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IEVADS

Pateicoties piemérotajiem klimatiskajiem apstakliem, janogu gints augi
Latvija ir saimnieciski nozimigi. Platibu zina upenes ir vienas no plasak audze-
tajiem ogaugiem. Nemot v&ra $o augu nozimi, Latvija ir viena no nedaudzajam
Eiropas valstim, kur ilgus gadus ir ari noritgjusi janogu gints ogaugu mérktieciga
selekcija, taja skaita pret pumpurércém izturigu genotipu atlase. Dala no janogu
gints augiem nozimigiem kaitigajiem organismiem Latvija nav pietickami pétiti.
Tas attiecinams ari uz Cecidophyopsis gints pumpurércém, kuru izplatiba un saim-
nieciska nozime nav pietiekami skaidrota, ka ari nebija zinams Latvija esoso Ceci-
dophyopsis gints pumpuréréu sugu sastavs. Cecidophyopsis gints pumpurérces ir
ekonomiski nozimigi kaitekli lielakaja dala upenu audzésanas regionu. Nemot véra
pumpuréréu izplatibu augu kolekcijas, Sobrid tas ir atzitas ka vieni no nozimiga-
kajiem upenu kaitékliem ari Latvija, bet lidz $im nav apzinata So &réu izplatiba
Latvija kopuma, taja skaita komercdarzos un uz augiem savvala. Gan Latvija, gan
citas valstls ir noverotas pretrunas attieciba uz vairaku genotipu izturibu pret pum-
purércém, kad augi jaunas vietas introducéti ka éréu izturigi. Sis pretrunas skai-
drotas ka kaitékla (sugas Cecidophyopsis ribis) pielagosanas un augu rezistences
parvaréSana. Latvija un citas valstis rezistentu skirnu izveide un rezistences meha-
nismu izpéte ir vérsta uz vienu pumpuréréu sugu — Cecidophyopsis ribis. Sobrid
vairakas citas Eiropas valstits ir iegiita jauna informacija par Cecidophyopsis gints
sugam, nozimi un sastavu, atkariba no regiona, taja skaita éréu iespgjamo atkirigo
lomu upenu reversijas virusa (Blackcurrant reversion virus) izplatisana.

Sobrid uzskata, ka uz janogu gints augiem dzivo septinas Cecidophyopsis
gints pumpuréréu sugas. Lai arT upeném un janogam bijusas noraditas tikai kon-
krétas pumpuréréu sugas, tomér Somija C. spicata ir ievaktas no vairaku saim-
niekaugu — janogu, upenu un vérenu pumpuriem. Dazadas valstis veiktajos
pétijumos ir iegiti atskirTgi rezultati par upenu izturibu pret C. ribis, kas norada uz
iespgju, ka uz upen€m varétu baroties vairak pumpuréréu sugu, neka lidz Sim
uzskatija. To apstiprina ari Somijas pétijumi, upeném nosakot C. spicata, kas agrak
noteikta tikai no pikainas janogas (Ribes spicatum) pumpuriem. Lidz ar to bija
nepieciesams skaidrot dazadu saimniekaugu un uz tiem dzivojo$o pumpuréréu
sugu iespgjamo saistibu, kas varétu izskaidrot noverotas atSkiribas augu izturiba
pret pumpurércém.

Darba hipotéze. Atskirigo augu rezistenci pret pumpurércém izraisa
dazadais Cecidophyopsis gints sugu sastavs dazados geografiskajos regionos.

Darba meérkis. Noskaidrot Cecidophyopsis gints pumpuréréu sugu sastavu
un izplatibu, k@ ar7 saistibu ar dazadiem janogu gints augiem Latvija.



Darba uzdevumi:

1) aptverot visu Latvijas teritoriju, iegGt materialu Cecidophyopsis gints
pumpuréréu petijumiem;

2) parbaudit literatara ieteikto molekularo metoZu izmanto$anas iesp&jas
pumpureréu sugu identific€sana;

3) noteikt pumpuréréu sugu izplatibu pa janogu gints saimniekaugiem
dazados biotopos, aptverot péc iespgjas vairak saimniekaugu genotipu;

4) nemot véra iegutos rezultatus, skaidrot iespgjamas izplatibas sakaribas
starp pumpuréréu sugam, to saimniekaugiem, ka arT sugu saimniecisko nozimi.

Promocijas darbam ir ¢etras nodalas — Literatiiras apskats, Materials un
metodes, Rezultati, un Diskusija. Darba apjoms 76 lapas (neskaitot bibliografijas
sarakstu un pielikumus); darba ir 27 tabulas, 18 attéli; 293 bibliografiskie avoti, ka
ar1 3 pielikumi. Darbam formuléti devini secinajumi.

Darba zinatniska novitate. Latvija pirmo reizi sugu ltmeni noteiktas
janogu gints augiem kait€josas Cecidophyopsis gints pumpurérces, ka ari skaidrota
to izplatiba dazados biotopos un uz dazadiem saimniekaugiem. Veiktais petfjums ir
lidz $im apjomigakais par Cecidophyopsis gints pumpurércém izmantota paraugu
skaita un saimniekaugu sugu un genotipu daudzveidibas zina, kas deva iesp&ju
iegilit jaunas atzinas par ércu sugu sastavu un sastopamibu Eiropa, to saimnickaugu
loku, ka arT par to genétisko daudzveidibu. P&tfjuma gaita pilnveidota molekularas
diagnostikas metode uz janogu gints augiem dzivojo$o pumpuréréu sugu noteik-
$anai. Sugam Cecidophyopsis alpina, C. aurea un C. selachodon noskaidroti jauni
saimniekaugi.

Darba praktiska nozime. P&tljuma iegiitie rezultati un atzipas par &réu
sugu sastavu un to saimniekaugu loku ir izmantojami, planojot upenu, janogu un
zelta janogas selekcijas programmu Latvija, ka arT augu rezistences mehanismu
pret pumpurércém izpé&te un rezistentu skirnu selekcija ne tikai Latvija, bet arT citas
Eiropas valstis.

Petijums veikts Latvijas Valsts auglkopibas institiita no 2007. Iidz 2014.
gadam, ievacot materialu pétijjumiem visa Latvijas teritorija, no 65 vietam un 1235
janogu gints augiem, taja skaita komercstadijumos, augu kolekcijas, kokaudzetavu
matesdarzos, piemajas darzos, apstadijumos un savvala.

Pétijumi veikti projektu ietvaros:

1) Valsts pétijumu programmas nr. 9 projekts nr. 2 ,,Augstveértigas Latvijas
ogas: no $kirnes 1idz kvalitativam, drosam un veseligam produktam” (2007.—2009.)
— janogu gints augu aug8anas vietu apsekojumi daba, paraugu materiala ievakSana
un DNS kolekcijas izveide;

2) Leonardo Da Vinci apmacibu programmas projekta nr. 2010-1-LV1-
LEOO02-00675 (2010.) ietvaros VarSavas Dzivibas zinatnu universitaté, Mariusz
Lewandowski and Jan Boczek vadiba, iegiitas darbam nepiecieSamas iemanas
maureréu morfologijas petijumiem;



3) ERAF projekts nr. 2010/0317/2DP/2.1.1.1.0/10/APIA/V1AA/155 | Efek-
tivu auglaugu atveseloSanas pag€mienu un jaunu patogénu diagnostikas kompo-
nensu izstrade virusbriva stadama materiala iegi$anai” (2011.-2013.) — &réu sugu
noteik8ana un genctiskas daudzveidibas analize, noteik$anas metodes pilnvei-
dosana.

4) ESF projekts nr. 2013/0048/1DP/1.1.1.2.0/13/APIA/VIAA/008 ,,Zinat-
nieku grupas izveide kaulenkoku pavairoSanas, generativo procesu kvalitates
paaugstinasanas un auglu izmanto$anas iesp&u pétjjumiem” (2013.-2015.) —
promocijas darba sagatavo$ana, pétijumu rezultatu prezenté$ana starptautiska
zinatniska konference 2015. gada.



1. MATERIALS UN METODIKA

Janogu gints augu apsekojumi un paraugu vaksSana. Kopgjas situacijas
apzinasanai valsti, 2008. un 2009. gada marta un aprili apsekotas janogu gints
(Ribes) augu augsanas vietas, péc iesp&jas aptverot visu Latvijas teritoriju un
dazada veida biotopus (1.1. att.).

53.0%

1.1. att. Apsekoto augu sadalijums pa biotopiem
Surveyed plants and their distribution within habitats
Komercdarzi / Commercial orchards
Augu kolekcijas / Plant collections
Kokaudzetavu matesdarzi / Mother plant plantations
Piemajas darzi un apstadijumi / Home gardens and ornamental plantings
Savvalas biotopi / Wild habitats

Komercdarzos audzetie augi apsekoti, nemot véra Latvijas Auglkopju
asociacijas riciba esoSo informaciju par upenu un janogu audz€Sanas vietam.
Savvala augosie janogu gints augi apsekoti péc nejausibas principa — vietas, kur
Sos augus izdevas atrast. Galvena uzmaniba pievérsta komercdarziem un augu ko-
lekcijam, cenSoties ar aptvert p&c iesp&jas lielaku saimniekaugu genotipu skaitu.

Paraugus ievacot, no katra kriima nemti tris lidz pieci zari, kas nogriezti péc
iespgjas tuvak zemei. Ka viens paraugs ir no viena kriima ievaktais pumpuru
materials. Ja augu bija pietiekami, no vienas Skirnes vai kolekcijas audzétiem viena
genotipa augiem izvéléti pieci kriimi, kas atbilst pieciem paraugiem. Ja Skirnes
nebija zinamas, paraugiem zari pemti no pieciem, savstarpgji lidzigiem augiem.
Nezinamu upenu $kiru gadfjuma, tiem augiem, kuriem atskiras pumpuru krasa
(zali vai sarkanigi pumpuri), paraugi nemti atseviski — no katra veida kramiem.
Savvala augosiem augiem paraugi nemti no tada augu skaita, kads savvala bija
atrodams. Atseviskos gadijumos paraugi ievakti arT no lielaka krtimu skaita.

Kopuma apsekotas 65 vietas (1.2. att.), no kuram liela dala bija komerc-
darzi, bet pumpuru paraugi kopuma ir ievakti no 1235 kramiem.
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1.2. att. Apsekotas vietas, kur ievakti pumpuru paraugi
Surveyed localities where bud samples were collected

Laboratorijas apstaklos, no nogrieztajiem zariem izlases veida nolasiti nor-
mala izskata pumpuri, ka arT visi pumpuri, kuru forma at$kiras vai kas bija ka pum-
puru pangas. Pumpuri saglabati 96 % spirta.

