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Solidago * niederederi (Asteraceae) is a natural hybrid of the native S. virgaurea and the alien invasive S. ca-
nadensis, originated in Europe. Its naturalisation potential is still questionable. One of the largest (more than 20
ramet clusters, treated as individuals) known population of this nothospecies, is located in the «Aleksin Bor»
Natural Monument (Aleksin town, Tula Region, Russia) in the floodplain of the River Oka. We studied its genetic
structure with the help of chloroplast and nuclear markers. Analysis of sequence of nuclear ribosomal internal
transcribed spacer ITS 1-2 showed that all individuals with intermediate morphology are actually hybrids. Data
on the intergenic chloroplast non-coding spacer rpl32—trnL showed that S. canadensis is the maternal species in
60% of the studied individuals. It was shown that even closely located individuals were not clones; therefore, they
were results of sexual, rather than vegetative reproduction. Analysis of ISSR markers showed that the studied indi-
viduals of S. x niederederi in this population are not only F, hybrids, but also their descendants (F, hybrids and/or
backcrosses, mostly with S. canadensis). We conclude that S. x niederederi has successfully been naturalised in the
studied community and, possibly, is outcompeting its native parental species, S. virgaurea, through introgression.
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Introduction

Solidago * niederederi Khek (Asteraceae) is
a European hybrid of the native S. virgaurea L.
and the alien invasive S. canadensis L. of North
American origin. Morphological traits of this
hybrid are intermediate, which makes it easy to
distinguish it in nature from both parental spe-
cies in most cases (Nilsson, 1976; Gudzinskas
& Zalneraviéius, 2016; Vinogradova & Galkina,
2020). Despite the fact that this taxon was de-
scribed as early as the beginning of the XX cen-
tury (Khek, 1905), and the oldest finding, ap-
parently, dates back to 1899 (Skokanova et al.,
2020a), its findings in Europe became relatively
frequent only at late XX — early XXI centuries
(Skokanova et al., 2020b). Its hybrid nature has
been confirmed genetically in 2016, with a hy-
bridisation process occurring in both directions
(Pliszko & Zalewska-Gatosz, 2016). Now, the
questions of the naturalisation degree of S. X
niederederi, its invasion potential, and its po-
tential threat to native S. virgaurea remain unre-
solved (Skokanova et al., 2020b; Vinogradova &
Galkina, 2020; Skokanova et al., 2022).

In most cases, the findings of S. X niederederi
are single individuals (Skokanova et al., 2020b).
It suggests that they appeared as a result of new
hybridisation acts, rather than the reproduction of
already existed individuals of this hybrid. This is
consistent with the available data on the reduced
pollen viability (Migdalek et al., 2014), and the
absence of long rhizomes, which facilitate vege-
tative propagation of this nothospecies (Pliszko &
Kostrakiewicz-Gieratt, 2019). At the same time,
data on seed germination are contradictory; exist-
ing estimates of germinated seeds percent range
from extremely low (Vinogradova & Galkina,
2020) to high values (Pliszko & Kostrakiewicz-
Gieratt, 2017). These results allow suggesting that
in most cases S. X niederederi individuals appear
as de novo inter-species hybrids rather than as a
result of self-reproduction of the hybrid species.
It should be noted that this does not affect its sta-
tus as a nothospecies in accordance with Article
H3.1 of the International Code of Nomenclature
for Algae, Fungi and Plants (Turland et al., 2018).

In this regard, each more or less large popu-
lation is of particular interest for clarifying the
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problem of reproduction mechanisms and possi-
ble expansion of S. X niederederi. Its population
has been discovered in 2020 in the floodplain
of the River Oka in the «Aleksin Bor» Natural
Monument (northwest of the Tula Region, Eu-
ropean Russia) (Lysenkov & Galkina, 2022). It
looks like a promising object for studying this
issue. The initial analysis of the two discovered
individuals had already shown that this popula-
tion emerged as a result of at least two hybridi-
sation acts (Lysenkov & Galkina, 2022). Later,
more than 20 individuals with intermediate mor-
phology were found in the study area, which
makes this population of S. x niederederi one of
the most numerous within the known distribution
area (Skokanova et al., 2020b).

