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Text Powdery mildew affecting European hazelnut Corylus avellana L. in Turkey is caused by the
obligate biotrophic fungus Erysiphe corylacearum. This fungal disease causes significant economic
losses by reducing the yield and quality of hazelnuts. Loss-of-function mutations in the mildew
resistance locus o (MLO) gene family of many plants confer high levels of broad-spectrum
resistance to powdery mildew. The proteins encoded by the genes at the MLO locus are divided into
approximately seven different conserved clades. Among them, phylogenetic clade V has been found
to be involved in PM susceptibility, as inactivation of these genes leads to long-term disease
resistance in dicots. In this study, we examined the temporal expression pattern of three hazelnut
MLO genes, previously identified as clade V, in response to powdery mildew infection in C.
avellana cv. Tombul. Leaves are the main tissue affected by the powdery mildew pathogen in
hazelnut plants. Analysis of MLO expression in hazelnut leaves showed that CavMLO2 and
CavMLO6 were significantly upregulated after challenge with E. corylacearum, providing
preliminary evidence that they may be involved in PM susceptibility. Thus, these results present a
basis for the isolation and use of relevant genes in plant breeding for disease resistance. In addition,
gene expression profiles of clade V MLO are also important for identifying candidate genes that
need to be silenced or modified for future molecular studies to obtain resistant hazelnut varieties.
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Introduction

Powdery mildew (PM) is a widespread and harmful
disease of plants, including economically important
European hazelnuts (Corylus avellana L.). Recently, the
pathogen responsible for PM fungal disease in C. avellana
L. has been identified as Erysiphe corylacearum (Sezer et
al.,, 2017). Disease control is important to avoid serious
economic losses for hazelnuts. PM in hazelnut fields is
controlled with fungal pesticides, but the disease is not
eradicated. Due to environmental damage and the possibility
of emergence of new resistant races of the pathogen,
investigation of PM-resistant hazelnut varieties or
identification of MLO genes responsible for susceptibility of
hazelnut plants is necessary to produce resistant varieties for
breeding or genetic engineering.

PM pathogens break down the plant defense through
plant susceptibility genes (S-genes), Mildew Locus O (MLO)
genes. MLO genes encode seven transmembrane domain
proteins containing a C-terminal calmodulin-binding
domain (CaMBD) (Biischges et al., 1997; Devoto et al.,
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1999; Kim et al., 2002a). The number of amino acids in
MLO proteins ranges from 400 to 600. Their biological
functions mainly include modulating the host response to
powdery mildew. Analysis of the expression pattern of the
MLO gene family is important to identify the candidate gene
for engineering its function. MLO genes have been isolated
from several species based on their similarity to well-
characterized barley and Arabidopsis. As a natural loss-of-
function (Mlo) mutation in barley (Hordeum vulgare), it
leads to broad-spectrum resistance to Blumeria graminis f.
sp. hordei (Bgh) (Kusch and Panstruga, 2017; Jergensen,
1992). Complete resistance to Golovinomyces orontii in
Arabidopsis thaliana has been obtained by mutation of the
AtMLO2, AtMLOG6, and AtMLO12 genes [transfer-DNA (T-
DNA insertion), chemical mutagenesis] (Consonni et al.,
2007). Subsequently, only a few MLO sequences have been
functionally characterized in different plants and found to be
involved in plant-powdery mildew interactions such as a
natural loss-of-function mutation in tomato (Solanum
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lycospersicum L. var. cerasiforme) SIMLO1 has provided
resistance to the tomato PM pathogen Oidium
neolycopersici (Bai et al., 2008); reduced susceptibility to
Leveillula taurica has been demonstrated in pepper
(Capsicum annuum) with an RNAI loss-of-function mutant
of an Mlo ortholog, CaMLQO2 (Zheng et al., 2013); bread
wheat (Triticum aestivum) has acquired long-lasting
resistance to Blumeria graminis f.sp. tritici (Bgt) in the
presence of mutants of the TaMLO1 gene generated either
using transcription activator-like effector nucleases
(TALLEN) or targeting induced lesions in genomes
(TILLING) technologies (Wang et al, 2014; Acevedo-Garcia
et al, 2017); in grapevine (Vitis vinifera), the combination of
RNAI knock-down of WMLO6 and VVMLO7 has
significantly reduced the severity of the powdery mildew
pathogen Erysiphe necator (Pessina et al., 2016b); RNAI
knock-down of MdMLO19 expression from apple (Malus
domestica) has led to resistance to Podosphaera leucotricha
(Pessina et al., 2014; Pessina et al., 2016a).

