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Abstract. Phylogenetic relationships of genera Anthoxanthum L., Hierochloé R. Br., Ataxia R. Br., Phalaris 1.., and related genera
were studied by sequencing the internal transcribed spacer region (ITS) of nuclear ribosomal DNA (rDNA) and the trnL—trmF
region of chloroplast genomes. The ITS1-5.8S rDNA—-ITS2 region was sequenced and analyzed in 30 species and subspecies
previously assigned to the tribe Phalarideae Kunth. The tRNA-leu intron (¢nl) and the intergenic spacer between the trnlL
and tRNA-phenylalanine gene (&rnF) were sequenced in 19 Phalarideae species. Phylogenetic hypotheses indicating the most
probable divergence pathways of Anthoxanthum and Hierochloé species were tested. It was shown that both #nL intron and
trnL—tmF intergenic spacer carry some species-specific and genus-specific synapomorphic insertions and deletions that allow
us to clarify the divergence pathways in the Anthoxanthinae A. Gray subtribe. In particular, the Anthoxanthum species previ-
ously attributed by Brown to the genus Ataxia R. Br. have at least three genus-specific indels, form a separate clade that oc-
cupies an intermediate position between Hierochloé and Anthoxanthum, which allows these species to be restored at the rank of
the genus Ataxia, thereby preserving the division of the traditional genera Hierochloé and Anthoxanthum. Following the Love’s
genomic concept of the genus, the unique composition of the Anthoxanthum, Hierochloé, and Ataxia genomes is a strong basis to
consider these three genera as intrinsically distinct. On the phylogenetic tree, Hierochloé australis (Schrad.) Roem. et Schult. is
located separately from the other species of the genus Hierochloé at the base of the Anthoxanthum branch. In addition, three sy-
napomorphic indels bring it closer to Anthoxanthum. But according to morphology this species is typical of the genus Hierochloé.
In our opinion, it is possible to retain H. australis in the paraphyletic genus Hierochloé.

Keywords: Poaceae, Anthoxanthinae, Phalarideae, molecular phylogeny, 35S rRNA genes, ITS1-5.8S rDNA-ITS2, trnL—tmF,
duplication hot spots, incongruence of plastid and nuclear markers.

Annoranusa. Dunorenernueckne B3auMOOTHOIIEHUS ponoB Anthoxanthum 1., Hierochloé R. Br., Ataxia R. Br., Phalaris L.
U POJICTBEHHBIX POJIOB OBLIU M3YUYEHBI IyTEM CEKBEHUPOBAHUS BHYTPEHHUX TpaHCKpubupyembix cueiicepos ITS1 u ITS2 renos
35S pPHK wu peruona trnL—trmF xmoporuiactabix reHomMoB. Pernon 1TS1-5.8S p/I[HK-ITS2 6bl1 ceKBeHUPOBAH U IIPOAHAIM-
3upoBad y 30 BUIOB ¥ TOABUIOB, paHee OTHeCeHHBIX K Tpube Phalarideae Kunth. Mutpon TPHK-neliuuna (trnl) u MexreH-
Hblil crielicep Meskay redom trnl u renom TPHK-denunananuna (¢rmF) Obuiu ceksenuposansl y 19 Bunos Phalarideae. B
npoBepeHbl (DUIOreHeTUYECKUEe TUIIOTE3bl, YKas3blBatolle Ha HauboJsiee BEPOSITHbIE IIyTH AUBEpreHiuu BUnoB Anthoxanthum
n Hierochloé. Tlokasano, uTo Kak MHTPOH trnl, Tak 1 MeKreHublii creiicep trnlL—tmF comepxar Bugocenuuyueckue u pouo-
CHeLII/I(I)I/IquKI/Ie CI/IHaHOMOp(I)HbIe BCTaBKM U €€, II03BOJIAIONINE yTO‘{HI/ITb IIyTHn JIUBEPTEHIIMN PO/IOB U BU/IOB B HO[[TPI/I6€
Anthoxanthinae A. Gray. B wactroctu, Bujibl poga Anthoxanthum, panee otnecennbie P. BpayHom k pouny Ataxia R. Br., umetor
[0 MeHblIel Mepe Tpu Bugocrenupuyeckue BCTABKU U JeJIel[ii, 0O0Pa3yoT OTAeNbHYIO KJIajly, 3aHUMAIOLLYI0 [IPOMEKYTOUHOE
nosioxkenue mexny Hierochloé u Anthoxanthum, 4To 1m03B0oJISIET BOCCTAHOBUTD Ataxia B paHTe POjia, TeM CaMbIM COXPaHsIsl pasjie-
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JIeHWe TPAAUIIMOHHDBIX ponoB Hierochloé n Anthoxanthum. Ciemyst reHOMHOM KOHIennu poaa A. JIEBe, YHUKATbHBIN TeHOMHBII
coctaB Anthoxanthum, Hierochloé w Ataxia sinsietcst BECKUM OCHOBAHUEM JIJIsI TOTO, YTOOBI CYUTATH OTH TPU POJA TIPUHIHITH-
asnbHO pasimuHbiMu. Ha dumorenernueckom aepese Hierochloé australis (Schrad.) Roem. et Schult. pacnosioxken oraenbHo oT
Apyrux BuoB poja Hierochloé B ocnosaniu BetBu Anthoxanthum; xpome toro, ¢ Bugamu Anthoxanthum ero cOJIMKaOT TPH CH-
HamoMOp(hHBIX WHAETS B pattore trnl—trnF. Onnako o MOPGOTOTHE ATOT BU/ SIBJSIETCS TUITMIHBIM BUIOM poza Hierochloé. Tlo
HalreMy MHEHIIO, BO3MOKHO coXpanuTh H. australis B mapadmniermaeckom poze Hierochloé.

Kimouessie cnosa: Poaceae, Phalarideae, Anthoxanthinae, monekyisipuast dusiorenust, reasr 35S TRNA, ITS1-5.8S rDNA—
ITS2, trnL—trnF, ropsune TOUKM AyIIIUKAIIIT, HEKOHTPYIHTHOCTD XJIOPOIJIACTHBIX U S/IEPHBIX MAPKEPOB.

