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Soft scale insects (Hemiptera: Coccomorpha: Coccidae) are important grapevine pests causing direct damage
by phloem sap feeding and indirect damage by promoting sooty molds growth and virus transmission. Accurate and
rapid identification is critical for effective management but remains challenging due to reliance on morphological
features of briefly available young, unsclerotized females. To address these limitations, two gene regions, mito-
chondrial cytochrome oxidase I (COI) and large ribosomal subunit (28S), were used to characterize Parthenoleca-
nium corni (Bouché), Parthenolecanium persicae (Fabricius) and Pulvinaria vitis (L.) collected from vineyards,
while phylogenetic analysis provided insights into their genetic relationships within Coccidae. Haplotype analysis
based on COI and 28S regions revealed no genetic variability in P. corni and P. persicae, each represented by a
single haplotype. In contrast, P. vitis exhibited higher diversity, with three 28S haplotypes and 14 COI haplotypes.
By generating the first genetic data for these species from European populations, this study strengthens the molec-
ular identification of soft scale insects and provides a valuable foundation for their monitoring, as well as future

http://dx.doi.org/10.19263/REDIA-109.26.02

taxonomic and ecological research.
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INTRODUCTION

Soft scale insects (Hemiptera: Coccomorpha: Cocci-
dae) represent the third largest family within superfamily
Coccoidea, with 1232 described species in 178 genera
(GARCIA MORALES et al., 2016). According to KONDO &
WaTsSON (2022), 153 species are considered important pe-
sts in agriculture.

Soft scales are a key component of the grapevine pest
complex, including Neopulvinaria innumerabilis (Rath-
von), Parthenolecanium persicae (Fabricius), Partheno-
lecanium corni (Bouché) and Pulvinaria vitis (L.). These
polyphagous species feed on a wide range of host plants
and are known to cause damage in viticulture. Among
them, P. corni has a significant negative impact on gra-
pevines production across Europe (HOFFMANN, 2002;
ToRIATTI ef al., 2008; SiLvA et al., 2016; HOMMAY et al.,
2020; MiLoSEVIC and GRAORA, 2023). P. persicae has
caused notable damage in various grapevine producing
regions (GRAORA et al., 2012; Rakimov et al., 2013; Ma-
STEN MILEK et al., 2021), while P. vitis occasionally rea-
ches high population densities (KoszTARAB and KOZAR,
1988; PELLIZZARI, 1997; GRAORA ef al., 2012; MASTEN
MILEK et al., 2021).

On grapevine, soft scales cause both direct and indi-
rect damage. By feeding on plant sap from above-ground
grapevine parts, they reduce plant vigor and may lead to
long-term plant decay. Infestations often result in exces-
sive honeydew secretion, which promotes the develop-
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ment of sooty mold, interfering with photosynthesis and
reducing fruit quality (KoszTaraB and KozAr, 1988;
MIBEY, 1997). Additionally, soft scales are vectors of gra-
pevine viruses (HERRBACH et al., 2017).

Accurate identification is fundamental for effective
pest management. Soft scales identification relies on
microscopic morphological characteristic examination
of slide-mounted adult females (KoNpO and WATSON,
2022). However, soft scale females are particularly chal-
lenging to examine morphologically. As they mature,
their bodies stretch, becoming thick, heavily sclerotized
and fragile, making them unsuitable for accurate identi-
fication. Young adult females provide the most reliable
morphological characters for identification. However,
they are available only for a short period, often just a few
days per year for univoltine species (HODGSON, 1994).
Given these limitations, developing molecular identifica-
tion protocols for morphologically defined soft scale pe-
sts could offer a faster, more accurate and cost-effective
identification.

Despite the increasing integration of molecular te-
chniques in entomological research, the genetic cha-
racterization of soft scale insects remains insufficiently
explored. Only a limited number of sequences for the
Cytochrome Oxydase Subunit I (COI), nuclear riboso-
mal RNA genes (18S and 28S) and elongation factor-1a
(EF-1a) are available in the GenBank online database,
primarily derived from Asian, North and South American
specimens (YOKOGAWA and YAHARA, 2009; DENG et al.,
2012; BAHDER et al., 2013; WANG et al., 2015; AMoU-
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ROUX et al., 2016; CHot and LEEg, 2020). To date, Europe-
an populations remain uncharacterized at the molecular
level, despite the clear need to understand their intra-
species diversity and phylogeographic patterns. Such
insights are essential for developing accurate molecular
diagnostics and improving large-scale monitoring and
management strategies.