This study describes the identification of potential
candidates for hazelnut MLO genes associated with
powdery mildew susceptibility based on analysis of the
transcriptional response of hazelnut to powdery mildew
infection by semi-quantitative polymerase chain reaction
(gPCR). The results obtained would be useful for
developing resistant varieties for hazelnut breeding or for
making mutations in specific genes with gene editing tools
(Gaj et al., 2013; Lozano-Juste and Cutler, 2014; Puchta
and Fauser, 2014).

Materials and Methods

Plant Material and Growth Conditions

Hazelnut (Corylus avellana cv. Tombul) suckers (~50
cm in length) were collected from a hazelnut field and
planted in pots (39x35 cm dimensions). Plants were
maintained in a growth chamber at 25°C and 60-65%
humidity with a 16 h photoperiod provided by cool white
fluorescent rods with a light intensity of 120 pmol m? s™.
The soil was fertilized once using 20:20:20. Plants were

Table 1. List of the primers used in this study.
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irrigated with tap water until fresh, healthy leaves were
obtained for pathogen inoculation.

Isolation of Powdery Mildew Pathogen and Leaf
Inoculation

PM pathogenic fungus E. corylacearum was collected
from hazelnut plants in a field in Giresun, Tiirkiye, and
regularly preserved on the leaves of Corylus avellana cv.
Tombul plants in the growth chamber. Hazelnut leaves
were inoculated by brushing conidia from heavily infected
leaves. For hazelnut MLO gene expression analysis, three
different plants were sampled at two different time points;
9 hours post inoculation (hpi) and 24 hpi. Uninfected
leaves were used as experimental controls at O hpi.
Collected leaf samples were frozen directly in liquid
nitrogen and used immediately for RNA extraction.

Total RNA Extraction and Gene Expression Analysis
by Semi-Quantitative RT-PCR

Total RNA was extracted from frozen young hazelnut
leaves using the Plant/Fungi RNA Isolation Kit (Norgen
Biotek) according to the manufacturer’s instructions. RNA
quality and quantity were assessed using a 1% agarose gel
assay. Semi-quantitative RT-PCR was used to analyze
gene expressions of the hazelnut clade V MLO (CavMLO)
in C. avellana cv. Tombul. Total RNA was used to
synthesize single stranded cDNA using the Superscript 111
reverse transcriptase kit (Invitrogen, Thermo Fisher
Scientific). Each 20 pl reaction mix contained 1 pg of total
RNA, oligo primers (dT18), and other components
according to the manufacturer’s instructions. In semi-
quantitative RT-PCR, C. avellana MLO gene-specific
primers spanning a partial coding region of MLO genes
were used to monitor gene expression in infected and
uninfected individuals at defined time points (0, 9, 24, hpi).
The coding sequences of the genes were obtained from a
project deposited in the NCBI database [Corylus avellana,
Transcriptome Shotgun Assembly (TSA), BioProject:
PRJINA316492] (Kavas et al., 2019) used to design pairs of
clade V MLO gene-specific primers.

Gene GenBank accession number

Primer pair sequences (5'-3") Al (base pairs )

CavMLO2 (Cav10g09700) GGSA01064561.1

CavMLO6 (Cav07¢19540) GGSA01025153.1
CavMLO12 (Cav07g19590)

GGSA01055436.1

CavACT (onchr 11) GGSA01045693.1

CoravMLO2-Forward

GGTGGGGACGAAACTACAGGTGATC

CoravMLO2-Reverse 20

GGAAGCGGAGCCACTTGACTTGAG
CoravMLO6-Forward

ACACCTGTGGTACAGCCAGGTGATG

CoravMLO6-Reverse 720

CATCTGCGAAATGTGAATTCCGAG
CoravMLO12-Forward
TGTCCAACGCATATGGATGGCATTC
CoravMLO12-Reverse
CGTGTTGGGTTCGAATGGTTCCTAG
CoravACT-Forward
TGCTGGATTCTGGTGATGGTGTGAG
CoravACT-Reverse
GATGCAAGGATTGATCCTCCGATCC

