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Molecular diagnostics of viruses in apple rootstocks using RT-gPCR

The development of intensive horticulture in Kazakhstan requires the use of virus-free planting material, par-
ticularly apple rootstocks (Malus domestica), free of viral and viroid infections. Latent forms of pathogens,
which do not exhibit visible symptoms but are easily transmitted through vegetative propagation, are consid-
ered the most hazardous. The objective of this study was to evaluate the phytosanitary status of apple root-
stocks used in nurseries in southern Kazakhstan by employing reverse transcription quantitative polymerase
chain reaction (RT-gPCR). A total of 24 samples from field and laboratory collections were analyzed. RNA
extraction was performed using the “PhytoSorb®” kit, and diagnostics were conducted on the Bio-Rad
CFX96 platform using multiplex LETGEN test kits. Four pathogens were identified: Apple chlorotic leaf spot
virus (ACLSV), Apple stem pitting virus (ASPV), Apple green crinkle associated virus (AGCaV), and Apple
hammerhead viroid (AHVd). The viruses ASPV and AGCaV were found to be the most prevalent, occurring
in both field and laboratory samples. These findings confirm the widespread circulation of these pathogens
within the apple rootstock propagation system. The results emphasize the need for the implementation of reg-
ular molecular diagnostics, sanitation programs, and certification measures aimed at preventing the spread of
latent infections and ensuring the sustainable development of horticulture in the region.
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Introduction

Apple (Malus) is one of the leading fruit crops and is cultivated in many countries worldwide, including
under the agroclimatic conditions of Kazakhstan, where it occupies a significant share in fruit and berry pro-
duction. Due to the high consumer demand and nutritional value of its fruits, apple plays a key role in the
horticultural industry of the country. However, the successful development of the sector largely depends on
the use of healthy planting material, particularly high-quality and virus-free rootstocks [1].

The production of rootstocks and the development of nursery practices in Kazakhstan are accompanied
by a number of challenges, the most significant of which is the spread of viral infections among planting ma-
terial [2]. Apple is predominantly propagated vegetatively—through grafting, cutting, or micropropagation.
While this method of propagation ensures the preservation of varietal characteristics, it also facilitates the
transmission of viral diseases, many of which may remain latent for extended periods without exhibiting vis-
ible symptoms [3, 4].

Latent viruses of fruit crops pose a serious threat to both commercial orchards and nurseries. Diseases
caused by these pathogens reduce yield, impair the commercial and organoleptic qualities of fruits, and dis-
rupt the compatibility between rootstock and scion. The greatest danger lies in the fact that, in the absence of
pronounced symptoms, infected mother plants continue to be used for propagation, thereby contributing to
the further spread of the infection [5].

The most significant viruses affecting apple include Apple chlorotic leaf spot virus (ACLSV), Apple
stem pitting virus (ASPV), Apple stem grooving virus (ASGV), Apple mosaic virus (ApMV), Apple green
crinkle associated virus (AGCaV), as well as the recently identified viruses ARWV-1, ARWV-2, ApNMV,
and the viroid AHVd. The presence of these pathogens is particularly critical during micropropagation [6, 7].

To address these challenges, modern molecular biology techniques, particularly reverse transcription
guantitative polymerase chain reaction (RT-qPCR), enable accurate and sensitive detection of viruses even at
the early stages of infection.
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In the context of Kazakhstan, where the establishment of intensive orchards is a pressing task, the use of
virus-free rootstocks is of critical importance. In this regard, the relevance of diagnosing and monitoring vi-
ral infections in nursery material is increasing. The application of molecular genetic techniques, such as re-
verse transcription quantitative polymerase chain reaction (RT-gPCR), enables highly accurate detection of
viral pathogens even in asymptomatic plants [8]. This, in turn, provides an opportunity to establish a healthy
foundation for the development of modern orchards and to enhance the efficiency of fruit and berry produc-
tion in the country. The implementation of such approaches opens prospects for creating highly productive
orchards resistant to viral degradation and contributes to the sustainable development of the industry at the
national level [9].

The present study is aimed at identifying viruses and viroids of apple rootstocks circulating within the
nursery production system of Kazakhstan, which will provide a basis for the implementation of phytosanitary
control measures. The objective of the research is to assess the phytosanitary status of apple rootstocks used
in Kazakhstani nurseries and to determine the spectrum of viral and viroid pathogens through the application
of reverse transcription quantitative polymerase chain reaction (RT-gPCR).

