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Abstract

A molecular investigation of large-leaved Gunnera growing outside in Britain and Ireland was
conducted. Two low-copy nuclear CYCLOIDEA-like genes (CYC-like 1 and CYC-like 2) and two
chloroplast DNA regions (matK and psbD-trnT) were sequenced for 271 samples of Gunnera.
While it was confirmed that genuine G. tinctoria is growing both in cultivation and in the wild,
the results support recently published morphological and historical findings that the species
G. manicata appears no longer to be present in Britain and Ireland. Instead, the plant under
this name is G. X cryptica, a hybrid between G. manicata and G. tinctoria. The implication of this
discovery for legislation on invasive non-native species where G. manicata and G. tinctoria are
listed is explored.

Introduction (Mora-Osejo et al., 2011). In Britain and Ireland
The genus Gunnera L. (Gunneraceae) (including the Channel Islands and the Isle
comprises around sixty species in six of Man for the purpose of this paper), there
subgenera: Gunnera; Milligania (Hook.f.) are two commonly grown Gunnera, both
Schindl.; Misandra (Comm.) Schindl.; of subgenus Panke, known as G. manicata
Ostenigunnera Mattf.; Panke (Molina) Linden ex André, native to southern Brazil
Schindl.; and Pseudogunnera (Oerst.) Schindl. (Mora-Osejo et al,, 2011; Hassemer, 2020),
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and G. tinctoria (Molina) Mirb., native to
Chile and Argentina (Mora-Osejo et al., 2011)
(Fig. 1). They are spectacular in stature, with
magnificent large leaves and inflorescences,
which has made them popular plants in
gardens.

Despite being such popular horticultural
subjects, distinguishing these two species
has long been considered difficult (Goldring,
1879; Elwes & Stapf, 1919; Clement, 2003;
Grant, 2004). To aid identification, keys (for
example, Grant, 2004; Stace, 2010) and
guides (for example, Riches, 2008; National
Biodiversity Data Centre, 2010) have been
produced. However, their separation
has remained often not straightforward
and their identity subject to question in
gardens and the horticultural trade. Variable
seedlings, intermediates between Gunnera
manicata and G. tinctoria, and suggestions
of hybridisation have long been reported
(Tallack, 1894; Smith, 1904; Burbidge, 1905;
Nelson, 1986; Osborne et al., 1991; Nelson
& Grills, 1998; Grant, 2004). At the Royal
Horticultural Society (RHS) Garden, Wisley,
UK, plants are grown as both G. manicata
and G. tinctoria but among these there are
also plants that have been thought to show
intermediacy between the two species.

A difference in the inflorescence, with

G. manicata having slender branches and

G. tinctoria having stout branches, has often
been given as a distinguishing character
(for example, Grant, 2004; Stace, 2010), yet
at Wisley there are specimens that bear
both sorts of inflorescence on the same
plant. This was also reported in O’'Rourke &
O’Flynn (2014). Furthermore, Clement (2003)
noted that descriptions of G. manicata in
the wild in Brazil differ from plants of that
name in cultivation in Britain and Ireland.
Hybridisation between species of Gunnera
subgenus Panke has been observed in the

wild on several occasions (Johow, 1896;
Skottsberg, 1922; Palkovic, 1978; Mora-Osejo,
1984; Pacheco et al., 1991; Mora-Osejo et al.,
2011).

In an earlier paper from this study, based
on morphological and historical investigation
(Shaw et al., 2022), we reported that while
genuine Gunnera tinctoria is growing in
Britain and Ireland, it appears that G. manicata
is no longer present, but instead has been
replaced by a hybrid between G. manicata
and G. tinctoria, named as Gunnera X cryptica
J.M.H. Shaw (Fig. 1).