Given their significance as grapevine pests, rapid mo-
lecular identification is essential for improving pest ma-
nagement. The aims of this research were: (i) molecular
identification and characterization of soft scale insects
associated with grapevine in Serbia; (ii) to improve the
understanding of their genetic diversity and phylogene-
tic relationships; (iii) to establish relationships of Ser-
bian populations and populations of other regions; (iv)
to contribute the development of molecular identification
protocols; (v) to provide molecular data for two mar-
ker genes, mitochondrial cytochrome oxidase subunit 1
(COI) and 28S fragment D gene rDNA (28S) and test the
suitability of different primer sets for amplification; (vi)
assess haplotype diversity and population structure to re-
veal potential patterns of genetic differentiation among
regional populations; (vii) to support future research on
monitoring, population dynamics of soft scale insects
and timing of potential control strategies.

MATERIAL AND METHODS

COLLECTION OF SOFT SCALE INSECT SPECIMENS

Soft scale insect specimens were collected in April,
2019-2021 from grapevine in vineyards in Jagodina
(N43°5926" E21°14'14", Elevation: 122 m a.s.l.), Backa
Palanka (N45°11'10" E19°27'25", Elevation: 199 m
a.s.l.) and Belgrade (44°45'27" E20°35'03", Elevation:
146 m a.s.l.) localities in Serbia. Sampling was con-
ducted immediately after females were formed, with ap-
proximately 100 individuals collected per locality to en-
sure population representativity. Females were preserved
in 70% ethanol for microscopic slides preparation and in
96% ethanol for molecular analysis.

MORPHOLOGICAL IDENTIFICATION

Slide mounting was done according to KOSZTARAB
& KozAr (1988). The species identification was based
on morphological characters according to the keys by
GiLL (1988) and KoszTaraB & KozAr (1988). Speci-
mens were examined using a Leica DMLS microscope
for detailed morphological analysis. Slide-mounted vou-
cher specimens are deposited at University of Belgrade
- Faculty of Agriculture, Department for Entomology and
agricultural zoology.

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING
Immediately after collection, female specimens were
immersed in 96% ethanol and stored in the fridge at
+4°C. Before DNA extraction, specimens were soaked
in nuclease-free water overnight and then dried on sterile
filter paper, following the pretreatment used for scale in-
sects DNA extraction in Wang et al. (2019). Three adult
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female specimens per locality (9 in total) were indivi-
dually used for DNA extraction following the protocol of
PHILLIPS & SIMON (1995).

The COI and 28S genomic markers were amplified
using primers shown in Table 1. For COI gene region,
two sets of primers were used, amplifying fragments of
different lengths. All PCR reactions were prepared at a
total reaction volume of 25 pl, containing 12.5 pl 2 X
PCR Master mix (Fermentas, Lithuania), appropriate
volume of primers (Table 1), 1 pul target DNA and RNa-
se-free water to total reaction volume.

PCR amplifications were performed according to the
following conditions: initial denaturation step of 5 min
at 96°C, followed by 35 cycles of 45 s at 96°C, 1 min at
45°C and | min on 72°C, with final extension period of
10 min at 72°C (Cocuzza et al., 2015). Obtained ampli-
cons were visualized using 1% agarose gel electropho-
resis stained in ethidium bromide under UV transillumi-
nator and directly sequenced in both directions using the
same primers as for amplification in an automated se-
quencer (ABI 3730XL Automatic Sequencer Inc, Macro-
gen, Inc, The Netherlands). Consensus sequences were
manually edited using the ClustalW (THOMPSON ef al.,
1994), integrated in MEGA 11 software (TAMURA et al.,
2021) and deposited in the GenBank database (https://
www.ncbi.nlm.nih.gov). All generated sequences were
compared with each other by calculating nucleotides (nt)
similarities, as well as with previously deposited speci-
mens available in the GenBank, using similarity search
tool BLAST.

PHYLOGENETIC ANALYSES

The newly generated 28S sequences from Serbian
soft scale specimens were analysed with total of 47 se-
lected Coccidae sequences belonging to 22 genera (D1
Sora et al., 2023) retrieved from GenBank (Table 2). A
phylogenetic tree was inferred using the Maximum like-
lihood method implemented in MEGA 11 software (Ta-
MURA et al., 2021). Distances in 28S region were deter-
mined using Tamura-Nei model (TAMURA and NEr, 1993)
and all sites with gaps were omitted. The reliability of
the obtained trees was evaluated using 1,000 bootstrap
replicates.

