

BISC 328, September 21, 2026 TA: Can everyone in the back hear?
I just have some...before we start. Obviously, he is not here. So I'm doing the lecture today on molecular detection of fungi and...two weeks from now is a guest lecture...Paul it will be interesting.
Talk about magic mush room. I wanted to say about lecture recordings, there was a whole SFU campus wide outage of the system that does the recording. So we couldn't find is from last week. But I don't know if it didn't work because it didn't worked or outage. I want to say don't rely on the lecture recordings from now because I can't guarantee it will work. Come to class and have a friend to ask if you are sick. Today we will do molecular detection of fungi. These are adapted from Heather TSO. This is intro to me. If not --
OTHER SPEAKER: Sorry. I don't know if I can make it mid.


TA: Either is fine.
OTHER SPEAKER: What do you people prefer?


STUDENT: This. This.
OTHER SPEAKER: Darkness? We will be mush rooms.
TA: For the people not in the lab, Tuesday and Wednesday,
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this is me. A TA...I thought these were cool. The top left one he asked me to sequence it and find out what it was. He brought this back from Africa like I don't know what this is but got it from a vegetable garden in Africa. Can you figure out what it is. A lot of stuff was not on...cool and interesting. I guess they are not doing research seriously there so don't have identified. In my time before a master student, I graduated two years ago and worked as research assistance before doing master this year and...Canada so this is a picture from when I was doing inoculation experiments. You can see the...on the...I could replicate that and. This is from the master's project from the summer. Tomato virus so the leaves are the symptoms I wanted to see. I could successfully inoculate...and we have some case studies we will look in the literature and application of how you can do those techniques.
So what is PCR? Hope you are familiar but it's a photocopier can amplify a target sequence of DNA and this here this part amplifies and you can detect it in the test tube. We use this for [reading].
If you ever got a COVID -- some did, some antigens but some were PCR base so that's cool. And sequencing and general research.



Some history, this is a guy who first invented it. Doctor Kary Mullis. He has this quote which I think is cool. He said [reading].
So that's basically the goal of PCR. Pick a piece of DNA and amplify it so you have a lot to work on. The requirements, you have a sequence that you are looking for in the genome and you want to design...yourself or order from someone who has designed them. The primers specific to that target DNA sequence and you want them to optimize to...[reading] this is minimizing the off target effects. You don't want it to bind in the genome you are not looking for. You might see also...if the primers are not designed well they will bind to each other and then you are just seeing bands of primers that bound to each other.
So the main components of the DNA -- PCR, you want to remember this is all taking place in your PCR tube. We have the sample...[reading].
And you are...or you can make you're own buffers. It comes in a kit if you order it. Primers are the DNA sequence that provides the starting point...begin synthesis and the nucleotides are the...[reading].
So you will see this is kind of what looked like



floating around in the test tube. You have the nucleotides, the [reading].
And then once you have everything mixed together in the tube it goes into the therm cycler. [Reading].
Taq polymerase. You really can't do without
this.
It's call taq because comes from the bacteria
thermus aquaticus. It's cool. Enzyme in DNA...this specific one can with stand the high heat...the temperature is really high so it can with stand it and so you can have it through the different steps of PCR.
Okay. The process.
So there's three steps in one cycle [reading].
Denaturation is very high temperature. The high temperature is used to separate double stranded DNA into single strand...
And then we have annealing. Temperature is lowered a bit to allow them to bind...op the DNA and then extension where temperature increases a bit but not as high as denaturation and increased to optimal working temperature of...where DNA strands are [reading].
Extends along. And then cycles. The three steps. [Reading].
Repeats as many times. Usually I do 34 to 36



cycles. If you do too many it can ruin the PCR. You won't see the bands you want. This is looking more into the extension part. You will see the primer bound here to the complimentary DNA and the new DNA is synthesized by the nucleotides floating in the test tube...little video.
Hopefully this works. Not sure the audio will play --

[video playing].


TA: We have the target DNA.
Starting cycle...denaturation. The heat is very high and you will see strand will separate as the bonds break. Then the taq polymerase will anneal to the primers.
So the primers bind to the complementary sequence...and pick up the three floating nucleotides and add them.
Great. That's one cycle. And then basically it will repeats for however many times you programmed it to.
Okay. Okay.
Anyone have questions so far?