A detailed historical account was
provided in Shaw et al. (2022), in which it was
shown that the parental species of the hybrid
were both introduced into cultivation in
western Europe (Belgium) in the 19th century
(Gunnera tinctoria from Chile just before 1839
(van Houtte, 1870) and G. manicata from
Brazil around 1861) and that hybridisation
took place thereafter, followed by a gradual
and unnoticed disappearance of G. manicata
from cultivation. By 1873 large plants of
both species were reported to be growing
alongside each other at the nursery of Louis
van Houtte, Belgium (Jongkindt-Coninck,
1873). Since Gunnera are wind-pollinated
(Gonzalez & Bello, 2009), hybridisation could
have taken place from that time onwards
if the flowering of both species coincided.
Subsequent cold winters (Tallack, 1894;
McMillan Browse, 2007), combined with
garden selection for size and vigour, are
proposed by Shaw et al. (2022) to have led
to the loss of true G. manicata in cultivation
and its replacement by the hybrid. Other
species of Gunnera recorded as having been
in cultivation in Europe can be discounted
from being involved in the hybrid from
examination of their gross morphological
features, as set out in Mora-Osejo et al. (2011).
Evidence of hybrids between G. manicata
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and G. tinctoria in cultivation in Europe and
New Zealand was also provided from the
molecular investigation of van Valkenburg et
al. (2023).

As well as being cultivated, plants known
as Gunnera manicata and G. tinctoria are now
present in natural and unmanaged areas in
Britain and Ireland. Dines & Dehnen-Schmutz
(2023a) report that G. tinctoria was first
recorded from the wild in Guernsey in 1884.
In Stace (2019) the species is described as
now being naturalised in scattered places
across much of the lowland areas of the
British Isles, spreading vegetatively and
often self-sown and invasive where long
established. Invasive populations are present
in the western areas of Ireland (Osborne et
al., 1991; Sheehy Skeffington & Hall, 2011;
Gioria & Osborne, 2013), the Outer Hebrides
(Gioria & Osborne, 2013) and Cornwall, UK
(French, 2020). See also Dines & Dehnen-
Schmutz (2023a). Elsewhere in the world it
is problematic on Sdo Miguel in the Azores
(Silva et al., 1996) and in New Zealand
(Williams et al., 2005).

In contrast, Gunnera manicata, which is
reported in Dines & Dehnen-Schmutz (2023b)
as being first recorded from the wild in
Monmouthshire, Wales, in 1938, is recorded in
Stace (2019) as now being persistent through
much of the lowland parts of the British Isles
and fertile, but not self-sown. McClintock
(1975) and Dines & Dehnen-Schmutz (2023b)
also report that it is not known to reproduce
by seed, though in French (2020) it is
considered to have self-sown at a couple of
locations in Cornwall. Sheehy Skeffington &
Hall (2011), in a pilot study, obtained some
seed germination, but at a considerably
lower rate (1.3 per cent) than for G. tinctoria
(39.7 per cent). However, the same authors
also reported that seedlings of around five
years old had been observed in the Inagh

Valley, Connemara, Ireland, and Williams et al.
(2005) stated that seedlings had arisen near
to some cultivated plants in New Zealand.
Tallack (1894) described seedlings raised from
seed collected in Cornwall. There have been
no reports of it becoming problematic in the
wild.

Gunnera tinctoria is listed in Schedule 9
of the amended UK Wildlife & Countryside
Act, 1981 (England and Wales) and Schedule
9 of the Wildlife (Northern Ireland) Order
(1985) as amended by the Wildlife and
Natural Environment Act (Northern Ireland)
2011, making it illegal to plant or otherwise
cause the species to grow in the wild. In
addition, it is listed in Schedule 3 of the
Republic of Ireland Statutory Instrument
No. 477, European Communities (Birds and
Natural Habitats) Regulations 2011. In August
2017 it was added to the EU List of Invasive
Alien Species of Union Concern under EU
Regulation 1143/2014 on Invasive Alien
Species (IAS Regulation), which banned
it from sale in the EU from August 2018.
Following the UK’s departure from the
European Union, the IAS Regulation has
been adopted into UK legislation. All the
species listed as of Union Concern are now
termed species of Special Concern. Despite
G. manicata not recorded as being invasive, it
is listed together with G. tinctoria in Schedule
3 of the Republic of Ireland Statutory
Instrument No. 477, European Communities
(Birds and Natural Habitats) Regulations 2011.

The aim of this paper is to provide
molecular support for the earlier
morphological and historical investigation of
Shaw et al. (2022) into the correct identity of
large-leaved Gunnera grown in Britain and
Ireland. The conclusions arrived at from our
two papers will assist both gardeners and
field botanists by clarifying nomenclature and
providing new distinguishing morphological
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characters between the taxa. Confirming the
identification of large-leaved gunneras in
Britain and Ireland is of particular importance
as it enables scarce resources to be focused
on the management of the invasive species G.
tinctoria.