HAPLOTYPE ANALYSIS OF SOFT SCALE INSECT SEQUENCES
Haplotype analysis was performed for P. corni and P,
persicae populations based on all available 28S sequen-
ces. For P. vitis the analysis included all available 28S
and COI sequences obtained from GenBank (accessed
on May 10, 2025). In total, 28S sequence analyses inclu-
ded 34 sequences of P. corni, 5 of P. persicae, and 14 of
P, vitis. For the COI gene, 16 sequences of P. vitis were
analysed. All sequences were compared by calculating
nucleotide identities using MEGA X software (Kumar
et al., 2018). The number of haplotypes, haplotype diver-
sity, identification of polymorphic sites and the nucleo-
tide diversity of the regions were analysed using DnaSP
version 6.0 (Rozas et al., 2017). Haplotype composition
and frequency were examined using PopART (Popula-
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Table 1 — Primers used in the present study.

Gene

regions Primer name  Directions  Sequences 5-3° Reference Volume

28S S3660 Forward GAGAGTTMAASAGTACGTGAAAC Whiting et al., 1997 Sul
A335 Reverse TCGGARGGAACCAGCTACTA Dowton and Austin, 1998 Sul

COl LCO1490 Forward GGTCAACAAATCATAAAGATATTGG Folmer et al., 1994 2.5l
HCO2198 Reverse TAAACTTCAGGGTGACCAAAAAATCA Folmer et al., 1994 2.5 ul
C1-J-2183 Forward CAACATTTATTTTGATTTTTTGG Simon et al., 1994 2.5 ul
C1-N-2568 Reverse GCWACWACRTAATAKGTATCATG Brady et al., 2000 9ul

tion Analysis with Reticulate Trees) software (LEIGH and
BRryaNT, 2015). The mutual genealogical relationships
among haplotypes were visualized using the Median
Joining Network algorithm implemented in the PopART
software (BANDELT ef al., 1999).

RESULTS

MORPHOLOGICAL IDENTIFICATION

Three soft scale insect species were identified on gra-
pevine in Serbia: P. corni from Backa Palanka locality, P
persicae from Belgrade locality and P, vitis from Jagodi-
na and Belgrade locality.

MOLECULAR IDENTIFICATION

Amplification of the 28S gene region of P. corni, P.
persicae and P. vitis yielded sequences of the expected
lengths of approximately 500 bp. The amplification of
COI region resulted in sequences length of 400 bp and
550 bp, depending on used primers. Nine sequences were
generated for P. corni, P. persicae and P. vitis and deposi-
ted into GenBank (Table 3).

BLAST analysis of 28S gene region revealed that P,
corni sequence from this study showed the highest nu-
cleotide (nt) identity (100%) to a sequence P. corni from
Aristotelia chilensis Stuntz from Chile (KY085847) and
specimen from Prunus cerasifera L. cv. Pissardi from
China (KP189563). Furthermore, P. persicae sequence
from this study showed nt identity (100%) with P. per-
sicae from Ulmus pumila L. from China (KP189588).
Our P, vitis sequence showed the highest level of nt si-
milarity (99.75%) with P. vitis from Ilex cornuta Lindley
(KP189627) and Celtis bungeana Blume (KP189628)
from China.

Analysis of the COI gene region showed that se-
quences P. corni collected from Serbia had the highest
nt similarity (98.96%) with the Parthenolecanium pru-
inosum (Cocquillet) from V. vinifera L. from Australia
(KC784922) and with a P. corni from an unidentified
host plant from Japan (AB439534).

COI region sequence of P. persicae showed the hi-
ghest nt similarity (98.96%) with P. pruinosum from V.
vinifera (KC784922) and P. persicae (92.17%) from V.
vinifera from Australia (KC784881).

Serbian sequences of P, vitis (approximately 400 bp)
showed the highest nt similarity (98.75%) with a se-
quence of specimen Pulvinaria psidii Maskell from Peru

(AB440072). In addition, the longer P. vitis sequence
(approximately 550 bp) was identical (100% nt similari-
ty) with sequence P, vitis from undefined plant from Iran
(MH684599).

