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Introduction
Eighteen species or varieties of Ramaria are on the Region 6 U.S. Forest Service and Oregon/Washington Bureau of Land Management (BLM) Sensitive and Strategic species’ lists maintained by the Interagency Special Status/ Sensitive Species Program (ISSSSP; Table 1).  Seventeen of these species and an additional 11 species or varieties of Ramaria are on the 2001 ‘Survey and Manage’ list for the Northwest Forest Plan (Table 2).  Approximately 90 species of described Ramaria and varieties occur in the PNW (Exeter et al., 2006).  Ramaria vouchers are collected each year as part of fungal survey efforts by these federal agencies in Oregon and Washington.  However, Ramaria is an extremely difficult genus to master taxonomically and there are few experts with the experience needed to work with this genus.  It was thought that by generating sequence data from identified Ramaria specimens, enough sequence data could be accumulated to be a useful reference database to aid in the identification of Ramaria collections when taxonomic analysis is inconclusive or not readily available. 
With this in mind, over the last several years working with the ISSSSP under a BLM Rare Species Genetics contract, I have obtained ITS and LSU sequence data from 245 Ramaria specimens.  These sequences are all from Ramaria species on the ISSSSP list, or closely related species found in the Pacific Northwest.  As part of this effort 29 type specimens were obtained from herbaria and sequenced to provide solid reference points for the identification of these taxa.  We also obtained sequences from 4 other unpublished type specimens from another research group.  In addition, sequences from 4 other Ramarias collected locally, but not part of the Rare Species Genetics contract were added to the analysis.
Due to the large data set, sequences were grouped into subgroups based on current subgenera definitions and a published tree (Humpert, et al., 2001), constructed from LSU sequences, that included many of the taxa we are concerned with.  We constructed ITS sequence trees for each of the 7 subgroups using the FastTree program which uses a maximum likelihood method of tree construction and provides statistically meaningful branch support values.  In these trees, the interspecies relationships may not be accurately depicted; our focus was on identifying species groups and the specimens that belonged in each group.


Table 1.  Species of Ramaria that are on the Region 6 U.S. Forest Service and Oregon/Washington Bureau of Land Management’s Sensitive or Strategic species lists as of the 2015 update.

	Ramaria abietina

	Ramaria amyloidea 

	Ramaria aurantiisiccescens 

	Ramaria botrytis var. aurantiiramosa

	Ramaria celerivirescens

	Ramaria conjunctipes var. sparsiramosa

	Ramaria coulterae

	Ramaria cyaneigranosa 

	Ramaria gelatiniaurantia 

	Ramaria gracilis

	Ramaria largentii 

	Ramaria maculatipes

	Ramaria rainierensis

	Ramaria rubella forma blanda

	Ramaria rubribrunnescens

	Ramaria suecica

	Ramaria thiersii

	Ramaria tsugina




Table 2.  Species of Ramaria that are on the 2001 Survey and Manage list for the Northwest Forest Plan area (USDA and USDI, 2001).   

	Ramaria abietina

	Ramaria amyloidea

	Ramaria araiospora 

	Ramaria aurantiisiccescens 

	Ramaria botrytis var. aurantiiramosa

	Ramaria celerivirescens

	Ramaria claviramulata

	Ramaria concolor f. marrii

	Ramaria concolor f. tsugina

	Ramaria conjunctipes var. sparsiramosa 

	Ramaria coulterae

	Ramaria cyaneigranosa

	Ramaria gelatiniaurantia

	Ramaria gracilis

	Ramaria hilaris var. olympiana

	Ramaria largentii

	Ramaria lorithamnus

	Ramaria maculatipes

	Ramaria rainierensis

	Ramaria rubella var. blanda

	Ramaria rubribrunnescens

	Ramaria rubrievanescens 

	Ramaria rubripermanens

	Ramaria spinulosa var. diminutiva 

	Ramaria stuntzii 

	Ramaria suecica

	Ramaria thiersii

	Ramaria verlotensis



We then went through the specimen list and checked whether each name was consistent with its position on the tree.  If not, we tried to assign a name based on tree position and a BLAST search on our database of 253 Ramaria sequences (not GenBank).  If the sequence in question was not close to any named species, we did a BLAST search in GenBank to see if this sequence could be linked to another species not in our database.  If we could not assign a name after this, we assigned it an “Unknown species” number.  In this case, unknown species means either an undescribed species or a described species with no representation in GenBank.  In all, 44 specimens were classified as 20 different unknown species.  The other 209 specimens were assigned to 30 different species.

Results
Spreadsheet
The results are reported in the spreadsheet “Ramaria Global Results1”, which is a list of all Ramaria specimens that have been sequenced under a Rare Species Genetics contract with ISSSSP.  To this list were added the following columns:
· ITS tree position	Name of species based on tree position and sequence comparison
· Subtree			Tree number in which the sequence was placed
· Note			If specimen name was changed, the reason is given here
· Confidence		Level of confidence in new name; 1 is low, 3 is high
If the original specimen name was changed, it appears in red in the ITS tree position column.  In general, for confidence levels, high confidence (3) means that the sequence is at least 99% similar to the expected sequence, moderate confidence (2) means that the sequence is at least 95% similar, and low (1) is anything below that.  Note that all Unknown species are listed as high confidence because they were compared to all existing sequences and did not come close to any defined species.  