Materials and methods

A total of 271 samples were used for the
molecular investigation. Two hundred and
twenty-six fresh samples, thought to be
Gunnera manicata, G. tinctoria or putative
hybrids between the two species, were
collected from Britain, Ireland and the
Channel Islands, either from gardens or from
the wild. Of these, three samples provided
by British nurseries were reported to have
been sourced from mainland Europe; one

G. tinctoria sample, from Royal Botanic
Garden Edinburgh (RBGE), Scotland, was
from a plant that had been collected from
the wild in Chile; and fifty-three were from
seedlings growing at The Eden Project,
Cornwall, from a concentrated patch where
hybridisation was thought to be possibly
occurring. Material was sought from gardens
in mainland Europe, resulting in a further
nine samples from three botanic gardens in
Belgium. Nine samples of G. manicata were
collected from five locations in Santa Catarina
and Rio Grande do Sul, southern Brazil
(under the Brazilian Sistema de Autorizacdo
e Informagao em Biodiversidade — SISBIO
permit number 51051-1 and SisGen permit
number R50E5C3). Twenty-two G. tinctoria
samples were collected from the Los Lagos
region of Chile and a further two samples
from the Aisén region of Chile. Other species
of Gunnera subgenus Panke sourced from
cultivation in Britain and Ireland were
sampled for a broader representation where
possible, including one sample each of

G. berteroi Phil. and G. insignis (Oerst.) Oerst.

DOI 10.24823/Sibbaldia.2023.1998

Gunnera magellanica Lam., from subgenus
Misandra, was sampled as an outgroup.

Leaf material from fresh collections
was dried and stored in silica gel at room
temperature and voucher specimens
prepared. Voucher specimens were deposited
at WSY apart from specimens collected
at RBGE, which were deposited at E, and
specimens collected in Brazil, which were
deposited at HTL (Thiers, 2023). Details of the
sampled taxa are given in Appendix 1.

Total genomic DNA was extracted from
dried leaf material using a QIAGEN DNeasy
Plant Mini Kit." The quality of the DNA
extractions was visualised on agarose gels.
DNA concentrations were quantified with a
Qubit™ 3.0 Fluorometer."" Aliquots of 2-2.5 ng/
ul were prepared for PCR amplification.

Two chloroplast DNA regions, matK and
psbD-trnT, were amplified. Both have been
shown to be a good choice for molecular
studies at low taxonomic levels (Shaw et al.,
2007; Kényves, 2014) and matK has been
proposed as one of the core DNA barcodes
for plants (Hollingsworth et al., 2011).

PCR reactions for matK were performed
with primers X and 5 (Ford et al., 2009) in 25 pl
volumes containing final concentrations of 1x
Bioline BioMix™ Red'?, 0.35 uM of each primer,
0.2 mg/ml bovine serum albumin (BSA),

4 per cent v/v dimethyl sulfoxide (DMSO)
and 10 ng DNA template. Cycling conditions
were 94 °C (120 s), followed by 35 cycles of
94°C(305s),48°C(305),72°C (60 s), with

a final extension step of 72 °C (7 min). PCR
reactions for psbD-trnT were performed

with primers psbD and trnT(¢Y)-R (Shaw et
al., 2007) in 25 pl volumes containing final
concentrations of 1x Bioline BioMix™ Red,
0.2 uM of each primer, 0.2 mg/ml BSA and

Yhttps://www.giagen.com
" https://www.thermofisher.com
2 https://www.bioline.com
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10 ng DNA template. Cycling conditions were
80 °C (300 s), then 30 cycles of 95 °C (60 s) and
50 °C (60 s), followed by a ramp of 0.3 °C/s to
65 °C, 65 °C (250 s) and finally 65 °C (5 min).

Two low-copy nuclear CYCLOIDEA-like
(CYC-like) genes (CYC-like 1 and CYC-like 2)
were amplified using the primers developed
for Gunnera by Citerne et al. (2013). Low-copy
nuclear genes are alternatives to the most
commonly used nuclear marker, the Internal
Transcribed Spacer (ITS), in species-level
studies (Nieto Feliner & Rosselld, 2007).
CYC-like genes are fast evolving (Citerne,
2006) and have been isolated from many
plant families (Citerne et al., 2000, 2017; Smith
et al., 2004; Damerval et al., 2007; Chapman
et al., 2008; Howarth et al., 2011).