No, okay good. Okay.
So how did PCR work before we had this taq that can with stand the heat? Water baths. 1983. They didn't have the enzyme that can with stand the heat they had to add the enzyme in every cycle. ... this...second for annealing and third is extension.
If they put the enzyme in the first one it will die because couldn't with stand the heat. They will move the tube ever step and every cycle they would add in the new enzyme. Very time consuming and they can use taq polymerase to solve that problems and now these machines are efficient and you can put everything in there and leave it. Two hours and come back and it's done. Don't need to do anything with it.
Two types of PCR. Qualitative and quantitative. The take away is I want you to be able to explain what both are used for in different scenarios and understand what makes quantitative more beneficial than qualitative. [Reading].
It's basically a positive or negative.
We see the product amplified on a gel electrophoresis. Telling us how long the fragments are. The DNA is loaded in -- start here.
First you have the DNA sample and put in the



PCR. PCR is done then load is into the gel here. The blue part is agro...gel...by heat it up and dissolve it and mix it up. Let it solidify.
Yeah. Have this here. Solid. Like a jello kind of material and you have wells at the top here from the plastic imprint and then pipe the sample out start with...then the rest of the sample. The cords here. Plug into the power supply on the wall. When running for about 30 minutes depends how fast you want. If you run it too fast the lanes are smeared. Pulls the DNA through really quickly. A I usually do around 30 minutes. If you do more, it goes faster but you can smear it. That's not good. This is the negative side and this is the positive side. When the current is turned on the reason we see these band is because the DNA, the negative DNA is pulled through to the positive side and creates this beautiful picture here. Heavier molecules are slower moving so these here would be longer and heavier than these here which would be faster and lighter and shorter. And then confirm based on the ladder compare.
Yeah.
So this is a summary of hopefully everything I just said.
We are separating the DNA based on the size of



charges using the electric field...
Okay.
Then we have another video.


[video playing].


TA: It's not completely solid. Like a jello.
Okay. Yeah so I didn't mention that part but you can stain it after. I usually stain before. I will mix it in with the stain and allows us to visualize under the UV light. You can soak it after or mix it before.
As long as you add the die in or you can't visualize it.
Now talk about quantitative. Qualitative gives us this picture put doesn't tell us anything more than the size of the bands. Quantitative can tell us the amount of DNA produced in the cycle in real time.
Fluorescence dyes...as it happens. We can detect and quantify it. That's the big difference here. We are quantifying it. In real time. So the other method is just looking at it at the end. This one can tell us all the different cycles information about number of DNA copies.
So the main difference for this, how that



happens, is that it's measuring the probe.
So designer...but also designing a probe to bind to the region in DNA. Probe design needs to be specific...but you want it to bind in a region between where the primer will...in the middle of them so you are amplifying it. Imagine -- each DNA copy will have the fluorescence signal so it will be added in the middle as the taq polymerase is annealing...and go on the other side to continue. In real time you can measure at each cycle because the probe is telling you how much is there.
This is what it would look like. So you have your fluorescence and your number of cycles.
Fluorescence is measuring that probe.
This is where your negative control and -- it's the negative...water or something.
May be like, yeah, water. I usually use water.
And here is the threshold.
When it passes the threshold you see it rises and that is gives us the positive sample.
This is what it might look like in real time.
This is theoretical but this is an actual picture you would see on the machine. You see there's some here positive.



At a lower cycle number than this here. This one has more.
Okay. So we will talk about DNA bar coding
next.
DNA bar coding is like if you imagine a bar code
for the fruit. At the store. Scanning. It's apple. Beep. It's banana. For this we can identify the organisms based on sequence. The bar code matches...and you can identify the species.
You can use this mainly for species ID and bio diversity [reading].
How it works, you would obtain a sample of interest.
So this fungi on this leaf. Don't know what it is but you want to know. Grind is up in liquid nitrogen. You have a sample. You don't need much.
Around 100 mill grams. Not more than that. Extract the DNA. We want to know what it is. Two different regions. We have conserved region and variable region. This is a key point for how the DNA bar coding works. Don't know the CC...but we know some regions in every single fungi.
So you have your conserved region and this would be essential functioning. Protein synthesis.
Anything that every fungi needs to function. Things