Introduction

Phylogenetic relationships among Anthoxanthum L.,
Ataxia R. Br., Hierochloé R. Br. and Phalaris L. have
been discussed for a long time. Kunth (1829) and his
successors placed these genera within the broadly de-
fined tribe Phalarideae Kunth which encompassed not
only Hierochloé, Anthoxanthum, and Phalaris but also
such genera as Lygeum Loefl. ex L., Zea L., Coix L., Alo-
pecurus L., Beckmannia Host, Phleum L., Holcus L., and
some others (Kunth, 1829, 1835; Endlicher, 1836; Lede-
bour, 1853, and others). Since the early 1840s, a nar-
rower circumscription of Anthoxanthum, Hierochloé, and
Ataxia began to take place. These genera continued to
be placed within Phalarideae, but the tribe was defined
sensu stricto, including only Anthoxanthum, Hierochloé,
Phalaris and, occasionally, some small genera occurring
in Southern Hemisphere (Bosch, 1841; Wimmer, 1841;
Moritzi, 1844; Patze et al., 1848; Hackel, 1887; Roshe-
vitz, 1934, and others). Due to their morphological si-
milarities, Krause (1908) proposed to merge all species
of these genera into a single genus, Phalaris. However,
Avdulow (1931) emphasized the differences in chromo-
some number among Phalaris, Anthoxanthum and Hiero-
chloé, arguing that these cytogenetic barriers make hy-
bridization between the species of these genera unlikely.
Based on karyological data, Avdulow (1931) excluded
several genera from the Phalarideae, retaining only
Phalaris, Anthoxanthum, and Hierochloé.

The placement of Phalarideae within Poaceae Barn-
hart has undergone numerous revisions. Bentham (1881)
believed that the Phalarideae is closely related to Oryzeae
Dumort. Lamb (1912) suggested a close relationship be-
tween the Phalarideae, Oryzeae and Paniceae R. Br. In
particular, he speculated that the Paniceae have arisen
from the Phalarideae by reduction of the spikelet. Later,
Hutchinson (1973) wrote that characteristic features of
Anthoxanthum and Hierochloé suggest relationship with
the Aveneae Dumort. In the monograph “Grasses of the
USSR”, Tzvelev (1976) included Phalaris, Anthoxan-
thum, and Hierochloé in the subtribes Anthoxanthinae
A. Gray and Phalaridinae Fr. of the tribe Phalarideae.
Later, he reclassified Phalaris as part of the diverse tribe
Phleeae Dumort. and transferred Anthoxanthum and
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Hierochloé to subtribe Anthoxanthinae of the large tribe
Poeae R. Br. (Tzvelev, 1989). In his final work “Grasses
of Russia”, a monograph co-authored with Probatova
(Tzvelev, Probatova, 2019), Tzvelev once again revised
the placement of Phalaris, assigning it and Phalaroides
Wolf to the subtribe Phalaridinae of the tribe Poeae,
while Anthoxanthum and Hierochloé remained in the
subtribe Anthoxanthinae within the same tribe.

This view is generally consistent with the results of
molecular phylogenetic studies using plastid and nuclear
DNA markers. Phalaridinae and Anthoxanthinae are cur-
rently considered as two widely separated subtribes of
the Poeae (Soreng et al., 2015, 2017; Saarela et al., 2017;
Tkach et al., 2020; Gallaher et al., 2022; Tkach et al.,
2025; Grass Phylogeny Working Group 111, 2025).

A particularly relevant contribution to this issue is
Tzvelev’s short paper (Tzvelev, 2011), in which the sec-
tion “On the genera Hierochloé R. Br. and Anthoxan-
thum 1.” addresses the proposal by Schouten and Veld-
kamp (1985) to unite Hierochloé and Anthoxanthum into
a single genus, which was accepted in “Flora of North
America” (Allred, Barkworth, 2007), “Flora of China”
(Wu, Phillips, 2006), other taxonomic treatments of
Poaceae (Soreng et al., 2015; Tkach et al., 2020), as well
as in some other papers (Villalobos et al., 2019; Chepi-
noga et al., 2020; de Lange, James, 2024). However, it
remains far from being universally accepted (see, e. g.
Tzvelev, 2006, 2011; Connor, 2008, 2012; Tikhomirov,
2010; Fedoronchuk et al.,, 2013; Weglarz et al., 2015;
Peri¢ et al., 2017; Tzvelev, Probatova, 2019; Jia et al.,
2019; Lema-Sudrez et al., 2021). For example, Tzvelev
(2006, 2011) argued that the basic chromosome num-
ber differences (x = 5 in Anthoxanthum, x = 7 in Hiero-
chloé) and clear morphological gap between them justi-
fied maintaining them as separate genera.

Molecular phylogenetic hypotheses based on com-
parisons of chloroplast genes showed that plants previ-
ously classified as Athaxia belong to the same clade as
Anthoxanthum odoratum L., a sister clade to Hierochloé.
On the other hand, in a tree based on the nuclear genome
markers ITS and ETS, two subclades, Athaxia and Hie-
rochloé sensu stricto, formed a clade, as sister to the An-
thoxanthum sensu stricto (Pimentel et al., 2013; Tkach et
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al., 2020). The authors suggested that Athaxia ancestor
arose as a hybrid between Hierochloé and Anthoxanthum.
Later it was shown, that H. austarlis Roem. et Schult. oc-
cupied an unusual position on the tree — it was closer to
Anthoxanthum spp. than to other Hierochloé (Rodionov
et al., 2017; Tkach et al., 2020). Even before the publi-
cation of these interesting results, Tzvelev (2011) and
Tzvelev, Probatova (2019), taking into account mo-
lecular phylogenetic data of the Rayko’s (2011) thesis,
agreed that preserving the generic name Ataxia R. Br. for
intermediate forms of Anthoxanthum would resolve the
issue of transitional morphotypes, allowing the tradi-
tional approach to accept Anthoxanthum and Hierochloé.
Selected parts of our research devoted to phylogeny of
Anthoxanthum, Ataxia, and Hierochloé (Rayko, 2011)
were previously published and discussed at conferences
(Rayko et al., 2007, 2008; Rayko, Glusker, 2008; Rayko,
2011; Rayko, Rodionov, 2011; Rodionov et al., 2017).
In this paper we present the full experimental portion of
our study on these phylogenetic relationships.

