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SAISINAJUMI/ ABBREVATIONS

— aminoskabe/ amino acid
— abelu hlorotiskas lapu plankumainibas viruss/
apple chlorotic leaf spot virus
— alanins/ alanine
— abelu mozaikas viruss/ apple mosaic virus
— abelu stumbra rievainibas viruss/ apple stem grooving virus
— abelu stumbra bedrainibas viruss/ apple stem pitting virus
— bazu paris/ base pair
— virusa apvalka proteins/ coat protein
— divpavedienu RNS/ double-stranded RNA
— cietfazes enzimu imunosorbences tests/
enzyme—linked immunosorbent assay
— Eiropas un Vidusjiiras augu aizsardzibas organizacija/
European and Mediterranean Plant Protection Organization
— leicins/ leucine
— metionins/ methionine
— virusa parvieto$anas proteins/ movement protein
— nukleotidi/ nucleotide
— optiskais blivums/ optical density
— atvertas lasiSanas ramis/ open reading frame
— plimju pundurainibas viruss/ plum dwarf virus
— fenilalanins/ phenylalanine
— plamju nekrotiskas gredzenplankumainibas viruss/
plum necrotic ringspot virus
— plimju baku viruss/ plum pox virus
— reversas transkripcijas polimerazes kédes reakcija/
reverse transcription polymerase chain reaction
— serins/ serine
— subgenomiska RNS/ subgenomic RNA
— stumbra $kérsgriezuma laukums/ trunk cross—sectional area
— treonins/ threonine
— tirozins/ tyrosine
— valins/ valine



1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Témas aktualitate

Abelu hlorotiskas lapu plankumainibas virusam ir plasa sastopamiba daudzas
pasaules valstis, ka arT saméra plass ekonomiski nozimigu saimniekaugu loks.
Tas inficé ne tikai abeles, bumbieres, plumes un kirSus, bet ir konstatéts ari
daudziem citiem Rosaceae dzimtas auglu kokiem un dekorativajiem augiem,
kurus arvien plasak izmanto apzalumosana, vai arT tiem ir pieaugosa nozime
auglkopibas nozaré. Lai gan vienigais zinamais virusa transmisijas veids ir
vegetativa pavairo$ana, ta klatbttne ir konstatéta arT vairakas savvalas sugas.
Latvija iepriek$€jos pétijumos veiktas standarta Skirnu un klona potcelmu
parbaudes, pielietojot dubultas acoSanas metodi uz indikatoraugiem, liecinaja, ka
66.7% no visiem parbauditajiem kokiem ir inficéti ar latento virusu komplekso
infekciju — ACLSV, ASGV un ASPV (Miltin§ & Kilévica, 1984). Daudzi
Malinae augi (Amelanchier x spicata, Crataegus spp., Malus spp.) nekontrol&ti
izplatas savvala un kluvusi par invazivajiem sve$zemju augiem (Stalazs, 2021).
Tapec ir svarigi apzinat arT savvala augoSos virusa saimniekaugus, kuri var bt
potencialie infekcijas avoti. Virusa izp&te savvalas augos var laut noskaidrot, vai
eksiste cits virusa transmisijas veids, bez vegetativas pavairo$anas, un vai viruss
izplatas arT savvala. Sobrid nav zinams, cik plasi ACLSV ir izplatits auglu
darzos, vai tas ir sastopams ari savvala augo$ajos Rosaceae dzimtas augos un vai
pastav starp saimniekaugiem atSkirigi virusa genotipi. Latvija lidz $im nav
ieviesta atveselota stadmateriala aprites sistéma, kas izslégtu inficéta materiala
izmanto$anu jaunu auglu darzu ierikoSana un lautu paaugstinat razas potencialu.
Jauktas virusu infekcijas gadijuma razas daudzums var samazinaties 11dz pat 60%
(Campbell, 1962; Posnette et al., 1963), bet nav zinams vai ACLSV, bez citu
virusu klatbuitnes, arl negativi ietekmé abelu vegetativo augSanu un razas
daudzumu un cik batiski tas spgj ietekm&t Latvija audzetas Skirnes. Lai
ierobezotu virusslimibu izplatibu un ieglitu veselu virusbrivu stadamo materialu,
sakotngji ir nepiecieSams izveidot atveselotu mates augu kolekciju, kuru talak
varétu izmantot pavairo$ana un jaunu auglu darzu iertkoSana.

1.2.  Promocijas darba mérkis, uzdevumi un tézes
Promocijas darba mérkis

Noteikt abelu hlorotiskas lapu plankumainibas virusa (ACLSV) izplatibu
Latvija un ta genétisko daudzveidibu, noskaidrot virusa ietekmi uz auglu koku
attisttbu un razu, ka ari izvertét termoterapijas efektivitati auglu koku
atveselosana.



Atbilstosi pétijuma mérkim izvirziti etri petnieciskie uzdevumi.

1.

Noteikt ACLSV izplatibu Latvijas novados, abelu, bumbieru un plimju
stadijumos, saistiba ar audzeto skirnu un potcelmu sortimentu.
Raksturot ACLSV genétisko daudzveidibu un genétiskos tipus abelu,
bumbieru un plimju izolatiem.

Izvertet ACLSV ietekmi uz auglu koku augSanu un razu.

Noskaidrot termoterapijas efektivitati aug]u koku atveseloSana saistiba
ar viena vai vairaku virusu klatbiitni augos.

Darba hipotéze

Abelu $kimu introdukcija un potenciali inficSta stadmateriala

izmantoSana darzu ierikoSana ir veicinajusi plasu un nekontroletu ACLSV
izplatibu auglu darzos, ka rezultata ir atfistijusies gen&tiski daudzveidigi
virusa tipi, kas negativi ietekmé koku vegetativo aug8anu un razu, ka ari
pazemina augu atveseloSanas efektivitati ar termoterapiju.

Promocijas darba tézes

1.

w

ACLSYV ir retak izplatits auglu koku stadijumos, kuros ir izmantoti
s€klaudzu potcelmi.

Vadoties p&c virusa proteina apvalka kodgjoso aminoskabju sekvencu
ko-variacijam, virusa izolatus var sadalit vairakos genétiskos tipos.
ACLSYV bitiski ietekmé auglu koku attistibu un razas daudzumu.
Termoterapija ir efektivs virusu eliminacijas veids augiem, kas ir
inficéti tikai ar vienu virusu.

1.3. Petijjuma novitate

Promocijas darba pirmo reizi Latvija analizé€ta ACLSV izplatiba auglu darzos
un savvalas augos, izmantojot molekularas biologijas metodes. Sis pétijums
sniedz jaunus datus par ACLSV genétisko daudzveidibu un genétisko tipu
izplatibu dazadiem saimniekaugiem, ka arT pirmo reizi ir izvertétas Latvija
audz€to un selekcion&to Skirnu atveseloSanas iesp€jas, izmantojot termoterapiju.

1.4. Promocijas darba aprobacija

P&ttjumu rezultati ir apkopoti piecas publikacijas.

Pipola, N., Morocko-Bicevska, 1., Kale, A. & Zeltins, A. (2011).
Occurrence and diversity of pome fruit viruses in apple and pear
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orchards in Latvia. Journal of Phytopathology, 159 (9), 597 — 605. DOI:
10.1111/j.1439-0434.2011.01812.x

Gospodaryk, A., Morocko-Bicevska, 1., Piipola, N. & Kale, A. (2013).
Occurrence of stone fruit viruses in plum orchards in Latvia.
Proceedings of the Latvian Academy of Sciences. Section B. Natural,
Exact, and Applied Sciences, 67 (2), 116 — 123. DOI: 10.2478/prolas-
2013-0018

Zulge, N., Gospodaryk, A. & Morocko-Bicevska, 1. (2022). Genetic
diversity and phylogenetic relationships of apple chlorotic leaf spot
virus isolates from Malus, Pyrus and Prunus hosts in Latvia. Plant
Pathology, 00, 1 - 12. Available from:
https://doi.org/10.1111/ppa.13712

Zulge, N., Rubauskis, E., Missa, 1., Revelina, D. & Borisova, 1. (2022).
Evaluation of apple chlorotic leaf spot virus impact on fruit yield and
vegetative growth in apple cultivars ‘Antonovka’ and ‘Gita’.
Proceedings of the Latvian Academy of Sciences. Section B. Natural,
Exact, and Applied Sciences, 76 (4), 495 — 499. DOI: 10.2478/prolas-
2022-0076

Zulge, N., Kale, A., Gospodaryk, A., Vévere, K. & Moroc¢ko-Bicevska,
I. (2017). Establishment of nuclear stock collections for apple and pear
in Latvia. Proceedings of the Latvian Academy of Sciences. Section B.
Natural, Exact, and Applied Sciences, 71 (3), 156 — 165. DOI:
10.1515/prolas-2017-0027

P&tTjuma rezultati prezentéti astonas zinatniskajas konferences.

1.

Zulge, N., Rubauskis, E., Missa, 1., Revelina, D. & Borisova, 1. (2021).
Evaluation of apple chlorotic leaf spot virus impact on fruit yield and
vegetative growth. Sustainable Horticulture from Plant to Product:
"Challenges in Temperate Climate ”, August 25 — 25, 2021, Dobele,
Latvia. (Mutisks zinojums).

Zulge, N., Kale, A., Gospodaryk, A., Vévere, K. & Morocko-Bicevska,
I. (2017). Establishment of nuclear stock collections for apple and pear
in Latvia. Sustainable Fruit Growing: From Plant to Product, August 17
— 18, 2016, Riga, Latvia. (Stenda referats).

Kale, A., Gospodaryk, A., Pipola, N. & Morocko-Bicevska, 1. (2012).
Establishment of virus—free planting material for pome fruits in Latvia.
22nd International Conference on Virus and Other Graft Transmissible
Diseases of Fruit Crops. June 3 — 8, 2012, Rome, Italy (Mutisks
zinojums).

Piipola, N., Gospodaryk, A. & Kale, A. (2012). Genetic diversity of
apple chlorotic leaf spot virus (ACLSV) in fruit crops. 22nd
International Conference on Virus and Other Graft Transmissible
Diseases of Fruit Crops. June 3 — 8, 2012, Rome, Italy (Stenda referats).
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10.

Gospodaryk, A., Papola, N., Kale, A. & Moroc¢ko-Biéevska, 1. (2012).
The monitoring of the occurrence of four common viruses in plum
cultivars in Latvia. 22nd International Conference on Virus and Other
Graft Transmissible Diseases of Fruit Crops. June 3 — 8, 2012, Rome,
Italy (Stenda referats).

Piipola, N. & Gospodaryk, A. (2011). Heterogeneity of apple chlorotic
leaf spot virus isolates originated in Latvia and Ukraine. XV
International Congress of Virology, September 11 — 16, 2011, Sapporo,
Japan (Stenda referats).

Piipola, N., Morocko-Bicevska, I. & Kale, A. (2011). Occurrence of
economically important viruses in pome fruit orchards in Latvia and
evaluation of their genetic diversity. Final meeting of Cost Action 864
“Pome Fruit Health/Combining Traditional and Advanced Strategies
for Plant Protection in Pome Fruit Growing”, February 1-3, 2011,
Hasselt, Belgium (Stenda referats).

Pipola, N., Predajna, L., Kale, A. & Glasa, M. (2010). Analysis of
apple chlorotic leaf spot virus incidence in Prunus trees infected with
plum pox virus. International Symposium on Plum Pox Virus,
September 5 -9, 2010. Sofia, Bulgaria (Stenda referats).

Piipola, N., Kale, A. & Morocko-Bicevska, 1. (2008). Distribution of
ApMV, ACLSV, ASGV and ASPV in apple and pear orchards in
Latvia. 9th International Congress of Plant Pathology, August 24 — 30,
2008, Turin, Italy (Stenda referats).

Pipola, N., Kale, A. & Morocko-Bicevska, 1. (2008). Occurrence of
viruses in apple and pear orchards in Latvia. Sustainable Fruit Growing:
From Plant to Product, May 28 — 31, 2008, Jurmala, Latvia (Mutisks
zinojums).

1.5. Promocijas darba uzbiive

Promocijas darbu veido piecas publikacijas. Pirmajas divas publikacijas (I un

II publikacija) ir analiz&ta abelu hlorotiskas lapu plankumainibas virusa izplatiba
abelu, bumbieru un plimju stadijumos. ACLSV genétiska daudzveidiba ir
raksturota tresaja (I1I) publikacija. Ceturtaja (IV) publikacija ir analizéta ACLSV
ietekme uz divam abelu $kirném — ‘Gita’ un ‘Antonovka’, bet piektaja (V)
publikacija ir vertetas abelu un bumbieru auglu koku atveseloSanas iespg€jas ar
termoterapiju.
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2. MATERIALI UN METODES
2.1.Augu materials un izméginajumu apstakli
2.1.1. Darzu apsekoSana un paraugu ievak§ana

Paraugu vaksana abelu hlorotiskas lapu plankumainibas virusa (ACLSV)
izplatibas noteikSanai abelu un bumbieru auglu darzos veikta 2007. gada
pavasari, no maija lidz julijam. Kopuma Latvija apsekoti 50 abelu un 36
bumbieru auglu darzi (2.1. un 2.2. att.) un genétisko resursu kolekcijas un ievakti
870 lapu paraugi (viens paraugs no koka) no 115 dazadiem abelu (Malus
domestica (Suckow) Borkh.) genotipiem un 248 paraugi no 44 dazadiem
bumbieru (Pyrus communis L.) genotipiem (I publikacija).
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2.1. att. 2007. gada apsekoto abelu darzu izvietojums Latvija/
Fig. 2.1. Location of apple orchards surveyed in Latvia in 2007
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2.2. att. 2007. gada apsekoto bumbieru darzu izvietojums Latvija/
Fig. 2.2. Location of pear orchards surveyed in Latvia in 2007

Plimju stadijumi apsekoti 2008. gada maija, kopuma apsekoti 28 darzi un
genétisko resursu kolekcijas (2.3. att.). levakti 654 lapu paraugi no 92
genotipiem, galvenokart no majas plumém (Prunus domestica L.), kir§veida
plamém (P. cerasifera Ehrh.) un Prunus gints hibridiem (I publikacija). Paraugi
galvenokart nemti no 1990-tajos gados staditajiem auglu darziem, kuros audze
introducetas skirnes. Lapas ievaktas no dazadu skirnu kokiem, kuriem noveroja
virusu infekcijas pazimes un kuri bija bez simptomiem.
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2.3. att. 2008. gada apsekoto plimju darzu izvietojums Latvija/
Fig. 2.3. Location of plum orchards surveyed in Latvia in 2008
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ACLSV genétiskas daudzveidibas noteikSanai paraugi ievakti no savvalas
biotopiem, genétisko resursu kolekcijam un piemajas darziem (Kurzemes,
Zemgales un Vidzemes vésturiskajos novados), laika posma no 2008. Iidz 2021.
gadam. Kopuma ievakti 262 paraugi, no kuriem 216 paraugi bija no dazadam
Rosaceae sugam, galvenokart no kultivétam abelém, bumbierém, plimém,
aprikoz€m, un 46 paraugi no savvala augoSajiem Amelanchier, Cotoneaster,
Crataegus, Malus, Prunus un Sorbus gints augiem. Salidzinajumam papildu
ieklauti 44 kultiveto abelu un bumbieru lapu paraugi no Ukrainas (The Institute
of Horticulture, National Academy of Agrarian Sciences of Ukraine) (llI
publikacija).

Katrs paraugs sastavéja no desmit pilniba izplaukusam lapam, kas ievaktas
no galvenajiem vainagzariem. Paraugi ievietoti plastmasas maisos un turéti
aukstumkastg 11dz nogadasanai laboratorija, kur tie nekavgjoties analizgti vai arl
sasaldeti Skidraja slapekli un uzglabati saldétava -80 °C temperatiira. No katra
parauga ievaktas lapas sadalitas divas dalas, kur viena dala analizgta ar ELISA
un otra dala ar RT-PCR.

2.1.2. Lauka izméginajuma apstakli

Lai izpétitu ACLSV ietekmi uz abelu augSanu un razu, salidzinati ACLSV
inficéto un virus-negativo koku augSanas parametri (IV publikacija). P&tijums
veikts Darzkopibas institata (DI; Lat: 56.6092713 N, Lon: 23.3064627 E) no
2012. 11dz 2020. gadam. P&tijumam izvéletas divas abelu Skirnes: 'Gita' (Latvijas
izcelsmes) un 'Antonovka' (Krievijas izcelsmes), uzacotas uz virusbriva B396
potcelma. Acosanai izmantots standarta izejmaterials (DI), kas atlasits gan no
ACLSYV inficétiem, gan no virus-negativiem kokiem. Darba izmantots virusbrivs
potcelms B396, kas iegiits no “Lodder Unterlagen” audzgtavas (Vacija).
Noveértésanas perioda ierikota izméginajuma kokiem virusa statuss parbaudits
divas reizes ar RT-PCR.

Izmé&ginajums kopts saskana ar ilgtsp&jigu (integrétu) audze$anas sistému,
ieskaitot integrétu augu aizsardzibu. Koku lapotne veidota, pielagojot slaidas
varpstas (SS) principu. StadiSanas attalums 1.5 x 4 m. Izm&ginajums ierikots p&c
randomiz&ta principa, tiTs atkartojumos, izmantojot tris kokus no virus-
negativajiem augiem un trs kokus no ACLSV infic&tiem augiem. Izm&gindjuma
augsne: velénu-gleja ar smilSmalu, pH KCI 6.6. Organiskas vielas saturs 2.0%,
augiem pieejamais fosfors (P2Os) un kalijs (K20) — attiecigi 77 mg kg™ un 154
mg kg (noteikts pec Egnera-Rima metodes (Egnér et al., 1960)). Méslosana
veikta, pamatojoties uz augsnes analiz€ém. Katras augSanas sezonas pirmaja pusé
uz koku rindu virsmas dots slapekli saturo§s méslojums (6 gm? N). Auglu
retinaSanu nodro$indja mehaniski (ar rokam). Vienu metru platas joslas gar koku
rindam smidzinatas ar herbicidiem un, lai saglabatu augsnes mitrumu, izmantota
koksnes skeldas mulca. Rindu starpas augosa zale plauta vairakas reizes sezona.
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2.1.3. Kandidataugu izveide un uzturésana siltumnica

Saskana ar EPPO standartu PM 4/27(1) (EPPO, 1999), atveseloSanai un bazes
materiala izveidei atlasiti 26 abelu un 16 bumbieru genotipi, tostarp introducgtas
un vietgjas skirnes un perspektivie hibridi (V publikacija). Augu materials
pavairosanai ievakts Darzkopibas institiita $kirnu kolekcijas darzos Dobelg un
Pure. Sakot no 2007. gada, desmit abelu un desmit bumbieru $kirnes uzacotas uz
viengadigiem s€klaudzu potcelmiem, kas audzgeti konteineros sterilizéta kiidras
substrata un uzturéti insektu necaurlaidiga siltumnica.

Lai izvairTtos no sala bojajumiem, jaunizveidotos kandidataugus uzturgja
apsildama siltumnica pie apkartgjas vides temperatiiras, ne zemakas par -10 °C.
Ziemas laika siltumnicas grida zem konteineriem parklata ar 5 cm biezam
putuplastu plaksném. Konteineri ar substratu ietiti akmens vat€ un augus parklaja
ar agrotiklu (17g/m?). Sakot ar 2014. gadu, akmens vates vieta konteineri siltinati
ar polietiléna burbulplévi un augi ietiti dubulta agrotikla slani (blivums17g/m?).