Experimental

Obijects of the Study. The study was conducted on 24 samples of apple rootstocks (Malus domestica
Borkh.) collected from various sources, including a nursery farm in the Almaty region and the collection of
basic plants at the Kazakh Research Institute of Fruit and Vegetable Growing. Sample collection was carried
out during the vegetation season (March—September 2024-2025).

Plant Material Collection. Each sample represented a single tree, from which 15-20 fully developed
leaves were collected in four directions (east, west, north, south). Field monitoring included a visual assess-
ment of symptoms, while in vitro samples showed no visible signs of infection. Leaves were stored at +4 °C
until RNA extraction. Sampling was carried out in accordance with EPPO standards [10]. All samples were
tested for the presence of viruses according to EPPO standards, as well as for newly widespread viruses and
viroids, including ASPV, ACLSV, ApMV, ASGV, ARWV1, ApNMV, AGCaV, and AHVd.

RNA Extraction. RNA was extracted from leaves using the PhytoSorb® kit (Syntol LLC) following a
modified protocol by Mekuria et al. [11]. Leaf tissue (200 mg) was ground in liquid nitrogen and extracted
with a buffer containing 4.4 % PVP-40 and 1 % sodium metabisulfite, followed by vortex mixing. The quali-
ty and concentration of RNA were determined using a NanoDrop 1000 spectrophotometer. Purity was as-
sessed by the absorbance ratios at 280/260 and 260/230 nm (1.8-2.3). Samples were stored at —20 °C.

RT-gPCR. Detection of viruses (ACLSV, ASPV, ApMV, ASGV, ARWV-1, ARWV-2, ApNMV,
AGCaV) and the viroid AHVd was carried out using RT-gPCR with LETGEN® (TagMan®) Kits and the
Bio-Rad CFX96 platform. Each reaction was performed in triplicate. The use of certified reagents and
equipment ensured high sensitivity and eliminated false-positive results.

Throughout the study, the highly sensitive Bio-Rad CFX96 system and certified TagMan-based kits
were employed, providing high analytical specificity and preventing false-positive outcomes (Table 1).

Table 1

Sampling sites and names of plant material used for virus diagnostics

z

Location of samples
Nursery Farm, Enbekshikazakh district, Almaty region

Name of samples
M-9
M-7
MM-106
B-9
b 16-20
b 7-35
62-396
APM-18
Zhetysu 5

Collection of basic plants under protected conditions, Department of Biotechnol-
ogy of Horticultural Crops, Kazakh Research Institute of Fruit and Vegetable
Growing, Almaty
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Continuation of Table 1

Location of samples Ne Name of samples

Collection of basic plants under protected conditions, Talgar district, Almaty

region, Almalyk village, Talgar Research Facility, Kazakh Research Institute of 10 APM-18

Fruit and Vegetable Growing

Field collection, Talgar district, Almaty region, Almalyk village, Talgar Research 11 B-7-35

Facility, Kazakh Research Institute of Fruit and Vegetable Growing
12 b-16-20
13 6-4-8
14 Zhetysu 3
15 Zhetysu 4
16 Zhetysu 5
17 Zhetysu 6
18 Zhetysu 7
19 b-7-35
20 b-16-20
21 Zhetysu 2
22 B-7-35 (M)
23 B-16-20 (M)
24 62-396 (M)

Results and Discussion

The study included field and laboratory examinations of 24 samples of apple rootstocks (Malus
domestica Borkh.) collected from various sources: a nursery farm in the Almaty region, the collection of
basic plants under protected conditions, and the field collection of the Kazakh Research Institute of Fruit and
Vegetable Growing. The results are presented using the following symbols: “+” indicates that a virus or vi-
roid was detected in the sample, while “=>indicates its absence (Table 2).