Materials and methods

The study material was collected during expeditions
conducted in the Leningrad and Arkhangelsk regions,
the Teberda Nature Reserve (Karachay-Cherkessia, the
North Caucasus), and the Altai Republic (South Sibe-
ria). Additional specimens were obtained from the her-
barium of the Komarov Botanical Institute (LE) and
the Central Siberian Botanical Garden (NS). Herbarium
specimens of Anthoxanthum from Spain were kindly pro-
vided by Dr. M. P. Pereira of the University of A Corufia,
Spain. Specimens of Anthoxanthum and Hierochloé from
New Zealand were provided by Prof. G. Connor (Univer-
sity of Canterbury) and Dr. E. Cameron (Auckland Mu-
seum of Natural History). Specimens from the Main Bo-
tanical Garden RAS were provided by Dr. I. A. Schanzer.
The list of studied species is presented in the Appendix
(Table A1). Totally 43 samples were used for analysis, in-
cluding 16 samples of Anthoxanthum spp. sensu stricto,
17 samples of Hierochloé spp., and 9 ones of Phalaris.

To determine the phylogenetic placement of Antho-
xanthum, Hierochloé, Phalaris and Ataxia species within
the Poeae, we compared our sequences with those in
GenBank, including representatives from closely related
genera (see Appendix: Table A2). Totally, the samples
of 60 species and subspecies were used for phylogenetic
analysis.

Genomic DNA was extracted following the Doyle and
Doyle (1987) protocol with minor modifications. DNA
quantity and purity were assessed using 1% agarose gel
electrophoresis and a Nanodrop spectrophotometer. The
ITS1-5.85S-1TS2 region was amplified using the primers
ITS1P 5-aaccttatcatttagaggaagg-3' (Ridgway et al.,

2003) and ITS4 5'-tccteegettattgatatge-3' (White et al.,
1990). The PCR amplification protocol was: 1 cycle at
94 °C for 10 min; 35 cycles of 94 °C for 1 min, 48 °C for
1 min 30 s, 72 °C for 2 min; and a final elongation at
72 °C for 1 min. DNA fragments were purified from gels
using the QIAquick Gel Extraction Kit 250 (Qiagen),
following the manufacturer’s protocol.

The chloroplast genome region trnL—trmF was ampli-
fied using the primers tabC, tabD, tabE, and tabF (Taber-
let et al., 2007). Amplification conditions with primer
pairs tabC/D and tabE/F were the same as for ITS. For
the outer primer pair tabC/F, the protocol was: 95 °C for
5 min; 35 cycles of 95 °C for 1 min, 52—56 °C for 1 min 10's,
and 72 °C for 1 min 10 s; final extension at 72 °C for 10 min.
Sequencing was performed on an ABT Prism 3130 (Ap-
plied Biosystems, USA) using fluorescently labeled termi-
nators at the Core Facilities Center “Cell and Molecular
Technologies in Plant Science” at the Komarov Botanical
Institute (St. Petersburg, Russia).

Initial sequence processing and alignment were
done in MEGA, using ClustalW and MUSCLE algo-
rithms (Tamura et al., 2021). Aligned sequences were
exported in FASTA format and further aligned using
MAFFT (Katoh et al., 2009). Phylogenetic trees were
reconstructed using the Neighbor-Joining (NJ), Maxi-
mum Parsimony (MP), and Bayesian inference meth-
ods. Tree robustness was assessed via bootstrap analy-
sis with 500 replicates. The Kimura-2-parameter model
with pairwise gap deletion was used for distance cal-
culations. For MP and Bayesian analyses, the opti-
mal substitution model was determined using Mod-
elTest 3.7 based on the Akaike Information Criterion
(AIC), identifying the GTR+I+G (General Time Re-
versible with invariant sites and gamma distribution)
model as the best fit. MP trees were constructed in
PAUP 4.0b10, and Bayesian trees were inferred using
MrBayes 3.1 (Ronquist, Huelsenbeck, 2003). Bayes-
ian analysis ran for 500,000 generations using the
GTR+I+G model.

Results and discussion

Intraspecific and interspecific variability
of the ITS1-5.8S-ITS2 DNA barcode region

Among representatives of the tribe Phalarideae ex-
amined in this study, the length of the ITS1 region —
from the TCGW to the AATCCN motif — ranged from
215 bp (Anthoxanthum hookeri (Griseb.) Rendle) to
223 bp (Anthoxanthum ovatum Lag.). The 5.8S TRNA
gene was 163 bp in length, while ITS2 — from the
HWAAYACGCT motif to the YYHGACS motif — va-
ried between 212 bp (Phalaris coerulescens Dest.) and
218 bp (Hierochloé rariflora Hook. f.). For comparison,
in all Poaceae taxa we analyzed, ITS1 length ranged
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from 210 to 223 bp, and ITS2 from 208 to 220 bp. These
length variations are attributed to single-nucleotide de-
letions and insertions.

We assessed intraspecific and interspecific variability
by calculating p-distances (genetic distance, proportion
of differing nucleotide positions between two sequences)
between our sequences and GenBank entries. Typically,
only one specimen per species is used to characterize ITS
sequences, assuming intraspecific variability is less than
2—-4%, while interspecific distances are usually greater
than 4% (Shneyer, 2009).

To test this assumption, we sequenced multiple An-
thoxanthum odoratum specimens from geographically
distant populations. These included two samples from
the Altai Republic (Mt. Sarlyk, Southern Siberia),
one from the Krasnoyarsk Territory (Eastern Siberia),
one from the Tver Region (east of the North European
Plain), and one from British Columbia, Canada. Simi-
larly, we examined A. alpinum A. Love et D. Love from
the Altai Republic and Khakassia (both Southern Si-
beria), the Teberda Nature Reserve (Northern Cauca-
sus), and the Polar Urals (Arctic). According to Tateoka
(1966) and POWO (2025) the name A. alpinum is a sy-
nonym of A. nipponicum Honda. The plants identified
earlier as A. alpinum are found from Greenland to West
Siberia, while A. nipponicum occurs in alpine belts of
central Honshu, Japan, on the islands in the Sea of Ja-
pan, in Korea and Manchuria (Tateoka, 1966). Tzvelev
and Probatova (2019) admitted that this species may be
conspecific with A. alpinum, but, due to the lack of reli-
able material on this species, they accepted both species
names. Therefore, we also analyzed a specimen from Itu-
rup Island (the Kuril Archipelago) identified as A. nip-
ponicum.

M. P.Rayko, A. V. Rodionov

Among A. alpinum, A. nipponicum, and A. odoratum,
the maximum pairwise ITS p-distance was 1.9% (be-
tween A. odoratum from Canada and A. alpinum from
Khakassia. Within-population distances for A. odoratum
were up to 1.7%, and for A. alpinum up to 0.7%. In fact,
the genetic divergence between geographically sepa-
rated populations of the same species approximated that
observed between different species.

