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Neurospora crassa is a fungus that serves as a model organism for genetic research. N. 

crassa Spore killer-3 (Sk-3) is a genetic element transmitted to offspring through spore killing. 

Sk-3 is located on Chromosome III and it is thought to require two genes for spore killing. These 

two genes are the poison gene, for killing, and the antidote gene, for resistance to killing. While 

the Sk-3 resistance gene has been identified (rsk), the Sk-3 killer gene has not. The primary goal 

of this study is to help identify the killer gene by investigating the role of a DNA interval called 

v377 in spore killing. To determine if this interval is required for spore killing, a DNA deletion 

vector (Vector v377) was constructed and used to replace the v377 interval with a hygromycin 

resistance gene in strain RDGR170.3. My results demonstrate that v377 is required for spore 

killing. The possibility that v377 is within a gene required for spore killing, or a regulatory 

element that controls spore killing, is discussed.  
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CHAPTER I 

INTRODUCTION 

Neurospora crassa is a genus of fungus found in climates that are tropical, subtropical, 

and temperate (Turner 2001). This wide range of living conditions allows for life nearly all over 

the world. This fungus consists of five different species, with N. crassa being the genetic model. 

Since N. crassa has a simple life cycle and characterized genetic traits, it is an ideal model 

organism for genetic research. N. crassa produces asexual spores called macroconidia in addition 

to sexual spores called ascospores. These allow N. crassa to spread to various ecological 

environments. Meiotic drive occurs when the meiotic process is manipulated to favor a specific 

allele. This tends to violate Mendel’s law of equal segregation. In N. crassa, meiotic drive 

transmits specific genetic elements through ascospores. Meiotic drive in this fungus has been 

specifically attributed to genetic elements called Spore killers. There are three known Spore 

killers in Neurospora fungi: Sk-1, Sk-2, and Sk-3 (Turner and Perkins 1979). Sk-3 is the focus of 

this research. This selfish genetic element is found on Chromosome III of certain N. crassa 

strains and is thought to require a killing (poison) gene and a resistance (antidote) gene to 

function properly (Hammond 2012). While the resistance gene, rsk, has been discovered, the 

killer gene remains unknown.  

Meiotic drive can affect genetic inheritance. When a spore killer strain crosses with a 

strain that is sensitive to spore killing, only the spores that contain the genes for spore killing 

survive, while those that do not contain the spore killing genes are killed. The purpose of this 

study is to generate knowledge on the location of Sk-3's killer gene. Preliminary research has 
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suggested that the deletion of a 1.3 kb DNA interval called v350 eliminates spore killing 

(Rhoades and Hammond, unpublished data). In this study, I investigate the effect of deleting a 

subinterval of v350 called v377.  At the beginning of this study, I hypothesized that deletion of 

interval v377 will not disrupt spore killing. Below, I provide evidence that this hypothesis is 

incorrect, as deletion of v377 appears to disrupt spore killing.   
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CHAPTER I 

METHODS 

 

 In Figure 1, an overview of the steps used to delete the v377 interval, a DNA interval on 

Chromosome III in N. crassa Sk-3 strains, is shown. DNA intervals can be replaced by 

constructing a DNA replacement vector, which is the DNA element used to deliver a transgene to 

an organism, and typically includes a hygromycin resistance gene (hph) when used to delete 

DNA in N. crassa (Margolin et al. 1997). The left and right flanks of the DNA replacement 

vector are identical to the flanks of the DNA interval to be replaced in the genome. First, I 

amplified the Left Flank and the Right Flank with PCR. For Vector v377 (related replacement 

vectors and DNA intervals share the same name), the left flank was amplified from genomic 

DNA of strain RDGR170.3 (Table 1) with forward primer V377-A (Table 2) and reverse primer 

V377-B (Table 2), while the right flank was amplified with forward primer V350-C (Table 2) and 

reverse primer V350-D (Table 2). During this procedure, in addition to the described primers and 

DNA template, DNA polymerase buffer, a dNTP solution, sterile water, and Q5 DNA polymerase 

(New England Biolabs) were used. Two primer mixes were made, one for amplification of the 

left fragment, and one for amplification of the right fragment. The standard primer mix protocol 

uses a 1.5 ml MCT tube to hold a solution containing 6.25 µl of a forward primer (100 pmol / 

µl), 6.25 µl of a reverse primer (100 pmol / µl), and 487.5 µl of sterile water. A 5 µl aliquot of 

each primer mix is then transferred to PCR tubes, along with 1 µl of DNA template 

(approximately 10 ng / µl). An enzyme master mix is prepared by adding 67.0 µl of sterile water, 

25 µl of DNA polymerase buffer, 2.5 µl of dNTP solution (10 mM), and 0.5 µl of Q5 enzyme. A 



4 
 

thermal cycler was used to perform PCR according to the manufacturer's recommendations for 

Q5 DNA polymerase.  