2.2. Kandidataugu atveseloSana ar termoterapiju

Divgadigi un viengadigi kandidataugi ievietoti aug§anas kameras KBWF240

un KBWF270 (Binder GmbH, Vacija) un EKOCHL 1500 (Angelantoni Life
Science, Italija) 16 h gaismas un 8 h tumsas perioda, ar mitruma Iimeni 75%
(V publikacija). Pielietotie termoterapijas apstakli abelém un bumbiergém ir
apkopoti 2.1. tabula. 2009. gada augi uzturti paaugstinata temperatiira 40
dienas, ka ieteikusi vairaki autori (Svarcbahs et al., 1977; Lenz & Lankes, 2006).
Termoterapijas laiku 2010. un 2011. gada pagaringja lidz 70 dienam, pec Howell
et al. (1998) rekomendacijam. Nakamajos gados termoterapijas ilgums un
temperatiira nakti samazinata (2.1. tabula).

14



2.1. tabula/ Table 2.1.
Termoterapijas apstakli un izturé$anas ilgums abelém un bumbierém/
Conditions and duration of thermotherapy for apples and pears

.. Temperatiira/ Iigums (dienas)/
Augu Termoterapijas Temperature, Duration, (days)
kandidatmaterials/ Y%Z.drsc/)f °C Abeles/ | Bumbi y
Candidate material thermothera diena/nakts/ A N f: ur;ﬂe;sl'es
Py day/night PP
35/ 30 5 5
1/2007/2009 2009 38/ 33 10 10
38/ 38 25 25
35/ 30 5 5
2/2008/2010 2010 38/33 65 65
33/30 7 7
3/2009/2011 2011 38/33 63 50
35/ 30 7 7
4/2010/2012 2012 38/33 53 23
35/ 30 7 7
5/2012/2013 2013 38/30 35 35

Lai mazinatu termoterapijas negativo ietekmi uz koku dzivotspgju, kokus
vienu nedélu pirms termoterapijas aklimatizgja 35 °C gaismas perioda un 30 °C
tumsas perioda, ka ieteicis Welsh & Nyland (1965). Termoterapijas ilgums
aprékinats no pirmas dienas, kad temperatiru paaugstingja lidz 35 °C. Péc
termoterapijas abelu un bumbieru dzinumu gali (~5 mm) nogriezti ar sterilu
asmeni un uzpotéti uz virusbriviem séklaudzu potcelmiem. Uzpotétos augus
tur€ja augsanas kamera 25 °C temperatira zem stikla traukiem, lai uzturétu
mitrumu 90% — 95%. Lidzko attistijas tris lidz Cetras jaunas lapas, traukus
nonéma un augus parvietoja siltumnica.

2.3. Virusa diagnostikas metodes

2.3.1. Cietfazes enzimu imunosorbences tests (ELISA)

Lai veiktu sakotn&jo ACLSV skriningu un diagnostiku (I un II publikacija),
izmantots komerciali pieejams DAS-ELISA diagnostikas komplekts (Bioreba
AG, Reinach, Sveice), ar kuru noteikta virusspecifisku antigénu klatbatne augu
Sunsula. Tests veikts saskana ar razotaja ieteikumiem, izmainot inkubacijas laiku
un temperatiru. Lai paaugstinatu testa jutibu, inkubacijas laiks pagarinats no
Cetru stundu inkubacijas pie +30 °C uz 16 stundam pie +4 °C. Ka pozitiva un
negativa kontrole testa veikSanai izmantots razotaja piegadatais liofiliz&tais augu
materials. Imunotesta optiska blivuma absorbcija mérita pie 405/ 492 nm ar
spektrofotometru Asys Expert 96 (Hitech, Austrija) peéc 30 miniiSu, vienas
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stundas un divu stundu inkubacijas. Pozitivo paraugu optiska blivuma
robezvertiba aprékinata saskana ar razotaja (Bioreba AG) ieteikto formulu:
robezvértiba = (vidgjais OD + 3s) x 1.1.

2.3.2. RNS ekstrakcija un RT-PCR

Ievaktos lapu paraugus, izmantojot miezeri un piestu, skidraja slapekli
saberza smalka pulverl. 2007. gada ievaktajiem abelu un bumbieru lapu
paraugiem, kopgjas genomiskas RNS ekstrakcijai izmantoja komerciali pieejamu
RNeasy Plant Mini Kit reagentu komplektu (Qiagen, Vacija). RNS izdalita
vadoties p&c raZotdja instrukcijam. Abelu lapu audu lizé$anai izmantoja RLT
buferi, bet bumbieru lapu audiem RLC buferi. Kopgjas genomiskas RNS/DNS
ekstrakcijai no 2008. gada lidz 2021. gadam ievaktajiem lapu paraugiem
izmantoja komerciali pieejamu Genomic DNA Purification Kit izdaliSanas
komplektu (Thermo Fisher Scientific, Lietuva). Nukleinskabju izdaliSana veikta
vadoties péc razotdja ieteikumiem, veicot nelielas izmainas izdaliSanas
protokola. Aptuveni 100 mg sasmalcinats lapu paraugs suspendéts 200 ul TE
buferskiduma, kas bija sajaukts ar 0.8 pl 99% 2-merkaptoetanola (Roth, Vacija).
Pirmo centrifug€Sanas soli veica pie maksimala atruma (~14000 apgr./min).
NukleTnskabju izgulsnésanu veica ar ledusaukstu 96% etanolu un atstaja uz nakti
-20 °C temperatiira, nevis 10 miniites, ka noradits razotaja protokola. Lai iegtitu
RNS bez DNS piejaukuma, péc ekstrakcijas suspensijai pievienota DNaze 1
(Thermo Fisher Scientific, Lietuva). Izdalitas RNS kvalitati un kvantitati
novertgja ar spektrofotometru NanoDropR ND-1000 (Thermo Fisher Scientific,
ASV). Izdalito RNS uzreiz talak izmantoja RT-PCR veikSanai vai uzglabaja
-80 °C temperatura.

Ka apstiprinoSo diagnostikas metodi izmantoja RT-PCR un One-Step RT-
PCR reagentu komplektu (Qiagen, Vacija), péc Hassan et al., 2006 izstradata
protokola. Virusu diagnostikai augos izmantoja virusa genomam specifiskus
oligonukleotidus (Menzel et al., 2002; Hassan et al., 2006). Virusu diagnostika
pielietotas oligonukleotidu sekvences ir paraditas 2.2. tabula. Ka pozitivo
kontroli testa veikSanai izmantoja DAS-ELISA testa pozitivos paraugus. RNazes
nesaturo$u Gdeni un augu nad5 génu amplificgjoSos oligonukleotidus pielietoja
reakcijas kvalitates kontrolei.

Visus RT-PCR solus veica Eppendorf Mastercycler termociklera (Eppendorf
AG). RT-PCR galaproduktus noteica elektroforézé 2% agarozes ggla, TAE
bufer, krasojot ar etidija bromidu un vizualizéjot UV gaisma. RT-PCR produktu
garumu noteica, salidzinot ar O’RangeRuler 100bp DNS garuma fragmenta
markieri (Thermo Fisher Scientific, Lietuva).
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2.2. tabula/ Table 2.2.
RT-PCR izmantotie oligonukleotidi virusu noteik$anai/ The oligonucleotide
primers used in RT-PCR for the detection of viruses

- Fragmenta
Nosakamais /
organisms/ Oligonukleotidu sekvences/ Primers Fgarums
Target (-3 ragment
organism length
(bp)
ACLSVY F - TTCATGGAAAGACAGGGGCAA 667
R - AAGTCTACAGGCTATTTATTATAAGTCTAA
ApMV F - CGTAGAGGAGGACAGCTTGG 450
R - CCGGTGGTAACTCACTCGTT
ASGV F - GCCACTTCTAGGCAGAACTCTTTGAA 273
R - AACCCCTTTTTGTCCTTCAGTACGAA
ASPV F - ATGTCTGGAACCTCATGCTGCAA 370
R-TTGGGATCAACTTTACTAAAAAGCATAA
nads F - GATGCTTCTTGGGGCTTCTTGTT 181
R — CTCCAGTCACCAACATTGGCATAA

2.3.3. Virusu parbaude ar kokveida indikatoraugiem

2010. gada no Niderlandes Darzkopibas inspekcijas dienesta (Naktuinbouw)
ieguva 17 virusbrivus kokveida indikatoraugu genotipus, kurus uzacoja uz
viengadigiem s€klaudzu potcelmiem un uzturgja siltumnicas apstaklos. Lai
parbauditu termoterapijas efektivitati, 2012. gada veica pirmo parbaudi uz virusu
klatbtitni Skirn€m: ‘Ausma’, ‘Baltais Dzidrais’, ‘Spartan’, ‘Liberty’, ‘Lobo’,
‘Antej’, ‘Melba’, ‘Lobo’ un ‘Antonovka’ (V publikacija). Parbaudamo
(atveseloto) materialu un indikatoraugus uzacoja uz abelu Skirnes ‘ Antonovka’
s€klaudzu potcelmiem. AcoSanu veica vegetacijas perioda, ievietojot snaudoso
pumpuru zem potcelma mizas, pec Kirby et al. (2001) aprakstitas metodikas,
trijos atkartojumos. Darba izmantoja kokveida indikatroaugus Malus platycarpa
(ACLSV noteiksanai), M. pumila ‘Virginia Crab’ (ASGV un ASPV noteiksanai),
M. pumila ‘Lord Lambourne’ (ApMV noteiksanai). Uz séklaudzu potcelmiem
uzpotétos indikatoraugus izmantoja ka negativo kontroli. Abelu $kirni ‘Rubin’,
kurai iepriek§ ar RT-PCR apstipringja Cetru virusu infekciju, izmantoja ka
pozitivo kontroli. P&c acoSanas augus uzturgja insektu necaurlaidiga siltumnica
ar dzeseSanu. Lai nodroSinatu optimalu temperatiru simptomu izpausmei,
uzturétas temperatiiras diapazons bija 18 — 25 °C. Uzacotos augus novéroja
astonas nedg€las, Iidz paradijas simptomi. Simptomu pazimes novért€tas arl
nakamas vegetacijas sezonas sakuma.
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2.4. Genetiskas analizes

2.4.1. Sekvencésana un sekvencéu analize

No 2008. lidz 2021. gadam no genétisko resursu kolekcijam un savvalas
ievaktos ACLSV pozitivos paraugus atkartoti testgja ar otru oligonukleotidu pari
(CP1/CP2), kas amplificg 803 nukleotidus garu virusa proteina apvalku kodgjoso
genoma fragmentu (CP1 5° CAAGAGARTTTCAGTTTGCTCG 3’/ CP2 5°
AAGTCTACAGGCTATTTATTATAAGTCTAA 3°) (Il publikacija). No
ACLSV inficétajiem augiem izdalito RNS sekojosi transkribéja uz cDNS.
Klonalas DNS sintézei izmantoja High Capacity cDNA Reverse Transcription
reagentu komplektu (Applied Biosystems, ASV) ar randomizétiem heksaméra
oligonukleotidiem, saskana ar razotdja protokolu. Virusa apvalka proteina
kodgjoso sekvencu amplifikacijai izmantoja REDTag® ReadyMix™ PCR
reakcijas maistjumu (Sigma-Aldrich, Vacija) ar CP specifisko oligonukleotidu
pari (CP1/CP2), saskana ar razotaja noradijjumiem.

PCR produktus attirija, izmantojot reagentu komplektu GeneJet PCR
Purification kit (Thermo Fisher Scientific, Lietuva), un sekvenc€ja abos
virzienos, izmantojot tos paSus PCR amplifikacijas oligonukleotidus.
Sekvencésanu veica ar 3130xlI Genetic Analyzer (Applied Biosystems, ASV)
automatizéto genétisko analizatoru Latvijas Valsts meZzinatnes institita
“Silava”. Kopuma sekvencétas 34 pilna garuma ACLSV CP kodgjosas
sekvences, kas ieglitas no dazadiem genotipiem un ievakSanas vietam.

Sekvenc¢u montazu, kvalitates parbaudi un izlidzinajumus (alignment) veica,
izmantojot datorprogrammu pakotni LASERGENE 17 (DNASTAR Inc., ASV).
Katra izolata pilna garuma amplikona sekvenci (contig) samontgja no tie$as un
reversas sekvences lasijuma un manuali redig€ja programma SeqMan Pro 17.
Lai nodrosinatu kvalitati, sekvencu galus noisinaja un pielidzinaja. Lai noteiktu
iespgjamas atverta lasiSanas ramja (ORF) nobides kludas (stop kodoni), iegiitas
nukleinskabju sekvences izlidzinajumus partransléja aminoskabju sekvences.
Iegttas sekvences depongja GenBank (www.ncbi.nlm.nih.gov) un tas ir publiski
pieejamas ar numuriem ON641843 — ON641876.

Saja pétijuma iegiitas 29 ACLSV CP géna (ORF3) sekvences no abelém un
bumbierém un piecas no plimém salidzinaja ar 282 ACLSV CP sekvencém no
Malus, Cydonia, Crataegus un Pyrus gints augiem un 90 sekvencém no Prunus
gints augiem, kas pieejamas GenBank datu bazgé (www.ncbi.nlm.nih.gov). Darba
analiz€ja ACLSV genoma regionu no 6784 lidz 7365 nt (saskana ar references
sekvenci NC_ 001409 no GenBank). Sekvencu izlidzinasanu veica, izmantojot
MAFFT algoritmu, un nukleinskabju un aminoskabju sekvencu savstarpgjo
identitati noteica ar MegAlign Pro programmu LASERGENE v. 17.

18



2.4.2. Rekombinaciju noteik$ana un filogenétiskas analizes

Rekombinaciju analize veikta, izmantojot rekombinacijas noteik$anas
programmu RDP v. 5 (Martin et al.,, 2021), lai izslégtu, ka iegiitas virusa
sekvences ir rekombinanti, ar at$kirigu filogen&tisko izcelsmi, kas veidojusies
starp atSkirigiem ACLSV genotipiem vai cita virusa RNS, kas atrodas viena
auga, un vai arT ar auga RNS. Analizes veica 34 $aja petjjuma iegiitajam
sekvencém un 372 ACLSV CP génu sekvencém, kas ieglitas no Malus, Cydonia,
Crataegus, Pyrus un Prunus gints saimniekaugiem, un ir pieejamas GenBank
datubaze (III publikacija). Analizes veica, izmantojot noklus€juma iestatijumus,
ieklaujot septinas metodes: RDP, GENECONV, Chimaera, MaxChi, BootScan,
SiScan un 3Seq. Par nozimigiem uzskatija tikai tos rekombinacijas notikumus,
kurus apstiprinaja vismaz ar trijam no RDP5 ieklautajam metodém ar p < 0,05.
Identificétas iesp€jamas rekombinantas sekvences izslédza no talakam
filogengtiskajam analizém.

Sekvencu datu izlidzindjumus virusa izolatiem no s€klenkokiem un
kaulenkokiem veica atseviski. Virusa sekvencu izlidzinajuma pirmaja datu kopa
ietvéra 27 Saja pétijjuma iegiitas sekvences un 276 ACLSV CP nukleotidu
sekvences no seklenkoku izolatiem, kas bija pieejamas GenBank, savukart otraja
sekvenéu datu kopa analizja piecas $aja pétijjuma iegiitdas sekvences no
kaulenkoku izolatiem un 90 homologas sekvences no GenBank. Aprikozu
pseidohlorotiskas lapu plankumainibas virusa (APCLSV) CP kodgjosas
sekvences: AY713380, JN873309, KX768275 un KY310579 ieklava ka
kontroles grupu gan sekvencu izlidzinasana, gan filogenétiskajas analizes. Lai
rekonstruétu filogenétiskas sakaribas starp ACLSV izolatiem, pielietoja
Maximum parsimony analizi datorprogramma PAUP (Swofford, 2002)
v.4.0a169 (http://phylosolutions.com/paup-test/). Izlidzinajumus paklava
heiristiskajai (heuristic) mekléSanai ar nejauSas pievienoSanas secibu, 1000
atkartojumos ar §adiem programmas iestatijumiem: MulTrees opcija nav speka,
Steepest descent metode ir spéka un veikta koka sadaliSanas atkartota
savienoSana (tree bisection reconnection (TBR)). Tos pasus iestatijumus
izmantoja statistiska atbalsta (bootstrap) analizes ar trim nejau$am pievienoSanas
sekvencém katra no 1000 (bootstrap) atkartojumiem.

2.5. Datu statistiska analize

2.5.1. Aprakstos$a statistika

DAS-ELISA testa un RT-PCR sakotngjiem datiem veica aprakstoSo statistiku
ar Excel pamatprogrammu. ACLSV sastopamibu izteica procentuali ka inficéto
paraugu Ipatsvaru no testeto paraugu skaita. Biitiskuma Iimena noteikSanai starp
konstatéto pozitivo un negativo gadijumu skaitu Skirnu paraugos aprékinaja:
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vidgja vertiba (n) + standartnovirze (o). Virusa sastopamibas dati analiz&ti ar
Fisera precizo testu datorprogramma GraphPad Prism (GraphPad Software Inc.,
ASV), lai noteiktu biitiskuma Itmeni starp divam kategoriju vértibam (pie

p <0.05), pieméram, seklaudzu un klona potcelmi.

2.5.2. Koku augS$anas un raZas parametru apstrade

Apkopotos datus — koka stumbra diametru (20 c¢cm virs potéSanas vietas),
vainaga parametrus, razu no koka un auglu lielumu izmantoja, lai aprékinatu
produktivitati, stumbra Skeérsgriezuma laukumu (TCSA) un kumulativas razas
efektivitati (kumulativa raza uz TCSA un Vvainaga tilpuma attiecibu) (IV
publikacija). Vainaga tilpums aprékinats atbilsto§i 1. Dimzas piedavatajai
formulai (Rubauskis et al., 2012).

3/2

+
V= 05235 dy -dy - (Hy — Hy) - (%)

@)
V — vainaga tilpums/ canopy volume, m?;
d1 un d2 — vainaga diametrs divos perpendikularos virzienos — rinda un pari rindai/
canopy diameter in two perpendicular directions — in the row and across the row,
m;
Ho — attalums no augsnes virsmas lidz lapotnes zemakajam punktam/ distance
from the soil surface up to the lowest point of the canopy, m;
H1 — koka augstums — attalums no augsnes virsmas lidz koka galotnei/ tree height
— distance from the soil surface to the top of the tree, m;
fi un f2 — figuralitates koeficients, kas raksturo vainaga blivumu/ figural
coefficients, which characterize the density of the canopy.

Datus apstraddja, izmantojot programmatiiru SPSS Statistics 25. Dati
analiz&ti ar dispersijas analizi (ANOVA). Statistisko nozimigumu aprékinaja
pamata faktora (Skirnes), blakusfaktora (virusa) ietekmei un abu faktoru
mijiedarbibai. Atskiribu starp mainigajiem uzskatija par nozimigu pie p < 0.05.
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REZULTATI UN DISKUSIJA

3.1. ACLSYV sastopamiba auglu darzos un savvala

legtitie rezultati paradija, ka ACLSV ir plasi sastopams abelu un bumbieru
darzos, un lielaka dala Latvija audzgto abelu un bumbieru Skirnu, ka ari
atseviskas plimju Skirnes ir inficétas ar to (I un II publikacijas). ArT ieprieks
veiktie pétijumi Latvija (Svarcbahs & Miltins, 1982), izmantojot kokaugu
indikatoraugus, paradija, ka daudzas abelu un bumbieru Skirnes ir inficgtas ar
latentajiem virusiem. ACLSV konstatgja visos parbauditajos abeldarzos, 27 no
36 bumbieru darziem un sesos no 28 plimju darziem. levérojami lielaku virusa
sastopamibu abeldarzos konstatgja Kurzemé neka pargjos vesturiskajos novados
(3.1. tabula). Pielietojot DAS-ELISA, ACLSV atklaja tikai 11.4% testStajiem
abelu paraugiem, 4.8% bumbieru un 2.6% plimju paraugiem, savukart ar RT-
PCR ACLSV konstatgja 65.4% abelu paraugiem, 32.3% bumbieru un 2.0%
plimju paraugiem. ACLSV izplatiba Latvija ir lIidziga citu valstu datiem, kur ta
sasniedz 33% lidz 100%, ja auglu darzu ierikoSanai neizmanto virusbrivu
stadmaterialu (Desvignes 1999; Krizbai et al., 2001; Kundu 2003; Kukharchyk
2006). Ar RT-PCR konstatgja ieveérojami augstaku pozitivo gadijumu skaitu
neka ar DAS-ELISA, bet ne visus ar DAS-ELISA noteiktos pozitivos paraugus
var€ja apstiprinat arT ar RT-PCR.