Attempts were made to sequence ITS
following the protocol of Wanntorp et al.
(2002), but the results were of very low
quality, most likely due to length variation
in the sequenced alleles as shown by van
Valkenburg et al. (2023).

PCR reactions of the CYC-like genes were
performed in 25 pl volumes containing final
concentrations of 1x Bioline Biomix Red,

0.2 uM of each primer, 0.2 mg/ml BSA and

10 ng DNA template. Cycling conditions were
94 °C (120 s), then 35 cycles of 94 °C (30 s),

56 °C (30s), 72 °C (60 s) and finally 72 °C

(7 min).

PCR products were visualised on 1 per
cent agarose gels in 1x TBE buffer stained
with SYBR® Safe.'® Gels were illuminated with
UV light and photographs taken to record
amplification success. The approximate size
and concentration of the PCR products were
determined using HyperLadder™ 1kb (200 bp
to 10,000 bp) as a marker.™

Direct sequencing of PCR products in

3 https://www.thermofisher.com
“https://www.bioline.com

forward and reverse direction was carried out
by Genewiz UK Ltd., Bishop's Stortford, UK
(formerly Beckman Coulter (UK) Ltd.), using
the amplification primers.' A subset of 24
samples which showed ambiguous base calls
was resequenced with newly designed allele
specific primers:

CYC1_SEQ_G R: 5-CTAACTGGTATGAC-3;
CYC1_SEQ_A R: 5'-CTAACTGGTATGAT-3;
CYC2_SEQ_G F: 5'-GGTTTGACAAAGCG-3;
CYC2_SEQ_C F: 5'-GGTTTGACAAAGCC-3';
CYC2_SEQ_G R: 5-ACCGTTGTCAATAC-3;
CYC2_SEQ_A R: 5'-ACCGTTGTCAATAT-3.

The primers were designed following the
guidelines of Scheen et al. (2012). The two
ambiguous bases in CYC-like 1 were close to
the end of the sequence and the distance
between them only 50 bp. Because the start
of a sequencing read is often of lower quality
and obtaining overlapping reads over a short
distance is unlikely, ambiguous CYC-like 1
sequences were only resequenced with allele-
specific reverse primers. Sequence data for
all samples have been deposited in GenBank.
Accession numbers are given in Appendix 1.
Sequence trace files were assembled and
edited using SeqMan Pro 13¢ or Geneious
Prime 2022.0.1."7 Base pair positions where
strong double peaks that were clearly
discriminated from background noise were
present were recorded using [IUPAC ambiguity
codes (Cornish-Bowden, 1985). Such strong
double peaks can indicate hybridity (Edwards
etal., 2015). Sequences were aligned
with MUSCLE ver. 3.8. 425 (Edgar, 2004)
implemented in Geneious Prime. The ends
of the alignments were trimmed to the point

'>https://www.genewiz.com
'®https://www.dnastar.com
7 https://www.geneious.com
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where all sequences were present and base
calls were unambiguous.

To explore variation within the
chloroplast and nuclear genomes, and
relationships between the sampled taxa,
statistical parsimony networks were
constructed from the combined matK
and psbD-trnT dataset, the CYC-like 1 and
the CYC-like 2 alleles using the package
haplotypes ver. 1.1.2 (Aktas, 2015) in the
statistical program R ver. 4.1.2 (R Development
Core Team, 2016) under the 95 per cent
statistical parsimony criterion. Indels were
coded according to the simple indel coding
method (Simmons & Ochotorena, 2000).
The 53 samples collected from seedlings at
The Eden Project were not included in the
statistical parsimony networks construction
and their genotypes are reported separately.

Results

The total analysed length of the combined
cpDNA regions was 2292 bp. The haplotype

H3

G. insignis

G. berteroi

network analysis of the combined cpDNA
regions recovered nine different chloroplast
DNA haplotypes (Fig. 2). Excepting those of
Gunnera berteroi, G. insignis and G. magellanica,
the samples from Britain and Ireland, the
Channel Islands and Belgium were found to
have one of two different haplotypes (H1

and H4), separated by five single nucleotide
polymorphisms and two indels of 7 bp and

2 bp (Appendix 2). All Chilean samples,
including the Chilean-sourced G. tinctoria from
RBGE, contained H1. The Brazilian G. manicata
samples contained four haplotypes (H2,

H3, H5, H6). Haplotype H4 was not found in
samples from the wild but differed by just

1 bp from the G. manicata haplotype H3.The
remaining three haplotypes were unique to

G. berteroi, G. insignis and G. magellanica.

The length of the CYC-like 1 and
CYC-like 2 alignments after excluding the
beginning and the end were 802 bp and
590 bp respectively. Three alleles were
found in homozygous individuals for both

(@)

@ G. tinctoria
© G. manicata
@ G. xcryptica

G. magellanica

Fig. 2 Haplotype network of the combined cpDNA sequences. Coloured circles represent the observed haplotypes.