Gel purification of the PCR products was then performed. An agarose gel was made by 

mixing 1.8 grams of agarose with 200 ml of 1x TAE buffer in a 1 L flask. This was heated for 1-

minute intervals in a microwave until the agarose completely dissolved. A 10 µl aliquot of an 

ethidium bromide solution (10 mg/ml) was added to the molten agarose, and the flask was set 

aside to cool before pouring the mixture into a gel tray. To prepare for gel purification of the Left 

and Right Flanks, 5 µl of 6x loading buffer was added to the PCR reactions. The PCR reactions 

were then then loaded into the gel, which was run at 120 V for 90 minutes. The PCR product was 

visualized with a UV transilluminator, excised from the gel with a clean razor blade, and placed 

into a MCT tube. An IBI Scientific Gel Extraction Kit was then used to isolate DNA from the gel 

slice. Specifically, 500 µl of DF buffer was added to the sample and mixed by vortex. This was 

then incubated at 60°C for 10-15 minutes until the agarose dissolved. Next, 800 µl of the sample 

mixture was added to a DF Column and centrifuged at 15,000 x g for 30 seconds. The flow-

through was captured in a collection tube and discarded. A 400 µl aliquot of W1 Buffer was then 

added to the DF column and passed through the filter of the column by centrifugation. The flow-

through was discarded again. A 600 µl aliquot of Wash Buffer was added to the DF column, the 

column was centrifuged at 15,000 x g for 30 seconds, and the flow-through was once again 

discarded. Then, the column was centrifuged for 3 minutes to dry the column’s filter matrix. 

Next, the dry DF column was transferred to a sterile 1.5 ml microcentrifuge tube, 30 µl of 

Elution Buffer was added, and the tube was centrifuged for 2 minutes at 15,000 x g to elute the 

purified DNA. A sample of eluted DNA was then examined by gel electrophoresis by preparing 

an agarose-TAE gel (as described above). The samples for electrophoresis were prepared by 
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adding 5 µl of eluted DNA, 5 µl of 6x loading buffer, and 20 µl of water. The 30 µl solution was 

loaded to a well of the agarose gel and a 10 µl aliquot (500 ng) of Gene Ruler 1 Kb Plus DNA 

ladder (Thermo Scientific) was included as a size marker. The gel was run at 120 V for 90 

minutes and imaged with a gel documentation system. An image of the gel is shown in Figure 2. 

The lengths of the left fragment and right fragment are predicted to be 900 bp and 813 bp, 

respectively. The predicted sequences of the left flank and right flank are provided in Figure 3 

and Figure 4. These data, along with the gel electrophoresis results, indicate that the lengths of 

the purified left and right flanks are consistent with predictions.  

 

These steps were repeated for the center fragment for the transformation vector (Figure 

5), except that the DNA template was plasmid pTH1256.1 (GenBank MH550659.1) and the 

primers were HPH-CEN-F (Table 2) and HPH-CEN-R (Table 2).  

  

Next, Step 5 (figure 1) involved fusing the left, center, and right fragments using a PCR 

technique called double joint PCR (DJ-PCR; Yu et al. 2004). The reagents used during this step 

were the left flank, the right flank, center fragment, sterile water, DNA polymerase buffer, dNTP 

mix (10mM), and Q5 enzyme. This reaction was run in the PCR machine. Step 6 (figure 1) 

involves the amplification of the DNA replacement vector from fusion products with nested 

primers. The nested primers bind the DNA replacement vector within the left and right flanks. 