This study was aimed to identify the naturali-
sation strategy of S. X niederederi in this popu-
lation. Specifically, we aimed: 1) to confirm the
species affiliation of Solidago with intermediate
morphology using methods of molecular genet-
ics; 2) to determine the maternal and paternal
species for the discovered hybrids; 3) to reveal
the propagation mechanism of S. X niederederi
in this population.

Material and Methods

The studied S. x niederederi population is
located on a Solidago-forb meadow with high
abundance of S. canadensis in a floodplain on the
right bank of the River Oka in the «Aleksin Bor»
Natural Monument (Aleksin, Tula Region, Rus-
sia; 54.53° N, 37.06° E). At the studied site, the
climate is humid continental with a mean temper-
ature of +18.6°C in July, and -6.5°C in January;
the mean annual temperature is +6.0°C, and the
annual precipitation is 614 mm according to data
for 20122022 from the weather station, located
2.8 km south-east from the study site (https://
rpS.ru/ApxuB_noroasl B Anekcune). The soil
is slightly acidic loam. In the study area, the
first finding of three ramet clusters of S. x nie-
derederi was made in 2020 during the study
of insect visitation. One of them has also been
found in 2019, though it was not studied prop-
erly. In August 2021, the meadow was specially
surveyed to discover Solidago specimens, which
are phenotypically intermediate between S. vir-
gaurea and S. canadensis. We treated them based
on the inflorescence structure: the branches of
the inflorescence are long and diverge at an acute
angle; the size of the capitula is larger than in
S. canadensis and smaller than in S. virgaurea.

All detected specimens with intermediate mor-
phology (n =21) were photographed and mapped
using a Garmin GPS navigator with an accuracy
of 3 m. For each individual, the number of gen-
erative ramets has been counted. One leaf was
sampled from each individual for genetic anal-
ysis of nuclear and chloroplast markers. Some
specimens were collected into herbaria (one ra-
met per collected individual). For genetic analy-
sis, leaves have been sampled from S. canadensis
(n=15) and S. virgaurea (n = 8), located closely
(at a distance of less than 0.5 m) to the hybrids.
In August 2022, this meadow was thoroughly
surveyed again. We searched with GPS for indi-
viduals found in 2021 as well as individuals that
had not been seen before.

For molecular genetic analysis, DNA was
extracted from the collected leaves using the
Extran kit (Synthol, Russia). Polymerase chain
reaction (PCR) was carried out in a T-100 am-
plifier (Biorad, USA). For the nuclear ribosomal
internal transcribed spacer (ITS 1-2), primers
nncl8s10 (AGGAGAAGTCGTAACAA), for-
ward, and c26A (GTTTCTTTTCCTCCGCT),
reverse (Wen & Zimmer, 1996) were used at an
annealing temperature of 58°C. For the chlo-
roplast highly variable intergenic non-coding
spacer rpl32—trnL, primers rpl32 F (forward)
and trnL UAG (reverse) were used at an an-
nealing temperature of 57°C. Purification of the
PCR product for sequencing was carried out
with a mixture of ammonium acetate and ethanol
(when preparing 96% ethanol for 50 ml of such
a mixture, 1.5 ml of 5 M ammonium acetate,
4.7 ml of water and 43.8 ml of 96% ethanol are
taken). DNA was sequenced with an automatic
sequencer ABI 3500x1 (Applied Biosystems) of
the company Synthol (Russia). The obtained nu-
cleotide sequences were processed with BioEdit
v. 7.0.5.3 (Hall, 1999). The obtained data were
deposited in the GenBank database (NCBI,
2022) (Table 1).

Four ISSR primers were also used, namely
UBC841 [(GA8)YG], M2 [(AC)8(C/THG], M7
[(AC)8(C/T)G], M11 [(CACACA)2 (A/G)]. Pre-
denaturation took place for 3 min at 94°C. Elon-
gation lasted 30 s at 94°C, then 30 s at 37°C with
M11, at 45°C with UBC 841, at 50°C with M2,
and at 55°C with primer M7. Then elongation
took place for 1 min at 72°C. The described pro-
cess was repeated 35 times, and each subsequent
time the elongation lasted 2 s longer at 72°C.
The final stage was elongated for 3 min at 72°C.
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The amplification products have been separated
by electrophoresis in 1.7% agarose gel with the
addition of ethidium bromide in 0.5 x TBE buf-
fer for 1 h. Then the DNA fragments have been
photographed in ultraviolet light in GelDoc-It
Imaging System (LCD/LM-26E, USA) (Fig. S1).
To determine their lengths, a 100bp + molecular
weight marker was used. Images with DNA frag-
ments have been analysed using CrossChecker
software (Buntjer, 2000), with compilation of
binary matrices of the presence/absence of frag-

