Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



TILLING: EMS mutagenesis in Epichloé

endophytes and mutation screening using

High Resolution Melting analysis and Next
Generation Sequencing

This thesis is presented in partial fulfilment of
the requirements for the degree of
Master of Science (MSc) in Microbiology
at Massey University, Palmerston North

New Zealand

Jaspreet Singh Sidhu
2015



ABSTRACT

Epichloé are fungal endophytes (family Clavicipitaceae) of pasture grasses of the sub family
podideae. These endophytes live in symbiotic association with their hosts and confer
resistance to insect and animal herbivory through the production of bioactive secondary
metabolites (alkaloids) that are produced in planta. For a number of years endophyte research
has been focused at manipulating fungal genes responsible for production of alkaloids which
have toxic effects on livestock. However, the techniques used to date involve genetic
modification to delete genes responsible for alkaloid production and strict regulations around
genetically modified organisms in New Zealand prevent commercialisation of these
organisms. Traditional mutagenesis was not practical. To find mutations in secondary
metabolite pathways, the mutants had to be inoculated back into plants, which would have
been a laborious and time-consuming process. The aim of my research was to develop
Targeting Induced Local Lesions In Genomes (TILLING) methodology in Epichloé to
disrupt fungal secondary metabolite genes using Ethyl methanesulfonate (EMS) and screen
for mutations using high throughput screening techniques such as High Resolution Melting

(HRM) analysis and whole genome sequencing, MiSeq.

In order to carry out the mutagenesis, uninucleate propagules would be preferred but as most
of the filamentous fungi (including Epichlo8) are multinucleate in nature, spores were
thought to be an ideal alternative for mutagenesis. However, many of the commercially used
Epichloé strains, such as AR1 and AR37, do not readily produce spores. Therefore an

alternative mutagenesis system using fungal protoplasts was investigated and employed.

EMS mutagenesis showed that the number of colonies derived from protoplasts after
mutagenesis declined steadily at a reproducible rate as measured by time-course of 0, 15, 30,
45 and 60 minutes to give LD50 values. At 60 minutes there was decline in the number of
colonies to the levels of 10% of the initial number. To determine the effectiveness of EMS as
a mutagen positive selection, using 5-Fluoroorotic acid (5-FOA), was also performed on the
mutagenized protoplasts to derive the mutation frequency of 6 mutations per 1000 mutants
compared to 0.002 mutations per 1000 for non-mutagenized protoplasts. This suggests a

3000-fold EMS-induced increase in the frequency of mutations.
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Having established mutation frequency from the 5-FOA, positive selection and steady decline
in number of colonies from EMS mutagenesis, an EMS mutant library was screened using
next generation sequencing. . However, high throughput whole genome sequencing (MiSeq)
led to the detection of only three verifiable point mutations (1 in 10Mb). Microscopic
observations revealed that while individual protoplasts were largely (85%) uninucleate,
protoplasts typically formed clumps containing 15-30 protoplasts. In theory, multiple
nuclei would lead to an overestimation of the number of mutations since each nucleus would
accumulate different SNPs. However, MiSeq sequencing did not detect this, probably due to
being filtered out during bioinformatics processing. Thus if methods can be devised for
plating single protoplasts, EMS mutagenesis should be applicable to this system. TILLING
technology can be used to reduce the time for endophyte discovery and improvement. My
research demonstrated that this procedure, although very promising in terms of benefit to
fungal improvement, carries certain difficulties with it that we had to address such as
mutagenesis using protoplasts and subsequent mutation discovery. I succeeded in establishing
TILLING methodology for mutagenesis of E. festucae strain Fl1 as well as optimising

protocols to screen mutants.
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°C Degree Celsius
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RNA Ribonucleic acid
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TAE Tris-acetate-EDTA-buffer

Taq polymerase Thermus aquaticus DNA polymerase
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T Melting temperature