Table 2

Name, origin, and results of virus detection in the studied apple rootstocks

) Name of viruses
Location of samples Name of samples
ACLSV |ASPV | AGCaV | AHVd
Nursery Farm, Enbekshikazakh district, Almaty region M-9 T + - _
M-7 - - - +
MM-106 - - - -
B-9 - - - -
Collection of basic plants under protected conditions, B 16-20 b — b —
Department of Biotechnology of Horticultural Crops, Kazakh
Research Institute of Fruit and Vegetable Growing, Almaty B 7-35 - - + -
62-396 - - - -
APM-18 - - - -
Zhetysu 5 - - - -
Collection of basic plants under protected conditions,
Talgar district, Almaty region, Almalyk village, Talgar APM-18 B B B B
Research Facility, Kazakh Research Institute of Fruit and
Vegetable Growing
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Continuation of Table 2

Name of viruses
Location of samples Name of samples
ACLSV |ASPV | AGCaV | AHVd
Field collection, Talgar district, Almaty region, Almalyk B-7-35 _ _ + _
village, Talgar Research Facility, Kazakh Research Institute
of Fruit and Vegetable Growing B-16-20 - - + -
6-4-8 - + + -
Zhetysu 3 - - aF -
Zhetysu 4 - - - -
Zhetysu 5 - & + -
Zhetysu 6 - N + -
Zhetysu 7 - - - -
B-7-35 + + + -
B-16-20 + + + -
Zhetysu 2 2 - + -
B-7-35 (M) 7 + - -
B-16-20.(M) - 5 - -
62-396 (M) - - + _

Diagnostics performed using the RT-gPCR method revealed positive results for three viruses—ACLSV,
ASPV, and AGCaV—as well as for the viroid AHVd (Table 2). The remaining viruses (ApMV, ASGV,
ApNMV, ARWV-1, ARWV-2) were not detected in any of the analyzed samples (Fig. 1).

ACLSV was detected in five samples: M-9 (nursery farm), B-16-20 (collection of basic plants under
protected conditions, field collection of the Kazakh Research Institute of Fruit and Vegetable Growing), as
well as its clone B-16-20 (M), and B-7-35 (field plot of the Kazakh Research Institute of Fruit and Vegetable
Growing) along with its clone B-7-35 (M). The amplification curves exhibited signal enhancement at early
cycles (Ct < 30), confirming a high viral load and the reliable presence of ACLSV.

ASPV was detected in six samples: M-9, 6-4-8, B-7-35, B-16-20 (field site), as well as in clonal forms
B-7-35 (M) and B-16-20 (M). This virus exhibited a broader distribution compared to ACLSV. The recorded
Ct values ranged from 20 to 35; indicating the presence of both latent and active forms of infection.

AGCaV was the most frequently detected pathogen, identified in 12 samples. It was found in the root-
stocks B-16-20, B-7-35, 6-4-8, as well as in cultivars from the Zhetysu collection (Zhetysu 2, 3, 5, 6) and in
the samples 62-396 (M) and Zhetysu-5. Its occurrence in materials from various sources indicates its active
circulation. Such prevalence highlights the ongoing circulation of AGCaV within the nursery propagation
system.

The viroid AHVd was detected in only one sample (M-7) originating from the nursery farm. Signal am-
plification was observed after cycle 39, exceeding the recommended Ct threshold of <35. Nevertheless, the
presence of AHVd in one of the rootstocks warrants additional monitoring, given its potential
phytopathogenicity.
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Amplification
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Figure 1. Negative amplification results obtained by RT-qPCR
b) ApMV; f) ASGV; g) ApPNMV; h) ARWV-1; i) ARWV-2

This study was aimed at identifying viral pathogens in mother plant blocks and assessing the
phytosanitary status of apple rootstocks. To date, field collections of pome crops in Kazakhstan have not un-
dergone systematic virus testing, making the obtained results significant for developing strategies for sanita-
tion and preventing the further spread of infectious agents in nursery production.

Monitoring, including visual inspection, molecular diagnostics [12], and selection of resistant genotypes
[13], forms the basis of orchard protection. Since viral infections cannot be controlled with fungicides, the
use of certified virus-free planting material remains the key preventive measure [14].

Particular attention should be given to AGCaV, which demonstrated the highest prevalence in both field
and greenhouse samples. This virus is associated with fruit deformation, characterized by deep depressions,
cracks, brown spots, and a reduction in tree productivity, in some cases leading to severe decline [15]. ASPV
was also frequently detected, including asymptomatic carriage in clonal rootstocks. It induces pitting in the
wood of certain cultivars (e.g., Charden and Virginia Crab), but often remains symptomless in commercial
cultivars [16]. ACLSV negatively affects tree growth, yield, and fruit quality. In susceptible rootstocks (e.g.,
Asami), it triggers a hypersensitive reaction at the graft union, resulting in plant death—known as
“topworking disease” [17]. Even in the absence of visible symptoms, infected plants exhibit impaired photo-
synthetic processes and reduced physiological potential. AHVd is considered pathogenic, as it has been asso-
ciated with trunk cracking, necrosis, shoot weakening, and growth retardation across different continents
[18]. Recently, AHVd was confirmed to be a true viroid capable of autonomous replication and inducing cel-
lular disorders [19].