720

589

Al: Amplicon length. The name of the full length clade V Corylus avellana cv. Tombul Mildew Locus O (MLO) genes and ACTIN as a reference gene
with GenBank accession numbers, the primer sequences used to amplify part of the genes by RT-PCR reaction and the length of the products. The

chromosomes on which the genes are located were underlined.
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Figure 1. Expression analysis of the clade VV CavMLO at transcript level,
which was measured by semi-quantitative RT-PCR at three time points: 0-
hpi (hours post inoculation), 9 hpi and 24 hpi in hazelnut leaves when
exposed to E. corylacearum. (A.) CavMLO transcript accumulation in
hazelnut leaves upon exposure to E. corylacearum. RT-PCR products from
different time points were separated on a 1 % agarose gel. M represents 1
kb plus DNA size marker. A total of three leaves were collected for each
time point and pooled for RNA isolation. The RT-PCR reaction was
performed using CavMLO primer sets and yielded different amounts of the
same size fragment (720 bp). Amplification of the reference CaACT gene
using a pair gene-specific primers resulted in a 589 bp fragment. (B.)
Transcript accumulation was measured as band intensity of amplified
fragments using Image J software. The relative expression of CaMLO
genes was calculated by normalizing the expression of the CaMLO genes
against the housekeeping gene CaACT.

As a reference housekeeping gene, a putative gene
sequence of C. avellana L. Actin was obtained from
GenBank by blasting the Arabidopsis Actin2 gene, AtACT2
(GenBank ID: AY096381.1) against Corylus avellana,
Transcriptome Shotgun Assembly (TSA) and then a gene
specific primer pair was designed. The primer pair,
CavACT-F and CavACT-R was used to amplify a fragment
of the hazelnut Actin (CavACT) coding sequence as a
reference housekeeping gene for relative quantification of
hazelnut MLO genes. A 50 ul RT-PCR reaction was set up
and performed at 94°C for 3 min; 35 cycles at 94°C for 1
min, 55°C for 1 min, 72°C for 1 min and final extension at
72°C for 10 min for clade V CaMLO and CavACT cDNA
amplification. PCR products were visualized by 1 %
agarose gel electrophoresis and sequenced for
confirmation. RT-PCR products were quantified by
measuring the band intensity using Image J software
(https://imagej.nih.gov). The relative transcript abundance
of the three, clade V hazelnut genes was assessed using
Actin as the reference gene for target normalization. The
primers used in the experiments were listed in Table 1.

Results and Discussions

Erysiphe corylacearum has severely affected hazelnut
fields in the Black Sea Region of Tiirkiye. Since none of the
hazelnuts grown in Tiirkiye have been reported to be
genetically resistant to powdery mildew pathogens, control
of this pathogen is currently achieved through the
application of fungicides (Lucas et al., 2018). The possibility
of emergence of races resistant to fungicides has increased
interest in the development of new hazelnut varieties with
improved genetic resistance to powdery mildew. Thus, the
hazelnut MLO homologues responsible for mediating
susceptibility to E. corylacearum have been identified in C.
avellana cv. Tombul by next-generation whole genome
sequencing (WGS) (Lucas et al., 2021). Before Lucas et al.
(2021) published their results on the identification of target
genes, including MLOs, for hazelnut crop improvement
using C. avellana cv. Tombul WGS data, we also identified
clade V hazelnut MLO sequences that would be responsible
for susceptibility in hazelnuts using information from the
NCBI database, Corylus avellana, Transcriptome Shotgun
Assembly (TSA), BioProject: PRINA316492 (Kavas et al.,
2019). Our results were similar to previous study in terms of
phylogenetic analysis showing that MLOs named
CavMLO2, CavMLOG6 and CavMLO12 (Lucas et al., 2021)
contain all sequence signatures that are considered
diagnostic for MLOs and grouped in clade V. As shown in
Table 1, two different IDs were used for the same gene from
two different projects in NCBI [TSA (BioProject:
PRINA316492) and WGS (BioProject: PRJEB31933;
Assembly GCA 901000735.2)] and relevant publications to
avoid confusion.