Pumpuréréu klatbiitnes noteik§ana. Ar skalpeli pargriezti paraugos esosie
pumpuri apskatiti ar stereomikroskopa palidzibu, parbaudot &r¢u iesp&jamo
esamibu pumpuros. Ja pumpuros &rces nav konstatStas, tad novérojumu rezultati
registréti, uzskaitot pargrieztos pumpurus bez &cém (kopa 12120 pumpuri). Par-
grieztie pumpuri talak izmantoti pumpuréréu iegt@sanai un talakai pumpuréréu
DNS izdaliSanai.

Pumpuréréu DNS izdali§ana. Abas pargriezta pumpura puses ievietotas
sterila 1.5 mL Eppendorf m&geng, talak paraugam uzliets 1 mL sterila Tidens.
Mg&genes, ar tajas esoSajiem pumpuriem, ievietotas centrifiiga Eppendorf Centri-
fuge 5415 R un paraugi centrifuggti piecas miniites ar 13200 apgriezieniem minatg.
P&c centrifugésanas, uzmanigi atstikts idens un iznemtas pumpuru atliekas.

Pumpuréréu DNS izdaliSana, izmantojot genomiskas DNS izdaliSanas kom-
plektu (#K0512, Thermo Scientific™), veikta vadoties péc razotdja noteikta proto-
kola. Kopuma ieguti 665 &r¢u DNS paraugi (1.1. tabula).

Sugu noteik§ana morfologiski. Pumpuréréu sugu morfologiskajai noteik-
Sanai izve€leéti pumpuri no 16 paraugiem, no kuriem talak analiz€tas 324 &rces.
Pagatavojot mikroskopijas preparatus, &rces ievietotas pienskabes piliena attiri-
Sanai, kur tas karsétas 12 stundas aptuveni 70 °C temperatiira.

P&c ercu sakotngjas attirisanas pienskabe, tas ievietotas, uz priekSmetstikla
esoSa, Berlese skiduma piliena. Péc segstikla uzlikSanas, pagatavotais mikro-
skopijas preparats karséts 12 stundas 70 °C gradu temperatira, pabeidzot &réu
attriSanu un sakaltgjot preparatu fiks€joso Skidumu.



1.1. tabula

Kopsavilkums par iegiitajiem pumpurércu DNS paraugiem
Summary of obtained DNA samples of gall mites

Saimniekaugi Augi / Plants DNS paraugu skaits
Host plants bez ércém ar ércém Number of DNA samples
without mites with mites
Upenes / Blackcurrants 593 314 485
Janogas / Redcurrants 178 44 126
Veérenes / Alpine currants 18 17 54
Kopa/ In total: 789 375 665

Eréu sugu noteikSanai izmantots mikroskops Leica DMLS (okulari HC
PLAN s 10x/22, objektivi C PLAN 4x/0.10; 10x/0.22 PH 1 un 100x/1.25 oil PH
3), digitala kamera Leica EC3 un att€lu apstrades programma Leica LAS EZ (2010.
gada versija 2.0.0).

Sagatavotie mikroskopijas preparati sakotngji izskatiti, izmantojot mikro-
skopa 4x un 10% objektivu palielindgjumus, kas nepiecieSams &réu atraSanai mikro-
skopijas preparata; ka ari 10x — &r¢u garuma un platuma mérfjumiem, 100x
objektivu ar imersijas ellu — specifisko morfologijas pazimju apskatei, atseviskos
gadijumos &rcu platuma mérjjumiem. Visi attéli datu saglabasanai iegiti, izman-
tojot objektivu 100x.

Eréu at¥kirSanai izmantotas prodorsala vairoga Iiiju vizualas atikiribas
atbilsto§i sugu aprakstam®, uzmanibu pievérsot burtu "M", "N" un "A" figiiram,
kuras veido prodorsala vairoga pirma lidz ceturta submediana Iinija. Méritas pazi-
mes: €r¢u garums un platums, ka art garuma un platuma attieciba.

Polimerazes kédes reakcijas (PCR) amplifikacija, kloné$ana un sekven-
ceéSana. Ribosomalas DNS ITS/5.8S regions un dalgji géni 18S un 28S amplificéti,
izmantojot praimerus E un C2% PCR amplifikacija veikta 20 uL reakcijas apjoma,
kas ietver 1.5 pL genomiskas DNS, 1 pL katra 10 uM praimera, 0.4 uL Phire Hot
Start 11 DNA polymerase (#F-122L, Thermo Scientific™), 10 uL 2X Phire Animal
Tissue PCR buffer (#F-140, Thermo Scientific™) un 6.4 uL. PCR kvalitates fidens
(PCR grade water). PCR kvalitates aidens izmantots ari kontrolei. PCR nodro-
§inasanai izmantota termociklera iekarta EP Gradient, Eppendorf, kas iepro-
gramm¢eta $adiem reakcijas cikliem: 1 cikls 98 °C temperattira ar ilgumu 5 miniites,
un 37 cikli ar $adiem apstakliem — 10 sekundes 98 °C, 10 sekundes 65 °C un 25
sekundes 72 °C, nobeidzot ar 1 miniites nobeiguma soli 72 °C temperatiira. legiitie

! AMRINE, J. W., DUNCAN, G. H., TEIFION JONES, A., GORDON, S. C. & |. M. ROBERTS, 1994.
Cecidophyopsis mites (Acari: Eriophyidae) on Ribes spp. (Grossulariaceae). International Journal of
Acarology, 20, 139-168.
2 FENTON, B, BIRCH, A. N. E., MALLOCH, G., WOODFORD, J. A. T. & C. GONZALEZ, 1994. Molecular
analysis of ribosomal DNA from the aphid Amphorophora idaei and an associated fungal organism.
Insect Molecular Biology, 3, 183-189.
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PCR amplifikacijas produkti atdaliti ar elektroforézi 1.5 % agarozes gela, kam
pievienots etidija bromids gela esoSo DNS fragmentu vizualiz€Sanai ar ultravioleto
starojumu. Aptuvenie DNS fragmentu garumi noteikti ar garumu markieri
GeneRuler Low Range DNA Ladder (#SM1193, Thermo Scientific™).

Amplificétie fragmenti ligéti pJET1.2/blunt klon&S$anas vektora, izmantojot
CloneJET™ PCR Cloning Kit (#K1232, Thermo Scientific™), vadoties peéc DNS
pavedienu trulo galu (blunt end) un neattiritas PCR reakcijas protokola atbilstosi
razotaja instrukcijai. TransforméS$ana veikta, izmantojot Escherichia coli celmu
TOP10 (Invitrogen™) un TransformAid™ Bacterial Transformation Kit (#K2710,
Thermo Scientific™) reagentu komplektu.

Pozitivo klonu kolonijas analizétas tie$a veida ar PCR, izmantojot to pasu
praimeru komplektu ka sakotngja amplifikacija un Dream Tag Green PCR Master
Mix (#K1081, Thermo Scientific™) reagentu komplektu. Plazmidu sagatavosana
sekvencésanai veikta ar QIAprep Spin Miniprep kolonnam (#27104, Qiagen).
Klongto fragmentu sekvencesanai izmantoti praimeri pJET1.2 F un R (nodrosinati
kopa ar vektoru) un praimeri MiteB un MiteG, kas specifiski ércém®. Informacija
par sekvenc€Sanai izmantotajiem DNS paraugiem apkopota 1.2. tabula.

Talaka DNS sekvencesana veikta ka arpakalpojums Latvijas Valsts
meZzinatnes institita "Silava".

Filogenézes analizes. Iegiito sekven¢u manuala redigéSana veikta, izman-
tojot SeqMan programmu no datorprogrammu paketes Lasergene 9.1 (DNASTAR
Inc., ASV). Multiplo sekvencu izlidzinasana (alignment) veikta ar Clustal W
metodi un sekvencu paru procentuala lidziba noteikta ar Lasergene 9.1 programmu
MegAlign. Visa amplificéta regiona nukleotidu sekvences, kopuma no 56 kloniem,
kas ieglti no 27 pumpuréréu DNS paraugiem, salidzinatas ar astonu Cecido-
phyopsis taksonu sekvencém, kas no agrakiem pétijumiem® ir pieejamas datubazé
GenBank®. Papildus sagatavotas atseviskas sekvencu datu matricas ribosomalas
DNS regioniem ITS1, 5.85 un ITS2, lai salidzinatu ar citam pieejamajam® sek-
vencém. Sekvencu sakotngjai salidzinaSanai ar GenBank datu bazé pieejamam
sekvencém un to piederibas sakotngjai atbilstibai veikta BLAST analize’.

3 FENTON, B., MALLOCH, G. & E. MOXEY, 1997. Analysis of eriophyid mite rDNA internal transcribed
spacer sequences reveals variable simple sequence repeats. Insect Molecular Biology, 6, 23-32.

4 FENTON, B., BIRCH, A. N. E., MALLOCH, G., LANHAM, P. G. & R. M. BRENNAN, 2000. Gall mite
molecular phylogeny and its relationship to the evolution of plant host specificity. Experimental and
Applied Acarology, 24, 831-861.

® http:/Awww.ncbi.nlm.nih.gov/genbank/

 LAVA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.

" ALTSCHUL, S. F., GISH, W., MILLER, W., MYERS, E. W. & D. J. LIPMAN, 1990. Basic local alignment
search tool. Journal of Molecular Biology, 215, 403-410.
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1.2. tabula

Kopsavilkums par sekvencé$anai izmantotajiem ér¢u DNS paraugiem
Summary of mite DNA samples used for sequencing

Auga genotips
Plant genotype

DNS klonu skaits
Number of DNA clones

Upenes

Blackcurrants

Ribes nigrum var. altaica 2
Ribes nigrum f. rubrofusca 3
Ribes ‘Belorusskai Sladkaa’ 1
Ribes ‘Ben Lomond’ 1
Ribes ‘Ceresneva’ 1
Ribes ‘Kattiga’ 4
Ribes ‘Mara Eglite’ 2
Ribes ‘Paméat' Vavilova’ 5
Ribes ‘Selecenskad 2’ 1
Ribes ‘Stor Klas’ 3
Ribes ‘Titania’ 2
Ribes ‘Vologda’ 6
Ribes Nr. 24 4
Nezinams genotips / Unknown genotype 6
Janogas
Redcurrants
Ribes spicatum 4
Ribes ‘Kodu Valge’ 2
Ribes ‘Ra¢novskad’ 2
Ribes ‘Belad Kuz'mina’ 3
Vérenes
Alpine currants

Ribes alpinum 5

DNS kloni kopa / DNA clones in total: 56

Datorprogramma PAUP (versija 4.0b10%) veiktas filogenézes analizes
(Maximum Parsimony) dalgjiem 18S, 28S géniem un visam ITS1 / 5.8S / ITS2
regionam, izmantojot 1000 randomu sekvenéu pievienoSanu, neizmantojot Mul-
Trees opciju, bet izmantojot opciju Steepest descent, Tree bisection reconnection
branch swapping un atstarpes uztverot ka piekto nukleotidu. Tie paSi parametri
izmantoti statistikas atbalsta aprékinasanai (Bootstrap support), kas veikta 1000
atkartojumos ar piecu randomu sekvenéu pievienoSanu katra no 1000 atkartoju-
miem. SalidzinaSanai (outgroup), analizes ieklautas divas attali radniecigas maur-

8 SWOFFORD, D. L., 2002. PAUP*: Phylogenetic Analysis Using Parsimony (*And Other Methods).

Version 4.0b10. Sinauer Associates: Sunderland, Massachusetts.
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ér¢u dzimtas sugu — Aceria tulipae (GenBank nr. JF920112) un Aceria eximia
(JF920113) DNS sekvences no agrakiem pétijumiem®.