PHYLOGENETIC ANALYSES

Phylogenetic analysis based on 28S gene region was
performed using three sequences from Serbian speci-
mens along with 47 selected sequences from Coccidae
family. The resulting phylogenetic tree exhibited a topo-
logy and resolution consistent with previously identified
sequences available in public databases. The Serbian
sequences of P. corni, P. persicae and P. vitis clustered
with their respective reference sequences from GenBank,
supported by high bootstrap values (Fig. I). Furthermore,
our phylogenetic analysis confirmed the belonging of this
species to the subfamily Coccinae and as expected, con-
firmed the closer relationship of P. corni and P. persicae,
as all sequences for both species cluster within the clade
of Parthenolecanium with the highest bootstrap support
(100%). Both Serbian sequences, P. corni and P. persi-
cae, form two well-supported clusters with their respecti-
ve species from China which was supported by bootstrap
value of 100%. These results confirm the identification
of all threes P. corni, P. persicae and P. vitis and provide
robust molecular evidence for their presence in Serbian
vineyards.

HAPLOTYPE STRUCTURE OF SOFT SCALE INSECT SEQUEN-
CES

Different levels of intraspecies variability were obser-
ved among the three analysed species based on 28S re-
gion. The population of 34 P. corni sequences as well as
population of 5 P, persicae sequences, including respecti-
ve Serbian sequences, revealed no genetic variation, and
no haplotype diversity was detected. On contrary, the 28S
dataset of P, vitis, based on 14 available sequences, consi-
sted of three haplotypes. Hap_1 comprised 11 sequences
from China and one sequence from Serbia. Hap 2 and
Hap 3 were each represented by single sequence from
China (Table 4). Haplotype diversity of P, vitis population
based on 28S was 0.275, indicating a low level of genetic
variation with diversity variance of 0.02202 and nucleoti-
de diversity 0.203 (0 to 2 nt difference), indicating a very
low level of nucleotide variability. The haplotype network
of 28S locus (Fig. II, 1) suggests possible ancestral role
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Fig. I - Maximum likelihood phylogenetic tree inferred from 28S fragment D gene among Coccidae family including Parthenolecani-
um corni, Parthenolecanium persicae and Pulvinaria vitis from Serbia together with 47 soft scale insect sequences originated from 22
genera. The tree was generated in MEGA 11 using Tamura-Nei model. Bootstrap analyses were performed with 1.000 replicates and
bootstrap values (>50%) are shown next to relevant branches. Serbian sequences are marked with red rectangle.
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Table 2 — Coccidae 28S sequences used for phylogenetic analysis in this study.