Haplotype numbers correspond to those explained in text. Open circles indicate inferred haplotype; the length of lines
does not have meaning. Diagram prepared by the authors.

DOI 10.24823/Sibbaldia.2023.1998

7



8 | Dawn Edwards et al.

CYC-like 1 and CYC-like 2 genes (Table 1). The
homozygous Gunnera tinctoria individuals
outside of Chile carried alleles 1 or 2 for
both CYC-like regions. The Chilean samples
carried both alleles 1 and 2 for CYC-like 1
but only allele 2 for CYC-like 2 (Table 2). The
Brazilian G. manicata samples only contained
allele 3 for CYC-like 1 and alleles 3 and 4
for CYC-like 2 (Table 2). However, allele 4 of
CYC-like 2 (Table 1) was only present in a
single heterozygous individual. Resequencing
a subset of 24 samples that showed
ambiguous base calls for CYC-like genes with
allele specific primers confirmed the presence
of all CYC-like alleles in Britain and Ireland.
The alleles found in G. berteroi, G. insignis and
G. magellanica were unique to these species
(Table 1). The alleles found in G. magellanica
could not be connected to the network in
either of the nuclear regions under the 95 per
cent statistical parsimony criterion (Fig. 3) and
the species was omitted from the figure.

A total of 110 samples contained wild
Gunnera tinctoria cpDNA haplotype H1 (Table
2, genotypes G1-G5). Of these, 97 samples

CYC-like 1

were homozygous for the nuclear regions
and contained either allele 1 (G1: N=73) or
allele 2 (G2: N = 24) for both CYC-like regions.
Samples that had been thought to be hybrids
due to the presence of both stout and slender
inflorescence branches were shown to have
either G1 or G2 genotypes. Two other samples
with G. tinctoria H1 were heterozygous for the
CYC-like 1 region between alleles 1 and 3 and
homozygous for CYC-like 2 with allele 1 (G5).
The G. tinctoria sample from RBGE originally
sourced from Chile (with H1 and allele 2 for
both CYC-like regions) had genotype G2.
Seven samples had G4 (allele 1 in CYC-like

1, allele 2 in CYC-like 2). The remaining four
samples were G3 (heterozygous in CYC-like 1
between alleles 1 and 2, and carried allele 2
for CYC-like 2).

Haplotype H4 was recovered in 96
samples (G6-G13). Most of these samples
were heterozygous for both nuclear regions
(G6: N = 79), showing perfect additivity of
allele 1 and the Brazilian Gunnera manicata
allele 3 for both CYC-like genes. Additionally,
two samples showed a heterozygous pattern

CYC-like 2

Allele 1 [CICITIGIA]

CICITIA[CITIGIC|A[CIGITIG
G. berteroi

GITICIGIGIGIGICIGIT[G[C|A
Allele 3

Allele 2

G. insignis Allele 4

Allele 3
CCAR GIT[CIGIGITIGICIGITIG|C[A

Allele 2 [CICITIGICITIGITIGITIGICIG]

G. insignis
[CICITICICITITICIGITICICIG]

Allele 1 [CICITIGICITI[GITIGIT[CICIG
G. berteroi
[TIGITTAIG]

Fig. 3 CYC-like networks - haplotype networks of the CYC-like alleles for CYC-like 1 and CYC-like 2. Coloured circles represent
the observed alleles. Allele numbers correspond to those found in Table 1. Open circles indicate inferred haplotype; the length
of lines does not have meaning. Diagram prepared by the authors.
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Table 1 CYC-like gene alleles recovered from the Gunnera samples included in the project.