Pilnigakai Cecidophyopsis gints sugu savstarp&jo lidzibu skaidro$anai,
filogenézes analizes veiktas izmantojot ari citu metodi — Bayesian analyses
datorprogramma MrBayes (version 3.0b4'). Pirms sekventu analizes, datu
matricai noteikts piemérotakais analizes modelis ar datorprogrammu MrModeltest
v2'. Ka piemérotakais modelis noteikts — GTR+G. Lai noteiktu filogenézes koku
iesp&jamas varbiutibas (Posterior probabilities) izmantota metode Markov chain
Monte Carlo™ *,

Cecidophyopsis sugu noteik§ana ar multiplekso PCR un fragmentu ga-
rumu analize. Visiem iegiitajiem &rcu DNS paraugiem veikta multipleksa PCR
reakcija, lai &réu sugas noteiktu, izmantojot agrak publicéto metodiku un Eetrus
agrak izstradatus praimerus™, iegiistot ribosomalas DNS regiona fragmentus S1, S2
un S3, kas ietver ITS1 regionu un atseviskas nukleotidu sekvences no géna 18S un
5.8S. Saja pétijuma veikta modifikacija, izmantojot praimerus MITS1 un MITS3,
kas 5’ gala marketi ar fluorescentu krasu 6-FAM un HEX. P&tfjuma izmantoti fluo-
rescenti iekrasoti praimeri, lai iegiitos DNS fragmentus biitu iesp&jams noteikt ar
automatisko genétisko analizatoru.

PCR amplifikacija veikta 20 pL reakcijas apjoma, kas ietver 1 uL genomis-
kas DNS, 1 pL katra 10 pM praimera, 10 pL 2X Phire Animal Tissue PCR buferis
(#F-140, Thermo Scientific™), 0.4 uL Phire Hot Start 1l DNA polimeraze (#F-
1221, Thermo Scientific™) un 4.6 uL. PCR kvalitates tdens (PCR grade water).
PCR kvalitates tdens izmantots arT kontrolei. PCR nodro$inasanai izmatota
termociklera iekarta EP Gradient, Eppendorf, kas ieprogramméta $§adiem reakcijas
cikliem: 1 cikls 98 °C temperatiira ar ilgumu 5 mindtes, un 35 cikli ar §adiem
apstakliem — 5 sekundes 98 °C, 7 sekundes 59 °C un 20 sekundes 72 °C, nobei-
dzot ar 1 miniites nobeiguma soli 72 °C temperatiira.

Talaka automatiska iegiito DNS fragmentu garumu noteik8ana, ka arpakal-
pojums veikta Latvijas Valsts mezzinatnes institita "Silava".

® SKORACKA, A., KUCZYNSKI, L., DE MENDONCA, R. S., DABERT, M., SZYDLO, W., KNIHINICK, D.,
TRUOL, G. & D. NAVIA, 2012. Cryptic species within the wheat curl mite Aceria tosichella (Keifer)
(Acari: Eriophyoidea), revealed by mitochondrial, nuclear and morphometric data. Invertebrate
Systematics, 26, 417-433.

0 HUELSENBECK, J. P. & F. RONQUIST, 2001. MRBAYES: Bayesian inference of phylogenetic trees.
Bioinformatics, 17, 754-755.

" NYLANDER J. A. A. 2004. MrModeltest v2. Computer program distributed by the author. Uppsala:
Evolutionary Biology Centre.

2 |ARGET, B. & D. L. SIMON, 1999. Markov chain Monte Carlo algorithms for the Bayesian analysis of
phylogenetic trees. Molecular Biology and Evolution, 16, 750-759.

¥ Mau, B, NEWTON, M. A. & B LARGET, 1999. Bayesian phylogenetic inference via Markov chain
Monte Carlo methods. Biometrics, 55, 1-12

¥ FENTON, B., MALLOCH, G. & E. MOXEY, 1997. Analysis of eriophyid mite rDNA internal transcribed
spacer sequences reveals variable simple sequence repeats. Insect Molecular Biology, 6, 23-32.
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P&c iegiito tris DNS fragmentu garumu kombinacijas, izdarita pumpuréréu
sugu noteikSana. Lai parbauditu precizitati, iegito fragmentu profilu garumu
informacija salidzinata ar fragmentiem, kas ar to pasu metodi iegfiti no sekven-
c8Sanai izmantotds un attiritas klonu plazmidu DNS. Eréu suga uzskatita par
noteiktu, ja iegtti vismaz divi DNS fragmentu garumi, kas atbilda kadai no sugam,
saskana ar literatiira aprakstito™.

%5 LAVA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.
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2. REZULTATI

Cecidophyopsis gints pumpurércu izplatiba Latvija. Pétjjuma laika pum-
purérces konstatetas tikai 375 krumiem (31.2 %) 38 no 65 apsekotajam vietam
(2.1. att.). Kopuma &rces atrastas janogu (sekcija Ribes), upenu (sekcija Botry-
carpum) un vérenu (sekcija Berisia) pumpuros (2.1. tabula), bet par&jo augu pum-
puros €rces nav atrastas.
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2.1. att. Cecidophyopsis gints éréu izplatiba Latvija (no Stalazs 2012)
Distribution of Cecidophyopsis mites in Latvia
m — Apsekotas vietas, kur pumpurérces atrastas vismaz viena auga pumpuros / Surveyed
sites where gall mites detected at least in buds of one plant
0 — Apsekotas vietas, kur €rces nav atrastas / Surveyed sites where gall mites not detected

Visos gadijumos pumpurgrces ir atrastas pumpuru pangas, bet neviena gadi-
juma &rces nav atrastas normala izskata pumpuros. Tikai dazam janogam pumpuri
bija mazak izteikti uzbriedusi neka citiem augiem. Tacu janogam pumpuru pangas
jau kopuma ir mazak uzbriedusas, tomér tas ir pietickami labi atSkiramas no nor-
maliem pumpuriem.

P&c invadéto augu skaita attiecigajos biotopu veidos, proporcionali visvai-
rak pumpuréréu bojajumu bija augu kolekcijas (kopa 49.1 % augu), piemajas
darzos un dazas komercsaimniecibas. Komercstadijumos ar pumpurércém bija
invadéti tikai 20 % augu (2.2. tabula 16. lappusg).
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2.1. tabula

Pumpuréréu sastopamiba dazadam janogu gints augu grupam
Occurrence of gall mites in different Ribes groups

Saimniekaugi Augi
Hosts Plants
apaksgints sekcija bez &rcém ar ércém kopa
subgenus section without mites with mites in total
Berisia Berisia 28 17 45
Berisia Hemibotrya 2 — 2
Grossularia Grossularia 23 — 23
Ribes Botrycarpum 596 314 910
Ribes Calobotrya 3 — 3
Ribes Heritiera 1 — 1
Ribes Ribes 179 44 223
Ribes Symphocalyx 18 — 18
Grossularia x Botrycarpum 10 — 10
Visi paraugi / All samples: 860 375 1235

Savvala pumpuréréu bojati pumpuri lielaka daudzuma, daziem kriimiem pat
masveida, atrasti dazam pukainajam janogam (R. spicatum) Gaujas ieleja Sigulda.

Bojato pumpuru izskats atSkiras starp visu triju grupu augiem — vislielakas
pumpuru pangas noveérotas upeném — Ipasi $kirn€m ar gaisi zaliem pumpuriem,
nedaudz mazakas pangas — véreném, bet vismazakas — janogam. Upenu skirnei
‘Titania’ pumpuru pangas atgadinaja pangas, kadas vairak raksturigas janogam.
Veéreném pumpuru pangas vairak ir iegarenas neka apalas, kas atbilst normalu
pumpuru slaidajai formai. Janogam pangas ir izteikti cie$akas, biezi vien mazas.
Vizuali visvairak &r¢u novérotas lielajas upenu pumpuru pangas, 1pasi Skirném,
kuram raksturigi zali pumpuri.

Skirnes ‘Titania’ gadfjuma pumpuréréu visvairak invadétu augu atrasts
vecakajas augu kolekcijas un dazos vecakos komercstadijumos. Noveérojumi liek
domat, ka upenu skirnes ‘Titania’ gadijuma ir nepiecieSams ilgaks laiks, lai pum-
purérces varétu augus invadét masveida. Par to netiesi liecina tas, ka viena laika
staditos jaunakajos darzos masveida pumpuru pangas noverotas §kirném, kas ir ar
gaisi zaliem pumpuriem, seviski daudz pumpuru pangu novérotas skirném ‘Katfisa’
un ‘Mara Eglite’, bet taja pasa laika $ads bojajumu apjoms netika novérots blakus
augosajai Skirnei ‘Titania’.

Noverojumi parada, ka no komerciali nozimigakajam skirném pumpurérces
vairak invadé Skirnes ‘KatyusSa’, ‘Mara Eglite’ un ‘Stor Klas’. Janogu gadijuma
pumpurerces masveida atrastas balto ogu Skirném ‘Kodu Valge’ un ‘Suur Kodu
Valge’.
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2.2. tabula

Kopsavilkums par invadéto augu ipatsvaru dazados biotopos
Summary of infested plant proportion in different habitats

Biotops Augi
Habitat Plants
Visi ar ércém mez ércém
all with mites without mites
kopa % kopa % kopa %
in total in total in total
Komercdarzi 655 | 53.0 131 | 20.0 524 | 80.0
Commercial orchards
Augu kolekcijas 385 | 312 189 | 49.1 196 | 50.9
Plant collections
Kokaudzétavu matesdarzi 47 3.8 3 6.4 44 | 93.6
Mother plant plantations
Piemajas darzi un apstadijumi 54 4.4 27 | 50.0 27 | 50.0
Home gardens, greeneries
Savvalas biotopi / Wild habitats 94 7.6 35| 37.2 59 | 62.8
Kopa / In total: | 1235 100.0 385 | 31.2 850 | 68.8
Sugu noteik§ana morfologiski. Vismaz vienu parametru — kermena

garumu vai platumu vargja izmérit 300 &rcém. DiferencgjoSo parametru parkla-
Sanas un mikroskopijas ierobezojosas iespgjas atlava erces identificét ka divus sugu
kompleksus. Vairums apskatito pumpuréréu individu noteikti ka Cecidophyopsis
alpina / aurea komplekss un tikai neliela dala &réu ka C. ribis / selachodon kom-
plekss. Viena upenu $kirnes ‘Sozvezdie’ (atradne: Tukuma novads, augu kolekcija)
pumpura atrasta ari Eriophyes gints &rce, kas lidz sugai nav noteikta.