15

Acc. number  Taxa Plant species Locality Author

KY816402 Austrolecanium cryptocaryae  Cryptocarya sp. Australia Lin et al. (2017)
KY816405 Austrolecanium sassafias Cryptocarya sp. Australia Lin et al. (2017)
MH886623 Austrolichtensia hakearum Cryptocarya sp. Australia Lin et al. (2017)
MH886619 Ceronema banksiae Cryptocarya sp. Australia Lin et al. (2017)
MF491418 Ceroplastes cirripediformis Unknown Unknown Wau - Unpublished
KF823994 Ceroplastes rubens Viburnum odoratissimum China Deng et al. (2013)
MF579700 Coccus discrepans Unknown Papua New Guinea Lin et al. (2017)
KY085837 Coccus hesperidum Citrus * sinensis Chile Amouroux et al. (2016)
JX866692 Coccus formicarii Mangifera indica Thailand Lin et al. (2013)
MF579698 Coccus penangensis Macaranga bancana Singapore Lin et al. (2013)
MF594317 Coccus praetermissus Rhizophora mucronata Thailand Lin et al. (2017)
MF579699 Coccus sulawesicus Dicotyledonous shrub Indonesia Lin et al. (2017)
MH886632 Cryptes utzoni Acacia aneura Australia Lin et al. (2018)
KP189750 Dicyphococcus ficicola Ficus microcarpa China Wang et al. (2015)
MH886622 Didesmococcus koreanus Prunus persica China Lin et al. (2018)
JX866699 Drepanococcus chiton Ficus benjamina Taiwan Lin et al. (2013)
KP189734 Ericerus pela Ligustrum sp. China Wang et al. (2015)
KJo08416 Eulecanium cerasorum Magnolia * soulangeana China Deng et al. (2015)
KJ908488 Eulecanium giganteum Juglans regia China Deng et al. (2015)
MH886621 Eulecanium kuwanai Sophora japonica China Lin et al. (2018)
J1X499977 Marsipococcus proteae Protea caffra South Africa Sethusa ez al. (2014)
KP189631 Megapulvinaria maxima Artocarpus heterophyllus China Wang et al. (2015)
MH886620 Metaceronema japonica llex crenata Japan Lin et al. (2018)
JX866695 Paralecanium expansum Litsea glutinosa. Taiwan Lin et al. (2013)
J1X866696 Paralecanium frenchii Banksia integrifolia Australia Lin et al. (2013)
KY085828 Parasaissetia nigra Annona cherimola Chile Amouroux et al. (2016)
KY085852 Parthenolecanium corni Unknown Chile Amouroux et al. (2016)
KP189564 Parthenolecanium corni Ulmus pumila China Wang et al. (2015)
KP189563 Parthenolecanium corni Prunus ceraifera cv. Pissardii China Wang et al. (2015)
OR677408 Parthenolecanium corni Vitis vinifera Serbia This study
KP189590 Parthenolecanium persicae Ulmus pumila China Wang et al. (2015)
MK533243 Parthenolecanium persicae Magnolia kobus Korea Choi and Lee (2020)
KP189588 Parthenolecanium persicae Ulmus pumila China Wang et al. (2015)
OR678207 Parthenolecanium persicae Vitis vinifera Serbia This study
KY816407 Platylecanium sp. Syzygium sp. Malaysia Lin et al. (2017)
KP189546 Pulvinaria aurantii Pittosporum tobira China Wang et al. (2015)
JX499972 Pulvinaria iceryi Grass South Africa Sethusa et al. (2014)
KP189624 Pulvinaria neocellulosa Ficus sp. China Wang et al. (2015)
KP189562 Pulvinaria psidii Ixora chinensis China Wang et al. (2015)
JQ651285 Pulvinaria saccharia Saccharum officinarum South Africa Sethusa et al. (2014)
KP189628 Pulvinaria vitis Celtis bungeana China Wang et al. (2015)
KP189625 Pulvinaria vitis Salix matsudana China Wang et al. (2015)
MKS533257 Pulvinaria vitis Betula platyphylla Korea Choi and Lee (2020)
OR678175 Pulvinaria vitis Vitis vinifera Serbia This study
KP189670 Rhodococcus sariuoni Pyrus x sinkiangensis China Wang et al. (2015)
KY085818 Saissetia coffeae Olea europaea South Africa Amouroux et al. (2016)
KP189511 Saissetia miranda Erythrina crista-galli China Wang et al. (2015)
MH168869 Saissetia oleae Lime Australia Phuong (2018)
KY927550 Saissetia somereni Theobroma cacao Ghana Lin et al. (2017)
0Q991203 Toumeyella parvicornis Pinus pinea Italy Di Sora et al. (2023)
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Table 3 — Sequences generated in the present study with Accession numbers.

Acc. No. Species Specimen Gene Region Primers used Length Locality
OR677408  Parthenolecanium corni 8 28S S3660/A335 503 bp Backa Palanka
OR678207  Parthenolecanium persicae 4 28S S3660/A335 504 bp Belgrade
ORG678175  Pulvinaria vitis 2 28S S3660/A335 517 bp Jagodina
OR671207  Parthenolecanium corni 7 COI C1-J-2183/C1-N-2568 401 bp Backa Palanka
OR647748  Parthenolecanium corni 8 COI C1-J-2183/C1-N-2568 387 bp Backa Palanka
OR593386  Parthenolecanium persicae 4 COI C1-J-2183/C1-N-2568 401 bp Belgrade
ORS589444  Pulvinaria vitis 3 (¢(0) C1-J-2183/C1-N-2568 401 bp Jagodina
ORS591293  Pulvinaria vitis 9 COI C1-J-2183/C1-N-2568 395 bp Belgrade
PV040718  Pulvinaria vitis 2 COI LCO1490/HCO2198 528bp Jagodina

Fig. II - Median-joining networks showing the phylogenetic relationships between the haplotypes of Pulvinaria vitis 28S (A) and COI
(B) sequences available in GenBank. Details of the sequences and haplotypes are shown in Tables 4 and 5. Haplotypes where Serbian
isolates belong are labeled in red rectangles.

of Hap 1, while other haplotypes were linked to each
other. Sequence from Serbia belong to major Hap 1. The
relatively large genetic distance between nodes may be
due to an insufficient number of sequences from other
geographic regions and the apparent peripheral position
of some haplotypes may change as additional sequences
from other regions become available.

