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A recent survey of Canadian Bangiales failed to uncover COI-5P data for the few 18	

specimens assignable to Porphyra linearis (n = 2) and Pyropia peggicovensis (n = 5), 19	

while another study published in the same year reported that COI-5P data from the 20	

former matched another species assignable to that genus, P. umbilicalis. In light of 21	

this disparity, and the low numbers of specimens in both of these previous studies, 22	

new collections of Porphyra linearis (n = 20) and Pyropia peggicovensis (n = 10) were 23	

acquired from Peggys Cove, NS. These were combined with current specimens at 24	

UNB (total specimens available for study 24 and 16, respectively) and assessed with 25	

mitochondrial COI-5P, nuclear ITS2 and plastid rbcL. It was established that the 26	

standard COI-5P primers in use for red algae fail to amplify this marker in Py. 27	

peggicovensis, which can result in false identifications owing to contamination. 28	

Porphyra linearis on the other hand was determined to share COI-5P data in 29	

common with P. umbilicalis likely owing to introgression and or incomplete lineage 30	

sorting. 31	

 32	

 33	

Abbreviations: COI-5P, the 5’ region of the cytochrome c oxidase subunit I gene; ITS2, 34	

internal transcribed spacer region two of the nuclear ribosomal cistron; rbcL, RuBisCO 35	

large subunit gene. 36	

 37	

In a recent survey of Bangiales from Canada attempts to acquire COI-5P data were 38	

considered unsuccessful for the few specimens assignable to Porphyra linearis Greville 39	

(n = 2) and Pyropia peggicovensis H.Kucera & G.W.Saunders (n = 5) (Kucera and 40	
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Saunders 2012). In contrast, Mols-Mortensen et al. (2012) published COI-5P for three 41	

specimens of P. linearis that matched their sequences for Porphyra umbilicalis Kützing 42	

invoking hybridization as the likely explanation for these two species having the same 43	

COI-5P data. This is an important consideration because COI-5P data generated by 44	

Kucera and Saunders (unpublished) for one specimen of P. linearis (of two available) and 45	

two specimens of Py. peggicovensis (of five available) were discarded as contaminants 46	

because they matched data from P. umbilicalis. All three of these species contribute to a 47	

mid to upper intertidal dark red band on exposed rocks at Peggys Cove in winter and 48	

early spring, which was the main source location for P. lineraris and Py. peggicovensis 49	

specimens in the study of Kucera and Saunders (2012). 50	

Contamination can occur when the primers in use fail to amplify DNA from the target 51	

species allowing even small amounts of co-extracted DNA from other species, e.g. from 52	

spores adhered to the surface of the target specimen, to amplify preferentially (laboratory 53	

contamination can also contribute). Kucera and Saunders (2012) discarded the anomalous 54	

COI-5P data at the time siding with the rbcL indications, which were distinct for these 55	

specimens and matched them to P. linearis and their newly described Py. peggicovensis 56	

rather than P. umbilicalis. Whereas contamination is the most plausible explanation for 57	

this result in Py. peggicovensis, this species being only distantly related to the other two, 58	

the sibling relationship between P. linearis and P. umbilicalis renders COI-5P 59	

introgression a plausible explanation (Mols-Mortensen et al. 2012). Given the low sample 60	

sizes for COI-5P data in both studies for P. linearis [a total of four for both studies 61	

combined (Mols-Mortensen et al. 2012, Kucera and Saunders 2012)], the issue of shared 62	

COI-5P sequences for P. linearis and P. umbilicalis warrants further study. 63	
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I returned to collect linear specimens at Peggys Cove in March 2017 (n = 30) and 64	

combined these with the collections from Kucera and Saunders (2012) to enhance 65	

representation for P. linearis (n = 24) and Py. peggicovensis (n = 16). Fourteen 66	

specimens of P. umbilicalis were also included (n = 6 from Peggys Cove). DNA 67	

extraction followed Saunders and McDevit (2012) with the mitochondrial COI-5P, plastid 68	

rbcL (at times full rbcL) and nuclear ITS2 amplified and sequenced as outlined in 69	