3.1. tabula/ Table 3.1.
Abelu hlorotiskas lapu plankumainibas virusa sastopamiba vésturiskajos
novados Latvija 2007. un 2008. gada, diagnostiku veicot ar RT-PCR/
Occurrence of apple chlorotic leaf spot virus in Latvian historical regions in
2007 and 2008, as tested by RT-PCR

Inficéto paraugu ipatsvars/
Vesturiskie novadi/ Number of infected samples, %
Historical regions Abeles/ Bumbieres/ Plimes/
Apples Pears Plums
Kurzeme 80.0" 41.7 2.0
Latgale! 50.0 28.3 15
Vidzeme 64.1 24.6 1.4
Zemgale! 66.6 34.4 3.4

* Norada statistiski batiski augstaku ACLSV sastopamibu konkréta vésturiskaja
novada (p < 0.05)/ Indicates significant difference among the occurrence of ACLSV in
historical regions by Fisher’s exact test (p <0.05).

! Neliela skaita dél, aprekinos auglu darzi, kas atradas S&lija, ieklauti Zemgales vai
Latgales vésturiskajos novados/ The orchards located in Sélija are included in the
historical regions of Zemgale or Latgale in the calculations, due to the small number of
samples.
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Virusu noteikSanas metodes var butiski ietekmét rezultatus, tam ir atskirigs
jutigums un precizitate. Kokaugu indikatoraugu izmantosana ir stridiga, jo Tpasi,
kad rezultatus ir griiti interpretét simptomu neesamibas dél (Menzel et al., 2002).
DAS-ELISA jutigumu var ietekmét zema virusu koncentracija augos noteikta
augSanas sezonas perioda (vasara, rudens). Trichovirus gints virusu
koncentracija augos svarstas augsanas sezonas laika un samazinas vasaras laika,
paaugstinoties vides temperatiirai (Fuchs et al., 1985). DAS-ELISA metode tiek
uzskatita par ticamu, ja paraugiem izmanto jaunas un simptomatiskas lapas
(Torrance & Dolby 1984; Desvignes 1999). Diagnostikas metodes, kas
pamatojas uz nukleinskabju analizi, plasi izmanto un uzskata par ticamu virusu
noteiksanai (Kirby et al. 2001). ST darba laika atklato pozitivo paraugu skaits bija
ievérojami augstaks, izmantojot RT-PCR, neka DAS-ELISA, lai gan RT-PCR
neapstiprindja visus pozitivos ELISA rezultatus. Tas parada ka neviena no
pielietotajam diagnostikas metodém nav absoliiti ticama. Ka noradija MacKenzie
et al. (1997), neskatoties uz augsto jutibu un specifiskumu, RT-PCR ietekmé
daudzi faktori, pieméram, RNS tiriba un diagnostika izmantoto oligonukleotidu
specifika, kas var ietekmé&t diagnostikas testa veiktsp&ju un var sniegt kliidaini
negativus rezultatus. Turpretim plasa spektra poliklonalas antivielas aptver
plasaku virusa genétiskas daudzveidibu spektru, tapec joprojam vairaku metozu
kombinacija ir v€lama precizai un specifiskai virusa noteikSanai.

Visi parbauditie abelu Skirnes ‘Stars’ paraugi bija inficéti ar ACLSV, un ar1
pozitivo gadijumu skaits vairakam abelu $kirn€m bija ieverojami virs vid&ja
limena. Turpretim tikai atseviskam bumbieru (‘Bere Kijevskaja’ un
‘Duhmjanaja’) un plimju (‘Prune d’Agen’ un ‘Experimentalfiltets Sviskon’)
Skirném ACLSV sastopamiba ievérojami parsniedza vidgjo Iimeni, savukart visi
parbauditie paraugi no Prunus cerasifera sgjeniem uzradija negativu rezultatu ar
abam pielietotajam metodém.

Analizgjot ACLSV sastopamibu abelu un bumbieru stadijumos atkariba no
potcelma veida (s€klaudzis vai klona potcelms), uz klona potcelmiem acotas
abelu skirnes uzradija butiski (p = 0.014) augstaku ACLSV sastopamibu neka uz
s€klaudzu potcelmiem acotas Skirnes (3.2. tabula).
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3.2.tabula/ Table 3.2.
Abelu hlorotiskas lapu plankumainibas virusa sastopamiba auglu kokos
atkariba no potcelma veida, diagnostiku veicot ar RT-PCR/
The occurrence of apple chlorotic leaf spot virus in fruit trees depending on
rootstock type, as detected by RT-PCR

Potcelma veids/ Analizéto Inficéto paraugu
N paraugu skaits/ ipatsvars/
Saimniekaugs/ Host T%p;ts%(t:rlle Number of Number of infected
samples samples, %
Seklaudzi/ 60 517
. Seedlings )
Malus domestica Klona/
Clonal 239 69.5%
Seklaudzi/ 71 206
. Seedlings )
Pyrus communis
Klona/ 7 143
Clonal )

*Norada bitisku atSkiribu ACLSV sastopamiba starp potcelmu tipiem p&c FiSera
preciza testa (p < 0.05)/ Indicates a significant difference in ACLSV occurrence between
rootstock types by Fisher's exact test (p < 0.05)

Augsta virusa sastopamiba abeldarzos ir saistita ar klona potcelmu ietekmi,
ko apstiprinaja datu statistiska analize. Ar1 daudzas viet€jas un dazas no
kaiminvalstim introducgtas abelu Skirnes ir inficetas ar ACLSV. Virusu izplatibu
auglu darzos veicinajusi sakotngja infic€ta pavairojama materiala izmantoSana
no genétisko resursu kolekcijam. Lidzigi ieprieksgjie pétijumi ir paradijusi, ka
Malling un Malling Merton sérijas klona potcelmi bija inficéti ar ACLSV (Suti¢
et al. 1999). Ari Svarcbahs un Milting, 1982. gada zinoja, ka Latvija 61% klona
potcelmu ir inficéti ar latento virusu kompleksu. Iegiitic dati apstiprindja
ieprieksgjo zinojumu (Svarcbahs un Milting, 1982), ka daudzas vietgjas abelu
Skirnes un introducétas Skirnes, kuras joprojam ir plasi audz&tas, ir inficétas ar
ACLSV. Latvija bumbieres galvenokart audz&é uz ‘Kazrausu bumbieres’
s€klaudzu potcelmiem un virusu sastopamiba bumbiergs, salidzinot ar abelem,
bija daudz zemaka. Lidz $im uzskatija, ka viruss nevar izplatities ar s€klam
(Brunt et al. 1996), tapec iesp&ja, ka bumbieru s€klaudzu potcelmi vargtu bt
iesp&jamais infekcijas avots ir maz ticama, bet nav pilniba izsledzama. Atseviski
petijumi rada, ka ACLSV ir sastopams seklas (Li et al., 2022) un daba iesp&jams
pastav arl virusa vektori (Suti¢ et al., 1999). Lielaka dala bumbieru $kirnu ir
ievestas Latvija no kaiminvalstim, piem&ram, Baltkrievijas, Lietuvas, Ukrainas,
Krievijas un Igaunijas, kur stadama materiala sertifikacijas sistéma v&l nav
izveidota; tadgjadi inficetie potzari ir visticamakais sakotngjas infekcijas avots.
Salidzinot ar abelém un bumbierém, ACLSV sastopamiba pliimju stadijumos
bija zema, tom&r dazas plimju Skirnes uzradija lielaku §1 virusa pozitivo
gadijumu skaitu neka citas, pieméram, Zviedrijas izcelsmes Skirne
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‘Experimentalféltets Sviskon’ un Skirne ‘Prune d’Agen’. Tas liecina, ka
materiala sakotngjais avots, iespgjams, jau bija inficéts, un ACLSV talak
izplatits, izmantojot $o infic€to pavairoSanas materialu.

Testgjot paraugus, kurus ievaca no genétisko resursu kolekcijam un no
savvala augoSajiem Rosaceae augiem (III publikacija), ACLSV konstatgja 79
Malus, Prunus un Pyrus gints augu paraugiem. No pétijuma ieklautajam
auglaugu gintim, 81% ACLSV pozitivo paraugu bija no Malus gints augiem.
ACLSV nekonstatéja aprikoz€m un savvala augoSajiem Amelanchier,
Cotoneaster, Crataegus, Prunus un Sorbus augiem. Virusu konstatéja tikai
kultivétajam abelém, bumbierém, plimém un ari savvala augosajiem Malus gints
augiem, tostarp M. sylvestris. ST ir pirma reize, kad savvala augosajiem
M. sylvestris augiem ir konstatéta ACLSV infekcija. Lai gan daudzas kreba abelu
sugas tiek uzskatitas par loti ienémigam (Mink, 1989), iepriek§ ACLSV infekcija
laboratoriski apstiprinata tikai M. spectabilis (Chen et al., 2014). Eksperimentali
ar virusu inokulétas vairakas Malus sugas un hibridi (Campbell, 1962), bet tos
nevar uzskatit par dabigiem saimniekaugiem.

3.2. Rekombinaciju analize ACLSV CP géna

ACLSV CP gena sekvencu rekombinaciju analizi veica 34 §aja petfjuma
ieglitajiem virusa izolatiem kopa ar 372 analogam sekvencém no GenBank (III
publikacija). Veiktas analizes atkldja astonus iesp&jamos rekombinacijas
notikumus. Lielaka dala rekombinaciju notikumu identificéti CP géna sakuma
dala. Rekombinaciju ltzuma punktus (breakpoint) seSiem konstatétajiem
rekombinaciju gadijumiem nevar€ja parliecinosi noteikt, iesp&jams, tie varctu
but lokaliz&ti parvieto$anas proteina (moving protein, MP) kodgjosaja genoma
dala vai genoma nekodgjosaja regiona (3' UTR).

Rekombinaciju veicinoSie faktori var biit atSkirigu virusa genotipu vai
vairaku virusu infekcija auga un augsts virusu replikacijas potencials (Astier et
al., 2007). Ir zinams, ka ACLSV genoma dala, kura MP parklajas ar CP génu ir
loti variabla (Myrta et al., 2011), un rekombinaciju notikumi $aja genoma dala ir
identificeti ar1 iepriek$€jos pétijumos (Rana et al., 2010; Chen et al., 2014;
Mazeikiene et al., 2018), kas var ietekmét virusa genétisko daudzveidibu. Visi
iespgjamie rekombinacijas notikumi atpaziti vismaz ar trim noteik$anas
metodém, kas ieklautas RDPS programmu pakotng. Ka rekombinantu vecaku
sekvences atpazitas no ta paSa saimniekauga radniecigiem izolatiem, iznemot
sekvencem KC404877 un KC404872, kur ka viena no vecaku sekvencém
noteikta no bumbieru izolata, un abelu izolatam LV27 ka vecaku sekvences
identificétas no bumbieru un persiku izolatiem. Saja pétfjuma iegitajiem
ACLSYV izolatiem visi rekombinaciju notikumi CP géna sekvences identificeti
kultivétajam abelém un arT savvala augosajai abelei (izolats NZ5), kas apstiprina,
ka rekombinaciju process ir izplatits ACLSV populacija. Gengétiskas izmainas
virusu populacijas noris nepartraukti. Galvenie gen&tisko variaciju avoti ir
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mutacijas un rekombinacijas. Lielaka dala gengtiskas variacijas var but letalas
vai neitralas, bet dazos gadijumos tas var biit noderigas konkréta vidé (Lemey &
Posada, 2009). Sekvencu salidzina$ana, sekvencu lidzibas noteikSana un
filogengtisko koku konstrué$ana lauj noteikt gan radniecibu starp virusu
taksoniem un izolatiem, gan veikt populacijas genétiskas daudzveidibas analizi
(Choudhuri, 2014). ST informacija savukart lauj noteikt virusu izcelsmi un
potencialos izplatiSanas celus un sniedz nozimigu informaciju par virusa
epidemiologiju.

3.3. ACLSYV genétiska daudzveidiba

ACLSYV genoma ORF3 regiona kodgjoso CP sekvencu salidzinasana veikta
34 ACLSV Malus, Pyrus un Prunus gints augu izolatiem pozicija 6784 — 7365
nt (saskana ar ACLSV references sekvenci NC 001409). Analiz&to sekvencu
identitates svarstijas no 79.55% Iidz 98.45% nt Itment un 84.54% Iidz 100% aa
ItmenT starp $aja petfjuma iegitajiem ACLSV izolatiem un no 66.49% lidz
99.14% nt limeni un no 68.04% lidz 100% aa Iimeni, salidzinot ar GenBank
pieejamam 374 homologajam ACLSV sekvencém. Latvijas ACLSV izolatu CP
génu sekvencu identitati (79.55% Iidz 98.45% nt limen1 un 84.54% Iidz 100% aa
ltmen1) var€tu uzskatit par variablu, tacu ta neparsniedz paredzEtos sugu
demarkacijas kriterijus Betaflexiviridae dzimta — 72% nt identitate vai 80% aa
identitate starp attiecigajam CP génu sekvencém (Kreuze et al., 2011). Tomer
daziem S$aja pétijuma iegiitajiem abelu un bumbieru izolatiem, bija 100%
identitate aminoskabju limeni ar citam GenBank sekvencém, kas norada uz
stadama materiala nozimigo lomu ACLSV izplatiba, ipasi lielos attalumos
(Mink, 1989). Abelu izolats LV54 uzradija visaugstako identitati nt Iimeni
(99.14%) ar izolatu no Brazilijas (KX668485) un 100% identitati aa ltmenT ar
citu $aja petijuma iegiito abelu izolatu LV44 un ar 22 citiem abelu izolatiem no
GenBank (no Brazilijas, Kinas, Kanadas, Etiopijas, Iranas un Lietuvas).
Bumbieru izolatam LV81 konstatgja 100% identitati aa I[imenT ar diviem abelu
izolatiem no Vacijas (KX579123) un Kinas (MH534897). Zemako identitati nt
ItmenT (66.49%) konstat&ja abelu izolatam LVO07 ar persiku izolatu no Kinas
(JN849004), savukart viszemaka identitate (68.04%) aa limeni konstatéta starp
diviem persiku izolatiem no Kinas (JN849007) un Kanadas (MZ126485). Lai
analizétu ACLSV genétisko daudzveidibu, visas sekvences, ieskaitot izolatus no
Latvijas un citam pasaules dalam, sadalija devinas grupas péc to saimniekaugiem
(III publikacija). ACLSV izolati no aprikozem (94.5% nt un 98.97% aa sekvencu
identitate) veidoja viendabigu grupu. Vislielaka ACLSV apvalka proteina géna
sekvencu variabilitate noverota persiku izolatiem, kuriem konstatgja 68.04% —
100% identitati nt ITmeni un 71.13% — 100% identitate aa Iimeni. Viszemaka
identitate noverota starp abelu un persiku izolatu grupam, kuram bija 66.49% —
100% identitate nt ItmenT un 68.04% — 100% aa Itment. Ta ka viruss viegli
izplatas vegetativas pavairoSanas cela — ar saknu spraudeniem, acoSanu un
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potesanu (Suti¢ et al., 1999), jaunizveidotie augi var uzkrat vairakus virusa
gengtiskos variantus, un viena abelu parauga var atrasties pat Cetri atskirigi virusa
genotipi (Chen et al., 2014), kas var veicinat atSkirigu genétisko variantu
veidoSanos.

Esosa augsta variablitate starp dazadiem kokaugu grupu izolatiem un taja
pasa laika identisku nukleotidu secibu esamiba starp dazadu ginSu augu
izolatiem, kas iegiiti no savvalas vai kultivétiem augiem, norada uz neskaidribam
par virusa parneSanas celiem starp dazadam augu grupam (piem., Malus un
Prunus), jo parasti lauksaimniecibas praksé vegetativa pavairoSana starp $im
augu grupam nenotiek. Ir konstatéta ACLSV dabiska izplatiSanas lauka
apstaklos, tacu eksperimentali nav apstiprinats neviens no pétitajiem
potencialajiem virusa vektoriem: Eudosylaimoid gints nematodes, persiku
laputis (Myzus persicae) vai ziedputeksni (Mink, 1993; Suti¢, 1999). Nesen Li et
al. (2022) identificgja ACLSV Kklatbatni inficétu Pyrus Betulifolia un P.
calleryana auglu séklas un séklaudzos, pieradot, ka viruss var izplatities ar ar
seklam. Arf iepriek§ ACLSV konstatéts abelu un cidoniju seklaudzos (Posnette
& Cropley, 1964), gan ar1 dzivzogos audzgtajas vilkabelu un dzelonplimju
s€klaudzos Apvienotaja Karalisté (Sweet, 1980). Mazeikiene et al. (2018) zinoja,
ka ACLSV ir sastopams ari vecas seklaudzu abelés. Saja pétijuma ACLSV
konstatéts kultivéto abelu séklaudziem un ari savvala augoSajiem M. sylvestris
kokiem, kas norada iespgjamo virusa parneSanu ar s€klam. Atseviskus
Trichovirus gints virusus parnes &rces, pieméram, kirSu raiblapainibas virusu
(CMLV) parnes &ércu suga Eriophyes inaequalis un persiku mozaikas virusu
(PcMV) izplata Eriophyes insidiosus (Kreuze et al., 2011). Vairakas Eriophyes
gints &réu sugas kolonizg arT abeles, bumbieres un plimes. Lielaka dala $o &réu
ir monofagi, iznemot Eriophyes pyri, kas ir poligofaga un dzivo Malinae augos,
stiklveida parenhima (Skoracka et al., 2005). Lai gan Eriophyes gints &réu loma
ACLSYV transmisija ir vél eksperimentali japierada, jo, vai vispar pastav kads
ACLSV bezmugurkaulnieka vektors, joprojam tiek apSaubits.

3.4. ACLSY filogenéze un genétiskie tipi

Virusa apvalka proteinu kodgjo$as CP géna sekvences (nt 6781 — 7362)
izmantoja, lai noskaidrotu genétisko radniecibu starp ACLSV izolatiem, kas
izdaliti no dazadiem saimniekaugiem un geografiskajiem regioniem (III
publikacija). Abelu apakstribas (Malinae) augu ACLSV izolatu analizes ieklava
303 virusu izolatus no dazadam Malus, Crataegus, Cydonia un Pyrus sugam.
ACLSV sekvences sadalfjas divos lielos klasteros (I un II klasteris). Pirmo
galveno klasteri veidoja divi apaksklasteri (apaksklasteris IA un IB), kuros
ACLSV sekvencu grupéSanas nebija saistita ar to geografisko izcelsmi vai
saimniekaugiem. Aminoskabju sekvencu analize paradija, ka IA apaksklasteris
atskiras no IB apaksklastera un II klastera septinas pozicijas. IA apaksklasterim
ir aminoskabju kovariacijas: Ala* -Val*®-Phe™-11e%-Ser®-Gly¥’-Met!#,
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savukart apaksklasterim 1B aminoskabju kovariacijas: Ser*’-Leu®®-Tyr"-Ala8-
Thr%0-Ser37-Leu'®, Turklat IT klasteris atSkiras no abiem apakgklasteriem A un
IB divas aminoskabju pozicijas: 73 un 79, ar Ser, Gly vieta (III publikacija). Visi
Latvijas izolati bija vienmerigi sadaliti abos IA un IB apaksklasteros. 1A
apaksklasteris sastavéja no divam dalam (IA1 un IA2) un ietvéra piecus Latvijas
ACLSYV izolatus no kultivétiem abelém (Malus domestica) un vienu izolatu no
savvalas M. sylvestris (NZ48), ka ari vienu izolatu no kultivétam bumbierém
(LV81) kopa ar tipa izolatu P205 (D14996) no Japanas un 79 citam sekvencém
no kultivetajam abelém, kas iegtitas no GenBank (3.1.att.).

