-dimension
Cluster analysis method. After the assessment the D. baltica plants of all 6 acclimatization
trial variants acclimatized ex vitro in September 2009 were replanted in the territory of NBG
in 3 variants: cultivated flowerbed (1), wet meadow on pond shore (2), wet meadow, in
which orchids of Dactylorhiza genera grow (3). The last two variants were close to in situ
conditions. In these variants for the plantings the meadow turf layer was turned over,
ground, covered with small peat layer. Simultaneously, there were taken samples for soil

analyses. In 2010 and 2011 there were inspected plants survived the winter, registered their
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amount of survival and characterised the peculiarities of their development in all vegetation
period.
2.2.4. Mycorrhiza investigations [I11;V]

Mycorrhiza detection method was adopted in 2008, using the samples of D. fuchsii
roots (8 biological repeats). Samples of D. baltica roots (6 biological repeats) were collected
from each acclimatization experiment, different substrate variants 5 months after the start of
experiment (2009). D. fuchsii root samples were fixed with FEE solution — 37% formalin,
ice acetic acid, 96% ethanol, distilled water (10:5:50:35, v/v/v/v). At first, fixed FEE
samples were gradually dehydrated with solutions of ethanol and terc-buthanol, after that
there was done histovax infiltration in them (Ruzin 1999). Anatomic cross-sections (25um)
were done by rotation microtome (Leica RM 2145). Deparaffination was done by solutions
of xylene and ethanol and the sections were coloured in the mixture of astra blue and
safranine (astra blue 0.5% in acetic acid: safranine in water, 5:1, v/v) (Braune et al. 1999)
and toluidine blue (Norriss et al. 1994). After colouring the sections were dehydrated with
the solutions of ethanol and xylene and put into Canadian balsam (Ruzin 1999).

To detect root mycorrhiza symbionts of D. fuchsii and D. baltica, there was used
Hayman’s (1970) method. At first, root fragments were rinsed in running tap water, and then
heated for 1h in 10% KOH solution. After that, roots were rinsed in running tap water and
coloured with 0.05% triptane blue colour (5Smin). Roots were kept in lacto-glycerol (mixture
of lactic acid, glycerine and distilled water, 1:1:1, v/v/v). Mycorrhiza intensity (M%) and
mycorrhiza structure occurrence frequency (F%) in all root system was calculated using
computer programme “Mycocalc” (Trouvelot et al. 1986). The specimen were assessed and
photographed by light microscope Leica DM5500B, which was equipped with digital
camera Leica DFC490; with camera Canon PowerShot S70.

2.2.5. Detection of Liparis loeselii genetic diversity [VII; VIII]

For the genetic analysis, samples of L. loeselii (leave parts 10mm x 10mm of leaves without
visible insect damage) were collected in June and first week of July, 2010. Totally there
were collected 54 samples from 9 different habitats of Latvia (Fig.1)

Leave parts of L. loeselii were put into plastic Petri plates in filter paper discs soaked
with distilled water and kept cool up to 10°C. Within two to four hours the samples were
delivered to LU BI Plant genetics laboratory. Samples were dried in thermostat at 45°C/16h.
To protect the dried samples from the room humidity, Petri plates were additionally covered

with polythene and kept in darkness at room temperature.
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Figure 1. Samples selection places in 2010 for the genetic diversity detection of
Liparis loeselii population: 1.-Engure Orchid Trail (OT); 2.-Engure; 3.-Lake Kanieris; 4.-
Lake Kanieris Nature Trail (NT); 5. “Salkas” gravelpit; 6.- Lake Silabebri; 7.- Lake
Biusnieki; 8.- Lake Dreimani; 9.- Bog P&terezers.

There was extracted DNA from dried leaves (51 samples) and from green leaves (3
samples), which were collected in NBG Department of Plant Biological Diversity in vitro
conservation, taken from L. loeselii plants (seeds collected in the finding at bog P&terezers in
Slitere and sowed in vitro in 2008). There were done five DNA distinguishing repeats, using
two different DNA distinguishing methods - Saghai-Maroof (1984) method and modified
Friar (2005) method [VII]. To detect the DNA concentration, there were used two
spectrophotometric methods of DNA concentration detection with Thermo Nanodrop -1000
and Ependorf BioPhotometer. To do further analyses, there were selected samples with
DNA concentration 6.0-187.0 ng.uL' and DNA quality was set with agarose gel
electrophoresis method. DNA quality was set with agarose gel electrophoresis method
(agarose gel concentration 1.5% and power intensity 70V, time of electrophoresis lh
30min). Gel was put into 1XTAE buffer liquid float, which previously had been added
colour — 20pl ethidium bromide 10% solution, colouring time 40min in stirring mode, after
that the samples were put in distilled water float for 10min in stirring mode. Gel was lighted
with UV Itec Limited STX-20.M device, which was equipped with digital camera to get the
pictures.

To get PCR quality there were selected 18 universal retrotransposons from Kalendar
(2010) collections, which in other plant species had shown the highest level of
polymorphism. To get the PCR product with Gene Amp® PCR System 9700 device, there

was chosen and installed the programme with 30 cycles: denaturation 95°C/3min, which was
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followed by 30 cycles repeating consecutively (denaturation 95°C/40s, marker sticking
50°C/40s and elongation 68°C/60s , cycle final elongation 72°C/10min and soaking at 4°C.
In each boxes of PCR plate filled with total capacity 25ul: 4ul DNA and 21pul MIX; a
control sample box with distilled and deionised (d.d.) water. After performing, the PCR the
acquired DNA threads were analysed with agarose gel electrophoresis method, in each PCR
plate column to the existing 25ul of PCR product adding 5ul of colouring substance (6x
Mass Loading Gel Solution). Agarose gel concentration 3% and power intensity 70V, time
of electrophoresis 5h 30min. Gel was put into 1xTAE buffer liquid float, which previously
had been added colour — 20pl ethidium bromide 10% solution, colouring time 40min in
stirring mode, after that the samples were put in distilled water float for 10min in stirring
mode. Gel was lighted with UV Itec Limited STX-20.M device, which was equipped with
digital camera to get the pictures. To analyse the populations of L. loeselii, there were
selected two polymorph primers. The acquired results were analysed with data processing
programmes (POPGENE 1.31. and NTSYSpc 2.1) to detect the genetic diversity of L.
loeselii [VIII].
3. RESULTS AND DISCUSSION
3.1. Research in situ [I; 1I; V; VI]

In field research there was done inspection of different habitats with the goal to
assess the vitality of rare orchid species in different habitats, to get ready for the research ex
situ and select the most qualitative plants for seed collection to be infused in vitro from the

different habitats, as well as acquiring material for genetic analyses.
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Figure 2. Registration of plants, flowers and mature capsules of Ophrys insectifera (Threat
category 1) and Liparis loeselii (Threat category 3) in orchid deposits in Engure near
Lepste.