Saunders and Moore (2013; Table S1). 70	

A total of 54 specimens were included in this study [available in the public dataset 71	

DS-PORLIN1 on the Barcode of Life Data Systems (BOLD; boldsystems.org) and 72	

recorded in Table S1] with COI-5P amplification successful in 37. Despite the COI-5P 73	

being highly similar in all cases (only 0-2 differences), consistent with a single genetic 74	

group, data for rbcL-3P assigned these same 37 specimens to three different species (Fig. 75	

1). Successful COI-5P amplification was obtained in 23 of 24 specimens ultimately 76	

assigned to P. linearis based on rbcL-3P (n = 22; plus GWS041544 for which COI-5P 77	

amplification failed) and ITS2 (n = 1; specimen GWS041557 for which rbcL-3P 78	

amplification failed). Among these was a specimen previously assigned to P. umbilicalis 79	

(GWS013957) based on COI-5P data alone (Kucera and Saunders 2012) (Fig. 1). For P. 80	

umbilicalis COI-5P amplification was successful in 13 of 14 specimens, which were 81	

assigned to this species based on rbcL-3P (n = 9; plus GWS032202 for which COI-5P 82	

amplification failed) and ITS2 (n = 4; specimens GWS009743, GWS013959, 83	

GWS013960, GWS041549 for which rbcL-3P amplification was not attempted) (Fig. 1). 84	

Of the 16 specimens assigned to Py. peggicovensis based on rbcL-3P data, only one 85	

yielded clean COI-5P data (GWS041552) (Fig. 1). Some other specimens of Py. 86	
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peggicovensis yielded messy and weak COI-5P data (not shown), which nonetheless had 87	

their closest match to other species of Pyropia in GenBank indicating that the data for 88	

GWS041552 resulted from contamination. This conclusion is also supported by the 89	

considerable genetic distance in rbcL-3P and ITS2 separating Py. peggicovensis from the 90	

two species of Porphyra (Fig. 1).  91	

In contrast, P. linearis and P. umbilicalis were similar in rbcL-3P (only 6-7 bp different; 92	

Fig. 1) leaving introgression and or incomplete lineage sorting of the COI-5P a plausible 93	

explanation if these are in fact two distinct species, as indicated by the rbcL-3P and 94	

published nuclear small subunit ribosomal DNA (Klein et al. 2003) data. To investigate 95	

this further, nuclear ITS2 data were generated for nine specimens each of these two 96	

species (Table S1), which were unequivocally consistent with the rbcL-3P data (n = 13 97	

specimens that had all three markers determined) in assigning the specimens to two 98	

divergent genetic groups (ITS2 differences between the species were high at 48-57 bp; 99	

Fig. 1). Indeed, the ITS2 data further pointed to some divergence between specimens of 100	

P. linearis from Peggys Cove (n = 7) versus two specimens from New England (Fig. 1; 101	

Table S1, Maine and Massachusetts). The data were thus consistent with the two species 102	

of Porphyra, P. linearis and P. umbilicalis, being independent. 103	

Increasing the number of individuals available for study from two to 24 and five to 16 104	

for Porphyra linearis and Pyropia peggicovensis, respectively, as well as deeper 105	

exploration using three markers (COI-5P, rbcL-3P, ITS2) has facilitated a few 106	

conclusions that were equivocal in the earlier barcode survey of Kucera and Saunders 107	

(2012). Firstly, Porphyra linearis and P. umbilicalis share their COI-5P type, which was 108	

consistent with Mols-Mortensen et al. (2012). Interestingly the 0-2 differences occur 109	
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within as well as between the two species. There is a shared common mitotype, and then 110	

unique mitotypes in each species indicating that they have been isolated for a relatively 111	

long time. Nonetheless, these two species are distinct based on ecological, morphological 112	

and other molecular (nuclear ITS and plastid rbcL) observations provided here (Fig. 1), 113	

as well as in Brodie et al. (1998), Klein et al. (2003) and Mols-Mortensen et al. (2012). 114	