Table 1 presents all variable sites in the ITS1-5.8S—
ITS2 region among studied Anthoxanthum species. No-
tably, there are no species-specific SNPs distinguishing
A. odoratum from A. alpinum. The Iturup specimen
(A. nipponicum) showed only intragenomic polymor-
phism at several positions (e. g., C/T, A/G), suggesting
that this plant may be a recent homoploid hybrid or al-
lopolyploid (cf. Punina et al., 2012).

The absence of diagnostic synapomorphies among
A. alpinum, A. nipponicum, and A. odoratum in this highly
effective barcode region supports previous morphologi-
cal assessments of their similarity (Tateoka, 1966) and
agrees with findings from RAPD analyses (Pimentel, Sa-
huquillo, 2008), which showed that interspecific diffe-
rences between A. odoratum and A. alpinum were smaller
than those between geographically distant populations
of the same taxon.

Of special interest is a clear molecular divergence of
A. hookeri and A. siamense Bor from all other Anthoxan-
thum species. These species, traditionally placed in the
genus Ataxia, exhibit a spikelet structure intermediate
between Anthoxanthum and Hierochloé: the lower floret
is male, the second is sterile (with an awned lemma and
missing palea). The consistent sequence differences ob-
served (see Table 1) suggest a distinct taxonomic status
for this group.

Table 1. Spectrum of intraspecific and interspecific variation in the ITS1-5.8S tDNA-ITS2 region in Anthoxanthum.

For the provenance of the samples, see Appendix (Table A1)

1111111111111111111223333344444444444444444455555555555555
23344455677888990001111134466677999184459900011233445567889913445555666788
02335815102589081691234692703956069445947802804404011607120339263458569901

1. A. odoratum 1 cgc—-ccatcttacaccatggta-tcatttcacgactagttccacatgect-g-tgcaccg-cgggtgacgttga
2. A, 0dOTatlm 2 i ettt ittt e e e e e ettt e et et e t.o....
3. A. odoratum 3  ..... (o T T = I Cuovunn N...Neeen.n. Tooenn.
4. A. 0doratum 4 it e e e et e i e e e e e e Cut ettt ei et eeenanenn
5. A. odoratum 5  ........ e i e [ 1= g Covunn t...t..a tt......
6. A. alpinum 1  ......... S = I Cout e ettt ettt iiieee
T. A, alpinum 2 e e e e ettt e e L t...o..
8. A. QlPINUIM 3 ittt ittt ettt ettt e e ettt e t.o....
9. A. @lIPINUM 4 @ ittt ettt e e Cou ettt et ittt i i
10. A. nipponicum  ........ D72 TeSeeeennn. n Cevinn Veoeooo r kt.o....
11. A. aristatum  ........ L [ - g Cuvnnn t...t..a tt.o.o...
12. A. ovatum - Covenennn C..Ci@eevienn. a c.t.a tc.a...... a.ct...... to....
13. A. amarum ... ..... t.co..... Fevenennn t..... Qeeeennnn g Covienn t...t..a tt..o...
14. A. puelii e (o - R T eWe et eeeeenann Cuteeteeennnn Foveeinnenns
15. A. hookeri tat.t.tc.ccg---tc.aa--.c.t..c.gtacta.ac...ca.gty.c..gca.gt.a...aac...ag-ac
16. A. siamense tat.t.tc.ccg.t.tc.aa--.c.t..c.gtacta.ac...ca.gtc.c..gca.gt.a.n.aac...ag-a.
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Intraspecific variation in Hierochloé was found to
be substantially lower than that observed in Antho-
xanthum. The ITS sequences we obtained for H. alpina
Roem. et Schult., H. equiseta Zotov, and H. fusca Zotov
were identical to those already deposited in GenBank
(Table 2). Similarly, the sequences of H. repens P. Beauv.
from the Zhiguli Reserve and from the Volgograd Re-
gion matched each other exactly, as did the sequences
from H. australis (Schrad.) Roem. et Schult. collected in
the Leningrad Region, Russia, and in Finland.

The ITS sequences of Hierochloé odorata aggr.
(H. hirta (Schrank) Borbas, H. hirta subsp. arctica
(J. Presl) G. Weim., H. odorata (L.) P. Beauv.) (Tzvelev,
Probatova, 2019), as well as H. repens (Host) P. Beauv.
were identical (Table 2). The first three taxa make a poly-
ploid series and may be more accurately described as
eco-geographic races of a single species, H. odorata. Note
that H. repens, which shares the same ITS sequence, was
also once treated as a subspecies of H. odorata (Chrtek,
Jirasek, 1964).

Among the Phalaris specimens we sequenced, the in-
terspecific p-distances were markedly greater than in
Anthoxanthum or Hierochloé, ranging from 3.2% to0 9.1%.
This suggests that Phalaris diverged earlier in evolu-
tionary time than the other Phalarideae genera. Interes-
tingly, the ITS1-5.8S—1TS2 sequences of P. canarien-
sis L. and P. brachystachys Link (sect. Phalaris) were
found to be identical, indicating either extreme simi-
larity or possible conspecificity (Table 3). At the same
time, the ITS sequences of the third species in this sec-
tion, P. truncata Guss. ex Bertol., differed significantly
from those of P. canariensis (Table 3).

Phylogenetic relationships of Anthoxanthum,
Hierochloé and Phalaris inferred from the ITS1-5.8S
rDNA-ITS2 sequences

Phylogenetic trees based on comparisons of ITS1—
5.85S—-1ITS2 sequences were estimated using the Neigh-
bor-Joining (NJ), Maximum Parsimony (MP), and
Bayesian inference (BI) methods. As outgroups, we
used Secale cereale L. and Brachypodium distachyon
(L.) P. Beauv. All approaches yielded similar topologies;
Fig. 1 shows the Bayesian tree to illustrate relationships
among the species of the former tribe Phalarideae, with
posterior probabilities indicated. The GTR+I+G model
of sequence evolution was used, and the standard devia-
tion of split frequencies was 0.018237.

Species of the former tribe Phalarideae were clearly
divided into two well-separated, monophyletic groups:
the first one comprises all Phalaris species, and the se-
cond includes all species of Anthoxanthum, Ataxia and
Hierochloé (Fig. 1). The first clade corresponds to the
subtribe Phalaridinae, and the second to the subtribe

Anthoxanthinae. This is completely consistent with the
data of other authors (Soreng et al., 2015; Saarela et
al., 2017; Tkach et al., 2020; Gallaher et al., 2022; Grass
Phylogeny Working Group III, 2025). It is suggested
that a maternal ancestor of both Phalaridinae and Antho-
xanthinae was close to the supersubtribe Agrostidodinae
Soreng, while their paternal ancestors were different. It
is suggested that Phalaridinae had seemingly the same
paternal ancestor as Scolochloinae Tzvelev, whereas the
nrDNA donor of Anthoxanthinae belonged neither to
Agrostidodinae nor to Aveninae J. Presl but was close to
both (Tkach et al., 2020).