In the period from 2008 to 2011 in field research in Engure near Lepste the number of

registered O. insectifera and L. loeselii individuals, as well as their flowers and capsules
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has rapidly decreased during the years (Fig.2), which could testify of unfavourable influence
of environmental factors on orchid species in this habitat (Mark of EU significance protected
habitat group — 7230; habitat classifier in Latvia: C.2.1.12.) (Aunins u.c. 2010). Calcareous
fens are especially rich with species, and a rare habitat in Latvia is calcareous fens with
Schoenus ferrugineus and Cladium mariscus, which are found in all three orchid deposits in
Engure, and they are especially protected habitats both in Latvia and else in Europe. This
type of habitats is usually connected with near springs, and they are characterised by waters
rich with minerals and often containing carbonates, which take in also the sand. The
vegetation is formed depending on the type of spring water which flows out — rich with iron,
calcium or sulphur, and it differs from the rest of the fen territory. Because of the
permanently increased level of mist, in the places of probable spring sediments there is also

accumulation of peat layer (Pakalne u.c. 2008).

During this period it was observed that species of O. insectifera also showed
decrease of plants and flowers (Fig.1), capsules began to form, bet unlike L. loeselii they did
not mature, as the over ground parts of the plant necrotised within some weeks getting
infected by pathogen microorganisms, which can probably be explained by the increase of
rainfall during the seeds maturation period the end of July and early August [VI]. Natural
area of the particular species is more connected with Mediterranean coast climate where
summers are hot and mostly dry. Until now the danger of O. insectifera in the scientific
literature has been seen in the context of pollinators (Vandewoestijne et al.2009; Gutowski,
1989; Louis, 1992) and lighting changes (Dorland and Willems 2002; 2006), therefore our
research about the impact of climate on this species and the acquired first results must be
considered as innovation [VI]. To explain the reasons of O. insectifera danger in Latvia in
detail, there are necessary the comparisons of these data during the period of several years.
Literature sources tell that orchids in novel habitats often colonize more effectively when
connected to common mycorrhizal networks, which serve to redistribute nutrients to
seedlings and weaker plants (Nara and Hogetsu 2004). Scientists’ observations testify that,
for example, C. calceolus can successful colonise new habitat which has been changed
under human economic activities (Shefferson, Kull 2007). Investigations with several orchid
species have shown that orchid mutual cooperation with symbionts serves to help the
overcoming of plant environment stress (McCormick et al. 2004; Otero et al. 2002; Otero et
al. 2004), which helps the plants to adapt the changes of environment conditions
(McCormick et al. 2006). Our research with L. loeselii it was stated that in “Salkas” gravel
pit near Ainazi the population had successfully colonised the new biotope which had started
to form just since 1994, when this gravel deposits was formed. In this particular case we can

conclude that the population development can be promoted by all complex of conditions —
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sufficient light and wetness, as well as other factors.

3.2. Research in vitro
Valuation results of embryo vitality [IV]

Embryo vitality test was started in 2009; it was approbated in the NBG Department of
Plant biological diversity in vitro conservation and used practically to:

1. Check seed vitality within particular population in years;

2. Do controlling test in laboratory conditions for modified initial media to see their

suitability for the particular orchid species.

Figure 3. With TTH coloured alive embryos: A - Liparis loeselii (line segment corresponds
to 200 um); B - Cypripedium calceolus (line segment corresponds to 0.5 mm).
Embryo vitality test allowed predicting in advance the probable seed vitality from

the particular seed material before sowing in vitro (Fig.3). The acquired results testified that

embryo vitality in each species differed both by collecting place and time, and by different
years. The test served also for seed vitality check: it was stated that seeds of L. loeselii
which were collected in autumn 2009, being to hold in closed culture vessels at the
temperature of 4°C, also after one year had not lost the embryo vitality (30%). To do the

TTH test described in the literature, the decolourised time, i.e., length of sterilisation with

5% Ca(OCl), + 1% Tween 80, was different for each species — it varied from 8min to 1h to

bleach the seed-coat successfully and the embryo to be still alive. The necessary time of first

processing of C. calceolus seeds — 25min, for D. incarnata - 16 min (Van Waes, Debergh

1986). Our experiment of necessary seed bleaching time, as a result of which the embryos

keep their vitality, was using the ACE solution (1:2) for L. loeselii 10 min, for D.

ochroleuca 10min; in concentrated ACE solution - for C. calceolus 12—15min, for O.

insectifera 10 min. Experimental work experience with orchids has great significance when

doing trials in vitro with various level of seed ripeness. Under changing climatic factors in
different regions of Latvia there were also observed distinct differences in seed maturation

among populations. The seed material collected in expeditions for sowing in vitro testified
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of different seed maturation level at the same time: in 2008 at Lake Buisnieki the seeds of L.
loeselii were still connected to the placenta; at the same time at Krustkalni the seeds were
over-ripe, with well-developed seed-coat [II; IV]. Embryo vitality test allowed controlling
the results of germination of the collected seeds in vitro.