TABLE OF CONTENTS

Chapter 1 INTRODUCTION . ...ttt e e ee e 1
1.1 Endophyte/Grass SYMDIOSIS ......ccvieruieiiiieriieeiieriieeieeieeeteesseeeveesseessseeseessseesaesssesnseessnes 1
1.1.1 Life cycle of EPIChIOE endophytes..........ccuevvieiiiiieiiieiieieieeeeeeeeeeee e 2
1.2 Taxonomy of EPIChI0& endophytes........c.cccueeieiiieiiiiiiicieeeee e 4
1.3 Secondary metabolites and their agricultural implications ............ccceceevverieeniieneeenenne. 4
1.4 Endophyte IMProVEMENL .......cccvieiuiiiiieiieeiieiieeie ettt ete et eenseeseaeebeesnaeesseenens 6
1.5 MIULAEENCSIS ....eevveeirieieeeiieeeiieeteeeeteeeseeseteeteesteeesseessseenseessseesseesssesnsaensseanseenssesnsaensseansennses 7
1.5.1 InSertional MULAZENESIS ..c..veeviereireiieeieetieeieeieeeteeteeereesteeebeesaeeesseessseesaessseenseennns 7
1.5.2 PhySIiCal QENES ....vieiiiiiieiieeiieeiie ettt ettt et e e e s beebeessbeensaeenseenseesnseenns 8
1.5.3 Site directed MULAZENESIS ...ecuvveeeiieeiiieeeiieeeiee e et e erteeeereeeareeeaeeesaeeesaeeesnseeees 8
1.5.4 Chemical MULAZENESIS.....uuieiiieeeiieeiiieeeteeesteeeriteeeseteeestreeeareeeareesseeessseeesseeenseeenns 9
1.6 5-Fluoroorotic acid (5-FOA) SEIeCtiON.........cccuiieeiiieiiieciieeeee e 11
1.7 TILLING: A search engine for MmutationsS........c..ccoeruereerienienienienieneeneeeeseesie e nieens 12
1.7.1 Restriction fragment length polymorphism ..........cccccoevieiiiiiiiiniiieieeeeee 12
1.7.2 Temperature gradient gel electrophoresis (TGGE) or temperature gradient capillary
ClECITOPROTESIS ..ottt ettt et et e bt e st e e et e et e e sabeeabeesneeenbeenbeans 13
1.7.3 Cel-I endonuclease mutation deteCtion ............cecuereerierierienieeieneererieneee e 13
1.7.4 Denaturing high performance liquid chromatography, dHPLC............c.ccoeeiennn 14
1.7.5 High Resolution melting analysis ...........ccoeveeriiirieiiiienieeiieie e 14
1.8 MISEQ SEQUEINICINE ...couviieiiieiieeiiieiie et eite et et ettt e st eeteesiteenseessseenseesnseenseesseeenseennneans 17
19 IS ettt ettt h ettt b ettt he et it e b en 20
Chapter 2 MATERIALS AND METHODS ....c.ooiiiiiiieeeeeeseeee e 21
2.1 Biological Material ........cccueiiiiiiiiiiieiie et 21
2.2 MEAIA USEA ...ttt e sttt b et et nbeen 21
2.2.1 Potato Dextrose Agar (PDA) ...couuiiiiiiiiieeee e 21
2.2.2 Potato Dextrose Broth (PDB) ........ccocuiiiiiiiiiiiiceeeceece e e 21
2.2.3 Regeneration Agar (RG) .....cooiiiiiiiiiiiieeieeieece et 22
2.2.4 0.8% RG Media OVETlaY ......ccoviiiiiiiieiieeieeiee et 22
2.2.5 5-Fluoroorotic Acid media (5-FOA)......coouiiiiiiieiieeee e 22
2.2.6 Czapek Dox Media (Defined minimal medium) ..........ccccoeevvevieeiiienienieenie e 23
2.3 BUFTRIS USE. ..ttt 23
2.3.1 Osmotic Medium (OM) DUSTET........ccceriiriiiiiiieceeee e 23

