                                       Mapping AZ Fungi

I would like to begin tonight by saying upfront that I’m a citizen scientist and not a professional mycologist. And although I’ve learned a lot while vouchering and sequencing Arizona mushrooms I still have a lot to learn.  What I know is due in large part to help from people like Dr. Kerry O’Donnell and Rod Tulloss. But of course they are not to blame for anything I might say tonight that’s wrong.

My interest in sequencing mushrooms began in 2015 when I read a paper by Richards et al. on morels. The paper reported over 60 species of morels worldwide : over 20 each in Europe and North America and 20 plus elsewhere. I wondered what we had here in AZ. I had one collection from the Slide Fire which I sequenced. It turned out to be Morchella sextelata—a burn morel.  In 2016 Mike Dechter and I were talking and I told him about what I had sequenced and that I would like to see what other Morhella species we had so that year Mike contributed three specimens, Donna and I contributed five specimens so we sequenced eight samples of morels.  The eight specimens represented seven different species one of which turned out to be novel species, that is new to science, which Donna and I provisionally named Morchella kaibabensis.  In order for this name to be considered a legitimate scientific name our morel must be scientifically described and published which is underway now.  The paper was submitted to Mycologia, the official journal of the Mycological Society of America, in early March of this year.

Tonight I would like to update you on the other hundred plus mushrooms we have sequenced so far.  Let’s start by looking at a spreadsheet of material that we have sequenced to date. The spreadsheet has several items of note. The observation number for Mushroom Observer which is where I document each collection with photos and field notes. Of course the scientific name, date collected, and collection locality is shown..  It also includes the herbarium’s catalog number for the specimen and the GenBank accession number for the DNA sequence. The final column is type locale, which is where the type of the mushroom was collected.
You’ll see that I’ve highlighted some of these in yellow and some in red. Those highlighted in red are newly confirmed from Arizona. This simply means that they were not known to exist here before we documented them through sequencing. So in these cases we are extending the scientifically known range of the mushrooms. 
Those highlighted in yellow may be novel species, eg. new to science.  If they are novel then they are not scientifically known or described as yet so they lack scientific names though some have provisional names.  They may look like known species but their sequences don’t match the types for known species or sequences curated by professionals. I’d like to highlight a few in each of these categories so that you have an idea of what I’m talking about.

Those that are not highlighted are confirmations of species known to exist in AZ like Agaricus bitorquis, Coprinus comatus, Lactarius rubrilacteus, and Suillus lakei for example.

Examples of newly confirmed species from AZ (RED) :   Auricularia americana (QC, Canada-Auricularia auricula-judae group), Cantharellus roseocanus (BC, Canada-C. cibarius group), Cortinarius vernus (Sweden), Cyptotrama chrysopepla (Cuba-C. asprata group), Flammulina populicola (CA-F. velutipes group), Leccinum vulpinum (Great Britain), all of the Morchella spp. (US and Europe-M. americana, M. brunnea, M. eximia, M. prava, M. sextelata, M. snyderi, M. tridentina), Pluteus americanus (MI-Pluteus salicinus group) Tricholomopsis sulphureoides (NY), Tubaria romagnesiana (T. furfuracea group), to name a few.

Examples of possible novel species from AZ (YELLOW) :   Agaricus hybrid TAC_1491 (AZ), Amanita cuprea nom. prov. (AZ), Fomitopsis ponderosa nom. prov. (AZ-F.pinicola group),  Harrya chromapes group (VT), Lactarius deliciosus group (Germany), Morchella kaibabensis nom. prov. (AZ), and Xerocomellus diffractus nom. prov. (CA-X. chrysenteron group)

Now I’d like to tell you a little bit about the sequencing process itself and the analysis of its results because I think it’s fascinating.  Of course the process begins with the extraction of DNA from a sample – in many cases a dehydrated mushroom. This process is mostly mechanical. The real fun begins after the lab has sequenced the DNA and provides you with a chromatogram of the results.  Here’s a sample chromatogram of the ITS rDNA region using the ITS1 F primer which is a forward read. This one is for Suillus lakei. I wanted to show you a somewhat typical chromatogram in that usually there are very low quality characters at the beginning and end of the sequence and there may be low quality or ambiguous characters throughout the sequence. So the first job is to examine the chromatogram looking for these.  In this case you see low quality bases at the beginning and at the end and you see an ambiguous character right here (157) which is a double peak. In this case we don’t know whether the character is an T or C for example. One way to find this out is to run the reverse read of this area of the gene which is done with a different primer like ITS4. Then we can compare both strands of the DNA.  We can obtain an accurate read by comparing the two sequences and obtaining a consensus sequence.  If it is ambiguous in both we insert an ambiguity code, Y in this case to show it is T or C.
Once we have a good clean sequence we can compare it to other sequences in national and international data banks--like GenBank in the US or UNITE in Estonia. This comparison is called blasting.  So you input your sequence into GenBank’s blast function and it gets blasted against other sequences to find those that are most similar.  Now the real work starts !  Because GenBank is not curated there are many mis-labeled sequences. So job one is to make sure that the match that you have is with a properly labeled sequence. The highest quality sequence of course would be a sequence of the type specimen or a sequence authored by a professional mycologist for a published phylogenetic study for example as in the case of the Morchella paper I referred to earlier.
Unfortunately blasting doesn't always provide us with a species ID for three reasons that I’ve encountered:  
(1)   there are close matches with multiple GenBank submissions which have differing labels so we can’t determine which if any are correctly labeled,

(2)   there are no close matches with anything on GenBank, or
(3)   the ITS region is conserved which means it is the same for a number of species in a given genus in which case we may need to look at a locus other than ITS, this is called a multilocus analysis.  This is true for about a quarter of the species in Morchella for example and is true for our novel AZ Morchella kaibabensis.
Regarding the first reason in some cases this is due to a dearth of properly labeled sequences on GenBank and a large quantity of mis-labeled sequences. One reason for this is that some GenBank submissions were ID'd based on macro-morphology and were incorrectly labeled.  Another reason is that some submissions were given the accepted names at the time which subsequent molecular analysis has shown to be species groups like those I talked about earlier. The best ID's are based on GenBank submissions that were the subject of recent studies like the Morchella genus for example.  Consequently this is one criterion I've used to decide what to sequence.

Regarding the second reason, that is there are no matches, this sometimes indicates a novel species, that is one that is new to science.  This is how we found our novel Morchella sp. from the north rim that we have given the provisional name Morchella kaibabensis.
And if there are good matches with a number of good sequences it may be necessary to run another locus like LSU for example unless there are morphological differences that help resolve them to species.

Any questions?