Trees
There are 5 final trees because groups 2 and 3 were combined into one, and groups 6 and 7 were combined also.  In these trees, the types are in red, except the four types with sequences from an external lab, which are in purple.  The names given in the trees are the current names as they appear in GenBank, not the corrected names.  The following are some comments on each of the trees.
Tree1
R. rubripermanens and R. rubrievanescens have a wide genetic range, or there are undefined species present.  I left them with a broad genetic range.  There is a species in this group that has not been defined (sp. 1).  Five of these were originally identified as R. botrytis and two were identified as R. rubrievanescens, so it apparently has characteristics of these two species, but it is definitely genetically different.



Tree 2+3
Type specimen sequences for R. hilaris var. olympiana and the two R. gelatiniaurantia were 99.5 % similar, indicating that these 2 species are synonymous.  There is a clade of 7 specimens that are 94-97% similar to R. verlotensis, yet were not identified as such.  These may be R. verlotensis, or an undescribed species.  We analyzed 8 specimens identified as R. thiersii, but only 1 of them was genetically similar to the type specimen.  Two of them formed another branch on the thiersii clade, but they were too different to be the same species (83% similar).  The two R. cyaneigranosa in this tree are far from the type specimen (in tree 5) and appear to represent an undescribed species.  The R. aureoprimulina is a new species that Ron Exeter is describing.  It clearly forms a well-defined clade in this tree.

Tree 4
Ramaria maculatipes and R. vinosimaculans are closely related, and some R. vinosimaculans are being misidentified as R. maculatipes.  A subtree with these two species was made to show this more clearly.  Although several collections identified as R. rubribrunnescens clustered near the type specimen of this species, there is another clade of 4 specimens identified as rubribrunnescens, that clearly are not this species, or any other species in GenBank.  Ramaria rasilispora and R. magnipes are very closely related (98%).  Ramaria araiospora and R. amyloidea each form well defined clades, so we can have high confidence in these identifications even though a type specimen sequence was not available.  This tree contains several clades with one or two sequences that just don’t come close to any type sequence or any sequence in GenBank.

Near the bottom of the tree, there is a well-defined clade containing the R. claviramulata type specimen and five R. celerivirescens specimens, along with one other R. claviramulata sequence obtained from GenBank.  These are all clearly the same species.  This apparent misidentification may be caused by problem with the species descriptions.  In Martin et al, (2003) the authors show that some species of Ramaria can be infected with a type of bacteria known as phytoplasma.  Infected sporocarps have odd deformed shapes.  The authors go on to state that some Ramaria species probably have been mistakenly described as new because their shapes were deformed by phytoplasma.  They specifically mention R. claviramulata as possibly being one of these species, although they did not test it.  Our genetic information indicates that R. claviramulata is just a deformed R. celerivirescens.

Tree 5
There are several R. largentii quite distant from the main group of five R. largentii near the bottom of the tree.  I’m assuming that that the group of five is the true R. largentii and the others are something else.  There are some unknown species with one or two specimens in this tree.  There is an extremely large genetic difference between the two varieties of R. spinulosa, indicating that they may be distinct species.



Tree 6+7
The ITS sequences of the type specimens of R. tsugina and R. apiculata var. compacta are very close (99%) and seem to nest with each other on the tree.  Further analysis is needed to determine if they are synonymous.  We were able to identify two R. sp. as R. testaceoflava due to their similarity to the type specimen.  Despite the lack of a type specimen sequence, the cluster of five R. gracilis nicely defines this species.   Ramaria abietina sorted into two clades that were very different (73% similar).  Since we don’t have a type specimen sequence, we don’t know which of which of these is the true R. abietina.  In the lower clade of R. abietina, the two AJ… specimens were taken from GenBank and were from Spain, while OSC 109282 on the same clade was from Josephine county, Oregon.  The specimens on the other clade were from Douglas and Lane counties, Oregon.


Conclusions
This brief exploration indicates that our knowledge of the genus Ramaria is incomplete; we have identified as many as 20 undescribed species in the genus.  However, we now have strong support for identifying many of the species on the ISSSSP list using ITS sequence data.  Some of the vouchered specimens in our study can be assigned corrected names based on this analysis and those corrections are being made in GenBank as well as on the curated specimens at the OSC and WTU herbaria.  We are keeping a record of specimens requiring further taxonomic work, and we are changing the GenBank name of any sequences from these specimens to Ramaria sp. until the species name is resolved.   Specimen labels are being changed to indicate this uncertainty also.  In addition, this analysis indicates that some species should be synonymized, although this will require the work of a taxonomist to formalize.  In the future, sequences obtained from Ramaria collections suspected of being on the ISSSSP list should be compared to our database for confirmation, as GenBank has a significant number of misidentified Ramaria sequences.
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