Cecidophyopsis alpina / aurea kompleksa €rces ir ievaktas no janogu,
upenu un vérenu pumpuru pangam. Erces, kas atbilst C. ribis / selachodon kom-
pleksam atrastas maza skaita, un tikai uz janogam un upeném. Cecidophyopsis
ribis / selachodon kompleksa &rces noteiktas péc izteikti slaidakam &rcém, ar
mazako kermena platumu.

Analizgjot morfologijas lidzibu — &r¢u kermena garuma un platuma attie-
cibas un prodorsala vairoga Iiniju veidoto burtu figiiras, nevargja atrast pietiekamas
atikiribas starp 1994. gada aprakstitajam'® C. ribis un C. selachodon, ka arf starp
C. alpina un C. aurea. Vairumam Latvijas paraugu &réu prodorsala vairoga joslu
veidotais burta "M" zim&jums atbilda tam, kas ir C. alpina originalaja apraksta, bet
dalai ér¢u ka sugai C.aurea (2.2. att.), kas originalajos sugu aprakstos ir loti
lidzigi.

16 AMRINE, J. W., DUNCAN, G. H., TEIFION JONES, A., GORDON, S. C. & I. M. ROBERTS, 1994. Cecido-
phyopsis mites (Acari: Eriophyidae) on Ribes spp. (Grossulariaceae). International Journal of Acaro-
logy, 20, 139-168.
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10 pm
2.2. att. Cecidophyopsis alpina / aurea prodorsala vairoga attéls

Figure of prodorsal shield of Cecidophyopsis alpina / aurea
Saimniekaugs / Host: alpina vérene (Ribes alpinum)

Novérojumi parada, ka C. alpina / aurea prodorsala vairoga morfologija ir
variabla. Sugu kompleksus var atskirt, izmantojot &ru garuma un platuma vidgjos
mérfjumus. C. alpina / aurea kermena garums vidg&ji var bat Tsaks, neka §Tm sugam
vid€jais garums noradits sugu originalaja apraksta. Atseviskam aplukotajam &rcém
izm@ritais minimalais kermena garums bija pat mazaks neka minimalais garums
sugas C. alpina ércém (153.7 pm), kas péc sugu originala apraksta vairak atbilstu
sugai C. grossulariae, bet §is sugas labi atSkiramas arT péc kermepa platuma
vidgjiem raditajiem, jo C. grossulariae ir vistievaka no visam sugam. Tacu péc
tipiski platakam &rcém C. alpina / aurea ir iespgjams noskirt vienigi no C. grossu-
lariae, bet tas ir gritak atskirt no C. ribis / selachodon (2.3. att.).

Sugu noteik§ana izmantojot ribosomalas DNS sekvencésanu un filo-
genétiskas analizes. Filogengtiskajam analizém kopuma iegiitas 56 ribosomalas
DNS sekvences, kas, peéc GenBank datubazg pieejamajam sekvencém, atbilda
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¢etram Cecidophyopsis sugam — C. alpina (23 sekvences), C. aurea (30), C. sela-
chodon (1) un C. spicata (2).

Latvija C. alpina sastopama uz janogam un upeném, kas ir jauni saimniek-
augi %ai sugai. Ercém, kas nemtas no alpinds vérenes (Ribes alpinum) neviena
iegiita sekvence neatbilda sugai C. alpina. Savukart C. aurea ir sastopama uz
upeném, janogam un véren&m, kas visi ir jauni saimniekaugi $ai sugai. C. spicata ir
sastopama vienigi uz upeném, bet C. selachodon ievaktas tikai no Gaujas ieleja
savvala augo$as pukainas janogas (Ribes spicatum) pumpuriem. Abas §is sugas
noteiktas reiz€ ar kadu no citam pumpuréréu sugam — C. alpina un C. aurea.
Visas sugas Latvijai ir apstiprinatas pirmo reizi.

2.3. att. Cecidophyopsis ribis / selachodon prodorsala vairoga attels
Figure of prodorsal shield of Cecidophyopsis ribis / selachodon
Saimniekaugs / Host: janoga / redcurrant

Cecidophyopsis gints sugu filogengtiskas radniecibas salidzinasanai izman-
totas aptuveni 1400 nukleotidu garas ribosomalas DNS sekvences, kas ietvéra
iepriek§ minétos génus un nekod&josos regionus. Filogenétiskaja koka, ar augstu
statistikas atbalstu (bootstrap support), visas Latvijas paraugu, ka ari GenBank
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datubazeé pieejamas sekvences sadalas tris izteiktas grupas. Talak sugas sadalas
mazakas grupas, atbilsto§i §a briza uz janogu gints augiem sastopamo Cecido-
phyopsis gints sugu koncepcijai (2.4. att.). Tomér C. aurea un C. alpina, ka atse-
viskiem klasteriem, nav iegits pietickams statistikas atbalsts. C. alpina gadijuma
salidzinosi ar C. aurea ir vérojama lielaka vienveidiba, iznemot divas sekvences,
kas iegiitas no upenu Skirnes ‘Pamat’ Vavilova’, un kas grupgjas attali. Trijos
gadijumos C. alpina un C. aurea noteiktas no viena un ta pasa auga, un visos
gadijumos no dazadam upenu skirném — ‘Kattsa’, “Vologda’ un nezinama skirne
(2.4. att.). Visi trTs saimniekaugi bija no dazadam vietam.

Abu veidu filogengtiskajas analizgs ieghti 1idzigi rezultati. Vienigi viena
gadijuma Cecidophyopsis alpina un C. aurea sekvences grupgjas savstarpgji jaukta
veida viena klasteri. Cecidophyopsis aurea gadijuma novérota liclaka daudz-
veidiba, kad no atseviskiem augiem un atradném iegatas eréu sekvences veidoja
atseviskas grupas ar augstu statistikas atbalstu. Piem&ram, no Nacionala Botaniska
darza kolekcijas janogas ‘Belad Kuzmina’, no upenes hibrida Nr. 24 Dobeles
novada un no alpinas vérenes (Ribes alpinum) Ogré. Ievérojami atskirigi no citiem
bija visi C. aurea kloni no upenes Nr. 24 (Dobeles novada), jo novérotas unikalas
tris nukleotidu mutacijas 1TS1 regiona, ka ari tris atskirigi nukleotidi géna 5.8S. So
atSkiribu d€] biitu nepiecieSsams pieverst padzilinatu uzmanibu &rcém uz §1 auga
genotipa.

Apkopojot sekvencg&sanas rezultatus par Cecidophyopsis gints sugam, kas
sastopamas uz janogu gints augiem, vérojama sakritiba ar rezultatiem, kas iegiti
sugas nosakot morfologiski. Abos gadijumos vérojama lidziba starp C. alpina un
C. aurea, kuras morfologiski bija iesp&ams noteikt vienigi ka C. alpina / C. aurea
kompleksu. V&l viena lidziba ir ta, ka ar abam metodém sugas noteiktas ka domi-
ngjosas, ka arT §Tm &rcém ir noteikti jauni saimniekaugi (izplatibas kartes —
upen€m 2.5. att.; janogam 2.6. att. un véreném 2.7. att. (22. un 23. lappuse).
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 C alpina (1) 9 R nigrum var. altaioa
Clalpina (13) 107 be *Mara Eglite’
C.alpina (14) 130 be cultivared
C.alpina (37) 130 be cultivated

C alpina (17) 185 be *Katyusha”
C.afpine (48) 248 be “Pam. Vavilova®
Calpina (21) 254 be “Vologda®
C.alpine (50) 254 be *Vologda®
Calping (52) 254 be “Vologda®

I Caipina (59) 254 be *Vologda®

| Calpina (22) 379 bo wild

Calpina (65) 379 be wild

C.afping (34) 34 be *Chereshneva®
C.alpina (47) 230 be *Ben Lomond”
Clalpina (56) 210 R_spicatum

€ alping (68) 453 be *Selechenskaya’
C.alpina (69) 498 be *Stor Klas®

C.alpina (70) 498 be *Stor Klas™

Clalpina (77) 341 rc *Rachnovskaya’

C.alpina (79) 233 1¢ *Kodu Valge™

C.alpina (80) 233 1¢ *Kodu Valge™

C.alping AJ297569 R spicatum

_[ Calpina (19) 248 be *Pam Vavilova™
Calpina (49) 248 be *Pam Vavilova®

€ atrea (1) 3% Rnigrm t. rubrofusca

C aurea(31) 3% Ruigrum f. rubrofusca

C. aurea(2) 5 R.nigrum var. altaica

C aurea(18) 185 be *Katyusha®

C. aurea (51) 254 be “Vologda™

C. aurea (411229 be “Titania™

C. murea(84) 368 R.alpimm

C. anrea (32) 3% Rnigrum £ rubrofusca

ﬁ Claurea (6) 33 be No.24

C.anrea(7) 33 be No.24
C.anrea (8) 33 be No.24
C.aurea (71) 4 R spicanan

[ Coauirea (11) 99 be *Stor Klas®
C.areq (66) 379 be wild
C.aerea (39) 185 be *Katyusha®

1001091 ¢ solachodon AT2

C.areq (40) 185 be *Katyusha®
C.aerea (20) 254 be *Vologda™
C.aerea (25) 494 be *Pam Vavilova®
C.aurea (55) 494 be “Pam, Vavilova®
C.anarea (27) 680 re *Bel. Kuzmina®
C.aurea (28) 680 re ‘Bel. Kuzmina
C.aurea (78) 680 re “Bel. Kuzmina
C.aurea (42) 229 be “Titania
C.aurea(54) 344 be “Mara Eglite’
F C.wen (72) 4 R spicatum

C.area (81) 351 R_alpimum
-| C.area (82) 351 R_alpimum
C.aureq (83) 351 R.alpimean
C.aurea (87) 505 R alpinum
C.enareq (88) 429 be *Belor. Sladkaya®

Canrea AI297570 R auretim
97572 gooseberry

100/100 C.grossularige AJY
l: Cecidophyopsis sp. “we™ AJ297576

C. ribis AJY 4 be cultivated

[ C. spicata (51 33 be No.24

L C. spicata (15) 130 be cultivated
= C. spicata AJ29757] Rospicatum

. selachodon (26} 4 R.spicatum

S 1 cultivated

axus baceate

61/
100/100
991100
N 100100
- 6293
904100 |
100/100
—
sor.
91/100]
1007100
90~
Aceria mlipae JFO20112
Aceria eximia JF920113
— 10 changes