Within the Anthoxanthinae clade, five distinct sub-
clades were identified with high posterior probabili-
ties: (1) the diploid Hierochloé australis consistently
occupied the basal, sister position to all other Anthoxan-
thinae, supported by both strong bootstrap and posterior
probability (P = 1.0); (2) the Ataxia group, a distinct lin-
eage composed of species formerly classified in the ge-
nus Ataxia — Anthoxanthum hookeri and A. siamense;
(3) “core” Anthoxanthum clade, which includes A. al-
pinum, A. nipponicum, A. odoratum, and the Mediterra-
nean A. puelii Lecoq et Lamotte (synonym of A. arista-
tum Boiss.); (4-5) two Hierochloé clades with unclear
relationships (posterior probability P = 0.53): clade 4 in-
cludes three Southern Hemisphere species (H. equiseta,
H. novae-zelandiae Gand., and H. rariflora), and clade
5 includes the Eurasian group (H. odorata aggr., H. hirta,
H. glabra subsp. sibirica (Tzvelev) Tzvelev, H. glabra
subsp. sachalinensis (Printz) Tzvelev, H. glabra subsp.
bungeana (Trin.) Peschkova) and the Pacific Rim group
(H. occidentalis Buckley, H. pauciflora R. Br., H. alpina,
H. fusca).

An intriguing result is that the New Zealand H. fusca
is closely related to the North Pacific H. alpina. This
pattern, although seemingly paradoxical, has also been
observed in Festuca L. (Inda et al., 2008), Poa L. (Ro-
dionov et al., 2010), and in various genera across fami-
lies Apiaceae Lindl., Boraginaceae Juss., Brassicaceae
Burnett, Caryophyllaceae Juss., Ranunculaceae Juss.,
and Scrophulariaceae Juss. (Winkworth et al., 2005).
In fact, gene flow from Northern Hemisphere plant taxa
into New Zealand and subantarctic islands ~1—5 million
years ago is increasingly well-supported (Winkworth et
al., 2005; Rodionov et al., 2010).

Phylogenetic relationships between Anthoxanthum,
Hierochloé, Ataxia, Phalaris and some other grasses
inferred from the chloroplast sequence of trnL—trnF

The trnL intron and the adjacent trnL—trnF inter-
genic spacer evolve rapidly and are frequently used in
phylogenetic studies of plants (Taberlet et al., 2007;
Soreng et al., 2015; Tkach et al., 2020). The t7nL gene
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encodes Leu-tRNA and consists of one intron and two
short, highly conserved exons. The L intron is the
only Group I intron in plant chloroplasts. These introns
act as ribozymes, capable of self-splicing without of other
enzymes (Wang et al., 2022).

In our case, the aligned length of the trmL gene (in-
cluding the intron) was 644 bp, and the trnL—tmF spacer
was 494 bp. Structural changes were found in the intron,
including insertions and deletions (indels) that affected
the RNA secondary structure, particularly in loops L1-
L9. Notably, three indels were found in the L6 loop
(Taberlet et al., 2007), though none altered its overall
folding:

1. A 5-nucleotide deletion (-AAAAC-) in loop L6
observed in Alopecurus and Phleum. According to Gen-
Bank data, it also occurs in all sequenced species of Pucci-
nellia Parl. and Hordeum L. Interestingly, this deletion ap-
pears only in Avena L. species with A-genomes, not those
with C-genomes (e. g., A. macrostachya Balansa ex Coss.
et Durieu, A. eriantha Durieu, A. ventricosa Balansa ex
Coss., A. clauda Durieu), despite the Avena A/C genomes
divergence being dated to ~20 Mya (Fu, 2018).

2. A 4-nucleotide genus-specific insertion (AAAG)
unique to the genus Dactylis.

3. A 5-nucleotide insertion (TCGAA) characteris-
tic of Calamagrostis Adans., Briza L., Ammophila Host,
and Polypogon Dest., and also found in Gymnachne Pa-
rodi and Agrostis L.

Additional large indels were found in loop L8 — the
longest and most variable hairpin structure in the trnL
intron. In all Hierochloé species, this loop was 297 bp
long. In contrast, species of Agrostis, Avenula (Dumort.)
Dumort., Ammophila, Briza, Calamagrostis, and Polypo-
gon exhibited a large deletion, reducing L8 to 174 bp. An
even larger deletion (down to 97 bp) was observed in
Avena, Arrhenatherum P. Beauv., Graphephorum Desv.,
Koeleria Pers., and Trisetum Pers. These major deletions
appear to be synapomorphic for “core” Aveneae. By cont-
rast, Anthoxanthum, Hierochloé, Phalaris, and all other
sampled Poeae retained the ancestral full-length 1.8
hairpin.

Within species of the former tribe Phalarideae, we
found several noteworthy #rnL indels: ACAT insertion
in Phalaris; GAAATTA deletion in all Hierochloé except
H. australis; TTGAAA deletion in Phalaris aquatica L.
and P. minor Retz. (partially overlapping the above);
CCCCA duplication at the tRNA stem base in all Antho-
xanthum spp., Ataxia spp., and in H. australis but not in
other Hierochloé species (Fig. 2).

In the tmL—trmF spacer, a 16-nucleotide duplica-
tion (GTATGCCATATACAAT) was found in all An-
thoxanthum species except A. hookeri, A. siamense, and
A. mexicanum (Rupr. ex E. Fourn.) Mez (Figs. 2; 3).

Interestingly, in the duplicated region, Anthoxanthum
and Hierochloé shared a derived A—T substitution rela-
tive to the ancestral sequence (Fig. 3). It is important to
emphasize that this substitution is absent from all other
Aveneae and Poeae species analyzed, including the genus
Phalaris.