Gene: CYC-like 1

Species
G. i Allele i C|C C | C
G. berteroi Allele berteroi C A[C[A A
G. insignis Allele insignis cl|C|]C|[C|]A]|C|[A A
G. tinctoria Allele 1 cl[C|C A[C[A A
G. tinctoria Allele 2 cl[C|[C A[C|[A A
G. manicata Allele 3 c|Cc|C A[C[A A

Gene: CYC-like 2

Alignment position (bp) [ 24]148[184]205[250[352[378]458] 538] 594] 612] 621 624 633]634]635] 636 637638[ 661 [ 713 [ 777]

A A ol B B e e C | A
A C C
A C C
C C A
C C
A C C

Species Alignment position (bp) | 24| 117|156 163| 164|228|232 | 241|2
G. i Allele ica C

G. berteroi Allele berteroi

G. insignis Allele insignis

G. tinctoria Allele 1

G. tinctoria Allele 2

G. manicata Allele 3

G. manicata Allele 4 (derived)

Table 2 Genotypes recovered for G. manicata, G. tinctoria and putative hybrids between the two species from the combined
chloroplast and nuclear DNA variation. coDNA = haplotype variation recovered from the combined chloroplast matK and
psbD-trnT sequences. CYC-like 1 and CYC-like 2 = sequence variation found in the two nuclear CYC-like regions. N = number of
samples observed for each genotype. Ambiguity codes (bases other than A, C, G, T) indicate positions where G. manicata and

G. tinctoria differ.

. 3 : Britain, Ireland & Mainland i i
Species Genotype cpDNA CYC-like 1 CYC-like 2 th(las?::;:el Europe Chile | Brazil
G1 H1 C C C 70 3
. | G2 H1 C C 11 13
G. tinctoria a3 a1 R c C 2
G4 H1 A C C 7
G5 H1 R C C [ 2
G6 H4 R Y Y S K Y S R 76 3
G7 H4 R C C C 5 1
G8 H4 R C C A 1
G. x cryptica G9 H4 A S Y Y S K Y S R 3
G10 H4 A S Y Y S K Y S R 1
G11 H4 R C C C S 1
G12 H4 R S Y Y S K Y R 1
G13 H4 A C C C C 3 1
G14 H3 A C C A 1
G G15 H5 A C C A 2
. G16 H6 A C C A 5
G17 H2 A C K C A 1
Alignment position (bp) 612 | 661 117 | 156 | 164 | 246 | 281 | 501 | 544 | 575

containing alleles 1 and 2 for CYC-like 1, with
one of the samples carrying alleles 1 and 2
(G11) and the other carrying alleles 2 and

3 (G12) for CYC-like 2. Six of the samples
showed heterozygosity with alleles 1 and 3 in
CYC-like 1, but carried allele 1 for CYC-like 2
(G7). One sample showed heterozygosity with
alleles 1 and 3 in CYC-like 1, but contained
allele 3 for CYC-like 2 (G8). G9 and G10
showed perfect additivity between alleles 1
and 3 for CYC-like 2, but were homozygous
for alleles 1 and 3 respectively for CYC-like 1
(G9: N =3 and G10: N = 1). The final four
samples (G13) were homozygous in both
nuclear regions with allele 1.

DOI 10.24823/Sibbaldia.2023.1998

G14-G17 represent the Brazilian Gunnera
manicata with unique haplotypes H2, H3,
H5 and Hé; all but one of the samples were
homozygous with allele 3 in both nuclear
regions. None of the samples collected in
Britain and Ireland, the Channel Islands or
Belgium carried the Brazilian G. manicata
cpDNA alleles (H2, H3, H5, H6) and only two
samples were homozygous with Brazilian
CYC-like alleles (G10: allele 3 in CYC-like 1, G8:
allele 3 in CYC-like 2).