C. psilaspis A129

2.4. att. Cecidophyopsis gints ércu filogenéze
Phylogeny of Cecidophyopsis mites
Viens no 141 filogenétiskajiem kokiem, kas iegtits ribosomalas DNS regionam ITS1 /5.8S /

ITS2, un dalgji géniem 18S un 28S, ietverot 64 gints Cecidophyopsis astonu &réu sugu
sekvences, ka arT Aceria exima un Aceria tulipae ka attali radniecigas sugas / One of 141

most parsimonious trees based on 64 whole 1TS1/5.8S/ ITS2 region and partial 18S, 28S
sequences from eight Cecydophiopsis species and Aceria tulipae and Aceria eximia used as

outgroups
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Cecidophyopsis sugu noteik§ana ar multiplekso PCR un fragmentu
garumu analizi. Ar multiplekso PCR un fragmentu garumu analizi izanaliz&ti visi
iegiitiec &réu DNS paraugi. Iegitajos PCR produktos ne visi amplificétic DNS
paraugi atbilda tam nukleotidu sekvenc¢u garumam, kads DNS fragmentiem S1, S2
un S3 ir noradits literatiira'’. Pirms visu paraugu iegiito DNS fragmentu garumu
informacijas analizes, veikta salidzinasana, izdarot tadu pasu multiplekso PCR jau
sekvencétai un noteiktai &rcu DNS (klonu plazmidu DNS). Lidz ar to iegtta
informacija par iespgjamajam fragmentu garumu nobidém. leglitas nobides
salidzino$i ar sekvenci kopuma varigja no —4 Iidz +3 nukleotidiem. Vismazaka
nobide novérota C. selachodon garakajam fragmentam S1, bet C. spicata gadijuma
§im paSam DNS fragmentam nobides vispar nav noverots. Talak fragmentu
garumu analizé ieglito DNS fragmentu profili analiz&ti, pemot véra $o nobizu
diapazonu katram fragmentam.

Kopuma ar multiplekso PCR, balstoties uz DNS fragmentu S1, S2 un S3
profiliem, noteiktas Cetras &réu sugas — Cecidophyopsis alpina, C. aurea, C. sela-
chodon un C. spicata (2.5., 2.6. un 2.7. att.). No tam C. spicata doming&ja upeném,
bet nedaudz mazak suga bija janogam. Véreném C. spicata noteikta tikai dazos
paraugos. Janogu gadijuma domingja C. selachodon, kas pirmo reizi noteikta ari
upeném, bet sugas C.alpina un C. aurea bija noteiktas tikai véreném. Dala
paraugu vienlaicigi noteiktas vairakas sugas. Papildinot sekvenc&$anas rezultatus,
C. alpina apstiprinata arT véreném.

7 LavA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.
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2.5. att. Noteiktas Cecidophyopsis gints ér¢u sugas un to izplatiba upeném
Identified Cecidophyopsis mite species: distribution on blackcurrants
o — @rces nav konstatgtas / mites not found
e — Cecidophyopsis alpina A — Cecidophyopsis aurea
" — Cecidophyopsis selachodon m — Cecidophyopsis spicata

\
2.6. att. Noteiktas Cecidophyopsis gints ér¢u sugas un to izplatiba janogam
Identified Cecidophyopsis mite species: distribution on blackcurrants
O — érces nav konstatétas / mites not found
e — Cecidophyopsis alpina A — Cecidophyopsis aurea
W — Cecidophyopsis selachodon m — Cecidophyopsis spicata
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2.7. att. Noteiktas Cecidophyopsis gints ér¢u sugas un to izplatiba véreném
Identified Cecidophyopsis mite species: distribution on alpine currants
O — @rces nav konstat&tas / mites not found
e — Cecidophyopsis alpina A — Cecidophyopsis aurea
m — Cecidophyopsis spicata

Paraugiem iegiiti arT tadi DNS fragmenti, kas, nemot véra ieprieks noteiktas
iespgjamas nobides, neatbilda DNS fragmentiem S1, S2 un S3. Bija ari atseviski
gadijumi, kad sugas klatbiitni nevargja apstiprinat, jo fragmentu garumu analize
bija amplificgjies tikai viens no trim vajadzigajiem DNS fragmentiem. P&tjjuma
laika pienemts, ka suga noteikta, ja ar automatisko genétisko analizatoru nolasiti
vismaz divi atbilstoSa garuma fragmenti.

Trim no éetram Latvija noteiktajam sugam pirmo reizi ir konstatéti jauni
saimniekaugi, kas Iidz $im attiecigajam sugam nebija zinami (2.3. tabula).

2.3. tabula

Kopsavilkums par Cecidophyopsis sugam Latvija un to saimniekaugi
Summary of Cecidophyopsis species in Latvia and their hosts

Eréu suga Upenes Japogas Vérenes

Mite species Blackcurrants Redcurrants Alpine currants
Cecidophyopsis aurea = L =
Cecidophyopsis selachodon L i —
Cecidophyopsis alpina L L o
Cecidophyopsis spicata o i o

0 — saimniekaugi bija zinami agrak / host plants were known before
m — jauns saimniekaugs, kas konstatéts $aja pétijuma / new host plant, which is found in
this study
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P&tijuma laika ir apstiprinata hipotéze, jo uz janogu gints augiem konsta-
tetas vairakas pumpurercu sugas, kas varétu izraisit atSkirigu augu rezistenci katras
pumpuréréu sugas gadijuma. Bez jau izvirzitas hipotezes apstiprindjuma, ir iegttas
papildu zinas par plasaku saimniekaugu loku katrai pumpurércu sugai. legttas ar1
jaunas atzinpas par to, ka dél dazu sugu lielas genétiskas lidzibas, seviski starp
C. alpina un C. aurea, ir nepiecie$ams risinat jautajumu par $o sugu koncepciju,
kam ir nepiecie$ami turpmaki petfjumi.
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SECINAJUMI

. Latvija uz janogu gints augiem sastopamas Cetras pumpuréréu sugas — Cecido-
phyopsis alpina, C. aurea, C. selachodon un C. spicata, kas apstiprinatas ar
DNS analizém. Agrak Latvija minéta suga C. ribis $aja pétjjuma nav apsti-
prinata.

. Automatiska genétiska analizatora izmantoSana multipleksas PCR laika iegato
DNS fragmentu profiliem lauj atskirt C. spicata un C. selachodon fragmentu
profilus, kas nebija precizi iesp&jams, izmantojot poliakrilamida gelu.

. Atkariba no izmantotas noteik$anas metodes un saimniekauga, ka domingjosas
sugas uzskatamas Cecidophyopsis alpina, C. aurea, un C. spicata.

. Latvija pumpurérces sastopamas visos apsckotajos biotopos — komercsta-
dijumos, augu kolekcijas, kokaudzgtavas, piemajas darzos un apstadijumos, ka
ar1 savvala. Ar pumpurércém invadéti augi visvairak noveroti augu kolekcijas
(49.1 % augu) un piemajas darzos (50.0 %).

. Ar pumpurércém invadétas licla dala pazistamako upenu un janogu Skirnu.
Visbiezak — upenu Skirnes ‘Katfisa’, ‘Mara Eglite’ un ‘Stor Klas’ un balto ogu
janogu skirnes ‘Kodu Valge’ un ‘Suur Kodu Valge’.

. Uz janogu gints augiem dzivojosas Cecidophyopsis gints pumpurérces nav $auri
specializetas baroties tikai uz vienas saimnickauga sugas. Trim pumpurércu
sugam apstiprinati jauni saimniekaugi: Cecidophyopsis alpina — upenes un
janogas; C. aurea — upenes, janogas un vérenes; C. selachodon — upenes.

. Vairaku sugu esamiba uz janogadm un upeném norada uz nepiecieSamibu
turpmak augu rezistences pétijumos nemt véra katra valsti sastopamo pumpur-
€réu sugu sastavu, nevis tikai vienu sugu, Cecidophyopsis ribis, ka tas darits
lidz $im.

.Nemot véra sugu Cecidophyopsis alpina un C. aurea domingjo$o raksturu,
visticamak arT §Ts abas sugas ir iesaistitas upenu reversijas virusa parnesg.

. Cecidophyopsis alpina / C. aurea, ka ar1 C. ribis / C. spicata tuva filogenégtiska
un morfologiska lidziba norada uz iesp&ju, ka atseviski taksoni nav izdalami ka
patstavigas sugas. Uz janogu gints augiem dzivojoSo Cecidophyopsis sugu
gadijuma ir nepiecieSami papildus padzilinati p&tjjumi par So &réu sugu
koncepciju.
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REKOMENDACIJAS

1. Lai nov@rstu pumpuréréu savairo$anas iesp&jas augu kolekcijas, genétisko
resursu kolekciju stadijumi biitu janodala no stadijumiem, kur veic zinatniskos
petijumus un Skirpu vertéSanu, Tpasi ja petljumi saistiti ar augu izturibas pret
pumpurércém skaidro$anu. Augu kolekcijas un matesdarzus btu jaieriko, kur
tie$a tuvuma nav $o augu stadijumu.

2. Planojot janogu gints augu selekcijas programmas, augu rezistences mehanismu
pret pumpurércém novertésana un rezistentu Skirnu selekcija, biitu ieteicams
veikt precizu pumpuréréu sugu identifikaciju konkrétaja valsti, regiona. Lai
varétu spriest par augu rezistenci pret pumpurércém, augi blitu janovero vismaz
desmit gadus.

3. Augu kolekcijas un matesdarzos paraléli ir jaisteno dazadi pasakumi pumpur-
ercu ierobezosSanai, lai nepielautu &rcu savairosanos. leteicamie pasakumi —
zaru ar invadétiem pumpuriem izgrie$ana ziema un laputu regulara ierobezo-
Sana. Lai ierobezotu pumpuréréu izplatiSanas iesp&jas, $ajos stadijumos laputis
jaierobezo neatkarigi no laputu kait€juma nozimes.
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INTRODUCTION

Due to favourable climatic conditions, plants of the genus Ribes are econo-
mically important in Latvia. As regards the area, blackcurrants are one of the most
widely grown berry crops. Taking into account the importance of these plants,
Latvia is one of the few European countries where plants of the genus Ribes have
been professionally bred for many years, focusing also on selection of genotypes
resistant to gall mites. Some of the pests detrimental to the plants of the genus
Ribes have not been sufficiently studied in Latvia, including gall mites of the genus
Cecidophyopsis whose distribution and economic importance are not entirely clear,
and the composition of the species of the gall mites of the genus Cecidophyopsis
occurring in Latvia is not known. The gall mites of the genus Cecidophyopsis are
economically detrimental pests in most blackcurrant growing regions. Considering
the occurrence of gall mites in plant collections, today they are recognized as one
of the most detrimental pests of blackcurrants in Latvia, yet so far their distribution
in Latvia in general has not been ascertained, including commercial gardens and
wild plants. Both in Latvia and in other countries, contradictions persist with
regard to the resistance of several genotypes, which were introduced in new areas
as resistant to gall mites. The ability of Cecidophyopsis ribis to adopt and
overcome plant resistance may account for these contradictions. In Latvia and in
other countries, creation of resistant cultivars and studies of resistance mechanisms
focus on one gall mite species — Cecidophyopsis ribis. New information has been
obtained in several other European countries about species of the genus
Cecidophyopsis, their importance and composition depending on the region,
including their potential role in the transmission of Black currant reversion virus.