ments of the same length. The obtained data
are presented in the form of a matrix of binary
features, in which the presence or absence of a
certain fragment has been coded as 1 or 0, re-
spectively. The resulting matrix has been anal-
ysed, with the non-metric multidimensional scal-
ing method using the Jaccard distance in PAST
v. 4.06 (Hammer et al., 2001). The hybridity of
the studied specimens has been analysed, based
on the results of ISSR analysis with NewHybrids
software (Anderson & Thompson, 2002).

Table 1. Solidago spp. specimens used for molecular genetic analysis

X X Specimen ID in GenBank
Species Specimen code Barcode

ITS 1-2 rpl32—trnL
Solidago juncea Aiton (outgroup) Sj MHAO0095780 MT584230 MT587694
ScTu MW 1066856 MZ224518 MZ230669
Sc2 MHA0454305 ON637729 ON677260
Sc3 — ON637730 ON677261
Sc5 MHA0454303 ON637731 ON677262
Sc6 MHA0454302 ON637732 ON677263
Sc8 — ON637733 ON677264
Sc9 — ON637734 ON677265
Solidago canadensis L. Scl2 - - ON677266
Scl3 — ON637735 ON677267
Scl4 MHA0454308 ON637736 ON677268
Scl5 — ON637737 ON677269
Scl6 — ON637738 ON677270
Scl7 MHA0454304 ON637739 ON677271
Sc20 MHA0454306 ON637740 ON677272
Sc21 MHA0454307 ON637741 ON677273
SnlTu MW 1066857 MZ224519 MZ230670
Sn2Tu MW 1066858 MZ224520 MZ230671
Sn2 MHA0454295 ON637742 ON677274
Sn3 - - ON677275
Sn5 MHA0454291 ON637743 ON677276
Sn6 MHA0454290 — ON677277
Sn7 MHA0454299 ON637744 ON677278
Sn8 MHA0454297 - ON677279
Sn9 — ON637745 ON677280
Snl0 - ON637746 ON677281
Solidago * niederederi Khek Sall - — ONG77282
Snl2 — — ON677283
Snl3a - - ON677284
Sn13b - - ON677285
Snl4 MHA0454294 ON637747 ON677286
Snl5 - ON637748 ON677287
Snl6 - ON637749 ON677288
Snl7 MHA0454292 ON637750 ON677289
Snl19 MHA0454296 ON637751 ON677290
Sn21 - ON637752 ON677291

SviTu MW 1066859 MZ224521 —
Sv2Tu MW 1066859 MZ224522 MZ230672
Svl - ON637753 ON677292
Sv2 MHA0454273 ON637754 ON677293
Solidago virgaurea L. Sv3 - ON637755 ON677294
Sv4 - - ON677295
Sv5 - ON637756 ON677296
Sv6 MHA0454274 ON637757 ON677297
Sv16 — ON637758 ON677298
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To investigate the propagation mechanism of
S. X niederederi, we used ITS 1-2 and ISSR data
to distinguish between vegetative propagation
(in this case, some of closely located individu-
als would be genetically identical) and sexual re-
production. In the latter case, we can distinguish
between two hypotheses: i) all individuals are
a result of de novo hybridisation events, i.e. F,
hybrids (in this case, S. X niederederi specimens
would be intermediate in nuclear markers, with
no overlap between parental species); ii) some
individuals are resulted from sexual reproduc-
tion of existing hybrid individuals, i.e. F, hy-
brids and/or backcrosses (in this case, some S. X
niederederi specimens would be closer to one of
parental species).

Results
In 2021, 21 clusters of ramets with morphol-
ogy intermediate between S. canadensis and S. vir-
gaurea have been found. The number of ramets per
cluster varied from 1 to 24, with a mean value of
8.8 £ 6.7 (standard deviation); median and quar-
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tiles are 7 (4—13). Henceforth we treated these ra-
met clusters as separate individuals.