Aseptic germination of seeds in vitro [;1LIILIV]

There was experimentally set the necessary time for seed sterilisation before sowing
in vitro and the concentration of ACE solution for different orchid species, which was the
same as in TTH test, to provide sterility and at the same time preserve the embryo vitality at
the maximum: in undiluted disinfecting ACE we could sterilise C. calceolus for 12—15min,
O. insectifera for 10min; in 50% ACE solution - C. calceolus — for 25min, other species —
for 10min. It has been mentioned in literature that seed-coats of several species can contain
cutine, suberine, different polysaccharides, forming “carapace” (Rasmussen 1995). It can
create a serious problem for such seeds germination in vitro cultures. Soaking for the
selected most optimal time in concentrated ACE solution, at the same time there was
achieved sterilisation of C. calceolus and O. insectifera seeds and scarification of seed-coat.
As one of the delaying factors of germination is the ABA, existing in the seed-coat, which
works as inhibitor (Van Waes 1984, quoted after Rasmussen 1995). For our research to rinse
the ABA existing in the seed-coat, the seeds were additionally stored for 2h in sterile
distilled water. Getting the seed photos in the microscope, it was possible to fix the seed-
coat “carapace” also visually (Fig.4A). Like seed-coat structure of C. calceolus was not spy
(Fig.4B).

Initially using the liquid media and sowing on filter paper bridges in test tubes, when
unopened capsules were sterilised by soaking in 96 % ethanol and set on fire, there was
provided their total sterility [I; II]. This method was used for sowing partly mature seeds in
sterile mediums without agar. Liquid media gave the opportunity to supplement the nutrient
solution or to move the filter paper bridge with seeds to the test tubes with newly made
media. However, this method also showed some drawbacks: partly mature seeds may not
receive sufficient amount of nutrients and physiologically active substances, which is
necessary for each species in their initial development. Besides, as it has been mentioned in
literature, liquid media change pH more rapidly than agarised, as a result of which necroses
appear and the tissues die (Cherevchenko et al. 2008). Therefore during the work there was
worked out new seed sowing methodology, when the sterilisation of totally mature seeds
was done in filter paper discs, which were put on agarised initial media. Using this method
of sowing in vitro, it was possible to protect the filter paper discs partly from drying,

periodically humidify them with dilute medium solution.
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Figure 4. Orchid seeds: A - Ophrys insectifera seeds from NBG. Seed with well-developed
embryo (left side) and undeveloped embryo (right side). Seed-coat with big
“carapace” in its cells (line segment corresponds to 150um). B — Cypripedium
calceolus seed with different seed-coat (line segment corresponds to 150pum).

Trying the basic medium of Van Waes and Debergh (1986) with and without AC as
adsorbent in media for germination, it was cleared that adding of AC decreased the number
of sprouted plants (Fig.5). It shows that in the initial phase of in vitro culture the presence of

adsorbent is not advisable.
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Figure 5. Dactylorhiza baltica seed germination on Van Waes et al. 1986 basic medium
(with active charcoal - AC and without active charcoal — VW) in the period from
sowing in vitro on 9 November 2007.

Seeds of orchid species were sprouted in darkness and in separate cases the
germination took even after several years, therefore it was important to inspect that the
cultivation vessels do not get dry. Our research results showed that to stimulate seed
germination, as well as to provide wetness (in initial experiments the disc surface with seeds
was additionally moisturized with sterile distilled water), the change of method to adding
modified liquid medium was efficient, but time-taking (1 time/1-2 months, seed initiating
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period up to 5 times). In comparison with epyphitic orchids, for the germination of which it
was necessary to have the light (Data of the Department of Plant biological diversity in vitro
conservation), terrestrial orchids better germinate in darkness (Rasmussen 1995). The main
factor of germination for different plant species of temperate climate zone is the temperature
of environment, which affects termination of dormancy period (Necajeva 2012, etc.).
Physical dormancy period can be stopped or reduced also by mechanical or chemical
influence (Baskin 1998). One of the factors can also be time: seeds of C. calceolus, which
were sowed in vitro, started to germinate 2—-3 months later, but germination of separate
seeds was observed even up to 2 years later (Jakobsone 2009). In our experiments we found
germination without processing with lowered temperature in medium which contained an
essential part of amino acids, but the addition of cytokines to all species was not necessary.
The approbation of acquired initiation of in vitro culture was successful with six of eight
investigated orchid species: D. baltica, D. fuchsii, D. russowii, D. ochroleuca, L. loeselii, C.
calceolus.
Ensuring of growing and development in vitro [11;111;V]
Plant eco-physiology is an experimental science, which investigates physiological
mechanisms, which are in the base of ecological research (Lambers et al.2008). Inspecting
habitats and being guided by the literature about research in situ, it has been tried to use this
knowledge for provision of plant development in vitro conditions. The most important
factors for cultivations are medium components of macro- and microelements,
environmental pH, light-darkness mode and temperature (Mitrofanova 2011).
Cultivation media

For each stage of plant development there were used different media and their
modifications. Detection of organic additives in media is complicated, besides, there exist
differences in each population and even in each seed’s requirements for chemical reagents
(Rasmussen 1995), which in our case were selected and set in experimental way by
modifying basic media published in literature. One of the most important permanent
circumstances of in vifro is medium’s pH and its consistency (Mitrofanova 2011). There are
different opinions about the addition of phytohormones in initial media, for example, it was
stated that kinetine inhibited the formation of both protocorm and rizoides (Hadley 1970).
Wotavova-Novotna (2007) proved that auxins stimulated root formation, bet cytokines
intensified sprout development and cell division for some of Dactylorhiza species. The
development of plant over ground parts in vitro in the classical variant is ensured by the
proportion of cytokines and auxins, which exceeds 1:1 by several times, that is, for that taxa
which need the addition of phytohormones. Vejsadova (2006) has published the results of
experiments, which show normal development of terrestrial orchid species Dactylorhiza

incarnata subsp. serotina and D. maculata subsp. maculata, adding [AA and zeatine in the
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cultivation medium correspondingly 1.43uM and 0.72uM, which approximately
corresponds to 0.25 and 0.15mg.L"', but for rooting 1.34uM NAA together with 1,11uM
BAP. The author had the rooting experiment lasted for 12 months. In our turn, the
experiments show, that species of Dactylorhiza genera, when germinating, form the root and
further usage of auxins is not necessary; in further cultivation process the old roots gradually
die and new ones are formed. Also in the nature, mostly the roots of terrestrial orchids are
formed again every year and the old one dies (Smith and Read 1997). D. fuchsii could
initially be cultivated on mediums without growth regulators, formation of tubers and roots
was observed already 3—6 months after the beginning of germination (Jakobsone 2008).
However, in experimental research with C. calceolus 3—6 months after incubation in
darkness at 5°C temperature in vitro with the addition of cytokine (BAP, kinetine or zeatine)
to media, there were got plants of C. calceolus, which 4-5 months later were planted ex vitro
(Klavina et al. 2009). We can conclude that for the plantlet development, phytohormones
cytokines were not necessary, if these plants are meant to be planted ex vitro;
phytohormones had to be added to the medium to keep the sprout in longer juvenile stage, as
well as to initiate new shoot formation. Our research confirms once more that each orchid
species has to be used different cultivation methods. The results of the experiments with D.
baltica showed that the initiation of new shoots was able to get with a combination of
phytohormones BAP 0.2mg.L" + IAA 0.05mg.L"' (Fig. 6.A), but during cultivation there
had started the medium colouring, which later created plant necroses. With the addition of
YE 1.5g.L"" to medium Fast (1974) a part of plantlets juvenilised and in the next re-planting
there followed growth and development of separate individuals. (Fig.6.B).