Currently, it is believed that seven species of gall mites of the genus Ceci-
dophyopsis live on the plants of the genus Ribes. Although only specific species of
gall mites have been reported as infesting blackcurrants and redcurrants, in Finland
C. spicata has been collected from the buds of several host plants, namely,
redcurrants, blackcurrants and alpine currants. In studies from various countries,
differing results have been obtained regarding the resistance of black currants to
C. ribis, which implies that more gall mite species may infest black currants than
was previously believed. This was also confirmed by the Finnish studies, iden-
tifying C. spicata on black currants, which was previously identified only in the
buds of Ribes spicatum. Consequently, it was necessary to establish a possible
relationship between various host plants and gall mite species infesting them,
which may explain the differences observed in resistance of plants to gall mites.

The hypothesis of the Thesis: the varying composition of species of the
genus Cecidophyopsis in different regions accounts for the varying resistance of
plants.

The aim of the Thesis: to determine the composition and distribution of the
species of the genus Cecidophyopsis, and their relationship with various genotypes
of plants of the genus Ribes in Latvia.
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The tasks of the Thesis:

1) Covering the entire territory of Latvia, to obtain material for the studies
of the gall mites of the genus Cecidophyopsis;

2) To ascertain if molecular methods for identification of gall mite species
recommended in literature can be used,;

3) To determine the distribution of gall mite species on host plants of the
genus Ribes in different biotopes, covering as many genotypes of host plants as
possible;

4) On the basis of the results obtained to establish a possible relationship in
distribution between gall mite species, their host plants, as well as to determine the
economic importance of the species.

The Thesis has four parts — Literature review, Materials and Methods,
Results, and Discussion. Amount of Thesis: 76 pages (bibliographical list and
appendices not included); Thesis contains 27 tables, 18 figures; 293 bibliographical
sources, and 3 appendices. Thesis has nine conclusions.

Scientific novelty of the Thesis. For the first time in Latvia, the gall mites
of the genus Cecidophyopsis infesting the plants of the genus Ribes have been
identified at the species level, the Thesis also explains their distribution in different
habitats and on different host plants. This study is the most comprehensive
research on the gall mites of the genus Cecidophyopsis that has been carried out to
date in terms of the number of samples and host plant species and genotype
diversity, which allowed new information to be obtained about the composition of
mite species and their occurrence in Europe, the range of their host plants, as well
as their genetic diversity. During the study, a method of molecular diagnostics was
improved which was used for identification of gall mite species living on the plants
of the genus Ribes. New host plants have been determined for the species Cecido-
phyopsis alpina, C. aurea and C. selachodon.

Practical value of the Thesis. The results of the study and findings about
the composition of mite species and the range of their host plants can be used when
planning fruit breeding programs for black currants, red currants and golden
currants in Latvia, they can also be helpful in exploration of plant resistance
mechanisms against gall mites and selection of resistant cultivars not only in
Latvia, but in other European countries as well.

The study was conducted in the Latvia State Institute of Fruit-Growing
between 2007 and 2014, collecting material for research in the entire territory of
Latvia from 65 sites and 1,235 plants of the genus Ribes, including commercial
orchards, plant collections, mother plants of tree nurseries, home gardens, greenery
and wild plants.

31



Studies have been performed as part of the projects:

1) Project No. 2 ‘High-value Latvian berries: from cultivar to high quality,
safe and healthy products’ (2007-2009) of the State Research Program No. 9:
surveys on site of the areas where plants of the genus Ribes are growing, collection
of samples and creation of DNA collections;

2) in the framework of the Leonardo da Vinci program Project No. 2010-1-
LV1-LEO02-00675 (2010) skills necessary for morphological studies of mites of
the eriophyoid mites were acquired at the Warsaw University of Life Sciences,
under the guidance of Mariusz Lewandowski and January Boczek;

3) ERDF Project No. 2010/0317/2DP/2.1.1.1.0/10/APIA/VIAA/155
‘Efficient fruit plant regeneration methods and development of new components
for pathogen diagnostics in order to obtain virus-free planting material” (2011-
2013): identification of mite species and analysis of their genetic diversity, impro-
vement of the identification method;

4) ESF Project No. 2013/0048/1DP/1.1.1.2.0/13/APIA/VIAA/008 ‘Estab-
lishment of a group of scientists for the research focusing on drupe propagation,
improvement of quality of generative processes and possible ways of fruit utili-
sation’ (2013-2015): preparation of the Doctoral Thesis, presentation of research
results at the international scientific conference in 2015.
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1. MATERIAL AND METHODS

Surveying and sampling of plants of the genus Ribes. To gather the data
characterising the overall situation in the country, in March and April of 2008 and
2009, surveying was performed in the areas where the plants of the genus Ribes
were growing trying to collect the material for studies from the entire territory of
Latvia and from differing biotopes (Fig. 1.1 page 7).

The plants growing in commercial orchards were surveyed, taking into
account the information available to the Latvian Fruit-Growers Association about
the areas where blackcurrants and redcurrants are grown. Plants growing wild were
surveyed at random, i. e. in areas where it was possible to find plants of the genus
Ribes. The main focus was on commercial orchards and plant collections, also
trying to cover as many host plant genotypes as possible.

Collecting samples, three to five branches were taken from each bush
cutting them as close to the ground as possible. Bud material collected from one
bush is regarded as one sample. If the number of plants was sufficient, five bushes
were selected from one cultivar or from a species grown in plant collections that
constituted five samples. If cultivars were unknown, branches for samples were
taken from five similar plants. In case of unknown black currant cultivars, samples
were taken separately — from each type of the bush if the plants had differently
coloured buds (green or reddish). In the wild, samples were taken from such a
number of wild plants that could be found. In some cases samples were also
collected from a larger number of bushes.

In total 65 sites were surveyed (Fig. 1.2 page 8) most of which were
commercial orchards, and samples were collected from 1,235 bushes.

In the laboratory, normal-looking buds were randomly removed from the
cut branches along with all buds whose shape differed or which already had galls.
Buds were stored in 96 % ethanol.

Detection of the presence of gall mites. The collected buds were dissected
with a scalpel and examined under a stereo-microscope to detect the presence of
mites in the buds. If no mites were found in the buds, the results of observations
were recorded stating the number of the buds which contained no mites (12,120
buds in total). Afterwards these buds were used to obtain gall mites and then for
DNA extraction from gall mites.

DNA extraction from gall mites. Both parts of the dissected bud were
placed in a sterile 1.5 mL Eppendorf tube, then 1 mL of sterile water was poured
on the sample. Tubes with the buds were inserted in the centrifuge Eppendorf
Centrifuge 5415 R and the samples were centrifuged at 13,200 rpm for five
minutes. After centrifugation, the water was carefully extracted and bud residues
were removed.

Extraction of DNA from gall mites was carried out using the genomic DNA
extraction kit (#K0512, Thermo Scientific™) according to the manufacturer’s
protocol. In total, 665 DNA samples of gall mites were obtained (Table 1.1 page
9).
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Morphological identification of species. For morphological identification
of gall mite species 16 sample bushes were selected from which 324 mites were
analysed. When preparing samples for microscopy, mites were placed in a drop of
lactic acid to clean them, where they were heated for 12 hours at about 70 C°.

After initial treatment of mites in lactic acid, they were mounted in a drop
of Berlese’s fluid. After placing a cover slip over the sample prepared for micro-
scopy, it was heated to 70 C° completing the cleaning of the mite and drying up the
fixative solution. After about 12-hour long heating, the sample was ready for
microscopic analysis.

The microscope Leica DMLS (eyepieces HC PLAN s 10x/22, objectives
PLAN 4x/0.10; 10%/0.22 PH 1 and 100%/1.25 oil PH 3) and the digital camera
Leica EC3 were used for identification of mite species and the images were
processed using the software Leica LAS EZ (2010 version 2.0.0).

Initially, the samples prepared for microscopy were examined using objec-
tives with magnification 4x and 10x in order to find mites in the prepared samples;
as well as magnification 10x — to measure the length and width of mites; the oil-
immersion objective with magnification 100x — to view specific morphological
features clearly and, in some cases, to measure the width of the mite. All images
were obtained using the 100x objective.

To distinguish the mites, visual differences of prodorsal shield lines were
used according to the description of the species®, paying attention to figures ‘M’
‘N” and ‘A’ formed by the first to fourth submedian lines of the prodorsal shield.
The features measured: the length and width of mites and the relationship between
the length and width.

Polymerase chain reaction (PCR) amplification, cloning and sequen-
cing. The full ribosomal DNA 1TS/5.8S region and partial 18S and 28S genes were
amplified using primers E and C*°. PCR amplification was carried out in a reaction
volume of 20 uL, including 1.5 uL of genomic DNA, 1 uL of each 10 uM primer,
0.4 uL Phire Hot Start 11 DNA polymerase (#F-122L, Thermo Scientific™), 10 uL
2X Phire Animal Tissue PCR buffer (#F-140, Thermo Scientific™) and 6.4 pL
PCR grade water. Purified water was also used for control. To facilitate PCR, a
thermal cycler, EP Gradient, Eppendorf, was used which was programmed as
follows: 1 cycle at 98 °C with duration of 5 minutes and 37 cycles with the
following settings: 10 seconds at 98 °C, 10 seconds at 65 °C and 25 seconds at
72 °C, finishing with a 1-minute final step at 72 °C. The obtained products of PCR
amplification were separated by electrophoresis using agarose gel (1.5 %) to which
ethidium bromide was added to visualise the existing DNA fragments in ultraviolet

8 AMRINE, J. W., DUNCAN, G. H., TEIFION JONES, A., GORDON, S. C. & I. M. ROBERTS, 1994.
Cecidophyopsis mites (Acari: Eriophyidae) on Ribes spp. (Grossulariaceae). International Journal of
Acarology, 20, 139-168.