The nested primers were V377-E and V377-F. These primers were then used in PCR with the 

fusion product as template to amplify the DNA replacement vector. The amplified DNA 

replacement vector was then column purified with the IBI Scientific Gel Extraction and PCR 

Clean Up Kit. This process involved adding 5 volumes of DF buffer to 1 volume of the amplified 
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DNA vector. The mixture was transferred to a DF column, which was centrifuged and the flow-

through was discarded. Wash buffer was added, and the sample was centrifuged. Then, the DF 

column was dried by centrifugation for three minutes and transferred to a new microcentrifuge, 

after which 50 µl of elution buffer was added to the column matrix. The DNA was eluted from 

the column matrix with EB buffer by centrifugation. The 8th step (figure 1) was performing the 

final check of the DNA replacement vector by gel electrophoresis. This was performed similarly 

to the process depicted for analysis of the purified left and right flanks described above. An 

image of the gel is shown in Figure 6. The length of the DNA replacement vector on the gel is 

consistent with its predicted length of 2821 bp. These results suggest that the DNA replacement 

vector v377 was assembled properly. DNA replacement vector v377 was designed to replace 

interval v377. The sequence of interval v377 is shown in Figure 7 and its relationship to interval 

v350, deletion of which initiated this project, is shown in Figure 8.  

 

The next step was N. crassa transformation. Transformation was preformed essentially as 

described by Margolin et al. (1997) and Rhoades et al. (2020). Transformation medium was 

prepared prior to transformation. Bottom agar was created by adding 172 ml milliQ water, 8 ml 

of 25x Vogel's Salts, and 3 g agar to a 500 ml glass bottle. This mixture was autoclaved. Then, 

150 µl of hygromycin (400 mg/ml) and 20 ml 10x FIGS solution was added to the mixture. This 

was then poured into 20 ml petri dishes. Top agar was created with 105 ml milliQ water, 27.3 

grams sorbitol, 6 ml of 25x Vogel's Salts, and 2 g agar. This was autoclaved until cooled. Then, 

15 ml of 10x FIGS solution was added. The top agar was aliquoted to 50 ml conical tubes (40 ml 

total volume) and stored at 50 °C to keep from solidifying. The transformation began by using 

the wood applicators to scoop conidia of strain RDGR170.3 into a conical vial containing 30 ml 
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of ice cold sterile 1M sorbitol, which was placed on ice. A 100-micron cell strainer was then used 

to remove mycelia. Next, the conidia were centrifuged at 2000 x g for 13 minutes, supernatant 

was removed, and the pellet of conidia was resuspended in 20 ml of ice cold 1 M sorbitol. The 

centrifugation step was repeated, and the conidial pellet was suspended in sterile ice cold 1 M 

sorbitol to a concentration of approximately 1 billion conidia per ml. With the resuspension step 

complete, approximately 500 ng of the DNA replacement vector was mixed with 100 µl of 

conidia and electroporated according to the protocol of Margolin et al (1997). Transformants 

were plated in top agar onto bottom agar and incubated for several days at 32 °C.  

 

Transformants were selected by transferring hygromycin-resistant colonies from the 

transformation medium to 3 ml of Vogel’s minimal agar (Vogel 1956) plus hygromycin and 

incubating for several days in a 32°C incubator or on a bench top at room temperature. The 

medium was prepared with 288 ml DI water, 12 ml of 25x Vogel’s salts, 6 g sucrose, and 4.5 g of 

agar. Medium was autoclaved and hygromycin was added to 200 µg / ml.  The medium was then 

transferred to sterile 16 x 125 mm glass tubes with vented caps. The tubes were tilted to allow 

the medium to form a slanted surface during solidification.   

 

N. crassa transformants typically contain a mixture of transformed and untransformed 

nuclei (i.e., they are often heterokaryotic). Therefore, the next step was to cross the transformants 

to a standard mating partner to obtain homokaryotic offspring deleted of interval v377. Crossing 

was performed as essentially described in Samaraweera et al. 2014. It involved making crossing 

medium containing 470 milliQ water, 7.5 grams sucrose, 25 ml of 20x WG salts (Westergaard 

and Mitchell 1947), 50 µl of 10,000x Trace elements, 25 µl of 100 µg / ml biotin stock solution 
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(100 mg/ml), and 10 g agar. The crossing medium was aliquoted to 60 mm petri dishes. After 

solidification, strain RTH1005.2 was transferred to the crossing plates and cultured for 7 days at 

room temperature. This strain, RTH1005.2, served as the protoperithecia parent. Protoperithecia 

are the immature fruiting bodies of N. crassa, and the protoperithecial parent of a cross is often 

called the female parent. Conidia from the male parent were used to fertilize the female parent’s 

protoperithecia. Specifically, conidial suspensions (conidia plus sterile water) were made from 

several transformants, and 200 µl of each conidial suspension were transferred to the surface of 

each crossing plate. Crosses were placed in a tray with a clear humidity dome and incubated at 

room temperature for several weeks (Winter Break 2023-2024).  