Of the 53 seedling sample subset from
The Eden Project, 51 contained the Gunnera
tinctoria haplotype H1 (Table 3, G1, G2, G18,
G19). Of these, 47 had genotypes G1 and G2,
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Table 3 Genotypes recovered from The Eden Project seedling sample subset from the combined chloroplast and nuclear
DNA variation. cpDNA = haplotype variation recovered from the combined chloroplast matK and psbD-trnT sequences.
CYC-like 1 and CYC-like 2 = sequence variation found in the two nuclear CYC-like regions. N = number of samples
observed for each genotype. Ambiguity codes (bases other than A, C, G, T) indicate positions where G. manicata and

G. tinctoria differ.

CYC-like 2 N

Species Genotype cpDNA CYC-like 1
G1 H1 ©
G. tinctoria G2 H1 C
seedling G18 H1 ©
G19 H1 C
G. x cryptica
seet?lliﬁg G9 H4 Y Y
Alignment position (bp)

156 | 164 | 246 | 281 [ 501 | 544 | 575

being homozygous for the nuclear regions and
containing either allele 1 (G1: N =45) or allele
2 (G2: N = 2) for both CYC-like regions. The
remaining four samples (G18: N =3 and G19:

N = 1) were heterozygous in CYC-like 1 with
alleles 1 and 2. For CYC-like 2 the three samples
with G18 were heterozygous with alleles 1 and
2 and the sample with G19 was homozygous
with allele 1. These two genotypes (G18 and
G19) were only found in the seedling sample
subset. Just two seedlings carried cpDNA
haplotype H4. They had genotype G9 with a
homozygous CYC-like 1, comprising allele 1, but
showed perfect additivity with alleles 1 and 3
for CYC-like 2.

Discussion and conclusions
Gunnera tinctoria

The results of the molecular investigation
have confirmed that material genetically
matching Chilean Gunnera tinctoria grows in
Britain and Ireland (genotype G2) and that
there is another similar genotype in existence
(G1), not recovered from Chilean samples but
present in Britain and Ireland, the Channel
Islands and mainland Europe.

Gunnera manicata and

G. x cryptica

The conclusions from the morphological and
historical investigation of Shaw et al. (2022)
are supported by this molecular study.

Together, they provide strong evidence that
Gunnera manicata has been replaced by the
hybrid between G. manicata and G. tinctoria,
G. X cryptica, in Britain and Ireland, as well
as in the Channel Islands and probably
mainland Europe given the evidence also
provided by van Valkenburg et al. (2023).

None of the samples collected from
Britain and Ireland, the Channel Islands
and Belgium was an exact match with
Brazilian Gunnera manicata, though
chloroplast sequence data for genotypes
G6-G13 (H4, Fig. 2, Table 2) did group with
G. manicata. Therefore, haplotype H4 most
likely originated from an unsampled G.
manicata population in Brazil. Furthermore,
combined chloroplast and nuclear sequence
data demonstrated the presence of plants
genetically intermediate between G. manicata
and G. tinctoria that appear to be of hybrid
origin.

The majority of the intermediate
samples (G6: N = 79) showed perfect
additivity between the two species, with
no variation at other base pair positions
under study. A plausible explanation is that
these plants are F1 hybrids between the
species or part of a segregating population
of hybrids for which none of the other
possible intermediates were found. The lack
of other possible intermediates is likely to
be because, as reported above, the plant

DOI 10.24823/Sibbaldia.2023.1998



An investigation of large-leaved Gunnera L. (Gunneraceae) grown outside in Britain and Ireland | 1

grown as Gunnera manicata (G. X cryptica)
appears to be non-seeding or have very
poor germination. The partial additivity seen
in G7-G13 (N = 14 Britain and Ireland and
the Channel Islands; N = 3 Belgium) suggest
that crosses between hybrid individuals or
backcrosses to G. tinctoria have occurred.
G5 (N = 2) also appeared to be a hybrid,

but with G. tinctoria as its seed parent
(haplotype H1) and the hybrid as the pollen
parent.

For the sample subset from The Eden
Project, most of the samples were confirmed
as Gunnera tinctoria (G1: N = 45 and G2:

N = 2). Just two samples from the subset
were shown to be G. x cryptica seedlings
(G9: N = 2). Four seedlings showed genetic
intermediacy between G. tinctoria genotypes
(G18:N=3and G19:N =1).

Plants with both stout and slender
inflorescences were found to be Gunnera
tinctoria, having genotypes G1 and
G2 rather than any of the genetically
intermediate genotypes G5-G13. This
suggests that further studies are needed to
understand the morphological variation in
G. tinctoria.

The molecular data show that there is
some gene flow between Gunnera X cryptica
and G. tinctoria in both directions, albeit
apparently on a very small scale. It is not
understood how complex the processes of
gene flow are in Gunnera and it is possible
that plants of complex mixed parentage are
represented in naturalised populations given
that the plants are wind pollinated. As with
other examples, such as Quercus x rosacea

Bechst. and its parents Q. petraea (Matt.) Liebl.

and Q. robur L., in which the whole range
of characters can be observed (reviewed
in Stace et al., 2015), such plants could be
difficult to separate from G. tinctoria on
morphology alone.