Our findings confirm that even latent infections caused by these pathogens can significantly affect the
quality and viability of rootstocks. The detection of ACLSV, ASPV, AGCaV, and AHVd in symptomless
samples underscores the necessity of routine RT-qPCR diagnostics and the implementation of sanitation pro-
grams for rootstock material [20, 21]. These results highlight the importance of an integrated approach to
viral phytosanitary security. In particular, the application of in vitro elimination techniques, such as thermo-
therapy-and shoot tip culture, can be recommended, as these methods have previously demonstrated their
effectiveness in controlling PPV and ACLSV in stone fruit crops [22]. Therefore, the results of this study
contribute to the development of a comprehensive strategy for virological control, integrating molecular, bio-
technological, and breeding approaches to support sustainable nursery production in Kazakhstan.

Conclusions

The aim of this study was to assess the phytosanitary status of apple rootstocks used in nursery produc-
tion in Kazakhstan and to identify the spectrum of viral and viroid pathogens. The results demonstrated the
presence of both widespread and newly detected pathogens in collection mother blocks and nurseries. Fur-
thermore, these findings emphasize the necessity of routine molecular diagnostics for the efficient detection
and management of viruses, particularly within breeding and certification programs. Future research should
focus on developing comprehensive strategies to control viruses and viroids within mother plant and nursery
systems.
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M.A. Ackaposa, 3.41. FOcynoBa, A.K. Manenosa, P.A. O6nikopimoBa, b.)K. KaOsii6exosa

Aama Teqaitymiiepinaeri BUpycToIK nHpexnusiaapasl RT-qPCR agiciven aHbIKTay

KasakcraHna uWHTEHCHBTI 0ak INApyamiBUIBIFBIH JaMBITy YIIiH, ocipece BHPYC JKSOHE BHPOMI
WHQEKIUSUIapbIHAH Ta3a, CAyBIKTHIPBUTFAH OTHIPFBI3Y MAT€PHAIBIH, COHBIH iIIiHAE alMaHBIH TENITYIIIEpiH
(Malus domestica) xonmmany kaxeT. EH kayinrinepi — aiikpiH Oenrijepi ®okK, 6ipak BEreTaTHBTIK KOOEHTy
Ke3iHAe OHail TapajaTblH JIATCHTTI MaTOTeHHAep. 3epTTeylmiH Makcarhl — Ka3akcTaHHBIH OHTYCTIriHIE
TomiMOaKTapa KOJNJAHBUIATHIH = alMa TENITYIIUIepiHiH (UTOCAHUTAPIBIK IKAFNANBIH HAKTHl  YaKbIT
peXHUMIHIET] Kepi TPaHCKPUIIMSIBL TouMepas bl Tizoekti peakuns (RT-qPCR) anicimen Garanay. Tannay
YIIiH JaiajiblK JKOHE 3€PTXaHANbIK KoJuleKiusaapaan 24 yari ameiHasl. PHK Gemin amy «®@utoCopo®»
KMHAFBIHBIH KOMETIMEH >Kyprizimai, an jguarHoctuka Bio-Rad CFX96 mmardopmaceinna LETGEN
MYJIBTHIUICKCTIK TECT-)KYHeTaepi apKbUibl OpbIHAANABL. HoTmxeciHae TepT martoreH adbIKTaimgsl: Apple
chlorotic leaf spot virus (ACLSV), Apple stem pitting virus (ASPV), Apple green crinkle associated virus
(AGCaV) xone Apple hammerhead viroid (AHVd) Bupounsl. EH xwui ke3geckeH narorenaep ASPV xone
AGCaV BupycTapbl, oJap opi AaNalblK, 9pi 3epTXaHANBIK YATiTepae TipKenai. AJNBIHFAaH JEepeKkTep aaMa
TEJITYIIIIEPiH KeOeHTy XyHeciHae OChl MaTOTeHEP/iH JKOFaphl JISHTei/le TapalFaHbIH KOPCETTi. 3epTTey
HOTIDKEJIEPi JKachIpbIH MH(MEKIMSUIapABIH TapalTyblH OOJIbIpMay JKOHE alMaKTarbl 0aK IIapyanTbUIBIFBIHBIH
TYpakThl OaMyblH KaMTaMachl3 €Ty VIIiH TYpakThl MOJEKYJIalblK JAHarHOCTHKA, CAYBIKTBIPY JKOHE
ceprudukarTay GarmapiamanapbiH €Hri3yAiH MaHbI3IbUIBIFBIH TASIICHII.