Taken together these data are consistent with mitochondrial introgression from one 115	

species to the other and or incomplete lineage sorting. As such, COI-5P is a poor choice 116	

for discriminating between these two species and ITS or rbcL-3P data are preferred. If 117	

only these two species needed to be considered, morphology alone could typically 118	

provide an accurate identification. However, the presence of Py. peggicovensis at Peggys 119	

Cove can confound identification of P. linearis in the field. Owing to the failure of the 120	

standard red algal COI-5P primers (Saunders and Moore 2013) to amplify this gene for 121	

Py. peggicovensis, only small quantities of DNA from P. linearis/umbilicalis need to be 122	

present to generate a false identification. Reports of contaminant sequences in the algal 123	

literature are not new and have uncovered both ecological (Lane and Saunders 2005) and 124	

taxonomic (Evans and Saunders 2017; Saunders et al. 2017) surprises. Nothing so 125	

dramatic was uncovered here, but clearly COI-5P, at least with the standard primers, is 126	

also a poor choice for the identification of Py. peggicovensis and again ITS or rbcL-3P 127	

should be used (Fig. 1). 128	

Genetically verified collections of P. linearis are thus far confined to Peggys Cove, 129	

Nova Scotia, Maine, and Massachusetts for samples at UNB (Table S1), with rbcL 130	

matches in GenBank adding Iceland (JN787103, JN787105; Mols-Mortensen et al. 2012) 131	

and the United Kingdom (HQ687547; Sutherland et al. 2011). Other reports have this 132	
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species extending from Newfoundland to New Hampshire across the Atlantic and 133	

throughout Europe (see Mathieson and Dawes 2017, p. 262). Our collections from 134	

Peggys Cove were clearly dioecious (Saunders 2018) while literature accounts report that 135	

this species is monoecious (see Mathieson and Dawes 2017, p. 262) or both (Brodie and 136	

Irvine 2003). In contrast, genetically verified collections of Py. peggicovensis are 137	

confined to Peggys Cove, Nova Scotia, for collections at UNB, with one GenBank match 138	

for rbcL (2 bp different over 1363 available for comparison) in Denmark (JN847267; 139	

Mols-Mortensen et al. 2012), although a range from Prince Edward Island to Sweden is 140	

reported in Mathieson and Dawes (2017, p. 269). 141	

It is remarkable that two species in distantly related genera, P. linearis and Py. 142	

peggicovensis, can look so similar. Kucera and Saunders (2012) had low sample sizes, 143	

which had been collected as part of a broader barcoding survey rather than to specifically 144	

distinguish between these two species. Indeed, at the time of collecting Kucera and 145	

Saunders (2012) considered all of these individuals in the upper zone to be P. linearis. 146	

With hindsight and more rigorous collecting, it is clear that P. linearis inhabits the lower 147	

part of the upper band and has broader blades, which can become more linear toward the 148	

mid regions of this zone where the species overlaps in range with Py. peggicovensis 149	

(Saunders 2018). Conversely, Py. peggicovensis is strongly linear in the uppermost 150	

reaches of this band, but can become more similar in appearance with P. linearis lower in 151	

its range where it overlaps with the latter (Saunders 2018). For individuals of this 152	

intermediate morphology ITS or rbcL-3P should be used if a definitive identification is 153	

required. 154	

 155	
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Figure captions 210	

Figure 1. Clustering (UPGMA, uncorrected distances) of all specimens for which COI-211	

5P data (*indicates two specimens for which COI-5P data were not successfully 212	

generated) were generated based on their rbcL-3P and ITS data. The number of base pair 213	

(bp) differences in each marker between specimens is displayed at the nodes. The COI-5P 214	

data for Py. peggicovensis GWS041552 is clearly from a contaminant, but ITS2 data 215	

were generated for comparative purposes (it was unalignable to ITS2 data for the two 216	

Porphyra species) and inclusion of this specimen provides representative rbcL-3P data 217	

for this species (all 16 specimens of Py. peggicovensis for which this marker was 218	

determined had identical sequences). **GWS013957 was assigned to P. umbilicalis in 219	

Kucera and Saunders (2012), but based on rbcL-3P data generated here (confirmed twice) 220	

this specimen is correctly P. linearis. Bold type indicates the two specimens of P. linearis 221	

collected from New England. 222	