 

Ascospores were then collected from the underside of the crossing plate lid. A 200 µl 

barrier pipette tip and sterile water was used to transfer ascospores from the lid to a 

microcentrifuge tube. The ascospore suspension was vortexed and placed in the dark at 4°C for 

storage.  Working suspensions of ascospores were made by transferring approximately 500 

ascospores from the stock suspension to 500 µl of sterile water in a microcentrifuge tube. The 

working stock was incubated for 30 minutes at 60 °C and then placed at room temperature once 

the incubation period had completed. Sterile technique was used to transfer 50 µl, 100 µl and 200 

µl aliquots of the suspension to the centers of 100 mm petri dishes containing Vogel’s minimal 

agar plus hygromycin. The cultures were incubated overnight on a bench top. The next day, 

germlings were isolated from the cultures. Ascospores tend to stick to one another, so care was 

taken to make sure each isolated germling emanated from a single ascospore and no other 

ascospores were transferred with the germling. The germlings that were resistant to hygromycin 

were chosen because these are expected to have the v377Δ genotype. Germlings not resistant to 
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hygromycin are expected to have the v377+ genotype. A sterile syringe needle was used to cut a 

square around a single germinating ascospore. The square of medium was then transferred to 

Vogel’s minimal agar plus hygromycin in 16 x 125 mm glass tubes (as described for 

transformant isolation). Cultures with transferred germlings were stored in an incubator for two 

days at 32 °C before transfer to room temperature.  

 

The germlings were next used in test crosses for spore killing. The test crosses required 

the preparation of protoperithecial parents on crossing medium as described for the crossing of 

heterokaryotic transformants above. However, two protoperithecial parents were used in this 

procedure: RTH1623.1 and RTH1623.2. After an eight-day incubation at room temperature, 

conidial suspensions of hygromycin resistant germlings were prepared in sterile water and used 

to fertilize the RTH1623.1 and RTH1623.2 protoperithecial parents. After a 14-day incubation at 

room temperature, fruiting bodies (perithecia) were isolated and the perithecial contents were 

dissected into 25% glycerol with syringe needles and a dissecting microscope. Specifically, 

perithecia were transferred to a microscope slide containing a drop of 100 µl of 25% glycerol. 

The surface hyphae and agar from each perithecium were removed, the perithecia sliced open, 

and the rosettes of asci (spore sacs) containing ascospores were released. After removal of the 

perithecial shells, a cover slip was placed over the rosettes and sealed with nail polish. The 

microscope slide was then stored at room temperature in the dark until imaging with a Leica 

Compound Microscope and Zeiss Imaging System (within 24 hours).  

 

To confirm that the hygromycin-resistant offspring have the v377Δ genotype as expected, 

DNA was isolated from four hygromycin-resistant offspring and used in a PCR-based 
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genotyping assay. This required culturing the hygromycin-resistant offspring in Vogel’s minimal 

liquid medium and harvesting mycelia for freeze drying under vacuum. Wood inoculating rods 

were used to harvest the mycelia from the liquid medium culture and transferring it to a sheet of 

course filter paper over a stack of paper towels. The stack of paper towels was then folded over 

to squish the liquid out of the mycelia to remove most of the moisture. Clean forceps were then 

used to transfer the dried mycelia into microcentrifuge tubes. The partially dry mycelial samples 

were frozen at ––80 °C before lyophilization, which is a process where ice is removed after it is 

frozen and is placed under a vacuum to allow the ice to go from solid to vapor.   

 

 

DNA was then isolated from lyophilized tissue with IBI Scientific’s Mini Genomic DNA 

Kit for Plants/Fungi. The tissue samples were ground into a fine powder with clean micro 

spatulas. Then, 400 µl of GP1 buffer and 5 µl of RNase A (10 mg/ml) was added to the ground 

tissue. The sample was then vortexed before incubating at 65 °C for 10 minutes. Next, a 100 µl 

aliquot of GP2 buffer was added, the sample was mixed by inversion 5x, and incubated on ice for 

3 minutes. The sample was then transferred to a filter column and centrifuged for 1 minute at 