Apaksklasteris IB ietvera Cetrus Latvijas ACLSV izolatus no kultivétajam
bumbierém, tostarp izolatu no Ukrainas, kas iegfits $aja p&tijuma un 16 izolatus,
kas ieglti no kultivétajam un savvalas abelem kopa ar B6 tipa izolatu
(AB326224) no Japanas un 151 citam sekvenceém no kultivétajiem
seklenkokiem, kas iegliti no GenBank datu bazes (3.2. att.).

Septinpadsmit izolati no P. pyrifolia (GU327984 — GU328004) veidoja
atsevisku grupu apaksklasterT IB (IB2) ar augstu statistisko atbalstu, kas no
citiem seklenkoku izolatiem at$kiras ar divam aminoskabem 118 un Ser'e, 1|
klasteris ietvéra MOS tipa izolatu (AB326225) kopa ar 43 sekvencém no
GenBank, kas iegiitas no dazadiem saimniekiem — kultivétajam abelém un kreba
abeles M. spectabilis, kultivétajam bumbierém Pyrus communis un citam Pyrus
sugam (P. pyrifolia, P. bretschneideri, P. betulifolia, P. calleryana) un
Crataegus pinnatifida. Lielaka dala $o izolatu nak no Kinas, divi no Japanas un
Taivanas. ACLSV izolatu filogengtiska rekonstrukcija no Malinae apakstribas
saimniekaugiem liecina, ka pastav vismaz tris ACLSV gengtiskie tipi — B6, P205
un MO5 (Yaegashi et al., 2007; Chen et al., 2014). Filogenétiskie p&tijumi
atklaja, ka visi analizétie Latvijas ACLSV izolati no séklenkokiem pieder pie
diviem genétiskajiem tipiem (B6 un P205), kas ir izplatiti arT savvala. Virusa B6
un P205 genétiskie tipi ir izplatiti visa pasaul€ un, iesp&jams, ir izplatijusies ar
inficétu stadamo materialu, galvenokart Malling (M) un Malling-Merton (MM)
sérijas klona potcelmiem (Suti¢ et al., 1999). Genétiskais tips MO5 no B6
atskiras tikai ar divam aminoskabju pozicijam un konstatéts Malus, Pyrus un
Crataegus augiem Kina.
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3.1. att. Malinae apakstribas augu abelu hlorotiskas lapu plankumainibas
virusa izolatu novietojums IA apaksklasteri, balstoties uz virusa apvalka
proteinu kod€josa géna sekvencu filogenétisko analizi ar Maximum
Parsimony metodi datorprogramma PAUP/

Fig. 3.1. Placement of apple chlorotic leaf spot virus isolates of the subtribe
Malinae in subcluster 1A, based on phylogenetic analysis of virus coat
protein gene sequences with the Maximum Parsimony method in the PAUP
computer program

Saja pétTjuma iegitie izolati attéloti treknraksta/ In this study obtained isolates are
shown in bold.

28



Wm%‘ o
WN - L)

i
S
et G

ks DEU

WA
Weirsar! dege 11U

1B apaksklasteris
B6 tips.

3.2. att. Malinae apakstribas abelu hlorotiskas lapu plankumainibas virusa
izolatu novietojums IB apaksklasteri, balstoties uz virusa apvalka proteinu
kodéjosa géna sekvencu filogenétisko analizi ar Maximum Parsimony
metodi datorprogramma PAUP/

Fig. 3.2. Placement of apple chloratic leaf spot virus isolates of subtribe
Malinae in subcluster 1B, based on phylogenetic analysis of virus coat
protein gene sequences with the Maximum Parsimony method in the PAUP

. computer program
Saja petijuma iegutie izolati att€loti treknraksta/ In this study obtained isolates are
shown in bold.
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No mandelu tribas (Amygdaleae) saimniekaugiem (Prunus domestica, P.
armeniaca, P. avium, P. cerasoides, P. domestica, P. dulcis, P. persica un P.
salicina) izdalito virusa izolatu filogengtiskas analizes sadalija to sekvences
divos lielos klasteros (Klasteris | un II) ar augstu statistisko atbalstu (Il
publikacija). Pirmais lielais klasteris veidojas no tris apaksklasteriem
(apaksklasteri 1A, IB un IC). Tapat ka s€klenkoku izolatiem, iedalijums
apak$grupas nebija saistits ar geografisko izcelsmi vai saimnickaugiem.
ApaksklasterT IB desmit izolati no Prunus avium kopa ar ¢etram ACLSYV izolatu
sekvenceém no P. cerasoides, P. persica, P. domestica un P. salicina veidoja
atsevisku apaksSgrupu (IB1) ar augstu statistisko atbalstu, kas at$kiras no
apaksklastera TA (42 sekvences), apakSklastera IB (astonas sekvences),
apaksklastera IC (piecas sekvences) un II klastera (25 sekvences) septinas
aminoskabju sekvences pozicijas: Ala**-Val®®-Phe’>-11e86-Ser!®-Gly!3"-Met!84,
Savukart IA apaksklasteri, astonam sekvenceém no apaksklastera IB un piecam
sekvencém no apaksklastera IC noveroja aminoskabju kovariacijas: Ser“-Leu®®-
Tyr’®-Ala®-Thri%0-Ser!3-Leu’®*, Apaksklasteris IC at3kiras no apaksklasteriem
TA un IB ar trim aminoskabém: Ser!*-Asn?*-Leu’?.

IT klasteri veidoja 25 ACLSV sekvences no Kinas, kas izdalitas no
parastajiem persikiem (Prunus persica). Visas II klastera sekvences at$kiras no
klastera I cetras no iepriek§ min&tajam septinam aminoskabju pozicijam (III
publikacija) un papildus divdesmit sesas aminoskabju pozicijas. Visi Latvijas
ACLSYV izolati no Prunus domestica sagrupgjas apaksklasteros IA un IC (3.3.
att.). Tris Latvijas ACLSV izolati (PD34, PD36 un PD44) kopa ar 39 citam virusa
sekvencém no kultivéto Prunus domestica, P. persica un P. salicina augiem
sagrup&jas 1A apaksklasteri. Pargjie divi Latvijas ACLSV izolati no plimém
(PD166 un PD325), kopa ar trim virusa izolatiem no P. domestica (tipa izolatu
P863; NC_001409) un P. persica (HQ398252, MZ126481) izveidoja
apaksklasteri IC ar augstu statistisko atbalstu (3.3. att.).

ACLSV izolatu filogenétiska rekonstrukcija no Amygdaleae tribas
saimniekaugiem Saja petijuma liecindja, ka pastav vismaz cetri ACLSV
genétiskie tipi. B6 un P205 tipus iepriek§ defingja Yaegashi et al., 2007,
izmantojot piecu aminoskabju ko-variacijas (Ala*’-Val>®-Phe®-Ser'*0-Met!%* vai
Ser®0-Leu®-Tyr"S-Thri®-Leu'®). Saja pétijuma P863 tika atzits par atskirigu
genétisko tipu, pamatojoties uz ieprieks identificétu celmu P863 (German et al.,
1990), kas saistits ar mizas plaisaSanas slimibu P. domestica augiem. P863 tips
defingts, pamatojoties uz piecam ACLSV sekvencém, kas veidoja augsti
atbalstitu filogengtisko liniju un kuram bija raksturiga tada pati aminoskabju
kovariacija ka B6 tipam ar trTs aminoskabju aizstasanu virusa apvalka proteina:
Ser'4-AsnZ-Leu’.
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3.3. att. Amygdaleae tribas abelu hlorotiskas lapu plankumainibas virusa
izolatu novietojums I klasteri, balstoties uz virusa apvalka proteinu
kodéjosa géna sekvencu filogenétisko analizi ar Maximum Parsimony
metodi datorprogramma PAUP/

Fig. 3.3. Placement of apple chlorotic leaf spot virus isolates of tribe
Amygdaleae in cluster I, based on phylogenetic analysis of virus coat protein
gene sequences with the Maximum Parsimony method in the PAUP

) computer program
Saja pétijuma iegitie izolati att€loti treknraksta/ In this study obtained isolates are
shown in bold
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Ta Tao 5 (Marini et al., 2008) ir visatskirigaka virusa izolatu grupa no citiem
ACLSV izolatiem. Tas parsniedz Betaflexiviridae noteiktos sugu demarkacijas
krit€rijus un visticamak parstav jaunu virusu sugu, ka ieprieks ierosinajis Zhou
et al. (2018). Viszemaka Ta Tao 5 tipa CP sekvendu identitate bija ar Malus
izolatiem (66.5% nukleotidu sekvences identitate un 68.0% aminoskabju
identitate), un visa CP géna bija vairak neka 25 aminoskabju aizvietoSanas
gadijumu. Tomer Ta Tao 5 tipa izolatiem bija tadas paSas aminoskabju
aizstadanas pozicijas Ser*® un Tyr” ka B6 tipa izolatiem, kas norada, ka §is
aminoskabju kombinacijas ir bitiskas efektivai replikacijai saimniekauga, ne
tikai ACLSV (Yaegashi et al., 2007), bet ari citiem Trichovirus gints virusiem.

No dazadiem saimniekaugiem - mandelém, aprikozém, abelém, persikiem,
bumbierém, plimém un vilkabelém izdalito virusu izolatu filogengtiskas analizes
paradija, ka sekvencu grup&Sanas nav saistita ne ar to geografisko izcelsmi, ne to
saimniekaugiem. B6 un P205 genétiskais tips ir sastopams gan s€klenkoku, gan
kaulenkoku virusa izolatiem, kas norada uz to kopigo izcelsmi un iesp&jams, ka
daba pastav neatklats virusa vektors vai agrak ir pastavéjis virusa vektors, kas to
izplatijis starp dazadiem Rosaceae gints augiem. Strauji attistoties auglkopibas
nozarei un intensivi vegetativi pavairojot augu materialu, iesp&jams pavairots un
izplatits arT defektivs virusa genoms. Izmainoties virusa sekvencei, mainas ari ta
atbilstiba vektoram, Iidz ar to viruss evoliicijas gaita iesp&jams ir zaudgjis sp&ju
izplatities ar vektoru starpniecibu.

3.5. ACLSYV ietekme uz razu un vegetativo augSanu

Izm&ginajums iekartots péc randomizéto bloku principa tris atkartojumos.
Katrs no blokiem sastavéja no tris ACLSV inficétiem un tris virus-negativiem
kokiem no katras Skirnes (IV publikacija). Kopa 18 koki no katras skirnes.
Izmé&ginajuma laika koki vizuali parbauditi uz virusa simptomiem: hlorotiski
gredzeni un loki uz lapam vai riisgani gredzeni uz augliem. Virusa infekcijas
pazimes netika novérotas visa izméginajuma perioda. Visi koki sakotngji testeti
uz ApMV, ACLSV, ASGV un ASPV Kklatbiitni ar RT-PCR. Testu otrreiz
atkartoja izm&ginajuma beigas. Datu analizei atlasija kokus, kuriem abi testa
rezultati bija vienadi: devini ACLSV infic&ti un sesi virus-negativi koki Skirnei
‘Antonovka’ un trTs inficéti un 14 virus-negativi koki Skirnei ‘Gita’. Statistiskas
analizes ar SPSS veiktas, nemot veéra nevienlidzigo izlases lielumu katram
faktoram.

Lai gan abelu hlorotiskas lapu plankumainibas virusa dalinas uzkrajas lapu
un saknu floémas un parenhimas $nas, ietekmeéjot cukuru plismu visa auga, kas
var nelabveligi ietekm@t augu augSanu un razu (Kreuze et al., 2011). Astonu
sezonu laika (2013 — 2020) abam Skirné€m statistiski ticamu ACLSV negativu
ietekmi uz augu razu nenoveroja. Parasti virusa infekcijas ietekme uz koku ir
atkariga gan no $kirnes, gan ar no potcelma (Posnette, 1989). Saja pétfjuma
izmantotais potcelms B396 ir c€lies no sarkanlapu paradizes abeles (B9), kuru

32



uzskata par tolerantu pret latento virusu infekciju (Cummin & Aldwinckle,
1983), iesp&jams tapec statistiski pieradama ar augstu ticamibu ACLSV negativa
ietekme uz abelu augSanu un razu netika konstatéta (p = 0.13). Statistiska datu
analize norada uz salidzinosi statistiski augstu veért€jamu faktoru mijiedarbibu
(p = 0.06), tadejadi kopgja raza astonu gadu laika skirnei ‘Antonovka’ virus-
negativiem kokiem bija augstaka neka ar virusu inficétiem kokiem (attiecigi
52.3 kg un 50.6 kg), bet kopgja raza astonu gadu laika no $kirnes ‘Gita” ACSV
inficetiem kokiem bija augstaka, neka virus-negativiem kokiem (attiecigi

101.1 kg un 86.4 kg). Starp Skirném ar butiski augstaku razu (1.8 reizes) izcélas
Skirne ‘Gita’ (p <0.01; (4.70781 E-11)). Periodiski (2013., 2014., 2016. un 2020.
gada) Skirnes ‘Antonovka’ ACLSV infic€tajiem kokiem konstatgja zemaku razas
daudzumu no koka, neka virus-negativajiem kokiem (3.4. att.)

25

250 B o 23.4%

= Antonovka virus-negativa/
virus-negative

200 = Antonovka ACLSV

192
14.0
13.0
1.2 111
1
6.0
I 3.8
19 1.7 I
1.0
01 0.0 0.0 0.1 01
 Em . o
1 2 3 4 5 6 7 8

Augsanas sezona (2013-2020)/
Growing season (2013 - 2020)

3.4. att. Videja raza no koka (kg) abelu Skirnei ‘Antonovka’, ACLSV
inficéto un virus-negativo koku salidzinajums no 2013. Iidz 2020. gadam/
Fig. 3.4. Average yield per tree (kg) for apple cultivar ‘Antonovka’,
comparison of ACLSV-infected and virus-negative trees from 2013 to 2020
* parada statistiski biitisku atskiribu (p < 0.05)/ shows a statistically significant
difference (p <0.05)

=]
=}

Raza no koka/ Yield per free, kg

=1

Savukart skirnes ‘Gita’ ACLSV inficétiem kokiem bija augstaka raza no koka
visa izméginajuma laika, iznemot 2016. gada (3.5. att.), kad lielaku razu no koka
(kg) konstatgja virus-negativiem kokiem (attiecigi 27.7 kg un 24.9 kg).
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Statistiski nozimigu at3kiribu (p = 0.02) starp ACLSV inficétiem un virus
negativiem kokiem razas daudzuma no viena koka konstat€ja 2018. gada, kad
abam skirn€m novéroja biitiski augstaku razas apjomu no ACLSV-inficétajiem
kokiem.

N Gita virus-negativa/ virus-
negative

300 u Gita ACLSV
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20.0

15.0 132 50 13
10.0

5.0 319 I 3.4 I

0o il

1

31.7F

Raza no koka, kg/Yield periree, kg

Augsanas sezona (2013 - 2020)/
Growing season (2013 -2020)

3.5. att. Videja raza no koka (kg) abelu Skirnei ‘Gita’, ACLSYV inficéto un
virus-negativo koku salidzinajums no 2013. Iidz 2020. gadam/
Fig. 3.5. Average yield per tree (kg) for apple cultivar 'Gita', comparison of
ACLSV-infected and virus-negative trees from 2013 to 2020
* parada statistiski batisku atskiribu (p < 0.05)/ shows a statistically significant
difference (p <0.05)

Nav datu par skirnes ‘Antonovka’, ‘Gita’ un potcelma B396 reakciju uz
latento virusu infekciju. P&c literatiiras datiem, visas komercialas Skirnes un
potcelmi no East Malling un Malling Merton sérijam tiek uzskatiti par izturigiem
pret latento virusu infekciju (Mink, 1989). Ieprieks veiktos pétijumos Anglija
(‘Cox's Orange Pippin’, ‘Golden Delicious’, Discovery’ un ‘Laxton's Superb’ uz
potcelma MM106) un Niderlandé (‘Golden Delicious’ uz M26) pieradija, ka
latento virusu (ACLSV, ASPV un ASGV) infekcija var samazinat koka izméru
par aptuveni treSdalu, bet savukart razas efektivitate proporcionali nesamazinas
(Meijneke et al. 1973; Cummins et al. 1979; Campbell, 1980). Tomér p&tijjumos
ASV ('ldared’, 'Delicious' un 'Golden Delicious' uz M26, MM102, MM106 un
MM111) nekonstat€ja, ka latento virusu infekcija sp€& samazinat augSanu vai
razu (Cummins & Aldwinckle, 1983), kas arT atbilst $aja petijuma iegiitajiem
rezultatiem.

ArT ACLSV Kklatbiitne augos nepieradija statistiski butisku negativu ietekmi
uz augla svaru, lai gan abam Skirn@m virus-negativie koki periodiski deva
lielakus auglus neka ar ACLSV inficétie koki. Skirnes ‘Antonovka’ kopgjais
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vidgjais auglu svars astonu gadu laika bija liclaks ACLSV negativiem kokiem,
neka ar virusu infic€tiem kokiem (attiecigi 218g un 209g), bet Skirnei ‘Gita’
kopgjais vidgjais auglu svars bija augstaks infic€tajiem kokiem neka virus-
negativajiem kokiem (attiecigi 206g un 186g). Vidgjais augla svars svarstijas
starp gadiem un statistiski butisku at$kiribu (p = 0.04) novéroja pirmaja gada,
kad abam skirném ar ACLSV inficétie koki deva lielakus auglus, neka virus-
negativie koki. Bitisku vid&jo augla svara atSkiribu (mijiedarbibas p vertiba
0.03) starp ACLSV inficgtajiem un virus-negativajiem kokiem noveroja skirnei
‘Gita’ astotaja gada p&c stadiSanas, kad vidgjais augla svars bija lielaks ACLSV
infictajiem kokiem neka virus-negativajiem kokiem, bet Skirnei ‘Antonovka’
tas bija pret&ji.

Aprekinatie augSanas parametri paradija nelielas atSkiribas starp ACLSV
inficetajiem un virus-negativajiem kokiem. Stumbra Sk&rsgriezuma laukuma
(TCSA) attieciba virus-negativajiem un ACLSV inficétajiem kokiem stadiSanas
laika butiski neatskiras, bet péc astoniem gadiem statistiski nebatiski lielaks
pieaugums tika novérots virusa negativiem kokiem, neka ar ACLSV infictiem
kokiem (p = 0.80). Batiski lielaku koka vainaga tilpumu konstatéja ACLSV
inficétiem kokiem (p = 0.01). Statistiski nenozimigu augstaku kumulativas razas
efektivitati (kumulativa raza uz TCSA) novéroja ar ACLSV inficétajiem kokiem
(p = 0.81). Lielaku kumulativas razas daudzumu (kg) uz vainaga tilpumu (m?)
konstatgja virus-negativajiem kokiem (p = 0.07).