In the same genomic region of Graphephorum wolfii
(Vasey) Vasey ex Coult., a similar duplication is found —
but it is two nucleotides longer and displaced toward the
3’-end (Fig. 3). This pattern allows us to make informed
inferences about the structural history of this chloro-
plast genomic region. It is likely that the transversion
A-to-T at the site of the future duplication arose in the
maternal ancestor of all Anthoxanthinae, and that the
16-nucleotide duplication occurred later, after the di-
vergence of the lineages corresponding to Hierochloé,
Ataxia, and Anthoxanthum sensu stricto. The presence
of the transversion A—T exclusively in Anthoxanthinae,
combined with differing lengths of the duplicated seg-
ments in Anthoxanthum and Graphephorum, indicates
that these are two independently originated duplica-
tions in what appears to be a structural “hotspot” of the
chloroplast genome.

Phylogenetic tree was constructed based on the
alignment of chloroplast &rnlL.—tmF sequences. In this
tree, all studied species — excluding the outgroup (Se-
cale L. and Brachypodium P. Beauv.) — fall into two
large, well-supported clades. This division has been
also reported in many previous studies of chloroplast
genes in the Aveneae and Poeae (e. g., Quintanar et al.,
2007; Soreng et al., 2015; Tkach et al., 2020). Following
Soreng et al. (2015), we refer to these two clades as the
Chloroplast Group 1 (Aveneae-type) and the Chloro-
plast Group 2 (Poeae-type). These groups correspond
broadly to the Aveneae and Poeae, though with some ex-
ceptions (Tkach et al., 2020). In our dataset, Anthoxan-
thum, Hierochloé, and Phalaris all clustered within the
Chloroplast Group 1 (Aveneae-type) (Fig. 4). As with
the nuclear ITS tree, the Phalarideae split cleanly into
two well-separated, monophyletic lineages: subtribe An-
thoxanthinae (Anthoxanthum, Ataxia and Hierochloé),
and subtribe Phalaridinae (Phalaris spp.).

It turned out that the large deletions in the tmL int-
ron clearly marked several taxonomically meaningful
groups — the Agrostidinae + Brizinae clade (charac-
terized by a 76-bp deletion in the L8 hairpin and a 5-bp
insertion (TCGAA) in the L6 hairpin) and the Aveni-
nae + Koeleriinae clade with a 209-bp deletion in the
L6 hairpin. These structural features correspond well
with clades also resolved in the ITS-based phylogeny.

Within Phalaris, the most basal lineage consisted
of P. canariensis and P. brachystachys. Oram (2004)
shown that P. canariensis is a domesticated derivative
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Hierochloé hirta subsp. arctica
Hierochloé odorata subsp. odorata
Hierochloé repens (Volgograd)
Hierochloé repens (Zhiguli)
Hierochloé hirta
Hierochloé sibirica
Hierochloé sachalinensis
Hierochloé glabra subsp. bungeana
0.9 Hierochloé alpina
Hierochloé fusca
Hierochloé pauciflora
Hierochloé occidentalis
Hierochloé equiseta
Hierochloé novae-zelandiae
Hierochloé rariflora
Anthoxanthum odoratum (Altai)
Anthoxanthum alpinum (Khakassia)
Anthoxanthum alpinum (Altai)
Anthoxanthum odoratum (Altai)
Anthoxanthum odoratum (Tver Region)
Anthoxanthum alpinum (Teberda)
Anthoxanthum puelii
Anthoxanthum alpinum (Polar Urals)
os—Anthoxanthum aristatum
Anthoxanthum amarum
Anthoxanthum odoratum (Canada)
Anthoxanthum nipponicum (lturup Island)
Anthoxanthum odoratum (Krasnoyarsk Territory)
Anthoxanthum ovatum
1 —Anthoxanthum hookeri
L Anthoxanthum siamense
1—EHierochloé australis (Leningrad Region)
Hierochloé australis (Finland)
0 Koeleria vallesiana
089 Trisetum spicatum
4 Koeleria pyramidata
] Koeleria splendens
1 Graphephorum wolfii
Trisetum sibiricum

—Arrhenatherum elatius
L——Arrhenatherum calderae

—Avena sativa
L— Avena longiglumis
Avena macrostachya
Sesleria insularis
Sesleria caerulea

1 Phalaris canariensis (cultivar)
I—l—EPhafaris canariensis (Spain)
1 Phalaris brachystachys

| 1 EPhalaris truncata
Phalaris truncata (China)
L 1 Phalaris paradoxa
_1—|——|:Pha!aris coerulescens
Phalaris aquatica

Phalaris arundinacea

1

Agrostis stolonifera
Agrostis canina
Briza subaristata
Polypogon viridis
Polypogon australis
Calamagrostis scopulorum
Deyeuxia avenoides

Deyeuxia aucklandica

&|_—Ammophila arenaria
Calamagrostis epigejos

1

Briza minor

r
‘———— Briza media

Deschampsia cespitosa
&'_]_|:Deschampsia chapmanii
06 | 1 — Helictotrichon hookeri
L— Helictotrichon agropyroides

078 Alopecurus borealis
Alopecurus gerardi
Dupontia fisheri
Arctophila fulva
Beckmannia syzigachne
Apera interrupta

Cinna latifolia
Arctopoa schischkini
078 Poa pratensis

Poa trivialis

0.63

Poa annua
1 T Milium effusum
L Milium vernale

Phleum phieoides
Phleum pratense

1 Zingeria biebersteiniana subsp. trichopoda
&|—|1 Catabrosella araratica
1 r— Catabrosa aquatica

L— Catabrosa werdermannii
Aira caryophyllea

1
iDeschampsia flexuosa
1 Lolium perenne
Lolium rigidum
l—_Fes!uca arundinacea
Festuca gigantea
1 —— Dactylis glomerata
L——— Dactylis hispanica
0.99 Secale cereale
Brachypodium distachyon

1

Tree scale: 0.1
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All Hierochloé species
except A. australis

GAAATTA Anthoxanthum, Ataxia, Anthoxanthum spp.
_ I U Hierochloé australis (except Ataxia)
Hierochloe CCCA GTATGCCATATACAAT
occidentalis
AAAG
4 5 16
B 1E | trnL 3’ Fl— G | H trnF
] 5 5-7
ACAT/C ACTAT GACTA - Hierochloé
Phalaris spp. Phalaris paradoxa GACTAT - Anthoxanthum spp.,
Hierochloé australis
'i'Té A A A GACTATC - Ataxia
Phalaris minor,
P aquatica

Fig. 2. Structural changes in the intron of the ¢rmL gene and the trmnL—tmF intergenic spacer characteristic of species
in the tribe Phalarideae. Deletions are shown with dotted lines. Numbers indicate the lengths of insertions and dele-

tions in regions A—H.