Individuals with intermediate morphology
were located either far from other Solidago indi-
viduals (by several metres) or close to S. canaden-
sis clusters (at a distance of less than 1 m). Only in
one case, both S. virgaurea and S. canadensis were
located at close proximity.

Analysis of ITS 1-2 showed that all S. vir-
gaurea individuals belong to the same group, while
all S. canadensis individuals belong to the other
group (Fig. 1). Individuals of S. x niederederi, with
heterozygosity at many (but not all) sites, segregat-
ing between parental species (e.g. see Fig. S2), are
divided into two groups. One group is close to S.
virgaurea; the second one is sister to the clade con-
taining S. canadensis. At the same time, most of
the hybrid individuals are close to S. canadensis.
It is interesting that the individual with intermedi-
ate morphology, which is closest to S. canadensis
according to ITS 1-2, has chloroplast DNA of S.
virgaurea haplotype. This excludes its identifica-
tion as S. canadensis.
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Fig. 1. Phylogenetic tree of Solidago specimens from «Aleksin Bor» Natural Monument (Tula Region, European Russia)
based on comparison of sequences of nuclear ribosomal internal transcribed spacers ITS 1-2, constructed with Neighbour
Joining algorithm. Numbers at nodes are bootstrap values (%). Indices denote specimens’ codes (see Table 1).
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Analysis of the chloroplast marker rpl32—trL
showed that 12 (60%, 95% confidence interval 36—
81%) plants had S. canadensis as a mother plant. Indi-
viduals with intermediate morphology with different
chloroplast DNA origin did not differ in the number
of ramets (median; min — max): 4; 2.5-13.5 for S. vir-
gaureavs. 7;4.5-13.0 for S. canadensis (p=0.52, ac-
cording to the Mann-Whitney test). Five individuals
with chloroplast DNA of S. virgaurea were situated
near the dense groups of S. canadensis.

The distance between S. X niederederi individ-
uals in the population was (mean £ SD) 5.3+ 3.7 m
with min—max at 0.5-161.5 m. In this case, three
groups of closely located individuals (separated by
less than 1 m from each other) can be distinguished
(3, 4, and 5 individuals in each group). In none of
these groups, the plants were genetically identical,
according to the ISSR analysis. Moreover, in some
cases, closely located individuals turned out to be
genetically distant from each other.

Ordination of the ISSR analysis results (Fig.
2) showed that all studied individuals of the paren-
tal species (except for one S. virgaurea specimen)
fall into clearly defined clusters, while S. x nie-
derederi specimens overlap with both of them,
tending to be close to S. canadensis. The lack of
allele segregating between parental species did not
allow performing adequate hybrid analysis using
NewHybrids software.

Discussion

All the studied specimens with intermediate
morphology can indeed be attributed to the notho-
species S. x niederederi, based on their position on
the ITS 1-2 tree (Fig. 1). These data, together with
ordination of ISSR data (Fig. 2), suggest that many
specimens with intermediate morphology are not F
hybrids, but are backcrosses predominantly with S.
canadensis or F, hybrids, all of which should be as-
signed to nothospecies S. x niederederi according to
the botanical nomenclature (Article 4.1; Turland et
al., 2018). Altogether, these results suggest introgres-
sion in this three-species system. Possibly, individual
Sv5, phenotypically identifiable as S. virgaurea, dis-
tinct from other conspecifics according to ISSR (Fig.
2), but not according to ITS (Fig. 1), also has an ad-
mixture of genes from S. canadensis due to the intro-
gression. So, here we have a «hybrid swarmy, previ-
ously not reported for these three species. In contrast
to our results, analysis of the relative DNA content,
carried out in mixed populations in Eastern Europe,
showed that all studied S. x niederederi individu-
als are likely F, hybrids, and only some individuals

phenotypically identifiable as S. canadensis could be
backcrosses, but the authors themselves pointed to
the weak validity of this conclusion (Skokanova et
al., 2022). In addition, this situation differs from that,
for example, with hybrids of Arctium spp. (Astera-
ceae), where all nothospecies individuals turned out
to be F, hybrids, which, apparently, do not reproduce
sexually (see Fig. 2 in the present paper, and Fig. 2 in
Repplinger et al., 2007).