¥® FENTON, B, BIRCH, A. N. E., MALLOCH, G., WOODFORD, J. A. T. & C. GONZALEZ, 1994. Molecular
analysis of ribosomal DNA from the aphid Amphorophora idaei and an associated fungal organism.
Insect Molecular Biology, 3, 183-189.
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light. A length marker GeneRuler Low Range DNA Ladder (# SM1193, Thermo
Scientific™) was used to mark the approximate lengths of DNA.

The amplified fragments were ligated into the pJET1.2/blunt cloning vector
using CloneJET™ PCR Cloning Kit (#K1232, Thermo Scientific™), focusing on
blunt ends of DNA strands and protocol of uncleaned PCR reaction in accordance
with the manufacturer’s instructions. Transformation was performed using
Escherichia coli strain TOP10 (Invitrogen™) and a reagent kit TransformAid™
Bacterial Transformation Kit (# K2710, Thermo Scientific™).

Colonies of positive clones were analysed directly by PCR using the same
primers as in the original amplification and the reagent kit Dream Tagq Green PCR
Master Mix (#K1081, Thermo Scientific ™). Preparation of plasmids for
sequencing was done with QIlAprep Spin Miniprep columns (#27104, Qiagen).
Primers pJET1.2 F and R (together with vector) and mite-specific primers MiteB
and MiteG®® were used for sequencing of the cloned fragments. The information
about the DNA samples used for sequencing is summarised in Table 1.2 (page 11).

Further DNA sequencing was outsourced to the Latvian State Forestry
Research Institute ‘Silava’.

Phylogenetic analyses. Manual editing of the obtained sequences was
performed using the SegMan program from the Lasergene 9.1 software package
(DNASTAR Inc., USA). Alignment of multiple sequences was carried out using
the Clustal W method and percentage similarities of sequence pairs were calculated
using the MegAlign program of Lasergene 9.1. Nucleotide sequences of the whole
amplified region, in total from 56 clones which were obtained from 27 DNA
samples of gall mites, were compared with eight taxa sequences of Cecidophyopsis
which are available in the GenBank database” from the earlier studies?. In
addition, separate sequence data matrices were prepared for the ribosomal DNA
regions 1TS1, 5.8S and ITS2 to compare them with other available sequences®.
The BLAST analysis* was performed for initial comparison of sequences.

The software PAUP (version 4.0b10%°) was used to make phylogenetic
analyses (Maximum Parsimony) for partial 18S, 28S genes and a complete
ITS1/5.8S/ITS2 region with 1,000 random addition sequences and without the
MulTrees option, but using the option Steepest descent, Tree bisection reconnec-

% FENTON, B., MALLOCH, G. & E. MOXEY, 1997. Analysis of eriophyid mite rDNA internal transcribed
spacer sequences reveals variable simple sequence repeats. Insect Molecular Biology, 6, 23-32.

2 http://www.ncbi.nlm.nih.gov/genbank/

2 FENTON, B., BIRCH, A. N. E., MALLOCH, G., LANHAM, P. G. & R. M. BRENNAN, 2000. Gall mite
molecular phylogeny and its relationship to the evolution of plant host specificity. Experimental and
Applied Acarology, 24, 831-861.

2 | AVA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.

2 ALTSCHUL, S. F., GISH, W., MILLER, W., MYERS, E. W. & D. J. LIPMAN, 1990. Basic local alignment
search tool. Journal of Molecular Biology, 215, 403-410.
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tion branch swapping and perceiving spaces as a fifth nucleotide. The same para-
meters were used for calculating bootstrap support which was carried out in 1,000
repetitions with addition of five random sequences in each of 1,000 repetitions.
The outgroup analysis included two distantly related species, namely, Aceria
tuIipaengenBank No. JF920112) and Aceria eximia (JF920113) from the earlier
studies”™.

For a more thorough analysis of similarities shared among the Cecido-
phyopsis species phylogenetic analyses were conducted also using a different
method, i.e. Bayesian analyses in the MrBayes software program (version
3.0b4%"). Before the sequence analysis, the most appropriate model of analysis was
determined for the data matrix using the software program MrModeltest v2?, and
this model was GTR + G. The method Markov chain Monte Carlo® * was used to
determine posterior probabilities of phylogenetic trees.

Identification of the Cecidophyopsis species with multiplex PCR and
analysis of fragment length. All DNA samples obtained from the mites were
subjected to multiplex PCR reaction to identify the mite species, using the metho-
dology described in previous publications and four primers developed previously®,
obtaining fragments S1, S2 and S3 of the ribosomal DNA region which includes
the ITS1 region and certain nucleotide sequences of the gene 18S and 5.8S. In this
study, modification was performed, using primers MITS1 and MITS3 that were
labelled with fluorescent dye 6-FAM and HEX at the 5° end. Primers labelled with
fluorescent dyes were used in the study so that it could be possible to identify the
obtained DNA fragments with the automated genetic analyzer.

PCR amplification was carried out in a reaction volume of 20 pL, including
1 uL of genomic DNA, 1 uL of each 10 pL primer, 10 pL of 2X Phire Animal
Tissue PCR buffer (#F-140, Thermo Scientific™), 0.4 uL of Phire Hot Start Il
DNA polymerase (#F-122L, Thermo Scientific™) and 4.6 uL of PCR grade water.
Purified water was also used for control. To facilitate PCR, a thermal cycler, EP
Gradient, Eppendorf, was used which was programmed as follows: 1 cycle at
98 °C with duration of 5 minutes and 35 cycles with the following settings: 5

% SKORACKA, A., KUCZYNSKI, L., DE MENDONCA, R. S., DABERT, M., SzyDLoO, W., KNIHINICK, D.,
TRUOL, G. & D. NAVIA, 2012. Cryptic species within the wheat curl mite Aceria tosichella (Keifer)
(Acari: Eriophyoidea), revealed by mitochondrial, nuclear and morphometric data. Invertebrate
Systematics, 26, 417-433.

% HUELSENBECK, J. P. & F. RONQUIST, 2001. MRBAYES: Bayesian inference of phylogenetic trees.
Bioinformatics, 17, 754-755.

% NYLANDER J. A. A. 2004. MrModeltest v2. Computer program distributed by the author. Uppsala:
Evolutionary Biology Centre.

% |_ARGET, B. & D. L. SIMON, 1999. Markov chain Monte Carlo algorithms for the Bayesian analysis of
phylogenetic trees. Molecular Biology and Evolution, 16, 750-759.

¥ Mau, B, NEWTON, M. A. & B LARGET, 1999. Bayesian phylogenetic inference via Markov chain
Monte Carlo methods. Biometrics, 55, 1-12

3L FENTON, B., MALLOCH, G. & E. MOXEY, 1997. Analysis of eriophyid mite rDNA internal transcribed
spacer sequences reveals variable simple sequence repeats. Insect Molecular Biology, 6, 23-32.

36



seconds at 98 °C, 7 seconds at 59 °C and 20 seconds at 72 °C, finishing with a 1-
minute final step at 72 °C.

Further automated identification of the obtained DNA fragments was out-
sourced to the Latvian State Forestry Research Institute ‘Silava’.

Gall mite species were identified on the basis of the length combinations of
the three obtained DNA fragments. To verify the accuracy, the length of the
obtained fragments was compared with the length of the fragments that were
obtained from purified clone plasmid DNA used in sequencing, applying the same
method. A mite species was considered to be identified if at least two lengths of
DNA fragments were obtained, which corresponded to some of the species
described in literature®.

%2 | AVA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.
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2. RESULTS

Distribution of gall mites (genus Cecidophyopsis) in Latvia. Gall mites
were found on 375 bushes (31.2 %) in 38 of 65 surveyed sites (Fig. 2.1 page 14).
Overall, mites were found in buds of redcurrants (section Ribes), blackcurrants
(section Botrycarpum) and alpine currants (section Berisia) (Table 2.1 page 15),
while no mites were found in buds of the other species.

In all cases gall mites were found in the galls of the buds, while no mites at
all were found in normal-looking buds. Only buds of a few redcurrants were less
swollen as compared to other plants. Though bud galls of redcurrants are generally
less swollen, yet they can be clearly distinguished from normal buds.

The highest percentage of damage was caused by gall mites to plant
collections (in total 49.1 % of the plants), home gardens and some commercial
orchards. Overall, occurrence of gall mites in commercial orchards was minimal,
only 20 % of the plants were infested (Table 2.2 page 16).

Large numbers of buds of wild plants were infested with gall mites, on
some bushes of Ribes spicatum in the Gauja Valley, in Sigulda, even the majority
of buds were damaged.

The appearance of damaged buds differs among the plants of all three
groups: blackcurrants have the biggest galls, especially the cultivars with light-
green buds; alpine currants have slightly smaller galls, while redcurrants have the
smallest ones. Bud galls of the blackcurrant cultivar ‘Titania’ resembled galls
which were more characteristic of redcurrants. Bud galls of alpine currants were
rather oblong than round what is a typical slender shape of normal buds. Red-
currant galls occur more densely and they often are small. Visually, most mites
were spotted on the large galls of blackcurrant buds, especially of the cultivars
which had green buds.

With regard to the cultivar ‘Titania’, the plants most damaged by gall mites
were found in the older plant collections and some older commercial plantations.
These observations imply for the cultivar ‘Titania’, more time is needed for gall
mites to infest the plants on a larger scale. This can be inferred from the fact that in
recently established gardens, where several cultivars were planted at approximately
the same time, cultivars with light green buds had a large number of bud galls. The
cultivars ‘Katiga’ and ‘Mara Eglite’ had a particularly large number of bud galls,
while the plants of the cultivar ‘Titania’ growing nearby were not damaged to such
an extent.

Observations show that among the commercially important cultivars, gall
mites most often infest the cultivars ‘Katsa’, ‘Mara Eglite’ and ‘Stor Klas’. In
case of redcurrants, large numbers of gall mites were found on the plants of the
white berry cultivars ‘Kodu Valge’ and ‘Suur Kodu Valge’.

Morphological identification of species. At least one parameter, i. e. the
length or width of the body could be measured for 300 mites. Overlapping of
distinguishing parameters and limited options of microscopy allowed identifying
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mites as two complexes of species. Most of the examined specimens of gall mites
were identified as the complex of Cecidophyopsis alpina / aurea, and only a small
percentage of mites were identified as the complex of C. ribis / selachodon. One
bud of the black currant cultivar ‘Sozvezdie’ (site; Tukums novads, plant
collection) also contained a mite of the genus Eriophyes, the species of which has
not been identified.

Mites of the complex Cecidophyopsis alpina / aurea were collected from
bud galls of redcurrants, blackcurrants and alpine currants. Mites that correspond
to the C. ribis / selachodon complex were found in smaller numbers and only on
the plants of redcurrants and blackcurrants. Mites of the complex Cecidophyopsis
ribis / selachodon were identified as markedly thinner, with the smallest body
width.