it can't live without. You use those conserved region to...be able to identify what that species is.
So the reason why the variable region has so many mutation is mutation doesn't affect the functioning. The deference is if you have mutation in the...region it will not be able to function. The bar coding is the variable region but we figure that out using...because we know the sequence. Once you design your primers you have them bind to the region. Use the PCR and then you have gel.
The next is we want to obtain the DNA sequence to figure out what it is. You can do this by cutting out gel. You can see here it's illuminated in the UV light. I had two replicated...the middle part I didn't anything...I cut them out a little square.
Very exactly around this. Little square.
And then you are able to...DNA from agarose and then you sequence it. Pretty cool.
Once you obtain your DNA sequence from that, search the library. The basic...[reading].
This is where scientists up load research. Novel sequences. If you don't find a sequence in there it's likely it's something that just hasn't been discovered yet. Not everything is in there.
But fungi I was looking at from Africa. Not in



there. No one has researched it yet. Lots of things are in the library though. Now we are matching it to the library and found the DNA sequence is from this species.
Now we will look at this in terms of what conserve region...bar code...internal transcribed...ribosomes. Other methods are EF one, LSU, RPB and beta tubulin...bind to the conserve region and this is secondary. ...it's binding to the conserved region. You can sequence that variable region.
So difference between them, the fungal bar code...you would use this primarily. Universally accepted. It's present in every fungi and not in any other organisms and works well for...if you use this, and doesn't work for you, you can't identify it species level, what ever reason, you can use the secondary fungal bar code to give you a better result because it's more specific so tells you at the species level, the differences between those so you can identify if...if the primary doesn't work for you.
Okay.


[video playing].



TA: This is not relevant anymore.
Anyone have questions so far?
No? Okay great. Now we will look at -- oh.
Sorry.
Okay. Now we will look at how we can put those
methods into practice looking at species identification and gene typing and gene expression.
So there's two types of primers we can design for species identification.
Once you have sample, you extract the DNA. You can have species specific or bar coding. Bar coding is used when look at species and don't know what it is. Can't bind to any specific regions except a universally conserved region. Species specific for when you know what something is but more particular, is this gene active at this point or does it have this phenotype?
So we want to distinguish between the two species. We don't know what it is. So anyone know which type of primers we want to use?
You have a mystery fungi and don't know what it
is.
STUDENT: Bar coding. TA: Yeah.
So we will design the bar coding primers.



Okay.
So you see this is the end product, the gel. Which species would it be based on this result? You can yell it out.
So you see, amplifying a frag and the frag will tell you if it's this or this one.
And you look at the gel and only see it amplified on one side, one primer set.
That tells you what? Yeah.
So it would be this one.
So the gel...is basically a positive or negative. So here you see it's positive for this and negative for this.
Species was [reading].
And that's like a pretty easy example for how we would use these primers.
Here is a cool case study. Look at novel application of RNase...[reading].
So here there are various fungal pathogens. The host is the tree and the vector is the beetle. Give you a background. There's a mutualistic relationship between the beetle and the fungi. The benefit to the pathogen is that the beetle transports them to the neighbouring trees. So it's very safe for them. They



are not under danger. Not exposed to elements. The they can safely access the tree and feed off it and infect the tree and get there and put spores in. It's beneficial. The benefit to the beetles is that the fungi give them nutrient source so they can access nutrients deep within the tree through the...and is give the nutrients back to the beetle. Without that the beetle can't access that and helps to weaken the tree's defence system. The beetle wants to feed on the tree and live there so if the fungi help with attack it's beneficial. So there's the mutual relationship here. The fungi help the beetle infects the tree and the beetle helps the fungi with transportation. It's parasitic to the tree so the trees end up perishing.
So someone did research on this and saw that there's a lot of fungal pathogens involved. A list here.
The main prevalent one and pathogenic is gross [reading].
In the scenario, they want to design a species specific primer set so the region is specifically targeting that fungal pathogen.
Another scenario would be that they don't know -- this is kind of before they knew what was



present. Using a bar coding primer set to identify the species and this gives you a good idea what the different primer sets would look like. On the grass...primer set, it's meant to identify only this one species.
But it's pretty interesting because you see a bit here.
And then does anyone want to speculate why this could be positive if the primer are designed for only this species?