Petfjuma iegttie dati par ACLSV ietekmi uz $kirni ‘Gita’ ir pretruna ar
ieprieksgjiem pétjjumiem, kas pierada virusu negativo ietekmi uz abelu razu un
augsanu (Suti¢ et al., 1999). Iesp&jams, ka nepietickamais $kirnes ‘Gita’ ACLSV
inficéto koku skaits (tris koki), kas izmantoti $aja izm€ginajuma, var€ja ietekmét
ievakto datu precizitati. Izm&ginajums sakotngji bija planots ar deviniem
ACLSV inficétiem un virusu negativiem kokiem, bet p&c RT-PCR testa
rezultatiem daudzi Skirnes ‘Gita’ koki bija virus-negativi, un arT daudzi acotie
pumpuri no ACLSV inficéta mates auga nepieauga, iesp&jamas nesaderibas dél,
ko izraisa ACLSV (Mink, 1989). Arf ierikojot izm&ginajumu no atlasitiem virus-
negativiem augiem nevis virusbriviem augiem p&c termoterapijas, tas vargja
ietekm&t razas un augSanas parametru raditajus eksperimenta. Lidzigs
noverojums iegiits petijjuma, kura salidzinats potcelms M9 péc termoterapijas ar
virus-negativu potcelmu M26, kur kumulativa raza uz stumbra Skérsgriezuma
laukuma bija augstaka kokiem , kuri bija acoti uz virusbriviem potcelmiem péc
termoterapijas (Koike et al., 1993). Tap&c nevar izslégt, ka pastav vél kads
neidentificéts latentais viruss Skirne ‘Gita’ virus-negativajos kokos, kas
samazinaja vegetativo aug$anu un razu.
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3.6. ACLSV eliminacijas iesp€jas un termoterapijas
efektivitate

Paaugstinatu vides temperatiiru plasi izmanto virusu eliming$anai augos,
tostarp abelem (Welsh & Nyland, 1965; Lenz & Lankes, 2006). Augsta
temperatira kavé virusa replikaciju un parvietoSanos augu audos, tapéc
termoterapija var ievérojami uzlabot virusu eliminacijas efektivitati (Mink et al.,
1998). Tomér temperatiira un ekspozicijas laiks ir ierobezots, jo atSkiras augu
sugu un genotipu tolerance pret paaugstinatu temperatiiru (Stein et al., 1991).
Abelu izdzivosana termoterapijas laika svarstjas no 45% lidz 100% atkariba no
termoterapijas apstakliem un augu genotipa (V publikacija). Augu skaits, kas
izdzivoja p&c termoterapijas, Iildz nakamajai sezonai svarstijas no 12% Iidz 62%.
P&c termoterapijas lielaka dala augu no kandidatmateriala 1/2007/2009 un
2/2008/2010 neizdzivoja lidz nakamajai augSanas sezonai; atlikusajiem augiem
noveroja pazeminatu vitalitati un tie nakamaja vegetacijas sezona aizgaja boja.
Kad termiskas apstrades ilgumu samazingja Iidz 40 dienam un adaptacijas
periodu pagarinaja lidz septinam dienam, izdzivojuSo augu skaits péc
termoterapijas paaugstingjas un arf tie veiksmigi parziemoja (kandidatmaterials
5/2012/2013). Lai gan bumbieres uzskata par jutigakam pret ilgstosu augstu
temperatiru neka citas kokaugu sugas (Paprstein et al., 2009), pé&tfjuma
bumbieres izturgja termoterapiju labak neka abeles, kur 71% — 100% bumbieru
augu izdzivoja termoterapijas laika. Galvena probléma bija zema augu
izdzivoSanas sp&ja péc termoterapijas, jo dala uzacoto augu jaunie dzinumi
nepaspéja parkoksnéties, tapec lielako dalu bumbieru kandidataugus zaudgja pec
parziemosanas. Parziemojuso augu skaits uz nakamo sezonu svarstijas no 0 lidz
36%, tikai augi no kandidatmateriala 4/2010/2012 un 5/2012/2013 parziemoja
vairakas sezonas.

Mates augus izvélgjas no abelu genétisko resursu kolekcijam vai lauka
izm&ginajumiem. Tikai atseviSkas viet&jas abelu skirnes ‘Zane’, ‘Baiba’, ‘Gita’,
‘Edite’, ‘Roberts’, ‘Ligita’, ‘Dace’ un ‘Uldis’, kas izveidotas Darzkopibas
institfita nesenas valsts selekcijas programmas, bija bez virusu vai ar viena virusa
infekciju. Daudzi no parbauditajiem abelu Skirnu mates augiem bija infic@ti ar
diviem vai tris virusiem. Dazu abelu Skirnu mates augi, piem&ram, ‘Rubin’ un
‘Ausma’ bija inficéti ar visiem Cetriem parbauditajiem virusiem. No
parbauditajam bumbieru Skirnu mates augiem konstatgja viena virusa infekciju
vai ar virusi netika atklati. Uzacotajiem kandidatmateriala 1/2007/2009 augiem
nakamaja gada péc termoterapijas virusus nekonstat€ja. Tomer otraja sezona pec
termoterapijas abelem ‘Sinap Orlovskij’ konstatgja ASGV, bet bumbierei
‘Condo’ izdevas eliminét ACLSV. Pagarinot termoterapijas izturéSanas laiku,
Skirnei ‘Sinap Orlovskij’ (kandidatmaterials 2/2008/2010), kurai bija vairaku
virusu infekcija, vargja efektivi eliminét ACLSV, bet skirnes ‘Auksis’ kokiem
joprojam varéja konstattt ACLSV un ASPV. Skirnei ‘Ausma’
(kandidatmaterials 3/2009/2011), kurai bija tris virusu infekcija, péc
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termoterapijas saglabajas ASGV un ASPV. Savukart bumbieres, kuras bija
inficEtas ar vairakiem latentajiem virusiem, neizdzivoja termoterapijas laika.

Lai palielinatu izdzivojuSo augu skaitu péc termoterapijas, kandidata
materialam 4/2010/2012 termoterapijas ilgumu samazinaja no 70 dienam uz 40.
P&c termoterapijas dazos augos abelu skirném ‘Dace’ un ‘Zarja Alatau’ vargja
konstatet ACLSV, bet bumbierem ‘Mlejevskaja Rannaja’ un ‘Mramornaja’
izdevas veiksmigi elimingt latentos virusus. Lai uzlabotu augu vitalitati un
veicinatu atraku jauno dzinumu augSanu, saisindja termoterapijas ilgumu lidz 40
dienam un temperatiiru tumsas perioda pazeminaja lidz 30 °C (kandidatmaterials
5/2012/2013). Jaunizveidotos augus p&c dzinumu galu pot&Sanas test€ja nakamas
tris sezonas p&c termoterapijas ar RT-PCR. ACLSV un ApMYV bija veiksmigi
eliminéts no inficétajiem abelu un bumbieru augiem, toméer lidzigi ka citus gadus
atseviski abelu un bumbieru augi palika inficgti ar ASGV vai ASPV.

Termoterapijas efektivitati ietekmé virusu jutiba pret paaugstinatu
temperatiiru (Campbell & Best, 1968), ka arT iegiito rezultatu nosaka izmantotas
diagnostikas metodes ticamiba, vai ta ir pietickami jutiga, lai noteiktu virusu pat
zema koncentracija. Starp metodém, ko izmanto virusu infekciju noteik$anai RT-
PCR tiek uzskatits par ticamako un jutigako metodi (Reed & Foster, 2011).
Tomér RT-PCR efektivitate ir atkariga no izdalitas RNS kvalitates, jo liels
polifenolu savienojumu un polisaharidu daudzums auglu koku lapas var inhibét
RT-PCR (MacKenzie et al., 1997; Deng et al., 2004). Tapéc augu RNS Nad5
genu izmanto ka ieks€jo kontroli, lai parbauditu PCR kvalitati, kas ir Tpasi svarigi
gadijumos, ja ir negativi rezultati (Menzel et al., 2002). Parasti pec termoterapijas
iestajas ilgs latentais periods, kad virusi var nebiit nosakami, jo augos ir zema
virusu koncentracija (Leonhardt et al., 1998). P&tijuma to var€ja novérot abelu
Skirném ‘Sinap Orlovskij’ (kandidatmaterials A1/2007/2009) un ‘Auksis’
(A5/2012/2013), bumbieru skirnei ‘Jumurda’ (P5/2012/2013). RT-PCR testa
rezultati bija negativi pirmajos gados p&c termoterapijas, bet tikai treSaja gada ar
RT-PCR konstatéja ASPV un ASGV infekciju, kad virusa koncentracija augu
audos bija sasniegusi nosakamu limeni.

Dazi abelu kandidataugi Skirn€m ‘Dace’, ‘Rubin’ un ‘Zarja Alatau’ palika
infic€ti p&c termoterapijas un testu rezultati bija pozitivi jau pirmaja parbaudes
gada. Termoterapijas efektivitate ir atkariga ne tikai no virusa un termoterapijas
apstakliem, bet arT no virusa un konkr&ta auga genotipa mijiedarbibas (Paprstein
et al. 2008). Lai gan ACLSV ir salidzinosi viegli eliminét no auglu kokiem ar Tsu
termoterapijas periodu (Campbell & Best, 1964), abelu Skirnes ‘Zarja Alatau’ un
‘Dace’ palika infic€tas ar ACLSV pat pec 60 dienu ekspozicijas paaugstinata
temperatira. ASGV un ASPV replicgjas augu kambija un ir nevienmerigi
izplatits augu audos; tapec Sos virusus ir griitak eliminét un ar1 to noteikSana ir
sarezgita (Desvignes, 1999; Gugerli & Ramel, 2003). Vairaku virusu infekeiju
augos, jo Tpasi kopa ar ASGV, ir gritak eliminét (Laimer & Barba, 2011), jo
ASGV ir uzskatams ka stabils viruss, un paaugstinata temperatiira nepietiekami
nomac §1 virusa replikaciju un talaku izplatiSanos auga (Knapp et al., 1995). Péc
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termoterapijas ar RT-PCR testétie augi uzradija ASGV un ASPV klatbitni abelu
Skirnu ‘Ausma’, ‘Baltais Dzidrais’, ‘Liberty’, un ‘Rubin’ augos, bet vélakos
gados $ajos augos virusus nekonstatgja, jo augu uzturésana siltumnicas apstaklos
arT var ietekmét virusu nevienmérigu izplatibu augos un tos ir grutak konstatet.
Auglu koku virusu plaso izplatibu Latvija ir veicinajusi inficétu klona potcelmu
un inficetu mates koku pavairo$ana. Tapéc atlasit mates kokus bez virusu
infekcijam auglu darzos kandidatmateriala izveidei Saja pétjjuma nebija
iespgjams. Daudzas Skirnes bija infic€tas ar vismaz diviem virusiem un palika
inficetas pat pec 60 — 70 dienu ilgas termoterapijas. ACLSV jauktu infekciju
gadijuma ir tolerants pret paaugstinatu temperatiiru (Knapp et al., 1995), ko
novéroja abelu Skirném ‘Dace’ un ‘Zarja Alatau’, kur ACLSV netika elimin&ts.
Lai gan citam Skirném nenovéroja jaukto virusu infekciju ietekmi uz ACLSV
eliminaciju. lespgjams, ka mijiedarbiba starp virusu un konkréto auga genotipu
ar1 var ietekmét atveseloSanas efektivitati. ApMV bija konstatéts abelu un
bumbieru mates augos pirms termoterapijas un daZziem augiem tas saglabajas ari
péc termoterapijas, lai gan ApMV nav termostabils un, ja nav kombinacija ar
citiem virusiem, tad var izzust gadu gaita bez termoterapijas (Laimer & Barba
2011).

Atseviski augi no devinam abelu $kirném (kandidatmaterials 3/2009/2011),
kuri bija negativi ar RT-PCR uz visiem testetajiem virusiem, talak tika parbauditi
ar kokveida indikatoraugu testu uz ¢etriem virusiem (ApMV, ACLSV, ASGV,
ASPV) (V publikacija). P&c astonam ned€lam neviens no parbauditajiem
kandidataugiem neuzradija virusu infekcijai raksturigus simptomus. Tomér
uzacotiem Malus platycarpa augiem, kuriem bija uzpotéta Skirne ‘Rubin’, kuru
izmantoja ka testa pozitivo kontroli, divas ned€las péc pumpuru uzaco$anas
var€ja novérot hlorotiskus gredzenus uz lapam, kas raksturigi ACLSV infekcijai
(3.6. A att.). Savukart Malus pumila ‘Virginia Crab’ potgjuma vieta vargja
novérot nekrotiskas rievas koksng, kas liecindja par ASGV infekciju (3.6. B att.).
Negativas kontroles augiem no M. platycarpa un M. pumila ‘Virginia Crab’
neizpaudas $adi simptomi un, palika bez jebkadam pazimeém, kas noraditu uz
virusu infekcijam. ApMV un ASPV simptomi netika noveroti uz kokveida
indikatoraugiem, kuriem bija uzacota pozitiva kontrole (Skirne ‘Rubin’).
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v
3.6. att. ACLSY izraisiti hlorotiski gredzeni un liniju raksts uz
indikatorauga Malus platycarpa lapam (A) un ASGYV izraisitas nekrotiskas
rievas kambija, acojuma vieta indikatoraugam Malus pumila ‘Virginia
Crab’ (B)/
Fig. 3.6. ACLSV-induced chlorotic rings and line pattern on the leaves of the
indicator plant Malus platycarpa (A) and necrotic grooves in the cambium

caused by ASGV, at the graft union of the indicator plant Malus pumila
'Virginia Crab' (B) (Zulge et al., 2017)

No atveselotajiem 72 abelu un desmit bumbieru kandidataugiem, 63 augi no
24 abelu skirne€m un devini augi no sesam bumbieru skirném, vairakus gadus pec
termoterapijas uzradija negativus rezultatus ar RT-PCR uz ApMV, ACLSV,
ASGV un ASPV. Sie augi var kvalificéties ka virus-testéti mates augi. Lai
apstiprinatu virusbrivo kandidataugu statusu, nepieciesama testéSana ar kokveida
indikatoraugiem lauka apstaklos, kur simptomu attistibai parasti nepiecieSami
divi lidz tris gadi un 11dz pat pieciem gadiem simptomu novértésanai (Panattoni
et al.,, 2013). Lai iegiitu auglu kokus, kas kvalificgjas atbilstosi virusbriva
materiala standartiem, paiet vairak neka desmit gadi (Van der Berg, 2003;
Rowhani et al., 2005; Lenz & Lankes, 2006). Tas galvenokart ir saistits ar laiku,
kas nepieciesams koku pavairosanai, vairakkartjai termoterapijai un test€Sanai
ar kokveida indikatoraugiem, lai apstiprinatu kandidataugu virusbrivo statusu.
Petijuma galvenais iemesls zemajam kandidataugu iznakumam bija mates koki
ar vairaku virusu infekciju un samazinatu augu vitalitati pec termoterapijas, ka
rezultata daudzi atveselotie augi péc termoterapijas aizgaja boja.
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SECINAJUMI

ACLSV ir plasi sastopams visa Latvijas teritorija (sastopamiba
abeldarzos sasniedz Iidz pat 65.4%, bumbieru stadijumos lidz 32.3%,
bet plimju stadijumos lidz 2.0%). ACLSV sastopamiba Latvija ir
lidziga ka citas valstis, kur ta sasniedz 33 lidz 100%, ja auglu darzu
ierikoSanai neizmanto virusbrivu stadmaterialu. Butiski augstaka
ACLSYV sastopamiba ir abeldarzos, kur izmantoti klona potcelmi.
Vairakam abelu skirn€m konstatgja augstu pozitivo gadijumu skaitu,
kas norada uz inficgta stadmateriala (potzari, potcelmi) pavairo$anu un
apriti, kas ir veicinajis virusa izplatibu auglu darzos, un apstiprinaja
ieprieksgjos petijumus, ka daudzas vietgjas un introducétas abelu
Skirnes un potcelmi ir inficeti ar ACLSV.

ACLSYV abelu apakstribas (Malinae) un mandelu tribas (Amygdaleae)
saimniekaugu izolatu CP géna sekvencu filogengtiska rekonstrukcija
paradija, ka Latvija ir izplatiti tris ACLSV gengtiskie tipi: B6 un P205,
kuri ir sastopami gan abelés un bumbiergs, gan plimées, bet P863 tips ir
sastopams tikai plimés. Tas parada virusa genétisko tipu atskirigo
izcelsmi, paradot, ka gan seéklenkoku, gan kaulenkoku virusa izolatiem
pastav kopiga izcelsme, kas savukart norada uz iesp&jamu vektora
esamibu daba.

Petfjuma, lauka apstaklos, izmantojot virus-negativus un ACLSV
inficEtus augus, secinaja, ka abelu hlorotiskas lapu plankumainibas
virusam nav statistiski biitiskas ietekmes uz abelu skirnpu ‘Antonovka’
un ‘Gita’ razas daudzumu un stumbra Skérsgriezuma laukuma
picaugumu. P&tfjuma konstatéja, ka ACLSV infic€tajiem kokiem
butiski paaugstinas koka vainaga tilpums, bet bitisku ietekmi uz
kumulativas razas attiecibu pret vainaga tilpumu tas nerada.

Pe&tijuma pieradijas, ka termoterapija var biit efektiva ar vairaku virusu
infekcijas gadijuma. Augu atveseloSanas efektivitati ietekméja
mijiedarbiba starp virusu un konkr&ta auga genotipu, auga genotipa
tolerance pret paaugstinatu vides temperattiru un ta regeneracijas spgjas.
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PRIEKSLIKUMI

Nemot vera augsto virusu izplatibu auglu darzos un genétisko resursu
kolekcijas, lai ierobezotu talaku virusu izplatibu auglu darzos, ir javeic
gengtisko resursu monitorings un jaieriko virus-negativu mates augu
stadijums, kas lautu nodro$inat, ka auglu darzu iertkoSana izmantos
kvalitativu stadmaterialu.

Nemot vera konstatéto ACLSV sastopamibu savvala augosajas abelés,
turpmakie pétljumi biitu javeic saistiba ar virusu hipotétiskajiem
izplatiSanas veidiem, fokusgjoties uz iesp&jamiem bezmugurkaulnieku
vektoriem un virusa potencialo izplati$anos ar inficétam seklam.
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1. GENERAL DESCRIPTION OF THE THESIS

1.1. Relevance of the topic

Apple chlorotic leaf spot virus has a wide distribution in many countries
around the world, as well as in a relatively wide range of economically important
host plants. It infects not only apples, pears, plums, and cherries, but has been
found in many other fruit trees and ornamental plants of the Rosaceae family,
which are increasingly used in landscaping or have significant importance in the
horticultural industry. As the only known transmission pathway of the virus is
vegetative propagation, its presence has also been found in several wild species,
indicating a much wider range of putative host plants and several potential ways
of transmission for the virus. The introduction of new cultivars has contributed
to the spread of untested, infected plant material in orchards. In previous studies
in Latvia, testing of clonal rootstocks and standard cultivars with the double
grafting method on indicator plants, showed that 66.7% of all tested trees were
infected with the ACLSV, ASGV and ASPV latent virus complex (Miltins &
Kilevica, 1984). Symptoms of leaf spot caused by ACLSV have been observed
not only in cultivated fruit trees, but also in wild-growing mountain ash (Miltins
& Kilévica, 1984). Many Malinae plants (Amelanchier % spicata, Crataegus
spp., and Malus spp.) have spread uncontrolled in the wild and have become an
invasive alien species (Stalazs, 2021). Therefore, it is important to identify the
wild-growing virus host plants, which can act as potential sources of infection.
Investigating the virus in wild plants may allow for the discovery of whether
there are other virus transmission pathways, in addition to vegetative
propagation, and if the virus also spreads in the wild. Currently, it is unknown
how widespread ACLSV is in orchards and whether it also occurs in wild plants
of the Rosaceae family, and whether different virus genotypes exist between host
plants. In Latvia, no recirculation system of healthy planting material has been
implemented so far, which would exclude the use of infected material in the
establishment of new orchards, and which would allow for an increase in the
yield potential. In the case of a mixed virus infection, the yield can be reduced
by up to 60% (Campbell, 1962; Posnette et al., 1963), but it is unknown whether
ACLSV, without the presence of other viruses, also negatively affects the
vegetative growth and yield of apple trees and how significantly it can affect
cultivars grown in Latvia. Initially, it would be necessary to create a stock
collection of healthy mother plants to limit the spread of virus diseases and to
obtain virus-free planting material, which could then be used for propagation and
establishment of new orchards.
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1.2. Research aim, objectives and theses
The aim of the thesis

To detect the occurrence of apple chlorotic leaf spot virus (ACLSV) in Latvia
and its genetic diversity, to evaluate the influence of the virus on the development
and yield of fruit trees, as well as to estimate the efficiency of thermotherapy in
the recovery of fruit trees.