Ancestral sequence

W ATTAAGTAAGCCATATACAATGCGTAG...

Graphephorum wolfii
18-nucleotide duplication

Anthoxanthinae
1 substitution

N\

«.ATTAAGTATGCCATATACAATGCGTAG...

“Advanced” Anthoxanthum
16-nucleotide duplication

. TAAGTATGCCATATACAATGTATGCCATATACAATGCGTAG...

+~+ATTAAGTAAGCCATATACAATAAGTAAGCCATATACAATGCG...

Fig. 3. Duplications in the intergenic spacer trnl.—trnF.

of P. brachystachys. In our analysis, these two species
shared identical ITS1-5.8S—-1ITS2 sequences and dif-
fered in chloroplast markers by only two nucleotides —
supporting their very close relationship. Three species
of the subgenus Phalaris section Phalaris (P. canarien-
sis, P. brachystachys, and P. truncata), characterized by

a chromosome number of 2n = 12, formed a well-sup-
ported clade on both chloroplast and ITS-based trees
(Voshell et al., 2015).

A second Phalaris group, subgenus Phalaroides
(Wolf) Voshell, Baldini et Hilu, consisted of the species
with a base chromosome number of x = 7. Within this

Fig. 1. Bayesian phylogenetic tree based on comparative analysis of the ITS1-5.8S—ITS2 rDNA region. Poste-
rior probability values are indicated on the nodes. Substitution model: GTR+I+G. First published in Rodionov

et al. (2017).
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63, Hierochloé alpina
Hierochloé alpina subsp. orthantha
Hierochloé occidentalis
Hierochloé pauciflora
Hierochloé laxa
Hierochioé rariflora
Hierochloé sibirica
Hierochloé ochotensis
Hierochloé hirta subsp. arctica
Hierochloé repens
Hierochloé australis

34

27

42

100

35

Briza media
Briza minor

Briza subaristata
Calamagrostis arundinacea
8; Ammophila arenaria
Calamagrostis villosa
100 Agrostis capillaris
Agrostis stolonifera
Polypogon fugax
Polypogon maritimus
Phalaris aquatica
Phalaris minor
Phalaris arundinacea
99 Phalaris coerulescens
Phalaris paradoxa
Phalaris truncata
Phalaris brachystachys
97! Phalaris canariensis

67
40|

91

68

42

30

78
97

20

Trisetum hispidum
Koeleria splendens
78| Koeleria pyramidata

ge Koeleria vallesiana

96

L Graphephorum wolfii

74

Avena macrostachya
—|-,2 l Avena sativa
99 Avena longiglumis

62 Alopecurus pratensis
Alopecurus gerardi

85

Alopecurus borealis
Beckmannia syzigachne
Dupontia fisheri

89! Arctophila fulva

Cinna latifolia

Hierochloé mexicana

qunthoxanthum siamense
91

Anthoxanthum hookeri
54

100
5

ol Anthoxanthum odoratum
48 Anthoxanthum puelii

Insertion TCGAA
Deletion 76 bp

Trisetum ovatum

Arrhenatherum elatius
97L Arrhenatherum calderae

Apera interrupta

Phleum pratense

Poa pratensis

93

22

Poa annua
Poa trivialis

Milium effusum
—— Catabrosa werdermannii
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Anthoxanthum amarum
Anthoxanthum aristatum
Anthoxanthum odoratum

Chloroplast Group 1 (Aveneae-type)

Deletion 209 bp

Avenula pubescens

Catabrosa aquatica

o7l
100y
L Dactylis glomerata
Sesleria insularis
Sesleria caerulea
100; Deschampsia cespitosa
Deschampsia antarctica

Desch flexuosa

92

80

P

87

Avenula bromoides

|

|
100———— Brachypo

Dactylis hispanica

Aira cupaniana
Festuca arundinacea
—

100 Lolium perenne
9s|| Lolium rigidum
69

Festuca gigantea

Chloroplast Group 2 (Poeae-type)

Brachypodium distachyon

dium sylvaticum

Q, N

cereale

0.01
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group, P. arundinacea (2n = 14) emerged as an early-di-
verging lineage. In the ITS tree, P. arundinacea formed
a sister branch to the rest of the genus. Tzvelev and Pro-
batova (2019) proposed transferring it to a separate ge-
nus, Phalaroides, based on its rhizomatous habit, lax pa-
nicles, and glabrous glumes.

Another clade included P. paradoxa and P. coerules-
cens, both native to the Mediterranean, with only P. pa-
radoxa occurring in Russia (European part and the Cau-
casus). Tzvelev (1976) classified these under section
Heterachne Dumort., which is defined by x = 7 and pa-
nicles with one well-developed spikelet and 4—7 reduced
ones. He also noted some affinity between P. coerulescens
and P. aquatica (Tzvelev, Probatova, 2019). Our and
Voshell’s et al. (2015) ITS trees support this relation-
ship, although their positions on the chloroplast tree are
less congruent — P. paradoxa and P. coerulescens appear
more closely related to each other than to P. aquatica
based on cpDNA markers.

South Asian and American species Anthoxanthum
hookeri, A. siamense, A. mexicanum: Anthoxanthum
or Ataxia?

We now turn to the phylogenetic placement and
chloroplast marker characteristics of several South Asian
and American Anthoxanthum species, namely A. hookeri,
A. siamense, and A. mexicanum. Morphologically, these
species differ markedly from both the core Anthoxan-
thum (A. odoratum group) and from Hierochloé, occu-
pying an intermediate position. In these taxa, the lower
floret is male and the second is reduced — a structure
distinct from that of Anthoxanthum sensu stricto, where
both lower florets are reduced, and from Hierochloé,
where both are male. Moreover, their lemmas are long-
awned and lack lodicules — traits that correspond with
a historical definition of the genus Ataxia R. Br., which
was later subsumed under Anthoxanthum.

In our phylogenetic reconstructions, based on both
nuclear (ITS) and chloroplast (¢rnL—tmF) markers, we
observed four major taxonomic groups within the sub-
tribe Anthoxanthinae, namely Hierochloé australis, the
core Hierochloé species group, the Ataxia group (A. hoo-
keri, A. siamense, A. mexicanum), and the “advanced”
Anthoxanthum species group (A. odoratum, A. alpinum,
etc.). However, the branching order among these four
groups varied between the nuclear and chloroplast trees,
and the relevant nodes were poorly supported (boot-
strap support about 40-60%). The same clades were
shown by Pimentel et al. (2013) and Tkach et al. (2020).