Vi



2.3.2 ST BUFTRT .ttt 23

2.3.3 STC BUTET ettt ettt 23
2.4 Fungal culture MethodsS ..........oooviiiiiiiiiiiiiciieecece et 24
2.4.1 Epichloé festucae protoplasts preparation .............ccceeceeeeerveeeeeeesreeseeseesseesseeeesneenns 24
2.5 DAPI and FM4-64 staining of fungal protoplasts..........cccceeveeviieciieniiiiiierieeieenee e 24
2.6 Chemical mutagenesis USing EMS........ccoooiiiiiiiiiiiiiiiececce et 25
2.6.1 Determining the LDS50 .......cocuiiiiiiiiiiieiee et 25
2.6.2 Mutagenizing the protoplasts..........ccocieiiiiiiiriieiee e 25
2.6.3 Protoplast count using Haemocytometer Slide............occueevieniiniienieniieieceeen 26
2.7 Subculture for putative MULANTS .......cc.eeiiiiiiieiie ettt 26
2.7.1 Complete media (PDA).....c.oooiiiieie ettt et e 26
2.7.2 Czapek DOX MEAIA .....cccuiiiiieiiiieiieiie ettt site ettt et eaee e 26
2.8 5-FOA media and EMS MULaZENESIS ......eeeuvieriieiiieiiieiieriie ettt 27
2.9 HRM and itS OPtIMISAtION .....eeuvieruiieiieeiiieniieeieenieeettesiteeteesieeeaeesieeebeesnaeenseesnseenseesnseas 27
2.9.1 HRM PIOtOCOL ...ttt ettt et sttt e e e e 27
2.9.2 Isolation of fungal genomic DINA..........cooiiiiiiiiiiiiee e 29
2.9.3 Quantification of genomic DINA ..........cooiiiiiiiieiieeciee e 29
2.10 MiS@(Q SCQUENCING ..cevvveeeerieeirieeiieeeiteeeteeesteeesteeesssaeesssaeensseeasseesssseessseesaseessseesnnses 29
2.10.1 Pooling of DNA from putative MUants...........cceeevuvreriiieerieeeniieesieeeeieeeeieeeevee e 29
2.10.2 Analysis for high quality and Unique SNPS ........ccooiiiiiiiiiiieieceeee e, 30
2.10.3 Identification of SNPS fOr SEQUENCING ......cccviieiuiieiiieeiiieeiie et 31
2.10.4 Primers designed for sequencing of SNPS.......cccoeviiiiiiiiiiiieeiecceecee e 31
2.11 Molecular TEChNIQUES ........eeeirieiiieeiiee ettt e e e et e e e e e eeaeeennseeennees 32
2.11.1 Polymerase chain reaction (PCR) ........ccoooiiiiiiiiiiiiieeee e 32
2.11.2 Agarose gel eleCtrOPhOTESIS ....ccviieiiieeiiie ettt eeaee e 33
2.11.3 Gl @XEIACTION ...ttt ettt ettt e bt e s ebeeeanean 33
2.11.4 DNA purification/ CONCENIIATION .......eeeuvrierireeriieeriieeeieeeireeereeesneeesreeesnneeesneeenns 33
2.11.5 DNA SEQUENCING .....uieiiiieiieiieeiieeieetteeiteeteesteesteesiteeseasssessaesnseenseessseeseessseeseenens 33
Chapter 3 RESULTS ...oo oottt ettt ettt et e b e e ssaeeasaesnbeenseessneenseas 34
3.1 FI1 PrOtOPLaASTS ...coneieiiieiieie et ettt ettt ettt e sbt e e e et e naee e 34
3.1.1 Majority of protoplasts of E. festucae strain F11 are uninucleate .............cccocveruennene.. 34
3.1.2 Fluorescent nuclear tag (pYH2A) analysis ........coceeiieiiiiiiiiiieiieiieeeeeeeeee e 35
3.2 Establishing a procedure to allow recovery of EMS mutants .............ccccoevieniiiiienenn. 38

vii



3.2.1 Time course of the decline of viability resulting from EMS treatment.................... 38
3.2.2 EMS treatment does not significantly alter the protoplast count over time............. 39
3.3 EMS mutagenesis and selection of 5-FOA colonies............ccevveviienienciienienieeieeeens 44
3.4 HRM analysis of known SNPs is able to differentiate samples to the point mutation ..47

3.4.1 Proof of concept by pooling DINA .......cccieiiiiiiiiieeieeee ettt 47
3.4.2 Experimental design by pooling mycelia........c.ccccueviieriiiniieiiieniieieecieeieeeee e 48
3.4.3 HRM to screen pooled EMS mutants for genes in ergovaline pathway .................. 49

3.5 NGS approach to the SNP analysis .........ccceeiiiiiiiiieriiiiiee e 51
3.5.1 Searching for point MULAtIONS ........ccueriiriiriieiinieeeeeee et 51
3.5.2 Validation Of SINPS ......eiiiiii e 54
3.5.3 HRM analysis of the mutagenized fungal protoplasts ...........cccecveviiniienieniieeneenen. 55
Chapter 4 DISCUSSION ..ottt ettt ettt e e ebeesateenbeesnneenseens 58
APPENDICES ...ttt ettt ettt et sat e bt et e eneeeae et e eneeeneas 64
BIBLIOGRAPHY ...ttt ettt ettt et e s e beeneesneens 67

viii



LIST OF FIGURES

Figure 1: Life cycle of EPIChIO& endophytes ........c.coeviiviieiiiiiieieieieieseeee e 3
Figure 2: Structural formula of Ethyl methanesulfonate (EMS) (Figure 2a) (Sega, 1984) and