The plastid markers showed that initial hybridi-
sation events leading to the studied population of S.
x niederederi took place in both directions. The bidi-
rectional hybridisation between S. canadensis and S.
virgaurea was stated in the first research, confirmed
the hybrid nature of S. X niederederi (Pliszko &
Zalewska-Gatosz, 2016), as in the first description of
the studied population (Lysenkov & Galkina, 2022).
Descendants of hybridisation events of both direc-
tions are in nearly equal proportions (though small
sample size brought about low power). Hence, we
did not see any evidence that one of the directions is
more probable, or it leads to fitter individuals.

In the studied population, S. X niederederi
tends to grow closer to S. canadensis rather than
to S. virgaurea. In the original description of the
hybrid Khek (1905) pointed out that it grows «next
to S. canadensis and not far from S. virga aurea.
Since five individuals with chloroplast DNA of S.
virgaurea were located near S. canadensis, their
emergence cannot be explained by the seed abscis-
sion resulted from pollination of S. canadensis,
which is unsurprising, given that Solidago fruits
are wind-dispersing. However, in the studied plant
community, the abundance of S. virgaurea is rath-
er low. Therefore, its preferential proximity to S.
canadensis can be just consequences of its higher
abundance rather than any special affinity.
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Fig. 2. Non-metric multidimensional scaling of studied Sol-
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distances. Designations: green dots — Solidago virgaurea,
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Indices denote specimens’ codes (see Table 1).
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Even closely located ramet clusters are genet-
ically different. Hence, we can reject the clonal
propagation. This is consistent with the results of
a study conducted in Poland, where no long rhi-
zomes were found in S. X niederederi (Pliszko &
Kostrakiewicz-Gieratt, 2019). It was also hypoth-
esised that S. x niederederi can reproduce vegeta-
tively through physical separation of ramets from
a single clone due to Sus scrofa Linnaeus, 1758
rooting or plowing (Pliszko & Kostrakiewicz-
Gieralt, 2019), but none of these possible pro-
cesses took place in the studied meadow. So, the
high amount of S. X niederederi is explained by
sexual reproduction.

Thus, the studied S. x niederederi individuals
can apparently be called a population that at least
partially self-reproduces. Besides genetic data, this
conclusion is supported by the fact that S. X nie-
derederi specimens are distributed in a small part
of the field within the S. canadensis population,
rather than evenly over the entire meadow. The age
of this population is unknown, but it longs at least
four year (2019-2022). Therefore, the conserva-
tive assessment of its invasion status according to
Pysek et al. (2004) is «casual alien plant». But we
believe, that this population is naturalising now,
since new individuals establish through sexual re-
production. However, S. x niederederi does not
seem to be invasive here, since we do not have evi-
dence of offspring at considerable distances.

In the meadow, the soil texture and pH is with-
in the range of those reported for S X niederederi,
which is not surprising, given this range is rather
wide, from sand to loam and from strongly acidic
to slightly alkaline, respectively (Pliszko et al.,
2023). In the study area, climatic conditions are
also suitable for S x niederederi. So, the average
annual temperature is 25°C, which is higher than
18°C, and the temperature of the coldest month is
lower than 0°C (Jazwa et al., 2018).

The parental Solidago species are obligate out-
crossers (Werner et al., 1980; Kudo, 2022). Hence,
self-pollination is also unlikely in S. x niederederi.
However, the hybrid is actively visited by anthoph-
ilous insects, common with parental species. For
instance, Syrphidae and Bombus species can be the
most important agents of the pollen transfer among
all three species in the studied population (Lysen-
kov & Galkina, 2021).

Some S. X niederederi individuals identified
in 2021 were not found in August 2022; the only
individual, known since 2019 (Lysenkov & Galki-
na, 2022), almost did not form shoots. At the same

time, in August 2022, ten previously undetected
individuals, morphologically confidently identified
as S. x niederederi were found. It can evidence
for a high turnover in this population, with some
individuals dying (or at least not flowering, since
we did not search for vegetative shoots), and some
new ones appearing every year.