For the temporal expression profile, hazelnut leaves
were sampled before and at 9 and 24 h post inoculation.
The accumulation of MLO transcripts was determined by
PCR on reverse-transcribed total RNA using gene-specific
primers. Amplification specificity was checked for each
primer pair such that each each primer pair generated a
single amplification band with no non-specific products.
Primer pairs for MLO genes amplified a 720 bp MLOs-
specific fragment from cDNA templates (Table 1; Figure
1la). Amplified MLO fragments were confirmed by
sequencing. The sequencing results showed some
discrepancies from the source used to design the primer
sets (BioProject: PRINA316492). At the coding sequence
(CDS) level, the sequenced fragments showed almost
100% similarity tothose reported by Lucas et al. (2021),
after delineating exon/inton boundaries using full length
CDS from BioProject: PRINA316492.

As a reference, the coding sequence of the C. avellana L.
Actin gene was identified by blasting the Arabidopsis Actin2
gene, AtACT2 (GenBank ID: AY096381.1), which is
commonly used as a reference for qRT-PCR reactions. The
putative hazelnut Actin (GenBank ID: GGSA01044805.1),
showed 84.1 % and 92.8% identity to Arabidopsis ACT2 at
the nucleotide and amino acid levels, respectively. CavACT-
F and CavACT-R primers were designed and used to amplify
the 589 bp fragment of the hazelnut Actin gene (CavACT)
coding sequence. The amplified CaACT gene fragment was
confirmed by sequencing. It was identical to the sequence
obtained from WGS data. Only three base pair differences

were identified between the sequences from TSA
(BioProject: PRJINA316492) and WGS (BioProject:
PRJEB31933) data.
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The relative expressions of CavMLO2, CavMLO6 and
CavMLO12 were determined using semi-quantitative RT-
PCR (Figure 1). Gene expression analyisis revealed that
CavMLO2 and CavMLOG6 transcript levels were
upregulated more than 3- and 1.5-fold, respectively at 9 hpi
(Figure 1b). In contrast, no significant difference was
observed in CavMLO12 transcript abundance at any time
compared to the transcript abundance before inoculation.
The results showed that CavMLO2 and CavMLO6 could
play an important role in susceptibility during interactions
between hazelnut plant and powdery mildew pathogen and
provide useful information to study mechanisms of
susceptibility to powdery mildew.

CavMLO2 and CavMLO6 were anticipated as PM
susceptibility genes in hazelnut, the discovery of loss-of-
function mutations leading to resistance in these genes of
wild and other cultivated accessions could be useful in
breeding for the development of resistant hazelnut
germplasm. The other method of acquiring powdery
mildew resistance using this information could be gene
editing such as CRISPR/Cas9 (Wan et al., 2020). Gene
editing is a technique of targeted gene manipulation.
Therefore, the breeding problem arises from crossing
mutants and economically important varieties can be
eliminated.
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Supplementary File: Sequence Alignments

Figure S1. Sequence alignment of the putative Corylus avellana actin gene (CavACT) from the TSA (BioProject:
PRINA316492) in the NCBI database with the Arabidopsis thaliana actin gene (AtACT2) from the TAIR database for

comparison.

CavaCT
AtACT2

1 11 21 31 4l 51 61 71 8l 9l
ATGGCCGATGCCGAGGATATTCAGCCCCTTGTTIGTGACAATGGAACTGGAATGETGAAGGCTGGTTTTGLTGGTGATGATGCTCCCAGGGCAGTGTTTC
ATGGLCTGAGGCTGATGATATTCAACCAATCGTGTGTGACAATGGTACCGGTATGGTGAAGGCTGGATTTGCAGGAGATGATGCTCCCAGGGCTGTTITTC

Consensus

CavaACT
AtACT2

atggc ga gc ga gatattca oc t gt tgtgacaatgy ac gg atggtgaaggctgy tttgc gy gatgatgotcccagggc gt ttto

101 111 121 131 141 151 161 171 181 191
CTAGTATTGTGGGTAGGCCCCGTCACACTGGTGTTATGGTTGGGATGGGCCAALAAGATGCTTATGTTGGTGATGAAGCTCAATCCAAGAGGGGTATTCT
CCAGTGTTGTTGGTAGGCCAAGACATCATGGTGTCATGGTTGGGATGAACCAGAAGGATGCATATGTTGGTGATGAAGCACAATCCAAGAGAGGTATTCT

Consensus

CavACT
AtACT2

c agt ttgt ggtaggcc o ca  tggtgt atggttgggaty cca aa gatgc tatgttggtgatgaage caatccaagag ggtattct