DOI 10.24823/Sibbaldia.2023.1998

Implications for Gunnera as an
invasive plant

As stated previously, Gunnera tinctoria has
been listed in legislation as an invasive plant
since 2010 (UK) and 2011 (Republic of Ireland)
and subsequently, in 2017, became listed

as being of Union Concern (now of Special
Concern in the UK adopted legislation),
attracting the highest level of restrictions

for the whole of the European Union and

in Britain. As our studies have shown that
plants widely referred to as G. manicata in
cultivation and in the wider environment

in Europe are likely to be G. X cryptica, the
listing in the relevant invasive non-native
species legislation, such as Schedule 3 of

the Republic of Ireland Statutory Instrument
No. 477 European Communities (Birds

and Natural Habitats) Regulations 2011,
should be updated to reflect our improved
understanding of the identity of the plant.
There is, however, a more fundamental issue.
As is commonly the case in biodiversity-
related legislation, in Article 3 of the IAS
Regulation an ‘alien species’is defined as
‘any live specimen of a species, subspecies

or lower taxon ... as well as any hybrids,
varieties or breeds that might survive and
subsequently reproduce’ This means that

the Regulation applies not only to the listed
species but to any hybrid containing that
species. As a consequence, strict application
of the Regulation would mean that G. x
cryptica should be considered a taxon of
Union or Special Concern with all that implies
for trade and management of that taxon
within gardens. However, much depends
upon the degree to which any hybrid is able
to reproduce itself. A similar case is the hybrid
of Lysichiton americanus Hultén & H.St.John
(listed as a species of Union/Special Concern)
with L. camtschatcensis (L.) Schott (not listed),
L. X hortensis J.D.Arm. & B.W.Phillips (Armitage
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& Phillips, 2011). So far, this implication of
the legislation has not been tested in the UK
but those responsible for plant collections
including such plants need to be aware of
the potential risk that such hybrids could
be treated as banned in future. Likewise, in
the Republic of Ireland, hybrids are included
in the definition of a plant in Statutory
Instrument No. 477 (2011). This issue is
discussed further in van Valkenburg et al.
(2023).

When a naturalised population of
gunneras growing in the presence of
both Gunnera tinctoria and G. X cryptica
was examined at The Eden Project, only
two of fifty-three seedlings were found
to contain G. manicata genes. Although
G. X cryptica does appear to occasionally
reproduce by seed, the invasive threat
appears overwhelmingly to be G. tinctoria. If
G. tinctoria is eradicated it appears very likely
that G. X cryptica would not spread much by
itself. However, although our observations
suggest that G. x cryptica does not pose
an invasive threat in Britain and Ireland,
this study has not sampled populations of
the hybrid densely enough to say for sure.
Further sampling of populations in natural
habitats should be undertaken to determine
whether G. X cryptica represents a genuine
threat of becoming invasive. In addition, the
diagnostic morphological characters that
have been provided in our earlier paper
from this study (Shaw et al., 2022) can be
used to strengthen confidence that existing
recordings for the large-leaved Gunnera taxa
growing in the wild in Britain and Ireland are
correct.
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Appendix 2 Pairwise sequence variation of cpDNA haplotypes indicating the number of base pair and indel differences
between cpDNA haplotypes. Haplotype numbers correspond to those found in Fig. 2. SNPs = single nucleotide polymorphisms.
Numbers in parentheses indicate base pair length of indels.

H1 H2 H3 H4 H5
H1
H2 3 SNPs +
indel (2 bp)
H3 6 SNPs + 3 SNPs +
indel (7 bp) indel (7 bp)
H4 5SNPs + 4 SNPs + 1 SNP
indels (2, 7 bp) indel (7 bp)
H5 5 SNPs + 4 SNPs + 3 SNPs 4 SNPs
indels (2, 7 bp) indel (7 bp)
Hé 4 SNPs + 5SNPs + 6 SNPs + 7 SNPs + 7 SNPs +
indels (8, 8 bp) indels (6,8 bp) | indels (6,7,8bp) | indels (6, 7,8 bp) | indels (6, 7, 8 bp)
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