Kinm ce30ep: Malus domestica, temityuri, Bupyc, Bupona, RT-qPCR anbikTay

M.A. Ackapoga, 3.4. IOcynoga, A.K. Manenosa, P.A. A6nukapumona, b.)K. Ka6su16exoBa

MouJiekyasipHasi AMArHOCTHKA BUPYCOB HA NMoABOAX s1010HM MeTogom RT-gPCR

Pa3BuTHE MHTEHCHBHOTO caJoBojcTBa B KasaxcraHe TpeOyeT MPHMEHEHHs 03JOPOBIEHHOTO MOCAJ0YHOTO
Matepuaia, ocobeHHo noasoes siononn (Malus domestica), cBOGOIHBIX OT BUPYCHBIX M BUPOUIHBIX HH(EK-
muii. HanbGosee omacHBIMU CUMTAIOTCS JIATEHTHBIE (JOPMBI MATOT€HOB, HE MMEIOIIHE BBHIPAKEHHBIX CHMIITO-
MOB, HO JIETKO ITI€pearoNIuecs PN BETEeTaTUBHOM Pa3MHOXEHHH. L{ens HAacTOSsIEero uccaeaoBaHus 3aKIio-
YaJlach B OLICHKE (PUTOCAHUTAPHOTO COCTOSHMS MOJBOEB SOJOHHU, HCIIONB3YEMbIX B IIMTOMHHUKOBOJICTBE FOTa
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Molecular diagnostics of viruses...

Kazaxcrana, ¢ mpuMeHeHneM MeTo/la TIOIMMEPa3Hoil IemHOi peakiuu ¢ 00paTHOM TPaHCKPHIILUEH B peasb-
HoM Bpemenn (RT-QPCR). [lns ananu3a Osu10 0T0Opano 24 o6pasia U3 mojeBbIX U J1abOpaTOPHBIX KOJIIEK-
uuii. Beinenenne PHK npoBoaunock ¢ ucnons3oBanneM Habopa «PuroCopO®»», a THarHoCTHKa — Ha IJjatT-
tdopme Bio-Rad CFX96 ¢ ucnonb3oBaHHeM MyIbTHIUICKCHBIX TecT-cucteM LETGEN. B pesynbrare Obuin
BBISIBJICHBI YeThipe narorena: Apple chlorotic leaf spot virus (ACLSV), Apple stem pitting virus (ASPV), Ap-
ple green crinkle associated virus (AGCaV) u Bupoun Apple hammerhead viroid (AHVd). Hau6onee mupo-
Koe pacrpocrpaHeHre rmokaszanu supycel ASPV u AGCaV, BcTpedaromuecs Kak B IOJICBBIX, TaK U B Jlabopa-
TOPHBIX 0Opasmax. JlaHHbIe MOATBEPKAAIOT BBICOKYIO IUPKYISILUIO 3THX MAaTOTEHOB B CUCTEME Pa3MHOXKe-
HUS TIO/IBOEB 0JIOHU. Pe3ynbpTaTel moquépkuBaloT HEOOXOIUMOCTD BHEIPEHUS PETYSPHONH MOJNEKYISIpPHOU
JMarHOCTUKH, TIPOTPaMM O3J0POBJICHHS ¥ CepTU(UKAIMH, HAIPABICHHBIX HA MPEAOTBPAICHIE PacIpOCTpa-
HEHUsI CKPBITHIX HH(EKIMI 1 obecreueHne yCTOIUMBOro pa3BUTHs CaIOBOACTBA B PETHOHE.

Knrwoueswie cnosa: Malus domestica, moaso#i, Bupycsl, Bupoussi, RT-gPCR nuarHocTrka
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