STUDENT: Genetically similar enough that's is basically able to ape off the primer designed for another species.
TA: Yeah. They might be the most closely related ones...in the...that's why you see a bit of amplification there. But you see the primers work because this is amplified way more than that. On the other hand, you see the fungal specific primer is able to identify every single fungus so use ETS...any of other fungal conserved regions.
Okay.
We will switch to the genotyping example here.
So we have these two fungi, and they are different. Deferent because they have this one



sequence here. Path type A has A and path type B has a C.
So these are like path type is a genotype. So because of this they have different genetic traits. Path type A, having A makes it highly virulent and path type B having C makes it not virulent. How it's able to infect another host so this path type A is able to really infect it and path type B is safe. You can have it and it won't impact the host.
So this base change is called [reading].
And you can design path type specific primers to bind to that region. If you know the base, you can design one to have the sequence with A and one with the C...if you need to know the sequence. Need to know the path type. Or else you couldn't design them.
Another example is if you have the same primer and you are binning it to a conserved region, this would be an example where you have the fungi and you don't know what it is about them that makes it pathogenic. So look at two and may be infecting the same organism and path type A can infect it and B can't. Wonder what it the cause of that. You want to identify the difference in the variable region.
So you design your primer to bind to a region you know, conserved region. Binds to that



region...outside of the SNP...when you sequence it, you see the difference between the species.
And you speculate to see the difference is what makes it pathogenic.
Okay.
The next example is a case study. The researchers look at molecule path typing platforms for pathogen [reading].
So you can see up here, this is the disease symptomology. Similar to what I looked at before...basically it's caused by the soil born pathogen [reading].
And this abnormal swelling is causing disruption of nutrients and water up take and seed production.
If the seed production is infected then in really important crops like canola they can not produce the oil and then it impacts the whole economic state where we are relying on the canola oil for example.
Infestation occurred in 2020. Went from being 12 infested field so then being 3 thousand. And you can see a little chart over here.
That showing us how that expanded. So looks like it expanded from kind of central region and branching out.
So the problem these researchers tried to solve



is how to do the path typing.
So you are trying to distinguish between the difference making it pathogenic and the old system had several mutations. It was mostly done manually so look at phenotype. When you look at the crops and you decide based on what you can see if it's pathogenic or not.
So that's great but it doesn't work if the symptoms are not visible. So you can only see it when the issue becomes like very prevalent so not seeing it early on and if you look at phenotype only you can detect it too late where it's already spreading and once you detect it you can't do much about it but say now the whole field is infected. That's why phenotypic observations are not great in these circumstances, it's also time consuming and labour intensive and rely on interraider reliable. All the people doing the observations need to have the same idea of what pathogenic is and you have to really say, yes, this is five out of five and this is a four out of five on a disease rating scale so there's a bet of room for more error there.
So we want to design a system that makes it more reliable and less time consuming and just better to measure.



So the solution here is that we can develop sensitive and rapid molecule [reading].
Identify the pathogen phenotypes. Okay.
So they used a couple different techniques to do that here.
So the first technique used is called RH PCR and using path type...primers. They knew the genome difference. There's a U instead of C and have A instead of G. You design the primers.
And when you amplify the two samples you have two samples and one is pathogenic -- there's one sample and you want to say if it's pathogenic or not, put in both sets of...and see which it is. Here is a different of deferent ones. There's a lot of samples here.
These came up as being positive for the three H path type busters and you see there's no band. No band means it's negative for the other type which is five X which is very -- able to cause the club root disease. So because they saw in this sample are all positive, that means this one is sequencing this here.
This C and this G.
Because that is what the ample con is. Make
sense?



Okay.
So this one five X is all positive.
So this one is sequencing this A and this U.
So the researchers are look at being able to look at may be ten plants, sequence them all and say, these however this is, 8 or, these 8 are not virulent and these are. The ones able to cause disease we want to take them, remove them and these keep on breeding. That's the practical application. Only works if you know the genome difference. If they didn't know the sequence here they couldn't do it with this visual.
Positive or negative. Yes it's virulent or not it's not virulent.
Another technique they have used is called snap
shot.
So this is when they were able to add a single
basic extension on to the SNP.
So in the PCR, the DNA polymerase is adding a fluorescence nucleotide. So we will start up here.
You have your template. The primers are flanked to the conserved region so means in this case don't have the -- they don't know what it is. They are looking for what is this here.
So they are binning to the conserved regions trying to figure out the variable region. Four