Analysis of the COI gene of P. vitis revealed 14 di-
stinct haplotypes (Hap 1 to Hap 14), with 65 variable
positions (Table 5). Most haplotypes were represented by

a single sequence, except Hap_2 and Hap_3 which con-
tained two sequences each. Serbian sequence is the single
member of Hap 14. Haplotype diversity was 0.983 with
variance of 0.00077, and nucleotide diversity of 0.04493
(0 to 31 nt difference). The COI haplotype network (Fig.
I, 2) showed reticulated pattern with several mutatio-
nally distant lineages, indicating a relatively high level
of diversity. The position of Hap 14 containing Serbian
sequence at the at the periphery of the network suggests
possible geographic isolation.
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Table 4 — 28S sequences of Pulvinaria vitis used in haplotype analysis.

Haplotype Species Locus Acc. No. Continent Country Reference

Hap 1 P, vitis 28S KP189629 Asia China Wang et al. (2015)
Hap 1 P vitis 28S KP189628 Asia China Wang et al. (2015)
Hap 1 P vitis 28S KP189627 Asia China Wang et al. (2015)
Hap 1 P, vitis 288 MT317070 Asia China Li (Unpublished)
Hap 1 P, vitis 28S MT317069 Asia China Li (Unpublished)
Hap 1 P, vitis 28S MT317068 Asia China Li (Unpublished)
Hap 1 P vitis 28S MT317067 Asia China Li (Unpublished)
Hap 1 P vitis 28S MT317066 Asia China Li (Unpublished)
Hap 1 P vitis 28S MT317065 Asia China Li (Unpublished)
Hap 1 P vitis 28S MT317064 Asia China Li (Unpublished)
Hap 1 P vitis 28S MK533257 Asia Korea Choi and Lee (2020)
Hap 1 P vitis 28S OR678175 Europe Serbia This study

Hap 2 P, vitis 28S KP189626 Asia China Wang et al. (2015)
Hap 3 P vitis 28S KP189625 Asia China Wang et al. (2015)

Table 5 — COI sequences of Pulvinaria vitis used in haplotype analysis.

Haplotype Species  Locus Acc. No. Continent  Country Literature

Hap 1 P vitis COlI MT241143 Asia China Li (Unpublished)
Hap 2 P, vitis COI MT241142 Asia China Li (Unpublished)
Hap 2 P, vitis COI MT241141 Asia China Li (Unpublished)
Hap 3 P, vitis COlI MT241140 Asia China Li (Unpublished)
Hap 3 P vitis Col MT241139 Asia China Li (Unpublished)
Hap 4 P vitis COlI MT241138 Asia China Li (Unpublished)
Hap 5 P vitis COI MT241137 Asia China Li (Unpublished)
Hap 6 P vitis COI MT241136 Asia China Li (Unpublished)
Hap 7 P vitis COI MK543935 Asia Korea Choi and Lee (2020)
Hap 8 P, vitis Col MH684599 Asia Iran Yousefi, M. and Vahedi, A.
Hap 9 P, vitis COIl KP189888 Asia China Wang et al. (2015)
Hap 10 P vitis COl KP189887 Asia China Wang et al. (2015)
Hap 11 P vitis COlI KP189886 Asia China Wang et al. (2015)
Hap 12 P vitis COI KP189885 Asia China Wang et al. (2015)
Hap 13 P vitis COI KP189884 Asia China Wang et al. (2015)

Hap 14 P vitis Col PV040718 Europe Serbia This study
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DISCUSSION

During our research, three soft scale insect species
were detected in commercial vineyards in Serbia based
on morphological identification: P. corni, P. persicae and
P, vitis. Molecular analysis of 28S and COI gene regions
validated their identification and provided novel mole-
cular data on European populations of soft scale insects
along with insights into their evolutionary relationships
within Coccidae family.

BLAST analysis of the 28S region confirmed species
identity, while amplification of COI gene of Serbian spe-
cimens proved to be challenging. Universal COI primers
(FOLMER et al., 1994), which amplify longer fragments,
failed to produce sequences for P. corni and P. persicae.
Alternative primers targeting shorter COI fragments (SI-
MON et al., 1994; BRADY et al., 2000) were used succes-
sfully, but resulting sequences had limited taxonomic re-
solution due to the lack of available reference data.