EMS mode of action (Figure 2b). EMS mutagen causes ethylation at O-6 of guanine and O-4
position of thymine that can cause mispairing leading to GC to AT transitions (Griffiths et al.,

2000). +euteete ettt a ettt b e bbbt h e ea s et et et e bbbt ebeese et entetens 10
Figure 3: High resolution melting PCR analysis .......c..cccceevierieiiniiniiiinieniecicneceecieeienens 16
Figure 4: Next generation sequencing USing MiSe€q ........ccccverirriiierieeiiieniieeieeieeeve e 18
Figure 5: Percentages of nuclei in F11 protoplasts determined by DAPT ...........cccveevvennnnnnn. 35
Figure 6: Percentages of nuclei in F11 protoplasts determined through nuclear tag................ 36
Figure 7: Nuclear staining of protoplasts.........c.ceceeriiiiiiniieiieneeeese e 37

Figure 8: EMS mutagenesis experiments showing EMS treated and untreated protoplasts and
COLOTIIES ..ttt ettt et h e et e b ettt e bt e eab e e s bt e et e e sateeabeessaeenbeesanean 41

Figure 9: (a) Ratios of EMS treated and untreated colonies (b) EMS treated colonies at

IfTRrent tIME POINES ...eueiiiieieiieiiieie ettt ettt et e et et e et e e beesabeebeeenneeseesnneas 43
Figure 10: 5-FOA resistant colonies on minimal and complete media ..........c.ccceeceeeeennennen. 45
Figure 11: Pyrimidine pathway genes pyr2 and pyr4 in Epichloé................ccoooeveiiinennnnne 46
Figure 12: Alignment of F11 and mutant sequences showing chromatograms.............cc..c...... 46
Figure 13: Alignment of sequences showing a base pair difference ..........cccccoceeveriincnncnnns 47
Figure 14: HRM proof of concept by DNA pPOOIING.......ccccvveeriiiiiiiiiiiieeieeceeeeee e 48
Figure 15: HRM proof of concept by pooled mycelia.........coocuvveeiiieniiieiiieciieeiecee e, 49
Figure 16: HRM to screen for mutations in the ergovaline pathway for gene, ClOA ............... 50
Figure 17: Integrative Genomics Viewer (IGV) alignment..........ccccocoeverieniininieneenenienens 53
Figure 18: Validation of the SNPs in barcode 5 (60 minutes) sample..........cccceeeeveercrieenneens 55
Figure 19: HRM was used to validate the transition mutations............ccccceeveeiiieniieinceneennen. 56
Figure 21: Protoplast clumps of EPIChIOE, F11 .......ccoooiiiiiiiiiiiieeeeeee e 61

iX



LIST OF TABLES

Table 1: Different classes 0f the SNPS ......cccoociiiiiiiiiiiiiceeee e, 15
Table 2: Different 5-FOA and uracil concentrations ............ccceeeeueereeeiieenieeiienie e 22
Table 3: Table shows the reaction components of LightCycler® 480 High Resolution Melting

TILASTET MUK +euteetteteenteette et est e et et e bt e et et e enbeen e e s bt eateesee b e enbeeseeeseenseeaee st enbeensenbeanseeaeeseenbeennenneans 28
Table 4: High Resolution Melting program.............cceeeieeieerieenieeiieenieeieeneeereeseeeveessnesenees 28
Table 5: Quality scores in sequeNcing aNAlYSIS ......cccveeriieriieiiieniieeie ettt 31
Table 6: PCR reagents and their final concentrations...........cccccecuereeveniineenienicneencnicneeens 32
Table 7: PCR program showing different steps involved..........cccoecvevieiiiieniiiiienieeieeeeee, 32
Table 8: Beta-tubulin Primers ......ccc.eeeiviiiiiieiiie ettt e e e e e s aaeesaeeesnbeeenes 64
Table 9: Primers to screen mutations based on 5-FOA selection ........c..ceccevveveriienieneniienenns 64
Table 10: Mutation screening in ergovaline pathway............cccoocieiiiniiiiiieniiiiee e 65
Table 11: Three primer pairs to validate SNPs in barcode 5 (60 minutes) sample ................. 65
Table 12: Primers to screen for mutations using HRM ..., 66