According to the aim of study, four research objectives have been advanced.

1. To detect the occurrence of ACLSV in the regions of Latvia, in apple,
pear and plum orchards, in conjunction with the assortment of cultivars
and rootstock types.

2. To characterize the genetic diversity and the genetic types of ACLSV
in apple, pear, and plum isolates.

3. Toevaluate the impact of ACLSV on the growth and yield of fruit trees.

4. To estimate the effectiveness of thermotherapy for virus elimination in
fruit trees depending on the presence of one or more virus infection in
the plants.

Hypothesis

The introduction of apple cultivars and the use of potentially infected planting
material in the establishment of orchards has contributed to the wide and
uncontrolled spread of ACLSV in orchards, resulting in the development of
genetical diverse virus types that negatively influence the vegetative growth and
yield of trees, as well as reducing the effectiveness of virus elimination by
thermotherapy.

Thesis statements

1. ACLSV is less common in fruit tree orchards that use seedling
rootstocks.

2. Virus isolates can be divided into several genetic types based on the co-
variations of the virus coat protein coding amino acid sequences.

3. ACLSV significantly affects the development of fruit trees and the
volume of yield.

4. Thermotherapy is an effective virus elimination method in cases where
plants are infected with only one virus.
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1.3. Scientific novelty of the study

The occurrence of ACLSV in orchards and wild plants has been analysed,
using molecular biology methods for the first time in Latvia. This study provides
new data on the genetic diversity of ACLSV and the spread of genetic types in
different host plants, and virus elimination possibilities for Latvian cultivars by
thermotherapy have been evaluated for the first time.

1.4. Approbation of research results

The research results have been summarised in five scientific publications and
presented in eight international scientific conferences (see pages 8 — 10).

1.5. Thesis structure

The doctoral thesis consists of five research articles. The distribution of apple
chlorotic leaf spot virus in apple, pear and plum orchards has been analysed in
the first two publications (publication I and II). The genetic diversity of ACLSV
has been characterized in a third (111) research article. The influence of ACLSV
on two apple cultivars — ‘Gita’ and ‘Antonovka’ has been analysed in the fourth
(1V) publication, while virus elimination possibilities with thermotherapy for
apple and pear trees has been evaluated in the fifth (V) publication.
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2. MATERIALS AND METHODS
2.1. Plant material and conditions for experiments

2.1.1. Survey of orchards and collection of samples

The collection of samples for determining the occurrence of apple chlorotic
leaf spot virus (ACLSV) in apple and pear orchards was carried out from May to
July in the spring of 2007. In total, 50 apple and 36 pear orchards (Figs. 2.1 and
2.2) and genetic resource collections were surveyed, and 870 leaf samples (one
sample per tree) were collected from 115 different apple (Malus domestica
(Suckow) Borkh.) genotypes and 248 samples from 44 different pear (Pyrus
communis L.) genotypes (Paper 1) in Latvia.

Plum orchards were surveyed in May 2008. There were 28 gardens and
genetic resource collections which were surveyed (Fig. 2.3) and 654 leaf samples
from 92 genotypes collected, mainly from domestic plums (Prunus domestica
L.), cherry plums (P. cerasifera Ehrh.) and hybrids of the Prunus genus (Paper
I1). The samples were taken mainly from orchards which were planted in the
1990s, where introduced varieties are being grown. Leaves were collected from
trees showing signs of virus infection and those without symptoms from different
cultivars.

Samples were collected in the period from 2008 to 2021 from wild habitats,
genetic resource collections and home gardens (in the historical regions of
Kurzeme, Zemgale and Vidzeme) to determine the genetic diversity of ACLSV.
Overall, 262 samples were collected, of which 216 were from different Rosaceae
species, mainly from cultivated apples, pears, plums, apricots, with 46 from wild
plants of the genus Amelanchier, Cotoneaster, Crataegus, Malus, Prunus and
Sorbus. There were also 44 cultivated apple and pear leaf samples from Ukraine
(The Institute of Horticulture, National Academy of Agrarian Sciences of
Ukraine) (Paper I11) included for comparison.

Each sample consisted of ten fully developed leaves collected from the main
branches. The samples were placed in plastic bags and kept in a cold box until
they were taken to the laboratory, where they were immediately analysed or
frozen in liquid nitrogen and stored in a freezer at -80 °C. The collected leaves
from each sample were divided into two lots, where one lot was analysed by
ELISA and the other lot by RT-PCR.

2.1.2. Field trial conditions
The growth parameters of ACLSV-infected and virus-negative trees were
compared (Paper 1V) to study the impact of ACLSV on the growth and yield of

apple trees. The research was carried out at the Institute of Horticulture (DI; Lat:
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56.6092713 N, Lon: 23.3064627 E) from 2012 to 2020. Two apple cultivars were
selected for the study: 'Gita' (origin Latvia) and 'Antonovka' (origin Russia),
grafted on virus-free B396 rootstock. Standard planting material (DI) selected
from ACLSV-infected and virus-negative trees was used for comparison. Virus-
free B396 rootstock was obtained from the "Lodder Unterlagen" nursery
(Germany). The virus status of the established trial trees was checked twice by
RT-PCR during the evaluation period.

The trial was managed according to a sustainable (integrated) cultivation
system, including integrated plant protection. The canopy of the tree was trained
by adapting the slender spindle (SS) principle with a planting distance 1.5 x 4 m.
The trial was set up with a randomized design, in three replicates, using three
trees from virus-negative plants and ACLSV-infected trees, respectively. The
trial soil was sod-clay with loam with a pH of KCI 6.6. The content of organic
matter was 2.0%, the plant-available phosphorus (P.Os) and potassium (K20) —
77 mg kg* and 154 mg kg, respectively (by the Egnér-Rim method (Egnér et
al., 1960)). Fertilization was carried out based on soil analyses. Nitrogen-
containing fertilizer (6 gm-2 of N) was provided on the surface of the tree row in
the first half of each growing season. Fruit thinning was done mechanically (by
hand). The one-meter-wide strips along the rows of trees were sprayed with
herbicides, and wood chip mulch was used to preserve soil moisture. The grass
that was growing between the rows was mowed several times a season.

2.1.3. The establishment and maintenance of candidate plants
in the greenhouse

According to EPPO standard PM 4/27(1) (EPPO, 1999), 26 apple and 16 pear
genotypes, including introduced and native varieties and promising hybrids, were
selected for sanitation and the establishment of nuclear stock material (Paper V).
Plant material for propagation was collected in the genotype collection orchards
of the Institute of Horticulture in Dobele and Pure. Ten apple and ten pear
cultivars have been grafted on seedling rootstocks and grown in containers with
a sterilized peat substrate and maintained in an insect-proof greenhouse since
2007.

Newly established candidate plants were kept in a heated greenhouse at an
ambient temperature not lower than -10 °C to avoid frost damage. The floor of
the greenhouse under the containers was covered with 5 cm thick foam blocks
during the winter. The containers with the substrate were wrapped in stone wool
and the plants were covered with agrotextile (17g/m2). Starting from 2014, the
containers are insulated with polyethylene bubble film instead of rock wool, and
the plants were wrapped in a double layer of agrotextile (density 17g/m2).
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2.2. Virus elimination in candidate plants by thermotherapy

Two- and one-year old candidate plants were placed in growth chambers
KBWF 240, KBWF 270 (Binder GmbH, Germany) and EKOCHL 1500
(Angelantoni Life Science, Italy) in 16 h periods of light and 8 h of darkness,
with a humidity level of 75% (Paper V). The applied thermotherapy conditions
for apples and pears are summarized in Table 2.1. In 2009, the plants were kept
at an elevated temperature for 40 days, as recommended by several authors
(Svarcbahs et al., 1977; Lenz & Lankes, 2006). In 2010 and 2011, the duration
of thermotherapy was prolonged to 70 days, according to the recommendations
of Howell et al. (1998). In the following years, the duration of thermotherapy and
the temperature at night were reduced (Table 2.1).

The trees were acclimatized to a 35 °C period of light and a 30 °C period of
dark for one week prior to thermotherapy, to reduce the negative effect of
thermotherapy on tree viability, as recommended by Welsh & Nyland (1965).
The duration of thermotherapy was calculated from the first day, when the
temperature was raised to 35 °C. After thermotherapy, the tips of the apple and
pear shoots (~5 mm) were cut with a sterile blade and grafted onto virus-free
seedling rootstock. The grafted plants were kept under glass containers in a
growth chamber at 25 °C to maintain a humidity of 90% — 95%. The containers
were removed as soon as three to four new leaves had developed and the plants
were then moved to the greenhouse.

2.3. Virus diagnostic methods

2.3.1. Enzyme-linked immunosorbent assay (ELISA)

A commercially available DAS-ELISA diagnostic kit (Bioreba AG,
Switzerland), which detects the presence of virus-specific antigens in plant cell
sap, was used for the initial screening and diagnosis for ACLSV (Paper I and I1).
The test was performed according to the manufacturer's recommendations, while
the incubation time and temperature were changed. The incubation time was
extended from four hours of incubation at +30 °C to 16 hours at +4 °C to increase
the sensitivity of the test. Lyophilized plant material supplied by the
manufacturer was used as the positive and negative control for each test. The
immunoassay absorbance —optical density (OD), was measured at 405/492 nm
with an Asys Expert 96 spectrophotometer (Hitech, Austria) after 30 minutes,
one hour and two hours of incubation. The ‘cut-off” value for positive samples
was calculated from the optical density measures according to the formula
recommended by the manufacturer (Bioreba AG): cut-off value = (average OD
+3s) x 1.1.
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2.3.2. RNA extraction and RT-PCR

The collected leaf samples were ground into a fine powder in liquid nitrogen
using a pestle and mortar. A commercially available RNeasy Plant Mini Kit
reagent set (Qiagen, Germany) was used for total genomic RNA extraction for
the apple and pear leaf samples collected in 2007. RNA was isolated following
the manufacturer's instructions. An RLT buffer was used for apple leaf tissue
lysis, and an RLC buffer for pear leaf tissue. A commercially available Genomic
DNA Purification Kit (Thermo Fisher Scientific, Lithuania) was used to extract
the total genomic RNA/DNA from leaf samples collected from 2008 to 2021.
Isolation of nucleic acids was performed according to the manufacturer's
recommendations, with minor changes in the isolation protocol. Approximately
100 mg of leaf sample powder was suspended in 200 pl of TE buffer mixed with
0.8 ul of 99% 2-mercaptoethanol (Roth, Germany). The first centrifugation step
was performed at maximum speed (~14000 rpm). Nucleic acid precipitation was
performed with ice-cold 96% ethanol and left overnight at —20 °C instead of the
10 minutes specified in the manufacturer's protocol. DNase | (Thermo Fisher
Scientific, Lithuania) was added to the suspension after extraction to obtain RNA
without a DNA admixture. The quality and quantity of the extracted RNA was
assessed with a NanoDropR ND-1000 spectrophotometer (Thermo Fisher
Scientific, USA). The isolated RNA was immediately used further for RT-PCR
or stored at -80 °C.

An RT-PCR One-Step RT-PCR reagent kit (Qiagen, Germany) was used as
a confirmatory diagnostic method, according to the protocol developed by
Hassan et al., 2006. Viral genome-specific oligonucleotides primers were used
for virus diagnostics in the plants (Menzel et al., 2002; Hassan et al., 2006). The
oligonucleotide primer sequences used in the viral diagnostics are shown in
Table 2.2. Positive samples from the DAS-ELISA test were used as a positive
control for the test. RNase-free water and plant nad5 gene amplifying
oligonucleotide primers were used as the quality control for the reaction.

All RT-PCR steps were performed in an Eppendorf Mastercycler thermal
cycler (Eppendorf AG). The final RT-PCR products were determined by
electrophoresis on a 2% agarose gel in a TAE buffer, stained with ethidium
bromide, and visualized under UV light. The length of the RT-PCR products was
determined by comparison with an O'RangeRuler 100bp DNA length fragment
marker (Thermo Fisher Scientific, Lithuania).

2.3.3. Screening of viruses in candidate plants with woody
indicator plants

In 2010, 17 virus-free woody indicator plant genotypes were obtained from
the Netherlands Horticulture Inspection Service (Naktuinbouw), which were
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grafted on seedling rootstock and maintained under greenhouse conditions. In
2012, the first test for the presence of viruses was performed with the cultivars:
‘Ausma’, ‘Baltais Dzidrais’, ‘Spartan’, ‘Liberty’, ‘Lobo’, ‘Antei’, ‘Melba’,
‘Lobo’ and ‘Antonovka’ (Paper V) to prove the effectiveness of the
thermotherapy. The tested (recovered) material and indicator plants were grafted
on the seedling rootstock of an ‘Antonovka’ apple cultivar. The budding was
done during the growing season by placing the dormant bud under the rootstock
bark, following the methodology described by Kirby et al. (2001), in three
replications. The woody indicator plants Malus platycarpa (for ACLSV
detection), M. pumila ‘Virginia Crab’ (for ASGV and ASPV detection), M.
pumila ‘Lord Lambourne’ (for ApMV detection) were used in the work. The
indicator plants grafted onto seedling rootstock were used as a negative control.
The ‘Rubin’ apple cultivar, which was previously confirmed to be infected with
four viruses by RT-PCR, was used as a positive control. After budding, the plants
were maintained in an insect-proof greenhouse with cooling. The maintained
temperature range was 18 — 25 °C to ensure an optimal temperature for the
expression of symptoms. The budded plants were observed for eight weeks until
symptoms appeared. Symptom signs were also assessed at the beginning of the
following growing season.

2.4. Genetic analysis

2.4.1. Sequencing and sequence analysis

From 2008 to 2021, all ACLSV-positive samples collected from genetic
resource collections and from the wild-growing Malus plants, were re-tested with
a second oligonucleotide primer pair (CP1/CP2) that amplifies an 803 bp long
fragment of the virus coat protein gene (CP15' CAA GAG ARTTTC AGT TTG
CTC G 3/ CP2 5" AAG TCT ACA GGC TAT TTATTA TAA GTC TAA 3)
(Paper 111). The RNA extracted from ACLSV-infected plants was subsequently
transcribed into cDNA. A High Capacity cDNA Reverse Transcription reagent
kit (Applied Biosystems, USA) with randomized hexamer oligonucleotide
primers was used for the synthesis of clonal DNA, according to the
manufacturer's protocol. A REDTaq® ReadyMix™ PCR reaction mix (Sigma-
Aldrich, Germany) with a CP-specific oligonucleotide pair (CP1/CP2) was used
for the amplification of viral coat protein coding sequences, according to the
manufacturer's instructions.

PCR products were purified using a GenelJet PCR Purification kit (Thermo
Fisher Scientific, Lithuania) and sequenced in both directions using the same
oligonucleotide primers as from the PCR amplification. The sequencing was
performed with a 3130xl Genetic Analyzer (Applied Biosystems, USA)
automated genetic analyser at the Latvian State Forestry Institute "Silava". A
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total of 34 full-length ACLSV CP coding sequences obtained from different
genotypes and locations were sequenced.

Sequence assembly, quality control and alignment were performed using a
LASERGENE 17 software package (DNASTAR Inc., USA). The full-length
amplicon sequence (contig) of each isolate was assembled from forward and
reverse sequence reads and manually edited in SeqMan Pro 17. Sequence ends
were trimmed and aligned to ensure quality. The obtained nucleic acid sequence
alignments were translated into amino acid sequences to determine possible open
reading frame (ORF) shift errors (stop codons). The obtained sequences were
deposited in GenBank (www.ncbhi.nlm.nih.gov) and are freely available under
accession numbers ON641843 — ON641876.

In this study, 29 ACLSV CP gene (ORF3) sequences from apple and pears
and five sequences from plums were compared with 282 ACLSV CP sequences
from Malus, Cydonia, Crataegus and Pyrus and 90 sequences from Prunus
available in the GenBank database (www.ncbi.nlm.nih.gov). The ACLSV
genome region from 6784 to 7365 nt (according to the reference sequence
NC_001409 from GenBank) has been analysed in the work. Sequence alignment
was performed using the MAFFT algorithm, and the pairwise identity of nucleic
acid and amino acid sequences was determined with the MegAlign Pro program
LASERGENE v. 17.

2.4.2. Detection of recombination events and phylogenetic
analyses

Recombination analysis was performed using the recombination detection
program RDP v. 5 (Martin et al., 2021), which excluded that the obtained virus
sequences were recombinants, with different phylogenetic origin, formed
between different ACLSV genotypes or the RNA of another virus that was
present in the same plant, and/or with plant RNA. There were 34 obtained
sequences and 372 ACLSV CP gene sequences obtained from host plants of the
genera Malus, Cydonia, Crataegus, Pyrus, and Prunus available in the GenBank
database (Paper 1) analysed in this study. Analyses were performed using
default settings, including seven methods: RDP, GENECONYV, Chimaera,
MaxChi, BootScan, SiScan and 3Seq. Only the recombination events confirmed
by at least three of the included methods in RDP5 with p < 0.05 were considered
significant. The identified putative recombinant sequences were further excluded
from phylogenetic analyses.

The sequence data alignments for pome fruit and stone fruit virus isolates
were performed separately. The first dataset of the virus sequence alignment
included 27 sequences obtained in this study and 276 ACLSV CP nucleotide
sequences from pome fruit isolates available in GenBank, whereas the second
analysed sequence dataset consisted of stone fruit isolates: five sequences
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obtained in this study and 90 homologous sequences from GenBank. The apricot
pseudochlorotic leaf spot virus (APCLSV) CP coding sequences AY713380,
JN873309, KX768275 and KY310579 were included as an outgroup in both
sequence alignments and phylogenetic analyses. Maximum — parsimony analysis
was applied in the computer program PAUP (Swofford, 2002) v.4.0a169
(http://phylosolutions.com/paup-test/)  to  reconstruct the  phylogenetic
relationships among ACLSYV isolates. Alignments were subjected to heuristic
search with a random addition sequence in 1,000 replicates with the following
program settings: the MulTrees option was disabled, the steepest descent method
and the tree bisection reconnection (TBR) were enabled. The same settings were
used for statistical support (bootstrap) analyses with three random addition
sequences in each of 1,000 (bootstrap) replicates.