Figure 6. Dactylorhiza baltica after 1.5 month cultivation in vitro: A — basic medium (Van
Waes et al. 1986) was added BAP, 0.2mg.L'1 + TAA, 0.0Smg.L'l, on the root there
has appeared a new sprout; B — basic medium (Fast 1974) was added 1.5g.L"" YE,
sprout development phase before proliferation; C — basic medium (Fast 1974) was
added 1.0g.L"" YE, sprout with well developed tubers and vitality assessment (4.5
points).
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Assessing the plant vitality, the best result was seen in the variant which had the
Fast (1974) basic medium 1 gL' YE added (Fig.6.C). Literature points that RE contains
vitamins and 10% of amino acid (Rasmussen 1995), and these nitrogen organic
combinations for orchids as symbiotic plants are easier to receive than non-organic
combinations of nitrogen. Adding the medium RE, the root and tuber necroses were not
observed. In its turn, addition of phytohormone MT to the medium is not advisable in D.
baltica media, because in the experiments there were formed 25% of root and tuber necroses
although MT stimulated the creation of new shoots. The mathematical processing results of
experiments with D. baltica, using SPSS 17 programme, have been summarised of

mathematical treatment results in tables 1 and 2 [V].

Table 1. The influence of BAP and yeast extract on D. baltica plantlet quality indicators in
vitro (basic medium Van Waes, Debergh 1986 modification), adapting Kruskal-Wallis test.

*)Kruskal Number Proliferatio New Root Previous
Wallis test Tubers ofroots | Vitality n rate sprout Necroses length medium
Chi-Square 12,429 9,215 14,379 10,186 20,169 16,481 7,425 4,449
Asymp. Sig. 0,190 0,418 0,109 0,336 0,017 0,057 0,593 0,879

*) Parameters of Kruskal Wallis Test

Table 2. The influence of BAP, MT and IAA on D. baltica plantlet quality indicators in
vitro (basic medium Fast 1974 modification), using Kruskal-Wallis test.

*)Kruskal Number Proliferatio New Roots Previous
Wallis test Tubers of roots Vitality n rate sprouts | Necroses length medium
Chi-Square 6,861 6,072 20,496 14,427 8,339 17,233 3,154 18,300
Asymp. Sig. 0,652 0,733 0,015 0,108 0,500 0,045 0,958 0,032

*) Parameters of Kruskal Wallis Test

The sample groups differ essentially if Asymp. Sig. = 0.00<0.05, therefore
experimental variants of Van Waes, Debergh 1986 basic medium modification with BAP
and YE essentially differ in new sprouts (0.017), which have formed on roots (Tab.1). In the
series of experiments on Fast 1974 basic medium modification with addition of phyto
hormones BAP, MT and [AA, the variants essentially differed in vitality (0.015), previous
media (0.032) and necroses (0.045) (Tab.2).

Experimental variants were additionally assessed by making comparison of two
sample groups with Mann-Whitney U-test, which showed that in these parameters variants
mutually did not differ essentially. Basing on the results of Mann-Whitney test, there was
also done Pearson correlation test to find out which parameters mutually correlate positively
and which - negatively.

As a result in experiments on Van Waes, Debergh (1986) basic medium modification

in the credibility interval p<0,01 the most essential negative correlations are between vitality
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and necroses (-0.802), as well as the second closest negative correlation was stated between
the number of roots and number of new shoots (-0.300). The only close positive correlation
was stated between number of tubers and vitality (0.289). For the series of experiments on
basic medium Fast (1974) modification, at credibility level p<0.01, Pearson correlation
shows close negative correlation between necrosis and vitality (-0.738), root length (-0.389)
and tubers (-0.358). In its turn, vitality closely positively correlates with tubers (0.487),
number of roots (0.280) and root length (0.230).

The assessment of experimental work results using Kruskal-Wallis test, Mann-
Whitney U-test and Pearson Correlation test allows predicting further in vitro cultivation
experimental work direction in more detail. This research is necessary to be continued.
Unlike the mass—micropropagated plants including epiphytic orchid sorts, rare and
endangered plants need such development in vitro, like in the natural environment. In the
cultivation process there were put forward two main problems: prevention of tissue necroses
and obtaining new plants in similar way, as it is in situ, where the multiplication is small.
Tissue necrosis is caused by increased emission of phenols from plants in the medium
(Wotavova-Novotna 2007), which get oxidised there creating quinones, which are toxic for
plants. As a result, plants get necrotised. Classical method to prevent this process is the
addition of adsorbent. Usually for this reason different plant cultivation media are added AC
dosed by 1-2g (Rasmussen 1995; Malmgren 1994; Stephan 1988; Vo6th 1976). In the
Doctorate paper to prevent tissue necroses with the addition of 1.5g.L™" AC was successful

only for the species D. russowii (Fig.7.A).

Figure 7. The influence of AC on orchid cultivation in vitro: A — Dactylorhiza russowii
necroses were not found; B — Dactylorhiza baltica — a part of well developed shoots
die of tissue necroses.

From the seed germination to sprout stage the cultivation takes place in complete
darkness mode and is regularly supervised, because new sprouts can get necrotised. Plants
are to be replanted in new media, suitable for each development phase every 3—6 weeks

depending on species for both stimulating normal growth and development and for
67



preventing necroses. Necroses in different plant cultivation stages are one of the most
important problems in vitro, as they can lead the plant to the complete destruction [II].