During 2019-2022, one of the parental spe-
cies, S. virgaurea, practically disappeared in
the studied meadow. Unfortunately, we did not
measure accurately the percent cover of the veg-
etation. But, in 2019-2022, we observed insect
visitations to all flowering plants in this plant
community (Lysenkov, 2022). Therefore, we can
try to use the number of insects visited this spe-
cies as a rough estimate. In 2019, S. virgaurea ac-
counted for 15% of all registered insect visits to
flowers in the studied plant community, whereas
in 2020 and 2021 for less than 5%. In 2022, only
sparse S. virgaurea individuals remained in the
meadow, which possibly reduces the opportuni-
ties for de novo formation of S. x niederederi in
new hybridisation events. There are known cases
when an invasive species or its hybrid with a na-
tive species displaced the latter (e.g. Abbott et al.,
2003; Bleeker et al., 2007; Zalapa et al., 2009).
Due to the rarity of the hybrid, this threat from
S. X niederederi to the S. virgaurea in European
Russia still seems to be insignificant (Vinogra-
dova & Galkina, 2020), whereas in more West-
ern European countries, where S. x niederederi
disperses more actively, this threat is considered
significant (Skokanova et al., 2022). Almost full
disappearance of S. virgaurea in this plant com-
munity, coupled with an increasing population
size of S. X niederederi and a high introgression
rate, can be just a spurious correlation. So, special
studies of causes are needed, but we suppose that
these observations form evidence, though weak,
in favour of a higher threat to native parental spe-
cies from the hybrid.

Conclusions

New individuals of S. x niederederi in the
studied population are formed not only as a result
of new hybridisation events between parental spe-
cies but are also a result of sexual reproduction
of already existing individuals, including through
backcrossing with parental species. The resulting
introgression apparently may lead to the displace-
ment of the native species by the hybrid. Thus,
S. x niederederi behaves like a stabilised hybrid,
treated as a species.
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Solidago % niederederi — Bo3uukimii B EBpore rubpu Mexay aOOpUreHHbIM S. virgaurea i UHBA3UOHHBIM S.
canadensis. Ero ciocoOHOCTB K HaTypaJu3aliK 0CTaeTCs TMCKYCCHOHHON. O/THa U3 caMBbIX OOJIBIINX U3BECT-
HBIX OIS 3Toro HoToBHU A (O0siee 20 KIacTepoB paMeT, pacCMaTPUBACMBIX KaK 0COOM) pacIoioKeHa B
naMsITHUKE npuponsl «Anekcud bop» (r. Anexcun, Tynbckast obnacts, Poccus) B moiime p. Oxu. ['enetnye-
CKasi CTPYKTypa 3TOH MOIMyJsiuK ObUIa U3y4YeHa C MOMOIIBIO XJIOPOIUIACTHBIX M SJePHBIX MapKepoB. AHAIHN3
II0CJIEIOBATENILHOCTH SIIEPHOTO pHOOCOMaIbHOTO BHYTPEHHETO TpaHckpubupyemoro creiicepa ITS 1-2 mo-
Kasajl, 4YTO BCE 0COOM C MPOMEKYTOYHOH MOp(oIorueil NeiCTBUTENLHO ABISIOTCS ruOpuaamMu. JlaHHbIe 1O
MEXI'C€HHOMY XJIOPOIJIACTHOMY HEKoaMpylomemy cneicepy rpl32—trnL nmokaszanu, uro S. canadensis siBnsieT-
Csl MaTepUHCKUM BUIoM JUtst 60% u3ydeHHbIX ocobeit. [Tokazano, 4yTo gake OIM3KO pacioIoKeHHbIE 0COOU He
SIBIISTIOTCSI KJIOHAMH, T.€. OHM BO3HHUKJIM B PE3YJbTaTe IOJIOBOTO, & HE BEr€TaTHBHOTO PAa3MHOKEHHsI. AHAJIN3
MapkepoB ISSR nokasas, uto uzyueHusie ocodu S. X niederederi B 3T0O¥ MOMYISAIUU — 3TO HE TOJILKO THOPHIBI
F,, Ho ¥ ux notomku (rubpub! F, u/uam 63KKpoCChl, TPEUMYIECTBEHHO C S. canadensis). Mbl IPUIIIH K BbI-
BOJLY, UTO S. X niederederi ycrieniHo HaTypajgu3yeTcs B M3y4aeMOM COOOIIECTBE U, BO3MOXKHO, BBITECHSIETCS
ero a0OpUTCHHBIN POIUTEILCKUIA BU S. virgaurea 3a C4eT HHTPOTPECCHUHU.

Kirouessie cimoBa: ISSR, ITS 1-2, rpl32—-trnL, Gnonornveckue WHBa3MH, THOPUANZALNS, HOTOBHUI, TyiKe-
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