Soft scale insects exhibit high intraspecies variability
due to their broad geographic distribution, polyphagy and
parthenogenetic reproduction. Morphological intraspe-
cies variations have been extensively studied in P. corni
and P, vitis (SAAKYAN-BARANOWA et al., 1971; MALUM-
PHY, 1991; DaNzIG, 1997; STEPANIUK and LAGOWSKA,
20006), but molecular data remain scarce. In this study, the
288 gene region demonstrated high reliability for species
identification, with sequences exhibiting 100% nt identi-
ty with the corresponding species sequences available. In
contrast, COI gene showed inconsistencies in Partheno-
lecanium species. Although COI is widely used in insect
identification, universal primers often fail in scale insects
(HEBERT et al., 2004; HAJIBABAEI ef al., 2006; KONDO et
al., 2008; PARK et al., 2011; DENG et al., 2012), which
was also observed in this study. Alternative primers (SI-
MON et al., 1994; BRADY et al., 2000), previously used for
scale insects identification (RaKIMOV ef al., 2013; WANG
et al., 2015) successfully amplified the COI region in P,
corni, P. persicae and P. vitis but provided limited taxo-
nomic resolution. The 28S gene, proposed as a reliable
alternative (SETHUSA et al., 2014) demonstrated high ac-
curacy in this study, emphasizing its potential as a gene-
tic marker for soft scale insect identification.

The phylogenetic analysis based on 28S gene region
provided further insight into evolutionary relationships
within the Coccidae family reinforced expected relation-
ships where Serbian P, vitis sequence clustered with Coc-
cus species, indicating a close evolutionary affinity. The
two Parthenolecanium species formed distinct clusters
with P. corni grouped with a specimens from Chile and
China, while P. persicae clustered with specimens from
China and Korea. These results align with previous taxo-
nomic studies on soft scale insects (CHor and LEg, 2020;
D1 Sora et al., 2023) and provide the first data on not
only for Serbian but for European P. corni, P. persicae
and P, vitis populations as well, establishing a base for
future research in population genetics and phylogenetics.

Further molecular analysis of haplotype composition
revealed different levels of intraspecies variation among
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the studied species. No haplotype variation was detected
in P. corni and P, persicae based on the 28S region, while
three well defined haplotypes were identified within the P
vitis population. Hap 1 was the most prevalent, compri-
sing one sequence from Serbia and 11 from Asia (WANG
et al., 2015; CHort and LEEg, 2020). Serbian sequence was
derived from V. vinifera, while Asian sequences were de-
rived from specimens collected on various host plants,
including Betula platyphylla Sukaczev, C. bungeana, I.
cornuta. Hap 2 and Hap_3 were each represented by one
sequence from China, associated with Populus sp. and
Salix matsudana Koidzumi, respectively. These findings
suggest low geographic and host-related variability wi-
thin the P, vitis population based on the 28S gene region
which is the first insight into the population structure of
this important species.

The COI region provided high intraspecies resolu-
tion for P. vitis, revealing 14 haplotypes. The Serbian
sequence formed a single haplotype (Hap 14), located
at the terminal end of the haplotype network and separa-
ted by a substantial number of mutations from the other
haplotypes, suggesting potential geographic isolation.
Remaining haplotypes originated from Asia and were
derived from a variety of host plants, including B. pla-
typhylla, C. bungeana, I. cornuta, Populus sp., S. matsu-
dana, and several unidentified plants. The COI network
lacked a central dominant haplotype and showed multi-
ple divergent lineages, consistent with the absence of a
single common ancestor and similar patterns observed in
other scale insect studies (AMOUROUX ef al., 2017). The-
se findings underscore the genetic complexity of P. vitis
populations and highlight the value of COI in detecting
fine-scale genetic structure, whereas 28S provides robust
species-level resolution.

These findings highlight the importance of broa-
der geographic sampling, particularly across European
vineyards, to clarify regional population structure and
evolutionary patterns. Incorporating additional molecu-
lar markers or alternative mitochondrial gene regions,
along with an expanded dataset of European soft scale
insect sequences, will enhance species-level resolution
and contribute to a more robust phylogenetic framework
for the Coccidae family. This study provides a valuable
baseline for future research on European populations, of-
fering initial insights into their genetic diversity and sup-
porting the development of improved diagnostic tools.
Such efforts would not only improve diagnostic tools for
soft scale insects but also provide a foundation for future
studies on their ecology, biogeography, and evolutionary
relationships.
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