2.5. Statistical analysis of the data

2.5.1. Descriptive statistics

Descriptive statistics were performed with a basic Excel program for the
initial data from the DAS-ELISA test and the RT-PCR. The occurrence of
ACLSV was expressed as a percentage of the infected samples out of the number
of tested samples. The following was calculated to determine the level of
significance between the number of positive and negative cases found in the
samples from the cultivars: mean value (n) £ standard deviation (o). Virus
occurrence data were analysed by a Fisher's exact test in a GraphPad Prism
computer program (GraphPad Software Inc., USA) to determine the level of
significance between two categorical values (at p < 0.05), for example, seedling
and clonal rootstocks.

2.5.2. Processing of tree growth and yield parameters

The collected data — the tree trunk diameter (20 cm above the grafting union),
tree canopy parameters, yield per tree and fruit size were used to calculate
productivity, trunk cross-sectional area (TCSA) and cumulative yield efficiency
(cumulative yield per TCSA and canopy volume ratio) (Paper 1V). The volume
of the canopy was calculated according to the formula proposed by |. Dimza
(Rubauskis et al., 2012).

Data were processed using SPSS Statistics 25 software. The obtained data
were analysed with an analysis of variance (ANOVA). Statistical significance
was calculated for the effect of the main factor (cultivar), the side factor (virus)
and the interaction between the two factors. The difference between variables
was considered significant at p < 0.05.
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3. RESULTS AND DISCUSSION

3.1. Occurrence of ACLSV in orchards and in the wild

The results obtained revealed that ACLSV is found widely in apple and pear
orchards, and most apple and pear cultivars grown in Latvia, as well as some
plum cultivars which are infected with it (Paper | and II). In addition, research
done previously in Latvia (Svarcbahs & Milting, 1982), using woody indicator
plants, showed that many apple and pear cultivars were infected with latent
viruses. ACLSV was detected in all the apple orchards tested, 27 out of 36 pear
orchards and six out of 28 plum orchards. A significantly higher occurrence of
the virus was found in apple orchards in Kurzeme, rather than in other historical
regions (Table 3.1). Using DAS-ELISA, ACLSV was detected in only 11.4% of
the apple samples tested, 4.8% of pear and 2.6% of plum samples, while ACLSV
was detected in 65.4% of apple samples, 32.3% of pear and 2.0% of plum
samples with RT-PCR. The occurrence of ACLSV in Latvia is equal to the data
for other countries, where the incidence of ACLSV reaches 33 to 100%, if virus-
free planting material is not used for the establishment of orchards (Desvignes
1999; Krizbai et al., 2001; Kundu 2003; Kukharchyk 2006). A significantly
higher number of positive cases was detected by RT-PCR than by DAS-ELISA,
but not all positive samples detected by DAS-ELISA were also confirmed by
RT-PCR.

Virus detection methods can significantly affect results as they have varying
sensitivity and accuracy. The use of woody indicator plants is controversial,
especially when the results are difficult to interpret due to the absence of
symptoms (Menzel et al., 2002). The sensitivity of DAS-ELISA can be affected
by low virus concentrations in plants during a certain period of the growing
season (summer and autumn). The concentration of viruses from the Trichovirus
genus in plants fluctuates during the growing season and decreases during the
summer with increasing environmental temperature (Fuchs et al., 1985). The
DAS-ELISA method is considered reliable when young and symptomatic leaves
are used as samples (Torrance & Dolby 1984; Desvignes 1999). Diagnostic
methods based on nucleic acid analysis are widely used and considered reliable
for the detection of viruses (Kirby et al. 2001). During this work, the number of
positive samples detected was significantly higher using RT-PCR than DAS-
ELISA, although RT-PCR did not confirm all positive ELISA results. This shows
that none of the diagnostic methods applied are completely reliable. As pointed
out by MacKenzie et al. (1997), despite its high sensitivity and specificity, RT-
PCR is affected by many factors, such as RNA purity and the specificity of the
oligonucleotides used in the diagnosis, which may affect the performance of the
diagnostic test and may give false negative results. In contrast, broad-spectrum
polyclonal antibodies cover a wider spectrum of virus genetic diversity, so a
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combination of several methods is still desirable for accurate and specific virus
detection.

All the samples of the 'Stars' apple cultivar which were tested were infected
with ACLSV, and the number of positive cases for several apple cultivars was
also significantly over the average level. In contrast, only certain pear cultivars
(‘Bere Kievskaya' and 'Duhmyanaya’) and plums cultivars (‘Prune d'Agen' and
'Experimentalfiltets Sviskon') showed a significantly higher ACLSV incidence
over the average level, while all the tested samples from Prunus cerasifera
seedlings showed a negative result with both applied methods.

In analysing the occurrence of ACLSV in apple and pear plantations
depending on the rootstock type (seedling or clonal rootstock), the apple cultivars
grafted on clonal rootstock showed a significantly (p = 0.014) higher occurrence
of ACLSV than the cultivars grafted on seedling rootstock (Table 3.2).

The high incidence of the virus in apple orchards is related to the impact of
clonal rootstock, which was confirmed by the statistical analysis of data. Many
local and some introduced apple cultivars from neighbouring countries are also
infected with ACLSV. The spread of viruses in orchards has been contributed to
by the initial use of infected propagating material from genetic resource
collections. Similarly, previous studies have shown that Malling and Malling
Merton series clonal rootstock was infected with ACLSV (Suti¢ et al. 1999). In
1982, Svarcbahs and Miltins also reported that 61% of clonal rootstock in Latvia
was infected with the latent virus complex. The data obtained confirmed the
previous report (Svarcbahs & Milting, 1982) that many native apple cultivars and
introduced cultivars, which are still widely grown, are infected with ACLSV. In
Latvia, pears are mainly grown on ‘Kazrau$u’ pear rootstock and the occurrence
of the virus in pears was much lower compared to apples. Until now, it was
considered that the virus could not spread through seeds (Brunt et al. 1996), so
the possibility that pear seedling rootstock could be a possible source of infection
is unlikely but cannot be completely excluded. Some studies show that ACLSV
is present in seeds (Li et al., 2022) and virus vectors may also exist in nature
(Suti¢ et al., 1999). Most pear cultivars have been imported to Latvia from
neighbouring countries, such as Belarus, Lithuania, Ukraine, Russia and Estonia,
where the certification system for planting material has not yet been established,;
thus, infected scions are the most likely source of initial infection. The incidence
of ACLSV in plum orchards was low compared to apples and pears, however,
some plum cultivars showed a higher number of positive cases than others, for
example, the Swedish cultivar ‘Experimentalfiltets Sviskon’ and the cultivar
‘Prune d'Agen’. This suggests that the original source of material may have
already been infected and ACLSV was further spread using this infected
propagating material. When testing samples collected from genetic resource
collections and from wild Rosaceae plants (Paper I11), ACLSV was detected in
79 plant samples of the Malus, Prunus and Pyrus genus.

54



From the fruit plant genera included in the study, 81% of ACLSV positive
samples were from plants of the genus Malus. ACLSV was not detected in
apricots and in wild Amelanchier, Cotoneaster, Crataegus, Prunus and Sorbus
plants. The virus was detected only in cultivated apples, pears, plums and in wild
plants of the genus Malus, including M. sylvestris. This is the first time that
ACLSYV infection has been detected in M. sylvestris plants growing in the wild.
Although many crab apple species are considered highly profitable (Mink, 1989),
ACLSV infection has previously been laboratory-confirmed only in M.
spectabilis (Chen et al., 2014). Several Malus species and hybrids have been
experimentally inoculated with the virus (Campbell, 1962), but cannot be
considered as natural hosts.

3.2. Recombination analysis of the ACLSV CP gene

Recombination analysis of ACLSV CP gene sequences was performed for 34
virus isolates obtained in this study together with 372 analogous sequences from
GenBank (Paper I1II). The analyses performed revealed eight possible
recombination events. Most of the recombination events have been identified in
the 5 end of the CP gene. The recombination breakpoints for the six detected
recombination cases could not be reliably determined, and, therefore, they could
be located in the coding part of the moving protein (MP) gene or in the non-
coding region of the genome (3' UTR).

Factors contributing to the recombination may be the presence of different
virus genotypes or multiple viruses in the same plant and high virus replication
potential (Astier et al., 2007). The part of the ACLSV genome where the MP
overlaps with the CP gene is known to be highly variable (Myrta et al., 2011)
and may affect the genetic diversity of the virus. The recombination events in
this part of the genome have also been identified in previous studies (Rana et al.,
2010; Chen et al., 2014; Mazeikiene et al., 2018). All possible recombination
events were recognized by at least three detection methods included in the RDP5
program package. Related isolates of the same host plant were identified as
recombinant parental sequences, except for sequences KC404877 and
KC404872, whereas one of the parental sequences was determined in a pear
isolate, and for apple isolate LV27, and parental sequences were identified in
pear and peach isolates. All recombination events in the CP gene sequences for
the ACLSV isolates obtained in this study were identified in cultivated apple
trees and also in the wild growing apple tree (isolate NZ5), which confirms that
the recombination process is common in the ACLSV population. Genetic
changes in virus populations are ongoing. The main sources of genetic variation
are mutations and recombination. Most genetic variation can be lethal or neutral,
but in some cases, it can be beneficial in a particular condition (Lemey & Posada,
2009). Sequence comparison, calculation of sequence similarity and construction
of phylogenetic trees allow for relatedness to be detected between virus taxa and
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isolates and the analysed genetic diversity of a virus population (Choudhuri,
2014). This information allows one to presume the origin and potential routes for
the spread of the viruses and provides important information about the
epidemiology of the virus.

3.3. Genetic diversity of ACLSV

The comparison of ACLSV genome ORF3 region coding CP sequences was
performed for 34 ACLSV isolates from Malus, Pyrus and Prunus plants at
position 6784 — 7365 nt (according to the ACLSV reference sequence
NC_001409). The identities of the analysed sequences ranged from 79.55 to
98.45% at the nt level and 84.54 to 100% at the aa level among the ACLSV
isolates obtained in this study and from 66.49 to 99.14% at the nt level and from
68.04 to 100% at the aa level compared to the 374 homologous ACLSV
sequences available in GenBank. The identity of CP gene sequences of Latvian
ACLSV isolates (79.55 to 98.45% at the nt level and 84.54 to 100% at the aa
level) could be considered variable, but it did not exceed the expected species
demarcation criteria in the Betaflexiviridae family — 72% nt identity or 80% aa
identity between the respective CP genes sequences (Kreuze et al., 2011).
However, some of the apple and pear isolates obtained in this study had 100%
identity at the amino acid level with other GenBank sequences, indicating the
important role of planting material in the spread of ACLSV, especially over long
distances (Mink, 1989). The LV54 apple isolate showed the highest identity at
the nt level (99.14%) with the isolate from Brazil (KX668485) and 100% identity
at the aa level with another apple isolate LV44 obtained in this study and with 22
other apple isolates from GenBank (from Brazil, China, Canada, Ethiopia, Iran
and Lithuania). The LV81 pear isolate showed 100% identity at the aa level with
two apple isolates from Germany (KX579123) and China (MH534897). The
lowest identity at the nt level (66.49%) was found for the LVVO7 apple isolate
with the peach isolate from China (JN849004), while the lowest identity
(68.04%) at the aa level was found between two peach isolates from China
(JN849007) and Canada (MZ126485). All sequences, including isolates from
Latvia and other parts of the world, were divided into nine groups according to
their host plants (Paper I11) to analyse the genetic diversity of ACLSV. ACLSV
isolates from apricots (94.5% nt and 98.97% aa sequence identity) formed a very
homogeneous group. The greatest variability of ACLSV coat protein gene
sequences was observed for peach isolates, for which 68.04% — 100% identity
was found at the nt level and 71.13 — 100% identity at the aa level. The lowest
identity was observed between groups of apple and peach isolates, which had
66.49% — 100% identity at the nt level and 68.04% — 100% at the aa level. As
the virus is easily propagated by vegetative propagation — by root cuttings,
grafting and budding (Suti¢ et al., 1999), newly formed plants can accumulate
several genetic variants of the virus, and even four different genotypes of the
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virus can be found in a single apple tree (Chen et al., 2014), which may contribute
to the formation of distinct genetic variants of the virus.

The high variability present between isolates from different woody plant
groups, and at the same time the presence of identical nucleotide sequences
between plant isolates from different genera obtained from wild or cultivated
plants, points to uncertainties about the routes of virus transmission between
different plant groups (e.g., Malus and Prunus). Vegetative propagation between
these plant groups does not usually occur in agricultural practice. ACLSV has
been found to spread naturally in the field, but none of the studied potential virus
vectors: nematodes of the genus Eudosylaimoid, peach aphids (Myzus persicae)
or pollen have been confirmed experimentally (Mink, 1993; Suti¢, 1999).
Recently, Li et al. (2022) identified ACLSV in the seeds and seedlings of infected
Pyrus betulifolia and P. calleryana fruits, demonstrating that the virus can also
be transmitted by seeds. ACLSV has also previously been detected in apple and
quince seedlings (Posnette & Cropley, 1964), as well as in hawthorn and
blackthorn seedlings grown in hedgerows in the United Kingdom (Sweet, 1980).
Mazeikiene et al. (2018) reported that ACLSV is also present in old apple tree
seedlings. In this study, ACLSV was detected in seedlings of cultivated apple
trees and in wild M. sylvestris trees, indicating possible seed transmission of the
virus. Certain viruses of the genus Trichovirus are transmitted by mites. For
example, cherry mottle virus (CMLV) is transmitted by the mite Eriophyes
inaequalis and peach mosaic virus (PcMV) is transmitted by Eriophyes
insidiosus (Kreuze et al., 2011). Several mite species of the genus Eriophyes also
colonize apple trees, pears, and plums. Most of these mites are monophagous,
with the exception of Eriophyes pyri, which is polyphagous and lives in the
spongy parenchyma of Malinae plants (Skoracka et al., 2005). Although the role
of Eriophyes mites in the transmission of ACLSV must be experimentally
proved, the existence of any ACLSV invertebrate vector is still in doubt.

3.4. ACLSV phylogeny and genetic types

Sequences of the ACLSV CP gene (nt 6781 — 7362) were used to elucidate
the genetic relatedness of ACLSV isolates from different host plants and
geographic regions (Paper Il1). Analyses of ACLSV isolates from Malinae
subtribe plants included 303 virus isolates from Malus, Crataegus, Cydonia and
Pyrus species. ACLSV sequences are divided into two large clusters (Cluster |
and II). The first main cluster consisted of two subclusters (subcluster IA and
IB), in which the clustering of ACLSV sequences was not related to their
geographic origin or host plants. Amino acid sequence analysis showed that
subcluster 1A differs from subcluster 1B and cluster Il at seven positions.
Subcluster IA has amino acid covariations: Ala*’-Val®°-Phe”-11e8-Ser!30-Gly!3’-
Met®, while subcluster IB has amino acid covariations: Ser#%-Leu®®-Tyr">-Ala®-
Thr*0-Ser37-Leu'84, In addition, cluster Il differs from both subclusters IA and
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IB at two amino acid positions: 73 and 79, with Ser instead of Gly (Paper III).
All Latvian isolates were evenly distributed in both 1A and IB subclusters. The
IA subcluster consisted of two parts (IA1 and 1A2) and included five Latvian
ACLSYV isolates from cultivated apple (Malus domestica) and one isolate from
wild M. sylvestris (NZ48), as well as one isolate from cultivated pear (LV81)
together with the type isolate P205 (D14996) from Japan and 79 other sequences
from cultivated apple trees obtained from GenBank (Fig. 3.1).

Subcluster 1B contained four Latvian ACLSV isolates from cultivated pears,
including an isolate from Ukraine and 16 isolates from cultivated and wild apple
trees obtained in this study together with a B6 type isolate (AB326224) from
Japan and 151 other sequences from cultivated pome fruits obtained from the
GenBank database (Fig. 3.2).

Seventeen isolates from P. pyrifolia (GU327984 — GU328004) formed a
distinct group in subcluster 1B (IB2) with high statistical support, differing from
other pome fruit isolates by two amino acids 11e8° and Ser'®, Cluster I included
the MO5 type isolate (AB326225) together with 43 sequences from GenBank
obtained from different hosts - cultivated apples and crab apple M. spectabilis,
cultivated pears Pyrus communis and other Pyrus species (P. pyrifolia, P.
bretschneideri, P. betulifolia, P. calleryana) and Crataegus pinnatifida. Most of
these isolates come from China, while there are two from Japan and Taiwan.
Phylogenetic reconstruction of ACLSV isolates from host plants of subtribe
Malinae suggests that there are at least three ACLSV genetic types, B6, P205
and MO5 (Yaegashi et al., 2007; Chen et al., 2014). Phylogenetic studies
revealed that all the analysed Latvian ACLSV isolates from pome fruits belong
to two genetic types (B6 and P205), which are also common in the wild. The B6
and P205 virus genotypes are distributed worldwide and may have spread via
infected planting material, mainly Malling (M) and Malling-Merton (MM) series
clonal rootstock (Suti¢ et al., 1999). The MO5 genetic type differed from B6 by
only two amino acid positions and was found in Malus, Pyrus and Crataegus
plants in China.

Phylogenetic analysis of virus isolates from host plants of the tribe
Amygdaleae (Prunus domestica, P. armeniaca, P. avium, P. cerasoides, P.
domestica, P. dulcis, P. persica and P. salicina) divided sequences into two large
clusters (Cluster I and Il) with high statistical support (Paper I11). The first large
cluster consisted of three subclusters (subclusters IA, 1B and IC). As with pome
fruit isolates, subgrouping was not related to geographic origin or host plants. In
subcluster 1B, ten isolates from Prunus avium together with four sequences of
ACLSV isolates from P. cerasoides, P. persica, P. domestica and P. salicina
formed a distinct subgroup (IB1) with high statistical support that differed from
subcluster 1A (42 sequences), at seven amino acid sequence positions from
subcluster IB (eight sequences), subcluster IC (five sequences) and cluster Il (25
sequences): Ala*-Val>®-Phe™-11e8-Sert30-Gly¥’-Met!®*. Whereas amino acid
covariations: Ser*0-Leu®-Tyr-Ala®-Thri®-Ser’¥-Leu’®* were observed in
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subcluster 1A, for eight sequences from subcluster IB and five sequences from
subcluster IC. Subcluster IC differed from subclusters IA and IB by three amino
acids: Ser'4-Asn?* -Leu’,

Cluster 1l consisted of 25 ACLSV sequences from China, isolated from
peaches (Prunus persica). All sequences in cluster 11 differed from cluster | by
four from the seven amino acid positions mentioned above (Paper Ill) and
additionally by twenty-six amino acid positions. All Latvian ACLSV isolates
from Prunus domestica were grouped into subclusters 1A and IC (Fig. 3.3). Three
Latvian ACLSYV isolates (PD34, PD36 and PD44) together with 39 other virus
sequences from cultivated Prunus domestica, P. persica and P. salicina plants
were grouped in the IA subcluster. The other two Latvian ACLSV isolates from
plums (PD166 and PD325), together with three virus isolates from P. domestica
(type isolate P863; NC_001409) and P. persica (HQ398252, MZ126481) formed
subcluster IC with high statistical support (Fig. 3.3.). Phylogenetic reconstruction
of ACLSV isolates from host plants of the tribe Amygdaleae in this study
indicated that at least four genetic types of ACLSV exist. The B6 and P205 types
were previously defined by Yaegashi et al., 2007 using five amino acid co-
variations (Ala*®-Val*-Phe™-Ser3-Met®* or Ser*®-Leu®-Tyr’>-Thri%-Leu!),
In this study, P863 was recognized as a distinct genetic type based on a
previously identified strain P863 (German et al., 1990) associated with bark split
disease in P. domestica plants. Type P863 was defined based on five ACLSV
sequences that formed a highly supported phylogenetic lineage and shared the
same amino acid covariation as type B6 with three amino acid substitutions in
the virus coat protein: Ser4-Asn?3-Leu’. Ta Tao 5 (Marini et al., 2008) is the
most distinct group of virus isolates from other ACLSV isolates. It exceeds the
species demarcation criteria defined for Betaflexiviridae and most likely
represents a new viral species, as previously suggested by Zhou et al. (2018). The
lowest CP sequence identity of Ta Tao type 5 was with Malus isolates (66.5%
nucleotide sequence identity and 68% amino acid identity), and there were more
than 25 amino acid substitutions in the entire CP gene. However, Ta Tao type 5
isolates had the same amino acid substitutions at Ser®® and Tyr’ as B6 type
isolates, indicating that these amino acid combinations are essential for efficient
replication in the host plant, not only for ACLSV (Yaegashi et al., 2007) but also
for other Trichoviruses.