The topology of the phylogenetic tree inferred from ITS
sequence analysis appears to be the result of reticulated
evolution among genera in the subtribe Anthoxanthinae
(Pimentel et al., 2013; Tkach et al., 2020). The following
scenario of taxon origin in Anthoxanthinae can be pro-
posed: their common ancestor was a diploid with a ba-
sic chromosome number of n = 7 and morphologically
close to Hierochloé australis. From this ancestral lineage,
a group of species diverged, to give rise to the genus
Ataxia, followed by the phylogenetic split between the
polyploid lineages of Hierochloé and Anthoxanthum sensu
stricto (Fig. 1). We know of only one report of chromo-
some number in Ataxia. Spies and Voges (1988) found
that gametophytic (n) chromosome number in Antho-
xantum tongo (Trin.) Stapf (syn. Ataxia tenuis Trin.) is
20 plus 0—-5 B chromosomes. In addition, it was shown
that the genome size of A. mexicanum (2C = 18—19 pg)
(Lema-Suarez et al., 2018) is the same as that of the pre-
sumably tetraploid species Anthoxanthum nitens (We-
ber) Y. Schouten et Veldkamp (2C = 19.5 pg) (Tkach
et al., 2025). It is very likely, that this and other Ataxia
species are allopolyploids.

If this scenario is correct, then the reduction of the
second floret in Ataxia species and the reduction of both
lower florets in Anthoxanthum species must have oc-
curred independently in two separate branches. Fur-
thermore, the duplication of the motif CCCCA in the
trmL intron (Fig. 2) must either (a) have arisen indepen-
dently in H. australis and later in the common ancestor
of the branch Anthoxanthum + Ataxia, after their diver-
gence from the polyploid Hierochloé branch, or (b) a re-
version must have occurred in the Hierochloé lineage, re-
storing the ancestral non-duplicated state of this motif.
This is possible, but a more plausible explanation is a dif-
ferent sequence of floret reduction events and changes in
the trmL region of the chloroplast genome, assuming that
the branching order of the Ataxia, Anthoxanthum sensu
stricto, and Hierochloé lineages follows the topology of
the chloroplast-based phylogenetic tree (Fig. 4).

In this alternative scenario, a mutation A—T oc-
curred in the ancestor of Anthoxanthinae in the region
that would later be duplicated (a 16-nucleotide duplica-
tion), and possibly a duplication of GACTA or GACTAT
appeared in the trnL—tmF intergenic spacer (Fig. 3).
After that, the divergence between Anthoxanthum
sensu stricto and the polyploid Hierochloé lineage took
place. Later, in the Hierochloé lineage, a deletion of the
GAAATTA motif occurred in the ¢rnL intron (Figs. 2; 5),
whereas in the branch leading to Anthoxanthum and

Fig. 4. Phylogenetic tree constructed using the trnL—tmF region (Neighbor-Joining method). Bootstrap values from

500 replicates are shown.
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GTATGCCATATACAAT
Anthoxanthum
CCCCA
Ataxia
Hierochloé australis
1 Hierochloé
GAAATTA

Fig. 5. Changes in the trnl.—trnF region of the chloro-
plast genome during the divergence of Anthoxanthinae
taxa.

H. australis, the CCCCA motif was duplicated in the
same region (Figs. 2; 5). Then, the ancestors of Antho-
xanthum + Ataxia diverged from those of H. australis.
In the former, reduction of the second floret occurred in
the intergenic spacer, and a subgroup (Ataxia) retained
this trait. Later, in the lineage of northern Eurasian An-
thoxanthum, further reduction of the second lower flo-
ret took place, a distinctive 16-nucleotide duplication
emerged in the trnL—trnF spacer, and the base chromo-
some number was reduced to x = 5.

According to the first scenario, one might propose to
separate H. australis into independent genus; under the
second scenario, it could be combined with Anthoxan-
thum. However, morphologically H. australis is a typical
Hierochloé, with a three-flowered spikelets containing
two lower staminate florets, short awns, and membra-
nous glumes. Therefore, the only viable conclusion is to
accept the paraphyly of the genus Hierochloé as a given.

Additional support for the phylogenetic scenario
presented in the chloroplast tree comes from shared in-
sertions and deletions between H. australis and Antho-
xanthum, which may be interpreted as synapomorphies
(Figs. 2; 3; 5). Among these indels, only the duplication
in the right portion of the trnL—tmF intergenic spacer
presents an ambiguous pattern: in polyploid Hierochloé,
this is a (GACTA), duplication; in Anthoxanthum sensu
stricto and H. australis, it is (GACTAT),; and in Ataxia
species, it is (GACTATC),. A simple evolutionary sce-
nario is not apparent in this case — it is likely that this
region represents a hotspot where duplications of these
short oligonucleotides arose independently in the li-
neages of polyploid Hierochloé, Ataxia, Anthoxanthum,
and H. australis, similarly to the independent emergence
of the 16- and 18-nucleotide duplications in the &rnL—
trF intergenic spacer of Graphephorum and Anthoxan-
thum sensu stricto (see Fig. 3).
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Thus, the molecular phylogenetic analysis of 18S
rDNA supports the views of Brown (1823: 35) and
Tzvelev (2011) regarding the taxonomic justification
for recognizing Ataxia as a distinct genus. This genus oc-
cupies an intermediate position between Hierochloé and
Anthoxanthum and, together with them, forms a natural
and well-defined taxonomic group.

Conclusions

We agree with the opinion of distinguished agrosto-
logists (Connor, 2008, 2012; Tzvelev, 2011; Lema-Suarez
et al., 2018) that the fusion of Anthoxanthum and Hiero-
chloé, proposed by Schouten and Veldkamp (1985), does
not seem productive. Connor (2012) and Tzvelev (2011)
believed that both genera, Hierochloé and Anthoxan-
thum, should be maintained because of their floral dis-
tinctions and differences in base chromosome numbers
(Anthoxanthum, x = 5, Hierochloé, x = 7). In addition, Pi-
mentel et al. (2013) suggested the likely origin of an an-
cestral Ataxia by hybridization between Hierochloé and
Antoxanthum. If this is the case, then according to the
genomic criterion of the genus proposed by Love (1984),
unique nuclear and cytoplasmic genome compositions of
Anthoxanthum, Hierochloé and Ataxia are a strong basis
to consider these three genera as intrinsically distinct.
These arguments, in our opinion, convincingly testify in
favor of keeping a separate genus Ataxia R. Br., as pro-
posed by Tzvelev (2011).
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