To find a solution to this problem, there were done test with plants of modelling
species D. baltica acquired in vitro including the increased dosage of Ca>" in the medium. It
is known from the literature that high concentration of Ca*" in the cell wall and cell
membrane mostly serves to provide its endurance and to regulate cell membrane structure.
High activity of the enzyme polygalactouronasis, which in its turn splits pectin, is observed
when there is lack of Ca®" which is the reason of cell wall degradation, as the result of which
plant tissues become “soft”, transparent. Calcium is necessary for cation-anion balance,
organic and non-organic ions being in mutual cooperation (Pierik 1997).

In the first experiments with the increased contents of Ca®" it was added to Norstog
(1973) basic medium as calcium gluconate monohydrate (Ci2H2,Ca0O,4 x H2O). These tests,
in comparison with Norstog (1973) basic medium, proved the essential decrease of necroses
in regenerant cultivation process (Fig.8) — single, increased dosage of Ca (2.28g.L™") kept its
after impact, creating the opportunity to cultivate orchids presenting cytokines, which gives

an opportunity to get new shoots in the cultivation process. [V].

Figure 8. Dactylorhiza baltica after cultivation in vitro for 1.5 months in modified Norstog
(1973) basic medium: A — with unchanged dosage of calcium, there formed
necroses; B — with increased dosage of calcium (2.28g.L™).

Lighting and temperature

From sowing in vitro to getting sprouts with normally formed roots the cultivation is done
in total darkness mode. It is connected with the fact that also in the nature the initial
development takes place in the soil. If for the terrestrial orchids this stage in situ lasts for
3—4 and more years depending on species (Rasmussen 1995), in vitro conditions it happens
for some months. If multiplication or keeping in sterile culture is not necessary, in Autumn
the orchids sowed in asymbiotic culture will be ready for planting in substrate already in

spring [V]. Both for preservation reasons in plant sterile bank, and acclimatization ex vitro
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the acquired regenerants are advisable to be put for 2—4 months in lowered temperature

(5+2°C) at slow growth conditions and darkness, for them to survive the stillness period.

3.3. Acclimatization of regenerants ex vitro [V]

Acclimatisation is an individual plant’s morphological and physiological adaptation
to compensate the reduction of vitality after initial stress reaction (Lambers et al. 2008).
There are practised different plant acclimatisation in vitro methods, but it is especially
important to keep permanent acclimatisation conditions for the plants to avoid stress
(Gordon 1991). The author accentuate that there are five most important factors which must
be provided and controlled to keep permanent in the acclimatisation process, and they are:
additional air humidity (first two weeks up to 95%—100%, decreasing gradually in the 3™
week), substrate nutrients, light mode, air circulation and temperature. To reintroduce
successfully the plantlets acquired in vitro in ex situ-in situ conditions [semi-natural
meadows] in NBG, there were made soil analyses and selected planting places, considering
our field research in situ. For the acclimatization experiment there were analysed soil
samples from the three selected places: (1) from the cultivation bed, (2) wet meadow at the
pond shore and (3) meadow where the orchids of Dactylorhiza genera grow. Soil analyses
results are summarised in Table 3. During the acclimatisation process in vitro for the
experimentally got plants of D. baltica the air humidity 80% and air circulation was
provided by double agrofilms on the boxes of substrate (No.1-6), controlled light mode —
first 3 weeks for 24h in artificial light and at 23-25°C temperature and 2 weeks in outside
conditions under the covered materials.
Table 3. Nutrient contents in the acclimatization experiment for Dactylorhiza

baltica in NBG and Orchid path in Engure nature protected area. .

Nutrient Variant 1. Variant 2. Variant 3. Engure
Cultivation | Wet meadow | Wet meadow Orchid path
bed at pond shore
68 27 25 19
P 807 174 172 30
275 90 53 140
Ca 7375 13500 3035 3413
Mg 875 3750 788 413
S 21 21 21 20
Fe 1060 960 920 330
Mn 110 75 65 29
Zn 17 3,25 3,95 3,65
Cu 8 2,25 1,45 0,35
Mo’ 0,05 0,04 0,06 0,04
B 1 <0,1 0,6 0,40
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pHKCl 6,85 7,15 6,74 5,50

Methods sensitivity limit (*) ; for microelements ranging 0.01-0.5 mg.L™".
Y Soil analyses made in LU BI Plant mineral nutrition laboratory, within Latvian Council of
Science project Nr.09.1549 Part C.

According to the results of soil analyses it is seen that in all samples of NBG soil
there is high level of calcium, magnesium, phosphor us and iron in comparison of Engure
Orchid Trail. However, the confirmation of the opportunity to adapt orchids multiplied in
vitro totally for conditions close to acclimatize in situ, in our opinion, was more proved by
the fact that in variant 3 and especially in variant 2 (wet meadow at the pond shore) these

meadows already had these species of Dactylorhiza genera growing wild in them.
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Figure 1. The morphological parameters of Dactylorhiza baltica
after 6 months regrowing in different soil mixtures

of urber of droppers per
e of urrber of tubers per plant

O Average of fiesh weight per plant

Variant No. of soil mixtures

7

Figure 9. Dactylorhiza baltica (Variant 6: turf soil and leaves compost: partly decomposed layer of
plant parts under sphagnum (1:5), exposition for five months in darkness in conditions of slow
growth at 5°C) plants after five months acclimatisation ex vitro in 2009. Before planting in NBG
territory in autumn there was done their quality assessment.

The results were assessed after the five months acclimatisation of D. baltica in six
different substrate variants. (Fig.9) The task of the acclimatisation research ex vitro is to
clear out how the different cultivation conditions of the plant in vitro (contents of medium,
temperature) affected the quality indicators of D. baltica. The acquired results were
processed with multi-dimension Cluster analysis method of PC-ORD 5.0 programme
(Fig.10).

Distance (Objective Function)
5,1E-03 . 2,7E-01 . 5,3E-01 . 8E-01 . 1,1E+00

Information Remaining (%)
100 . 75 50 25 0

K2_3 A ]
K3_2 A substrata variants / soil test

A1 A2 A3 A4 AD ASB

Figure 10. Cluster dendrogram with Dactylorhiza baltica plant acclimatisation results,
assessing six substrate variants (coloured symbols) and the cultivation experiment
variants (K1-K6).