Phylogenetic analyses of virus isolates from different host plants - almonds,
apricots, apples, peaches, pears, plums and hawthorns showed that sequence
grouping is not related to either their geographical origin or their host plants. The
B6 and P205 genotypes are present in both pome fruit and stone fruit virus
isolates, indicating their common origin and the possibility that an unknown
virus vector exists in nature, or a virus vector had previously existed that spread
the virus among different plants of the Rosaceae family. A defective virus
genome may also have been propagated and distributed due to the rapid
development of the fruit growing industry and intensive vegetative propagation
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of plant material. The sequence of the virus has changed during the process of
evolution, and its compatibility with the vector has also changed, so the virus
may have lost its ability to spread through the vector.

3.5. Impact of ACLSV on yield and vegetative growth

The experiment was arranged according to the principle of randomized
blocks in three repetitions. Each of the blocks consisted of three ACLSV-infected
and three virus-negative trees from each cultivar (Paper 1V). In total, 18 trees
from each cultivar. During the trial, trees were visually checked for virus
symptoms: chlorotic rings and arches on leaves or rusty rings on fruits. No signs
of viral infection were observed throughout the trial period. All trees were
initially tested for the presence of ApMV, ACLSV, ASGV and ASPV by RT-
PCR. The second test was repeated at the end of the trial. Trees with the same
test results were selected for data analysis: nine ACLSV-infected and six virus-
negative trees for the ‘Antonovka’ cultivar and three virus-infected and 14 virus-
negative trees for the ‘Gita’ cultivar. Statistical analyses were performed with
SPSS, taking into account the unequal sample size for each factor.

Apple chlorotic leaf spot virus particles accumulate in the phloem and
parenchyma cells of leaves and roots, affecting the flow of sugars throughout the
plant, which can adversely affect plant growth and yield (Kreuze et al., 2011). A
statistically significant negative impact from ACLSV on plant yield was not
observed during the eight seasons (2013 — 2020) for both cultivars. In general,
the effect of virus infection on a tree depends on both the cultivar and the
rootstock (Posnette, 1989). The B396 rootstock used in this study was derived
from red-leaved paradise apple (B9), which is considered to be tolerant to latent
virus infection (Cummin & Aldwinckle, 1983). Therefore, no statistically
significant negative effect was detected (p = 0.13) on apple growth and yield
from ACLSV. Statistical analysis of the data indicates a relatively high
statistically significant interaction of factors (p = 0.06), so the total yield over
eight years for the cultivar ‘Antonovka’ virus-negative trees was higher than for
virus-infected trees (respectively 52.3 kg and 50.6 kg), but the total yield during
the eight years for the ACSV-infected trees of the cultivar ‘Gita’ were higher
than for virus-negative trees (101.1 kg and 86.4 kg, respectively). Among both
cultivars with a significantly higher yield (1.8 times) exceed the cultivar ‘Gita’
(p <0.01; (4.70781 E-11)). A lower yield per tree was observed periodically (in
2013, 2014, 2016 and 2020) from ACLSV-infected trees of the cultivar
‘Antonovka’, than for virus-negative trees (Fig. 3.4).

ACLSV-infected trees of the cultivar ‘Gita’ had a higher yield per tree during
the entire trial, except in 2016 (Fig. 3.5), when a higher yield per tree (kg) was
found in virus-negative trees (27.7 kg and 24.9 kg, respectively).

A statistically significant difference (p = 0.02) was found in the yield amount
from one tree in 2018, between ACLSV-infected and virus-negative trees, when
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a significantly higher yield from ACLSV-infected trees was observed for both
cultivars.

There is no data on the response of cultivars 'Antonovka’, 'Gita' and the
rootstock B396 to latent virus infection. According to the literature, all
commercial cultivars and rootstocks from the East Malling and Malling Merton
series are considered resistant to latent virus infection (Mink, 1989). Previous
studies in England ('Cox's Orange Pippin’, ‘Golden Delicious', Discovery' and
'Laxton's Superb' on rootstock MM106) and the Netherlands (‘'Golden Delicious'
on M26) demonstrated that infection with latent viruses (ACLSV, ASPV and
ASGV) can reduce the size of the tree by about a third, but yield efficiency is not
proportionally reduced (Meijneke et al. 1973; Cummins et al. 1979; Campbell,
1980). However, studies in the USA (‘ldared’, 'Delicious' and '‘Golden Delicious'
on M26, MM102, MM106 and MM111) did not prove that latent virus infection
is able to reduce growth or yield (Cummins & Aldwinckle, 1983), which is also
consistent with the results obtained in this study.

The presence of ACLSV in plants did not also show a statistically significant
negative impact on fruit weight, although virus-negative trees for both cultivars
periodically produced larger fruit than ACLSV-infected trees. The average fruit
weight of the cultivar 'Antonovka’ was higher for ACLSV-negative trees than the
virus-infected trees (218g and 209g, respectively), while the average fruit weight
of the cultivar 'Gita’ was higher from the infected trees than from the virus-
negative trees (2069 and 186g, respectively). Mean fruit weight varied between
years and a statistically significant difference (p = 0.04) was observed in the first
year when ACLSV-infected trees produced larger fruit than virus-negative trees
for both cultivars. A significant difference in average fruit weight (interaction p-
value 0.03) between ACLSV-infected and virus-negative trees was observed for
the cultivar 'Gita' in the eighth year after planting, when the average fruit weight
was higher for ACLSV-infected trees than for virus-negative trees.

Calculated growth parameters showed little difference between ACLSV-
infected and virus-negative trees. The trunk cross-sectional area (TCSA) ratio of
virus-negative and ACLSV-infected trees did not differ significantly at planting
time, but after eight years, a statistically non-significantly greater increase was
observed for virus-negative trees than for ACLSV-infected trees (p = 0.80). A
significantly higher tree canopy volume was found for trees infected with
ACLSV (p = 0.01). A statistically insignificant higher cumulative yield
efficiency (cumulative yield per TCSA) was observed for ACLSV-infected trees
(p = 0.81). A higher amount of cumulative yield (kg) per canopy volume (m?)
was found for virus-negative trees (p = 0.07).

In this study, the data obtained on the impact of ACLSV on the cultivar 'Gita'
contradicted previous studies that proved that viruses had a negative effect on the
yield and growth of apple trees (Suti¢ et al., 1999). It is possible that the small
number of ACLSV-infected trees from the cultivar 'Gita’ (three trees) used in this
trial could have affected the accuracy of the collected data. The trial was initially
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planned with nine ACLSV-infected and virus-negative trees, but according to the
RT-PCR test results, many trees from the cultivar 'Gita' were virus-negative, and
many grafted plants from the ACLSV-infected mother plant did not grow due to
graft incompatibility caused by ACLSV (Mink, 1989). In addition, setting up the
trial from selected virus-negative plants instead of virus-free plants which passed
through thermotherapy could have affected the yield and growth parameters in
the experiment. A similar observation was obtained in a study comparing M9
rootstock after thermotherapy with virus-negative M26 rootstock, where the
cumulative yield per trunk cross-sectional area was higher in trees grafted onto
virus-free rootstock after thermotherapy (Koike et al., 1993). Therefore, the fact
that there is another unidentified latent virus in the virus-negative trees of the
cultivar 'Gita’, which reduced vegetative growth and yield cannot be excluded.

3.6. Possibilities for ACLSV elimination and the effectiveness
of thermotherapy

Elevated ambient temperatures are widely used to eliminate viruses in plants,
including apple trees (Welsh & Nyland, 1965; Lenz & Lankes, 2006). High
temperature inhibits virus replication and movement in plant tissues, so
thermotherapy can significantly improve the efficiency of virus elimination
(Mink et al., 1998). However, temperature and exposure time are limited due to
the different tolerance of plant species and genotypes to elevated temperatures
(Stein et al., 1991). During thermotherapy, the survival of apple trees ranged
from 45 to 100% depending on the thermotherapy conditions and the plant
genotype (Paper V). The number of plants that survived thermotherapy to the
next season ranged from 12% to 62%. After thermotherapy, most of the plants
from candidate material 1/2007/2009 and 2/2008/2010 did not survive to the next
growing season; the remaining plants showed reduced vitality and died in the
next growing season. When the duration of heat treatment was reduced to 40
days and the adaptation period was extended to seven days, the number of
surviving plants after heat treatment increased and they also overwintered
successfully (candidate material 5/2012/2013). Although pears are considered to
be more sensitive to prolonged high temperatures than other tree species
(Paprstein et al., 2009), pears survived thermotherapy better than apple trees in
this study, and 71% — 100% of pear plants survived. The main problem was the
low survival rate of plants after thermotherapy, because the young shoots of some
plants did not overgrow, so most of the candidate pear plants were lost after
overwintering. The number of overwintered plants for the next season varied
from 0% to 36%, and only plants from candidate material 4/2010/2012 and
5/2012/2013 overwintered for several seasons.

Mother plants were selected from apple genetic resource collections or field
trials. Only some local apple cultivars like 'Zane', 'Baiba', 'Gita', 'Edite', 'Roberts’,
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'Ligita’, 'Dace' and 'Uldis', created at the Institute of Horticulture in recent
national breeding programs, were virus-free or with a single virus infection.
Many mother plants of tested apple cultivars were infected with two or three
viruses. The mother plants of some apple cultivars, such as '‘Rubin’ and 'Ausma’,
were infected with four tested viruses. In the tested mother plants of pear
cultivars, a single virus infection or no viruses were detected. Viruses were not
detected in the grafted plants of candidate material 1/2007/2009 in the years
following thermotherapy. However, ASGV was detected in the second season
after thermotherapy in the apple cultivar ‘Sinap Orlovskii’, while ACLSV was
successfully eliminated in the pear cultivar 'Condo’. By extending the duration of
thermotherapy, ACLSV could be effectively eliminated in the cultivar ‘Sinap
Orlovskii’ (candidate material 2/2008/2010), which was infected with several
viruses, but ACLSV and ASPV could still be detected in the trees of the cultivar
'‘Auksis'. The cultivar 'Ausma’ (candidate material 3/2009/2011), which had a
three-virus infection, remained infected with ASGV and ASPV after
thermotherapy. Whereas pears infected with several latent viruses did not survive
during thermotherapy.

In order to increase the number of surviving plants after thermotherapy, the
duration of thermotherapy was reduced from 70 days to 40 for candidate material
4/2010/2012. After thermotherapy, ACLSV could be detected in some plants in
apple cultivar 'Dace’ and ‘Zarya Alatau’, but the latent viruses were successfully
eliminated in pears ‘Mlievskaya Rannaya’ and 'Mramornaya'. The duration of
thermotherapy was shortened to 40 days and the temperature during the dark
period was decreased to 30 °C (candidate material 5/2012/2013) to improve plant
vitality and promote faster growth of new shoots. Newly formed plants, after
shoot tip grafting, were tested for the next three seasons after thermotherapy by
RT-PCR. ACLSV and ApMV were successfully eliminated from infected apple
and pear plants, however, like in previous years, some apple and pear plants
remained infected with ASGV or ASPV.

The effectiveness of thermotherapy depends on the sensitivity of viruses to
elevated temperature (Campbell & Best, 1968), and the result obtained
influenced the reliability of the diagnostic method used, and whether it was
sensitive enough to detect the viruses at a low concentration. RT-PCR is
considered as the most reliable and sensitive method of the methods used to
detect virus infections (Reed & Foster, 2011). However, the efficiency of RT-
PCR depends on the quality of the extracted RNA, as high amounts of
polyphenolic compounds and polysaccharides in fruit tree leaves can inhibit RT-
PCR (MacKenzie et al., 1997; Deng et al., 2004). Therefore, plant RNA Nad5
gene primers are recommended for use as an internal control to check the quality
of the PCR, which is especially important in cases of a negative result (Menzel
et al., 2002). After thermotherapy, there is usually a long latent period when
viruses may not be detectable due to low virus concentrations in plants
(Leonhardt et al., 1998). This could be observed in the study for apple varieties
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‘Sinap  Orlovskii’ (candidate material A1/2007/2009) and 'Auksis'
(A5/2012/2013), and for the pear cultivar ‘Jumurda’ (P5/2012/2013). RT-PCR
test results were negative in the first years after thermotherapy, but ASPV and
ASGYV infection was detected only in the third year by RT-PCR, when the virus
concentration in plant tissue had reached a detectable level.

Some apple candidate plants from the cultivars 'Dace’, 'Rubin' and 'Zarya
Alatau' remained infected after thermotherapy and the test results were already
positive in the first year of testing. The effectiveness of thermotherapy depends
not only on the virus and the thermotherapy conditions, but also on the interaction
between the virus and the specific plant genotype (Paprstein et al. 2008).
Although ACLSYV is relatively easy to eliminate from fruit trees with a short
period of thermotherapy (Campbell & Best, 1964), apple cultivars ‘Zarya Alatau’
and 'Dace’ remained infected with ACLSV even after 60 days of exposure to
elevated temperatures. ASGV and ASPV replicate in the plant cambium and are
unevenly distributed in plant tissues, making these viruses more complicated to
eliminate and difficult to detect (Desvignes, 1999; Gugerli & Ramel, 2003).
Multi-virus infection in plants, especially with ASGV, is more difficult to
eliminate (Laimer & Barba, 2011), because ASGV is considered a stable virus,
and increased temperature does not sufficiently suppress the replication and
further spread of this virus in the plant (Knapp et al., 1995). After thermotherapy,
the tested plants with RT-PCR showed the presence of ASGV and ASPV
infection in the apple cultivars 'Ausma’, '‘Baltais Dzidrais', 'Liberty’, and 'Rubin’,
but in later years, no viruses were detected in these plants, because the
maintenance of the plants in greenhouse conditions can also affect the uneven
distribution of viruses in plants and they are more difficult to detect. The wide
spread of fruit tree viruses in Latvia has been facilitated by the propagation of
infected clonal rootstock and infected mother trees. Therefore, the selection of
mother trees free of virus infections in orchards for the development of candidate
material in this study was not possible. Many cultivars were infected with at least
two viruses and remained infected even after 60-70 days of thermotherapy.
ACLSV in mixed infections is tolerant to elevated temperature (Knapp et al.,
1995), which was observed in apple cultivars 'Dace' and ‘Zarya Alatau’, where
ACLSV was not eliminated. Although no impact from mixed virus infections on
the elimination of ACLSV was observed for other cultivars, it is possible that the
interaction between the virus and the specific plant genotype may also affect the
effectiveness of the elimination of the virus. ApMV was detected in apple and
pear mother plants before thermotherapy and in some plants, it persisted even
after thermotherapy, although ApMV is not thermostable and, if it is not in
combination with other viruses, can disappear over the years without
thermotherapy (Laimer & Barba 2011).

Individual plants from nine apple cultivars (candidate material 3/2009/2011)
that were negative to all viruses tested by RT-PCR, were further tested by the
woody indicator plant test for the presence of four viruses (ApMV, ACLSV,
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ASGV and ASPV) (Paper V). After eight weeks, none of the tested candidate
plants showed symptoms typical for virus infection. However, chlorotic rings on
the leaves, characteristic of ACLSV infection, could be observed on Malus
platycarpa plants two weeks after budding with the cultivar 'Rubin’, which was
used in the test as a positive control (Fig. 3.6.A). On the other hand, necrotic
grooves could be observed in the wood of Malus pumila ‘Virginia Crab’ at the
inoculation site, which indicated ASGV infection (Fig. 3.6.B). Negative control
plants from M. platycarpa and M. pumila ‘Virginia Crab’ did not show these
symptoms and remained free of any signs of virus infection. ApMV and ASPV
symptoms were not observed on the woody indicator plants that had been used
as the positive control (cultivar 'Rubin’).

There were 63 plants from 24 apple cultivars and nine plants from six pear
cultivars from the recovered 72 apple and ten pear candidate plants, which
showed negative RT-PCR results for ApMV, ACLSV, ASGV and ASPV several
years after thermotherapy. These plants may qualify as virus-tested mother
plants. The candidate plants require testing with woody indicator plants under
field conditions to confirm virus-free status, as symptom development usually
takes 2-3 years and up to five years to assess symptoms (Panattoni et al., 2013).
It takes more than ten years to produce fruit trees plants that qualify as virus-free
material (Van der Berg, 2003; Rowhani et al., 2005; Lenz & Lankes, 2006). This
is mainly due to the long time required for tree propagation, repeated
thermotherapy and testing with woody indicator plants to confirm the virus-free
status of candidate plants. In the study, the main reason for the low number of
obtained candidate plants was multiple virus infection in mother trees and
reduced plant vitality after thermotherapy, resulting in the death of many
recovered plants after thermotherapy.
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CONCLUSIONS

ACLSV is widely found throughout the territory of Latvia (occurrence
in apple orchards reaches up to 65.4%, in pear orchards up to 32.3%,
and in plum orchards up to 2.0%). The occurrence of ACLSV in Latvia
is similar to other countries, where it reaches 33 to 100%, if virus-free
planting material is not used in orchard development. ACLSV
occurrence is significantly higher in apple orchards where clonal
rootstock is used. A high number of positive cases were found in several
apple cultivars, indicating the propagation and circulation of infected
planting material (grafts and rootstock) that has contributed to the
spread of the virus in orchards, and confirmed previous studies that
many native and introduced apple cultivars and rootstock are infected
with ACLSV.

The phylogenetic reconstruction of ACLSV CP gene sequences
obtained from the subtribe Malinae and tribe Amygdaleae host plant
isolates showed that three genetic types of ACLSV are common in
Latvia: B6 and P205, which are found in apple trees, pears, and plums,
while type P863 is found only in plums. This demonstrates the distinct
origins of the virus genetic types, showing that pome fruit and stone
fruit virus isolates share a common origin, which indicated the possible
existence of a vector in nature.

In the study, it was concluded under field conditions, using virus-
negative and ACLSV-infected plants, that apple chlorotic leaf spot virus
does not have a statistically significant impact on the yield of the apple
cultivar '‘Antonovka' and 'Gita’ or an increase in the cross-sectional area.
In the study, it was found that the canopy volume increases significantly
for ACLSV-infected trees, but it does not have a significant impact on
the ratio of the cumulative yield per canopy volume.

The study showed that thermotherapy can also be effective in the case
of several viral infections. The interaction between the virus and the
specific plant genotype, the tolerance of the plant genotype to increased
environmental temperature and plant regeneration capacity influences
the effectiveness of thermotherapy.
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RECOMMENDATIONS

With respect to the high prevalence of viruses in orchards and genetic
resources collections, monitoring of genetic resources must be carried
out to limit the further spread of viruses in orchards, while virus-
negative mother plants must be used for propagation. This would ensure
that high-quality planting material will be used for the establishment of
new orchards.

Taking into account the occurrence of ACLSV in wild apple trees,
further studies should be carried out to prove hypothetical virus
transmission pathways, focusing on possible invertebrate vectors and
the potential spread of viruses through infected seeds.
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