1,000 x g. The filter column was then be discarded, and 750 µl of GP3 buffer was added to the 

flowthrough, which was then gently mixed by pipetting. Approximately 650 µl of the 

flowthrough was then transferred to a GD column in a 2 ml collection tube. The GD column was 

centrifuged at 15,000 x g for 1 minute. The flow-through was discarded and the GD column was 

loaded with 400 ul of W1 buffer before centrifugation at 15,000 x g for 45 seconds. Again, the 

flowthrough was discarded, and the GD column was loaded with 600 µl of Wash buffer before 

centrifugation at 15,000 x g for 45 seconds. Then, the flow-through was discarded and the GD 
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column was centrifuged for 3 minutes at 15,000 x g to dry the column. Finally, the GD column 

was transferred to a clean 1.5 ml microcentrifuge tube and 100 µl of 65 °C Elution Buffer was 

added to the filter matrix of the GD column. This was allowed to sit for one minute at room 

temperature before centrifugation for 1 minute at 15,000 x g. The eluted DNA was stored at –20 

°C.  

 

DNA from the hygromycin-resistant offspring were then used in a PCR-based genotyping 

assay. The forward and reverse primers were V0377-E (Table 2) and V0377-F (Table 2), 

respectively.  The DNA samples from the hygromycin-resistant transformants and a control strain 

(RDGR170.3) was thawed at 65 °C, vortexed, centrifuged, and placed on ice. A primer mix 

containing the forward and reverse primers was made as described above for the construction of 

DNA replacement Vector v377. Each reaction contained 13.4 µl of sterile water, 5.0 µl of primer 

mix, and 1.0 µl of DNA template (10 ng/µl), 5.0 µl of 5x DNA polymerase buffer, 0.5 µl of 

dNTP mix (10 mM), and 0.1 µl of Q5 enzyme. The reactions were placed in a thermal cycler and 

cycled according to the manufacturer’s recommendations for Q5 DNA Polymerase. The PCR 

products were analyzed by gel electrophoresis and imaged (Figure 9) as described above.  

 

The expected PCR products from v377+ and v377Δ genotypes are 1402 bp and 2821 bp, 

respectively. The predicted sequences of these PCR products are shown in Figure 10 and Figure 

11. The genotyping assay was somewhat inconclusive. For example, strain RCO10.6's PCR 

product is consistent with v377+ and the PCR product for RCO11.107 is consistent with a v377Δ 

genotype. PCR products were not observed from RCO10.12 and RCO11.2 templates. Taking into 

account the weak v377Δ product observed for RCO11.107, these results suggest that the v377Δ 
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allele is recalcitrant to amplification by PCR. My tentative interpretation of these results is that 

RCO10.6 is a v377+/v377Δ heterokaryon, while RCO10.12, RCO11.2, and RCO11.107 are 

v377Δ homokaryons. 

  



13 
 

CHAPTER III 

RESULTS 

 

 As described in the Introduction, preliminary research has suggested that the deletion of a 

1.3 kb DNA interval called v350 eliminates spore killing (Rhoades and Hammond, unpublished 

data). To build upon this finding, I deleted interval v377, which is a subinterval of v350 (Figures 

7 and 8) and examined the effect of v377 deletion on spore killing. In all, I performed six test 

crosses (Figure 12). In Figure 13, I show images of asci from each test cross, one image for each 

test cross. Figures 14 through 19 are each specific for one of the six test crosses. As we can see 

from these figures, the majority of asci from crosses of the hygromycin-resistant transformants 

(putative or confirmed v377Δ genotypes) possess eight viable ascospores (Figure 14, RCO10.12 

x RTH1623.1; Figure 15, RCO10.1 x RTH1623.1; Figure 16, RCO10.2 x RTH1623.1; Figure 17, 

RCO10.6 x RTH1623.1; Figure 18, RCO11.107 x RTH1623.2; Figure 19, RCO11.2 x 

RTH1623.2). Overall, these results demonstrate that deletion of interval v377 disrupts spore 

killing by Sk-3. 
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CHAPTER IV 

DISCUSSION 

N. crassa is an ideal model organism to study genetic processes. Although my findings do not 

support my initial hypothesis, my results are intriguing because they suggest that interval v377 

harbors an important genetic element for spore killing. At this point, it is unknown if the v377 

interval is found within a protein coding gene (such as the killer gene) or a regulatory element 

(such as a promoter or enhancer) that controls the expression of genes required for the killing 

process. 

 

Studies of spore killing in Neurospora fungi could contribute to future efforts to control 

fungal pathogens. Natural gene drivers are genetic elements that exist within organisms and can 

spread themselves through populations in nature (Zanders and Johannesen, 2022). There are 

typically known as selfish genetic elements and in Neurospora crassa as the Sk-3 spore killing 

system. Sk-3 is thought to produce a toxin that kills spores that lack sk-3, which then results in 

inheritance of this gene within a population. This ensures that the sk-3 can spread throughout 

generations. Understanding how this element works may allow us to use it to control specific 

genetic pathways in other fungi that can lead to benefitting society. 