To find coherences between substrate variants used for plant acclimatisation and
plant quality indicators of D. baltica, Cluster analysis used division of six groups, assessing
four factors: number of roots, number of droppers, number of tubers and average mass of
plant (g).

Assessing the acquired results we can conclude that the differences of substrates in

this case of assessing quality indicators of D. baltica plants are not so essential. Essentially
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differ variants K4.1. and K4.2., because for cultivation in vitro plants there were used
different modifications of media, which makes us to conclude that in this experiment the
cultivation media before plant acclimatisation ex vitro more essentially affected plant vitality
than the selection of acclimatisation substrates. Strict difference from the other variants
belonged to variant No.3 (K3.1 and K3.2), which also testifies of different cultivation
conditions of D. baltica plants in vitro, 1. e. which ones were in vitro cultivated with the
increased dose of calcium.

Regardless of the fact, that in substrate variants No.1-5 in vitro the plants were
planted from the cultivation room with 23-25°C and 16h light, but in substrate variant No.6
the plants acquired in vitro were planted ex vitro after 5 month exposition at 5°C in
darkness, cluster dendrogram shows the similarity of these variants (for example, K6.1 and
K1.1). Therefore we could conclude that the substrate variants selected for acclimatisation
are similar. However, in Figure 7.B it is seen that variant No.6 had significantly different
quality indicators, which was evidently affected by period of dormancy (five months at 5°C
in darkness). As the result, in 2010 plants of variant 6 spent the winter successfully, as well
as already next year there flowered the first plants in each of the three different experimental
plantings in NBG. In its turn, it testifies that the flowering was affected not by experimental
planting variant, but by cultivation conditions in vitro before acclimatisation. Plants of
variant 6 kept the comparatively higher vitality also in 2011.

Data of years 2010 and 2011 about the reintroduction of D. baltica in conditions

close to in situ in NBG are shown in Figure 11.
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Figure 11. The number of survived Dactylorhiza baltica plants in ex vitro conditions: A —
cultivation bed; B — wet meadow at pond shore, which is occasionally flooded; C —
wet meadow; D — total number of survived and flowered plants in three different ex
vitro plantings.

Figure 12. Dactylorhiza baltica (Variant 6) after winter survival in 2009 and 2010: A—with
mature flower head and characteristic pigmentation of leaves in NBG experimental

outdoor planting (wet meadow at pond shore); B—flowering plants in cultivation bed.

N
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Already in spring 2010 D. baltica flowered in all three experimental plantings of
NBG, each having one individual for the first time. After spending the winter of 2010/2011,
the reintroduced plants of D. baltica successful competed with other species in the meadow
ex situ — in situ conditions (Fig.12.A). However, experiments in cultivation bed did not
cover the expectations, as the place was not suitable. In Autumn 2010 the survived plants of
D. baltica, which were replanted in closed bed in NBG in half-shadow, had successful
survived the winter in spring 2011 (Fig.12.B).
3.4. Formation of mycorrhiza in acclimatized plants of Dactylorhiza baltica [111;V]

For the orchids to get acclimatised ex vitro, one of the most important factors is a
successful formation of mycorrhiza. In the process of symbiosis the orchids get nutrients
from fungi (Cameron et al. 1999). Orchids and their symbiotic fungi form common network
of roots and mycelium, which together with the soil form the ecosystem body (Selosse et al.
2006). The results acquired in the work showed that in the acclimatisation process the plants

acquired in asymbiotic conditions got colonised with symbionts (Fig.13).

Figure 13. Colonisation of Dactylorhiza baltica in vitro plant roots with symbionts after
five month acclimatisation ex vitro: A; B—Variant 4 [turf soil and leaves compost :
partly decomposed layer of plant parts under sphagnum (1:3)]; mycorrhiza fungi
hyphas have colonised in root hair; C — root cells colonisation with mycorrhiza fungi
hyphas. Line segment corresponds to 40x30pum (A and C); 20x50pm (B).

For the root fragments selected for analysis there were calculated the indicators of

mycorrhiza colonisation level: mycorrhiza intensity in all root system (M%) and mycorrhiza
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frequency or mycorrhiza structure occurrence frequency (F%) in all root system. Six
substrate variants (No.1-6) had statistical data processing done, using the parameters M%
and F%, using the computer programme “Mycocalc” (Tab.4).

Table 4. The intensity of Dactylorhiza baltica root colonisation (M%) and frequency

(F%) after five months acclimatization ex vifro in different soil substrates (No.1-6).

Variants Nr.1 Nr.2 Nr.3 Nr.4 Nr.5 Nr.6
M % 0,2 11,7 0,4 1,1 0,6 7,2
F % 5 69 12 29 20 83

The samples after acclimatisation ex vitro from substrate variants No.2 [substrate
No.1 (gravel: substrate form the meadow where orchids grow: pine bark mulch (1:1:0.5)],
covered with forest soil of partly decomposed leaves) and No.6 [turf land and leaves
compost: layer of partly decomposed plant parts under sphagnum (1:5)] symbiosis intensity
(M%) and mycorrhiza frequency (F %) is significantly higher than in other variants
(No.1;3;4;5), which testifies that in variants No. 2 and No. 6 substrate there are components
which stimulated mycorrhiza development, probably corresponding symbiotic fungi or
conditions favourable to their development. The fact that plants in vitro successful get
symbionts in their roots, is shown also by the research in NBG analysed samples of C.
calceolus already after 2 months of acclimatisation ex vitro, doing mycorrhiza research
according to the published method (Hayman 1970), the percentage of root mycorrhization
was ranging from 1.0-8.9% (Klavina et al. 2009).

To realise total acclimatisation ex vitro of the orchids acquired in vitro, and achieve
the adaptation of these plants in natural conditions or conditions close to natural, it is
necessary to have additional research. At the moment there have been started successful
research of D. fuchsii and D. baltica mycorrhiza, and there will be continued mycorrhiza
research also in other orchid species [III;V].

3.5. The genetic diversity of Liparis loeselii populations in different habitats of Latvia
[VIIL; VI

From the checked 18 on retrotransposons based PCR primers, only two primers
(2079 and 2415) showed high genetic polymorphism and therefore were suitable for the
genetic diversity research of L. loeselii.