different variable regions it can be. The GTA or C.
So in your PCR, your DNTP is fluorescence. And it's only adding one. This is deferent from when you would add and sequence like a whole amp conna is like
300 base pairs may be. This is only one. Only one we are not look at it on a gel. You wouldn't be able to see one amp con on gel. It will be so small. No band so using a method called capillary electrophoresis and using this fluorescence base to tell us which colour is associated with which SNP. After the PCR, the SNP is added.
And if it's blue, you see it like on your screen.
And it's not complementary is tell you the original...shouldn't it be A but it actually converts it back for you. You don't have to do that. It tells you the original SNP. You will see up here, the SNP is G. Add the fluorescence...nucleotide and tells you on the screen that your fungi had the G genotype.
So you will see all the colours are associated with deferent bases.
So blue is G. Red is T. Green is A. And gray is C.










it.

And so that's really cool. Anyone have questions about that? Okay.
So this is just another visual of how they did


You will see compared to PCR, where you might

amplify a larger region like the whole region here, which is may be a hundred base pairs and you can visualize that with gel. The snap shot is using a primer only amplifying this singular SNP. Can't visualize it on a gel. There you see the primer and single SNP.
And then in this case, in this club root example if you saw the SNP is G, it will be avirulent. If you saw SNP is A it would be virulent. That's a good way to be able to distinguish between a pathogenic fungus or a non-pathogenic one but you need the machine and place and tech to run the samples but you can do the PCR and to do the PCR one you need to know the genotype. Or alternatively, you can use the conserved region and sequence it. Different ways you can run one sample and something that would be a good exam question is if given a sample how would you design your experiment to figure this out. I want you to take away from this, in one example there's deferent



answers and depends. What you know and what you can con fir from it. How would you design that experiment? Make sure you are thinking about that when studying this.
Gene expression.


OTHER SPEAKER: Want a break now or later?
Now?
TA: Yeah I now -- yes.
Let's do a ten minute break.


OTHER SPEAKER: Later? Now.


TA: Okay.
[Break]


TA: Okay. It's been about ten minutes. Bring awareness back to the front of the room.
And it looks like we might end early. I don't have a lot of more slides. Hopefully you can be out of here earlier than anticipated. Gene expression. You probably covered this topic in other classes so you know -- do people have a good awareness of how the activity can be situational? Raise hand for yes?
Okay.



I will go over it a bits.
So you can have some genes that are active and some that are not active in one situation. So if your situation is that your plant is under attack from a fungus you may have plant genes regulating immunity that's active but if the fungus is not there it's not active. It's dependent...being under attack...one way they can use this to design our primers is if using the primer specific to those genes regulating plant immunity. So you can see if the plant is actively expressing those genes.
So one example of these genes is jasmonic acid. Release when the plant tissue is wounded from a fungal attack. The...recognizing the attack and starts to release the jasmonic acid as a first lean of defence against the attack. ...[reading].
So primary the jasmonic acid released and then the salicylic acid [reading]. Key point, in the situation both the jasmonic acid and...levels are increasing because the plant recognizing immune pathogen. Normally those genes are not active.
They are in the genome, nucleus but are not being transcribed. When the fungal...comes into play, recognizing there's intruder and tissues are getting wound. Attacking. Degrading the tissues and starts



to transcribe the acids...[reading].


[video playing].


TA: Okay.
So kind of talked about it in terms of humans
but we can think about it in terms of plants.
Those would be the jasmonic acid and salicylic acid are plant examples.
So we want to use those two genes to measure the expression. We will use quantitative PCR. Anyone want to try telling me why use quantitative PCR versus qualitative for this example? This is a good test question. Take a minute. Talk to a neighbour. So you can really understand this concept.
Okay.
So I hope you were able to deduce that if we were looking at it with qualitative PCR we will only see the end result and it will be a positive or negative.
So we did see -- if it's being expressed and only be one time -- but quantitative PCR can tell us at every single cycle it can tell us more information. It can quantify it with numbers versus just being positive or negative. More in depth look at how much