  

Natural gene drivers are important to study in biological systems. Researchers are 

struggling to understand the mechanisms that occur during genetic inheritance in fungal species. 

In an article called “Can natural gene drives be part of future fungal pathogen control strategies 

in plants?” by Donald M. Gardiner et al. 2020, the authors discuss that fungal pathogens can 

cause enormous crop loss and that being able to effectively manage the genetics of these 
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populations could solve plant disease problems. Having the ability to manipulate gene drivers 

like Sk-3 may allow us to remove pathogenic traits from fungal populations by favoring the 

specific inheritance of non-pathogenic traits in these species (Gardiner et al., 2020). The article 

also mentions cloning a spore killer from a model fungus called Podospora (Silar et al., 2012). 

The Podospora spore killers described by Gardiner have substantial similarities with the N. 

crassa Sk-3 spore killer.  

  

Overall, natural gene drivers are important to study because they may offer societal 

benefits. Recent findings suggest that gene drivers may even function when transferred between 

fungal genera, as reported by Urquhart et al., (2022). In conclusion, N. crassa serves as a model 

organism to investigate the Sk-3 spore killing genetic mechanism. The study of natural gene 

drives allows us to manipulate genetic inheritance in populations of fungal species. 

Understanding the impacts of the specific genes can also help us understand the various impacts 

of genetic evolution. 
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Table 1 Strains used in this study  

Strain name Genotype 

RTH1005.2 rid; fl; Sk-SChrIII a+ 

RZS27.10 rid; Sk-SChrIII; mus-51RIP70 a+ 

 RTH1623.1 rid; fl; Sk-SChrIII; sad-2D::hph+ A+ 

RTH1623.2 rid; fl; Sk-SChrIII; sad-2D::hph+ a+ 

RDGR170.3 rid; Sk-3ChrIII; mus-51Δ::bar+ A+ 

TSPS7.6 v377-based, hygromycin-resistant transformant of RDGR170.3 

TCO2.3 v377-based, hygromycin-resistant transformant of RDGR170.3 

RCO10.1 hygromycin-resistant offspring of TCO2.3 × RTH1005.2 

RCO10.2 hygromycin-resistant offspring of TCO2.3 × RTH1005.2 

RCO10.6 hygromycin-resistant offspring of TCO2.3 × RTH1005.2 

RCO10.12 hygromycin-resistant offspring of TCO2.3 × RTH1005.2 

RCO11.2 

RSPS13.2 
hygromycin-resistant offspring of TSPS7.6 × RTH1005.2 

RCO11.107 hygromycin-resistant offspring of TSPS7.6 × RTH1005.2 

 

The Sk-3 genetic element spans most of Chromosome III. Sk-3ChrIII indicates that the strain 

carries the Sk-3 genetic element. Sk-SChrIII indicates that the strain does not carry the Sk-3 genetic 

element. The mus-51RIP70 and mus-51Δ::bar+ allele disrupts Non-Homologous End Joining 

(Ninomiya et al. 2004; Smith et al. 2016). The rid allele disrupts Repeat Induced Point Mutation 

(Freitag et al., 2002). The fl allele disrupts macrocondition (Perking et al. 2001). The sad-

2Δ::hph+ allele suppresses Meiotic Silencing by Unpaired DNA (Shiu et al. 2006) 
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Table 2 Oligonucleotide Primers 

 

Name Sequence (5′ > 3′) 

HPH-CEN-F AACTGATATTGAAGGAGCATTTTTTGG 

HPH-CEN-R AACTGGTTCCCGGTCGGCAT 

V0377-A AGGAGCATGAACAGGCAACTGCG 

V0377-B AAAAAATGCTCCTTCAATATCAGTTAAGCCGTCGAGGAAATGAGAAGAGA 

V0377-E GCCCCAGTTCTTCCTGCCTGCTG 

V0377-F TCATGGGCATCCTGCATAGCGAC 

V350-C GAGTAGATGCCGACCGGGAACCAGTTCCTTGTCCTCTCGGTCCTCTCTGT 

V350-D GGTAGCGTTCTGGGATGAGTGTGG 

 

Underlined bases indicate bases used for fusion of flanks to the hph center fragment. 
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