Table 5. Nucleotide sequences which are characteristic to two markers and show the
population polymorphism of Liparis loeselii genetic diversity.

Primer No. © Nucleotide sequences (5°—3°)
2079 AGGTGGGCGCCA
2415 CATCGTAGGTGGGCGCCA

(*) Kalendar et al. 2010.
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Both primers totally formed 50 loci, with primer 2415 there were marked 23 loci and
with primer 207927 loci (Tab.5). Polymorphism of the marked loci was different in plants
grown in different biotopes and varied from 48% to 84% (Tab.6).

Table 6. Number of polymorph loci in Liparis loeselii populations.

Polymorphic loci

Habitats with L .loeselii number frequency (%)
Engure OT 32 64
Engure near Lepste 42 84
Krustkalni 28 56
Bog Péterezers in Slitere 24 48
Other investigated habitats 0 0

Polymorphic loci characterise the genetic diversity of L. loeselii, which is indicated
by Nei index (Nei 1972). Of all analysed loci, only three loci were characteristic to only one
L. loeselii population and could not be found in other habitats. Doing the genotyping, there
were found in total three “unique” loci and with the marker 2415. Two unique loci No.4 and
No.13 were found in orchids of Engure OT habitats and one (No.16) in plants growing in
Lake Kaniera surroundings (Tab.7).

Table 7. Liparis loeselii unique alleles.

Loci Habitats Allele frequency (%)
No.

4 Engure OT (Orchid Trail in Engure) 13.4

13 Engure OT (Orchid Trail in Engure) 50.0

16 Kanieris (the lakeshore of Lake Kanieris) 13.4

For the result analysis there were used data mathematical processing programs:
PopGene 1.31 and NTSYSpc 2.1 (Fig.14; 15).
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Figure 14. Dendrogram characterising Liparis loeselii population genetic diversity.

Dendrogram shows the genetic similarity of the analysed plants growing in eight
different habitats. Dendrogram shows two groups, which form genetically mutually similar
clusters of individuals: from Engure Orchid Trail (Engure OT) and Engure (near Lepste)
populations, as well as from Lake Kanieris — Ainazi gravel pit ecotypes. Individuals from
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Lake Kanieris and AinaZi gravel pit population are geographically distant, but genetically
mutually similar, which can be seen also by genetic distance (Tab.8). Branch of the eighth
group cluster forms a set of distinctly genetically different individuals, which characterise
individuals from Lake Silabebri population.

Table 8. Genetical distances among Liparis loeselii individuals from different habitats.

Habitats Engure Engure Kanieris Kanieris Gravel  Lake Lake Lakg .
oT NT . . . e« . Dreimani
near pit Silabebri BuiSnieki ’

Lepste “Salkas”

Engure near 0.068
Lepste

Kanieris 0.306 0.300
Kanieris 0.222 0.198 0.396

NT

Gvravelpit 0.374 0.338 0.092 0.446

“Salkas”

Lake 0.317 0.325 0.610 0.654 0.654

Silabebri

Lake 0.138 0.213 0.313 0.301 0.478 0.616
Busnieki

Lake 0.076 0.125 0.280 0.293 0.333 0.183 0.203
Dreimani

Péterezers 0.101 0.085 0.186 0.182 0.244 0.534 0.110 0.171
bog

Genetic differences between these two ecotypes, probably, could be connected with
adaptation to growing conditions, that is, increased water level, nutrients, light, as well as
different species of mycorrhiza fungi, as it was previously mentioned also in other authors’
works (Taylor and Bruns 1999; Bidartondo et al. 2004).

Dendrogram (Fig.15), which shows the genetic diversity of all analysed plants,

characterises the inner genetic structure of L. loeselii population in Latvia.
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Figure 15. Dendrogram to assess the genetic structure of Liparis loeselii within the
population: A—Engures Orchid Trail (OT); B-Engure near Lepste; C—Lake Kanieris;
D-Lake Kanieris Nature Trail (NT); E— Gravel pit Salkas”; F-Lake Silabebri; G—
Lake Busnieki; H-Lake Dreimani; J— Bog P&terezers.

The dendrogram (Fig.15) of summarised results does not show sample grouping
according to the sample collection places and analysed samples from different habitats take
position in one and the same dendogram branches. The dendrogram (Fig.15) shows two
superior branches and four smaller groups, two of them (D1 — Lake Kanieris Nature Trail, J2
— Bog Péterezers) are located separately. Showed two groups, which form genetically
mutually similar clusters of individuals: from Engure OT and Engure near Lepste
populations, as well as from Lake Kanieris — gravel pit “Salkas” (AinaZi) ecotypes.
Individuals from Lake Kanieris and “Salkas” gravel pit population are geographically
distant, but genetically mutually similar, which can be seen also by genetic distance (Tab.8),
which values vary from 0,092 lidz 0,374. Branch of the other group cluster forms a set of
distinctly genetically different individuals, which characterise individuals from Lake
Silabebri population. Values of genetic distance vary from 0.317 to 0.654 (Tab.8). This
results that the inner genetic diversity or plant genetic similarity of L. loeselii population is
probably connected with the age of population and growing conditions. Vegetation is
characterised by relatively low perennial grassland with the dominating species E.
variegatum [VIII; Tab.5]. Genetic differences between these two ecotypes, probably, could
be connected with adaptation to growing conditions, that is, increased water level, nutrients,
light, as well as different species of mycorrhiza fungi, as it was previously mentioned also in
the works of other authors (Taylor and Bruns 1999; Bidartondo et al. 2004). Polymorphism
of L. loeselii by the Lake Busnieki and Kanieris NT is a natural succession — also formed not
long time ago, it was caused by the lake overgrowing and bog formation in this habitat.
Vegetation consists of higher perennial grass, but their amount is still small and at the
moment this L. loeselii population, in gravel pit “Salkas”, has optimal growing conditions,
there is not distinct competitiveness among species, which could create stress, these
conditions have been described by others authors (Rasmussen 1995; McMaster 2001; Pillon
et al. 2007).

CONCLUSIONS

There has been experimentally worked out methodology for orchid sowing in vitro for six
out of eight researched species: Dactylorhiza baltica, D. fuchsii, D. russowii, D. ochroleuca,
Liparis loeselii, Cypripedium calceolus.