gene expression is occurring. Better method. And that's why using for this example.
Okay. So you are measuring gene expression and seeing increased fluorescence.
And increase fluorescences means there's increased expression of genes involved with plant immunity. When you run the Q PCR and see the positive, threshold down here, passing the threshold, the genes are positive. All are being expressed.
Which means the plant is expressing those genes, recognizing intruder and recognizing may be that walls are being broken down, resources are depleted and under attack and expressing those genes. We can deduce that plant is under attack and fighting infection.
So one cool example I found online was where the researchers were developing a Q PCR strategy to select bean genes involved in...regulated by the [reading].
So there's two funguses involved here. Track derma and RIS terma...they are adding it in to help mediate that interaction between the fungal pathogen and the plant host and it's helping the plant host. The bio control to be a positive impact to the plant host and does that by helping to mid gait interaction so it can attack the fungal pathogen and it can help



plant host by getting nutrients that it wouldn't be able to get on its own. Extension of the root system.
So nutrients up take and attacks the pathogen.
These are the key point.
In this study, they are investigating 14 known plant genes...[reading].
Want to see if the 14 genes are turned on. They did this with inoculation...[reading] and one group is the pathogen and the bio control. So looking at seeing if the bio control helping to mitigate the situation by looking at the plant genes.
So they inoculated the beans and then they extracted the RNA from the roots.
So when you extract it, you extract all RNA. Not just to say extracting only the fungal RNA...other bacteria in the roots which is why the primer is important. Because the primers amplify the sequence we want. Extract the RNA...before the Q PCR and the C DNA is complementary DNA...which allows them to use DNA for the quantitative PCR.
You can do it as separate step to the Q PCR, like you to on your own before hand and input the C DNA or you can have the machine do it as a prime step before running the Q PCR but I just want to explain that so it's understood. After running the Q PCR,



they ran the expression analysis.
And the results they saw was the pathogen...[reading] these three genes [reading].
And then oh wait sorry. That one is bio control.
So the bio control was up regulating those and the this one is the pathogen. The pathogen was not up regulating...some were not affected. And inoculation with both the bio control and pathogen, up regulated HGS and down regulate the other genes. This is not quite what the theoretical side would say from this.
Because the pathogens actually down regulating the gene's analyzed. I will speculate why I think that is in a sec. I want to say why including this.
...the inoculation would show the planted genes are up regulated because the defence is on the plant recognized pathogen and increasing transcription of the genes to mitigate the...but you may see the down regulation in the pathogen...it's killing the cells no defence. The sometimes in research you think you may know what will happen but it can be a different result. I thought it is pretty cool. So yeah, there's a down regulation from the pathogen itself and but then on other hand, the inoculation with both the bio control...that's showing the bio control which is



added to help the plant is actually working to help the plants because we see the gene is up regulated versus just the pathogen it's down regulated...good bio control and it shows when you look at just the try derma that the plant genes are activated. So kind of the PCR does work from the theoretical when we said adding the fungus and looking at the DNA would show the plant genes are on...only with the bio control because may be the pathogen just kills the plants and there's no plant defence. So that's not didn't see genes. Make sense?
Okay.
That's my last slide.
Do you want me to go back and review anything? Or are you feeling good to go?

STUDENT: All of this is testable?
TA: It is but I'm making the questions and I will say it's just main points. Hinted at what I would make the exam questions. If you understand the different types of primer designs you are -- sorry.
STUDENT: Sorry. Q PCR does it mean quantitative or qualitative?
TA: Q is quantitative. If you see Q PCR it's always quantitative.




STUDENT: Thank you. TA: Yeah.
Yeah. So for an exam understanding all the key points. Primer design. How you would design your experiment. Like said, there's no right or wrong
per se there's only one way to design an experiment. It's more so using the information you have and making sure that your experiment would be able to get to the end point from what you start with.
If that makes sense. Yeah.
So the case studies are there to reenforce your knowledge of the PCR and DNA bar coding so you can use those as starting point to see how it can be applied practically when thinking about how to design experiments but the most important part is understanding the materials being used, the deference between quantitative and qualitative PCR, when use them, what makes quantitative a better method and the basic steps of those processes but don't go into it too much in detail. A lot it just added for your understanding of the basics.
So understanding the basics and understanding how you would apply them to a situation is what I



would study for an exam.
Yeah.
And it's testable. Any other questions? Okay.
Great.



Sheena Aicken
Accurate Realtime Reporting Inc. (604)685-6050
Uncertified (Draft) Verbatim Transcript