Analysing morphological similarities, i. e. proportion between the length
and width of mites’ bodies and figures of letters formed by prodorsal shield lines,
no distinct differences were found between those of C. ribis and C. selachodon
described in 1994%* and those between C. alpina and C. aurea. The figure ‘M’
formed by prodorsal shield lines in most of Latvia’s samples corresponded to the
one included in the original C. alpina description, while some of the samples had
features characteristic of the species C. aurea (Fig. 2.2 page 17) that are very
similar in the original descriptions of the species.

Observations show that morphology of the prodorsal shield of Cecido-
phyopsis alpina / aurea is variable. Complexes of species can be distinguished
using the average values of their length and width measurements. For Cecido-
phyopsis alpina / aurea the average length of the body may be shorter than the
average length of these species indicated in their original description. The
measured minimum length of the body of some of the examined mites was even
smaller than the minimum length of C. alpina (153.7 um), which would correspond
more to C. grossulariae according to the original description of the species,
however, these species can be clearly distinguished also by their average para-
meters of the width of the body since C. grossulariae is the thinnest of all these
species. Cecidophyopsis alpina / aurea are typically wider and they can easily be
distinguished from C. grossulariae, but it is difficult to distinguish them from C.
ribis / selachodon (Fig. 2.3 page 18).

Identification of species using ribosomal DNA sequencing and phylo-
genetic analyses. Overall 56 ribosomal DNA sequences were obtained for phylo-
genetic analyses, and according to the sequences deposited in the GenBank data-
base they corresponded to four Cecidophyopsis species, namely, C. alpina (23
sequences) C. aurea (30), C. selachodon (1) and C. spicata (2).

In Latvia, C. alpina occurs on redcurrants and blackcurrants which are new
host plants for this species. For the mites collected from Ribes alpinum, none of the

3 AMRINE, J. W., DUNCAN, G. H., TEIFION JONES, A., GORDON, S. C. & |. M. ROBERTS, 1994.
Cecidophyopsis mites (Acari: Eriophyidae) on Ribes spp. (Grossulariaceae). International Journal of
Acarology, 20, 139-168.
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obtained sequences corresponded to the species C. alpina. By contrast, C. aurea
occurs on blackcurrants, redcurrants and alpine currants, all of which are new host
plants for this species. Cecidophyopsis spicata occurs only on blackcurrants, but
C. selachodon was collected only from the buds of Ribes spicatum growing wild in
the Gauja Valley. Both these species were identified together with one of the other
gall mite species — C. alpina and C. aurea. For Latvia, all the species have been
confirmed for the first time.

Approximately 1,400-nucleotide ribosomal DNA sequences were used to
compare phylogenetic affinity of the species of the genus Cecidophyopsis, which
included the above-mentioned genes and non-coding regions. In the phylogenetic
tree, with high bootstrap support, all Latvian samples, as well as the sequences
available in the GenBank database, fall into three separate groups. Further the
species fall into smaller groups according to the current concept of the species of
genus Cecidophyopsis occurring on the plants of the genus Ribes (Fig. 2.4 page
20). However, Cecidophyopsis aurea and C. alpina, as individual clusters, lack
sufficient statistical support. In case of C. alpina, in comparison with C. aurea,
there is a greater uniformity; with the exception of two sequences that are derived
from the black currant cultivar ‘Pamat’ Vavilova’ and which distantly may belong
to the same group. In three cases, C. alpina and C. aurea were identified from the
same plant, and in all cases from different blackcurrant cultivars, i. e. ‘Kat@isa’,
“Vologda’ and an unknown cultivar (Fig. 2.4 page 20). All three host plants were
from different sites.

Both types of phylogenetic analyses produced similar results. In only one
case Cecidophyopsis alpina and C. aurea sequences grouped in a mutually mixed
way in one cluster. In case of C. aurea, a greater diversity was observed when the
sequences of the mites collected from separate plants and sites formed separate
groups with high bootstrap support. For example, the ones collected from the red-
currants ‘Belad Kuzmina’ growing in the plant collection of the National Botanic
Garden of Latvia, from the blackcurrant hybrid No. 24 in Dobeles novads and from
Ribes alpinum in Ogre city. All C. aurea clones from the blackcurrant No. 24
(Dobeles novads) considerably differed from the rest since unique three nucleotide
mutations in the 1TS1 region were observed, as well as three different nucleotides
in the 5.8S gene. Due to these differences, it would be necessary to pay greater
attention to the mites on the plants of this genotype.

The sequencing results regarding the species of the genus Cecidophyopsis
occurring on the plants of the genus Ribes, coincide with the results obtained when
identifying species morphologically. In both cases, similarities are observed
between C. alpina and C. aurea, the morphology of which could be identified only
as the complex of C. alpina / aurea. Another similarity is the fact that the species
are identified as dominant with both methods, and that new host plants of these
mites have been established (distribution maps — for blackcurrants Fig. 2.5 (page
22); redcurrants Fig. 2.6 (page 22) and alpine currants Fig. 2.7 (page 23).
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Identification of the Cecidophyopsis species with multiplex PCR and
analysis of fragment length. All obtained mite DNA samples were subjected to
multiplex PCR and analysis of fragment length. Not all amplified DNA samples in
the obtained PCR products corresponded to the length of nucleotide sequences
indicted for the DNA fragments S1, S2 and S3 in literature®. Before analysing the
information about the length of the obtained DNA fragments of all the samples, the
comparison was made performing the same multiplex PCR on mite DNA (clone
plasmid DNA) that had been previously sequenced and identified. Thus, the
information was acquired on possible deviations in fragment length. On the whole,
the deviations compared to the sequence varied from —4 to +3 nucleotides. The
smallest deviation was for the longest fragment S1 of Cecidophyopsis selachodon,
but in case of C. spicata no deviation was observed for the same DNA fragment at
all. Then the DNA fragment profiles which were obtained in the analysis of frag-
ment length were analysed, taking into account the range of these deviations for
each fragment.

In general, on the basis of S1, S2 and S3 profiles of DNA fragments, four
mite species were identified using multiplex PCR, i. e. Cecidophyopsis alpina, C.
aurea, C. selachodon and C. spicata (Fig. 2.5 (page 22); 2.6 (page 22) and 2.7
(page 23)). Most often the samples contained the species C. spicata, which was the
dominant species for blackcurrants and to a lesser degree — for redcurrants. The
species was identified only in some samples for alpine currants. In case of red-
currants C. selachodon was dominant and for the first time it was also found on
blackcurrants, but the species C. alpina and C. aurea were found only on alpine
currants. In some of the samples several species were identified together. In
addition to sequencing results, C. alpina was also identified on alpine currants.

There were also such DNA fragments obtained from the samples which,
taking into account the possible deviations established previously, did not
correspond to the necessary DNA fragments S1, S2 and S3. There were also
separate cases when the presence of the species could not be confirmed because
only one of the three required DNA fragments had amplified in the analysis of
fragment length. During the research, the species was deemed to be identified if the
automated genetic analyzer had read at least two fragments of an appropriate
length.

For the first time new host plants have also been established for three of the
four species identified in Latvia which so far were not known for the respective
species (Table 2.3 page 23).

During the study the hypothesis was confirmed, since several gall mite
species were found on the plants of the genus Ribes which may account for a
different resistance of plants to each gall mite species. In addition to the confirmed
hypothesis, new findings have been obtained about the range of host plants for

% LAVA KUMAR, P., FENTON, B. & A. T. JONES, 1999. Identification of Cecidophyopsis mites (Acari:
Eriophyidae) based on variable simple sequence repeats of ribosomal DNA internal transcribed spacer-1
sequences via multiplex PCR. Insect Molecular Biology, 8, 347-357.
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each gall mite species. Besides, it has been established that due to considerable
genetic similarities between several species, especially between C. alpina and
C. aurea, it is necessary to review the concept of these species, which requires
further studies.
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CONCLUSIONS

. In Latvia, four species of gall mites infest plants of the genus Ribes, namely,
Cecidophyopsis alpina, C. aurea, C. selachodon and C. spicata, and it has been
proved by DNA analyses. This study provided no proof of the species C. ribis,
which was previously reported in Latvia.

. The automated genetic analyzer allows distinguishing between the fragment
profiles of C. spicata and C. selachodon analysing the DNA fragment profiles
obtained during the multiplex PCR which could not be done precisely using
polyacrylamide gel.

. Depending on the used method of identification and the host plant, Cecido-
phyopsis alpina, C. aurea and C. spicata are considered to be the dominant
species.

. In Latvia, gall mites occur in all the habitats surveyed, i.e. in commercial
plantations, plant collections, tree nurseries, home gardens and greenery, as
well as in the wild. A considerable amount of the plants infested with gall mites
were observed in plant collections (49.1 % of the plants) and in home gardens
(50.0 %).

. A large number of the most popular blackcurrant and redcurrant cultivars are
infested with gall mites. Most often gall mites live on blackcurrant cultivars
‘Kat(i§a’, ‘Mara Eglite’ and ‘Stor Klas’, and on white berried redcurrant
cultivars ‘Kodu Valge’ and ‘Suur Kodu Valge’.

. The gall mites of the genus Cecidophyopsis living on the plants of the genus
Ribes are not specialized to feed off only one host plant species. It has been
confirmed that three gall mite species have new host plants: for Cecidophyopsis
alpina — blackcurrants and redcurrants; for C. aurea — blackcurrants, red-
currants and alpine currant; for C. selachodon — blackcurrants.

. The existence of several species on red currants and black currants means that
the composition of species of the gall mites occurring in each country should be
taken into account in further studies of plant resistance, not just one species,
Cecidophyopsis ribis, as it has been done so far.

. In view of the dominant nature of the species Cecidophyopsis alpina and
C. aurea, both these species are likely to transmit Black currant reversion
virus.

. Close phylogenetic and morphological similarity between Cecidophyopsis
alpina / C. aurea as well as C. ribis / C. spicata implies that separate taxa may
not be distinguished as independent species. In case of the Cecidophyopsis
species living on the plants of the genus Ribes additional in-depth studies are
necessary on the concept of these mite species.
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RECOMMENDATIONS

1. To eliminate the possibility of gall mites multiplying in plant collections, the
orchards of the plant genetic resources collections should be separated from
orchards which are used for scientific research and evaluation of cultivars,
especially if studies are related to understanding plant resistance to gall mites.

2. When plant breeding programs are planned, for evaluation of mechanism of
plant resistance against gall mites, it is suggested to do adequate identification
of gall mites in a particular country or region. To enable definitive conclusions
on plant resistance against gall mites, it would be necessary to provide for plant
observations at least for ten years.

3. In addition, it is necessary to provide different measures to prevent gall mites in
plant collections and mother plant plantations. Recommended measures are
cutting of infested branches during winter period, and regular elimination of
aphids. To eliminate possibilities for gall mites to spread, in the previously
mentioned plantations, aphids should be eliminated independently of the degree
of damage caused by them.
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