Research explained that the necessary qualitative and quantitative contents of culture media
compounds to provide growth and development in vitro differs for both each orchid species
and within one species depending on the stage of growth and development.

To eliminate necroses, essential meaning has the addition of Ca gluconate to cultivation
medium for species of Dactylorhiza genera: single, increased dosage of calcium ( 2.28
78



®
L4

mg.L™") kept the after impact, creating the opportunity to cultivate orchids presenting with
cytokines.

The most optimal variant for acclimatization ex vitro in our research with Dactylorhiza
baltica belonged to the plants which were put in lowered temperature (5 °C) and for five
months in darkness: separate plants flowered already in a year after being planted in the
territory of NBG in all field experiments.

The acquired in vitro plants of Dactylorhiza baltica after planting in all variants of substrate
had colonised with symbiotic microorganisms, which provided their survival in ex vitro
conditions.

For high concentration and quality DNA product obtaining from Liparis loeselii the
modified Friar (2005) extraction method with double sedimentation of DNA was the most
suitable.

To get the high concentration and quality DNA product of Liparis loeselii, the suitable
method was modified Friar (2005) method with double sedimentation of DNA.

The genetic diversity found in the population of Liparis loeselii is not connected with
sample habitat location. There was found a probable connection between plant genetic
similarity and their growing in similar growing conditions.

Research which include orchid asymbiotic germination, growing and development, as well
as acclimatisation ex vitro, show that in vitro methods are essential for orchid species
possible reintroduction in nature — to preserve species diversity.
The approbation of the research results

The research results acquired in the doctoral thesis have been reflected in 7 scientific
publications, 1 manuscript, 13 international conference theses and about the research there
have been given 13 reports in international scientific conferences.
Reports in international conferences and published thesis:

The presenting author is underlined.

1. Congress of EastCentGard II, Warsaw/Rogow, Poland, 2007. Poster ,,The

conservation possibilities of endangered orchid species of Latvia and Lithuania.”
(Jakobsone G., Dapkiiniené S., Cepurite B., Belogrudova 1.). Published thesis: Book
of Abstracts, 44-45.

2. 2™ World Scientific Congress: Challenges in Botanical Research and Climate
Change. The Netherland, Delft, 2008. Poster “Conservation of Liparis loeselii (L.)
Rich. in protected areas of Latvia and National Botanic Garden”. (Jakobsone G.
Gavrilova G., Belogrudova 1., Aleksejeva L.). Published thesis: Book of Abstracts,
79.

3. 22 expedition of the Baltic Botanists, Daugavpils, Latvia, 2008. Poster

“Dactylorhiza fuchsii as model object in in vitro culture study for development of

terrestrial orchids.” (Jakobsone G., Belogrudova 1., Megre D.). Published thesis:

Abstracts and Excursion Guide, 21.

4. Daugavpils University International Scientific Conference No.51, Daugavpils,
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10.

11

12.

13.

Latvia, 2009. Report ,,The necessity of biological research of wild orchid species in
Latvia in vitro. (Belogrudova 1., Jakobsone G.). Published scientific conference
theses, 36.

5™ International Conference "Research and conservation of biological diversity in

Baltic Region". Daugavpils, Latvija, 2009. Poster ‘“Methodological solution of

problems in investigation of Latvia's wild orchid species in vitro” (Belogrudova 1.,
Jakobsone G., Megre D.). Published thesis: Book of Abstracts, 22.

Daugavpils University International Scientific Conference No.52, Daugavpils,
Latvia, 2010. Report ,,The investigation of preservation perspectives of wild and
endangered orchid species in Latvia: in vitro culture acquisition from seeds,
cultivation and acclimatization ex vitro” (Belogrudova I., Jakobsone G.). Published
scientific conference theses (DU, DVD format), 52.

FESPB XVIII, Congress of the Federation of European Societies of Plant Biology,
Valensia, Spain, 2010. Poster ,,Protection of rare wild orchid species in Latvia ex
situ” (Belogrudova 1., Jakobsone G., Roze D., Megre D.). Published thesis: Book of
Abstracts, 97.

. XXIII Conference — Expedition of the Baltic Botanists, Haapsalu, Estonia, 2010.

Poster ,,Dactylorhiza baltica in vitro and in vivo” (Jakobsone G., Belogrudova 1.,

Roze D., Megre D.). Published thesis: Abstracts and Excursion guides, 23.

. Daugavpils University International Scientific Conference No.53, Daugavpils,

Latvia, 2011. Report ,,Usability of retrotransposon-based molecular markers to
assess genetic diversity Liparis loeselii”. (Belogrudova 1., Grauda D., Jakobsone G.,
Rashal I.). Published scientific conference theses, 16.

6™ International Conference “Research and conservation of Biological diversity in
Baltic region”, Daugavpils, Latvija, 2011. Poster “The different habitat types with

Liparis loeselii populations in Latvia” (Roze D., Jakobsone G., Strode L.,

Belogrudova L., Visnevska L., Kreile V.). Published thesis: Book of Abstracts, 110.

. International Conference for Academic Disciplines, Univerity of Malta, Gozo

Campus, Malta, 2011. Poster “Some aspects of the ecology of Ophrys insectifera”
(Roze D., Belogrudova 1., Jakobsone G., Megre D.). Abstracts in CD-R.

6" Planta Conference Actions for Wild Plants. W.Szafer institute of Botany PAS,
Krakow, Poland, 2011. Poster “The possible ecological reasons of the threat for
Liparis loeselii populations in Latvia”. (Roze D., Jakobsone, Belogrudova 1., Megre

D., Kreile V.). Published thesis: Book of Abstracts, 62.

5™ Baltic Congress of Genetics, Kaunas, Vytautas Magnus University, Lithuania,

2012. Stand report “Genetic diversity of Latvian Liparis loeselii population”,
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(Belogrudova 1., Grauda D., Lapina L., Jakobsone G., Roze D., Rashal 1.). Book of
Abstracts, 25.

Promotion paper — the set of publications which is based on 5 published and 3
scientific articles inserted for publication, of them 7 in internationally reviewed
journals and 1 prepared manuscript [VIII] to be submitted for publication in
internationally indexed journal in Lithuania within the V Congress of Baltics

Genetics in October 2012.
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