201 211 221 231 241 251 261 271 281 291
TACCTTGAAATATCCTATTGAGCATGGTATTGTCAGTAATTGGGATGACATGGAGAAGATC TGGCATCACACATTCTACAATGAGCTTCGAGTTGCTCCT
TACCTTGAAGTATCCTATTGAGCATGGTGTTGTTAGCAACTGGGATGATATGGAAMAGATCTGGCATCACACTTTCTACAATGAGCTTCGTATTGCTCCT

Consensus

CavACT
AtACT2

taccttgaa tatcctattgagcatggt ttgt ag aa tgggatga atgga aagatctggcatcacac ttctacaatgagottcy ttgctoct

301 311 321 331 341 351 361 371 381 391

GAAGAGCACCCAGTGCTTCTCACTGAAGCTCCTCTCAACCCTAAGGCCAACAGAGAAAAGATGACTCARATCATGTTITGAGACCTTCAATGTGCCTGCCA
GAAGAGCACCCTGTTCTTCTTACCGAGGCTCCTCTTAACCCARAGGCCAACAGAGAGAAGATGACTCAAATCATGTTTGAGACCTTTAACTCTCCCGLTA

Consensus

CavaACT
AtACT2

gaagagcaccc gt Cttct ac ga gotcctct aaccc aaggocaacagaga aagatgactcaaatcatgtttgagacctt aa cc gc a

401 411 421 431 441 451 461 471 481 491
TGTATGTTGCTATCCAGGCTGTTCTCTCCCTGTATGCCAGTGGTCGTACAACTGGTATTGTGCTGGATTCTGGTGATGGTGTGAGTCACACTGTGCCAAT
TGTATGTCGCCATCCAAGCTGTTCTCTCCTTGTACGCCAGTGGTCGTACAACCGGTATTGTGLTGGATTCTGGTGATGGTGTGTCTCACACTGTGCCAAT

Consensus

CavACT
AtACT2

tgtatgt gc atcca gotgttctctcc tgta gocagtggtogtacaac ggtattgtgoctggattctggtgatggtgty  tcacactgtgocaat

S01 511 521 531 541 551 561 571 581 591
CTATGAAGGGTATGCCCTCCCACATGCCATCCTACGTTTGGACCTTGCTGETCGTGATCTCACTGACGCTTTGATGAAGATTCTCACTGAGAGAGGGTAT
CTACGAGGGTTTCTCTCTTCCTCATGCCATCCTCCGTCTTGACCTTGCTGGACGTGACCTTACTGATTACCTCATGAAGATCCTTACAGAGAGAGGTTAC

Consensus

CavaACT
AtACT2

cta ga gy t € Ct CcC catgccatcct cgt t gaccttygctgyg cgtga ct actga t atgaagat ct ac gagagagy ta

601 611 621 631 641 651 661 671 651 691

ATGTTCACCACCACTGCCGAACGGGAAATTGTCCOTGACATGAAGGAGAAGCTTGCATATGTTGCCCTTGACTATGAGCAGGAACTTGAGACTGCCAAGA
ATGTTCACCACAACAGCAGAGCGGGAAATTGTAAGAGACATCAAGGAGAAGCTCTCCTTIGTTGCTGTTGACTACGAGCAGGAGATGGAAACCTCARAGA

Consensus

CavaACT
AtACT2

atgttcaccac ac gc ga cgggaaattgt ¢ gacat aaggagaagct C t tgttgc ttgacta gagcagga t ga ac  C© aaga

701 711 721 731 741 751 761 771 781 791
GCAGCTCCTCTGTTGAGAAGAACTATGAATTGCCTGATGGACAAGTCATCACAATCGGAGCTGAGAGATTCCGTTGCCCAGAAGTCCTCTTCCAGCCATC
CCAGCTCTTCCATCGAGAAGAACTATGAATTACCCGATGGGCAAGTCATCACGATTGGTGLCTCGAGAGATTCAGATGCCCAGAAGTCTTGTTCCAGCCCTC

Consensus

CavaACT
AtACT2

cagctc tc  t gagaagaactatgaatt cc gatgy caagtcatcac at gg gotgagagattc g tgocccagaagtc t ttccagec to

801 8l1 gzl 831 841 851 861 871 881 891
GCTGATTGGAATGGAAGCTGCTGGAATCCACGAGACCACCTACAACTCTATCATGAAATGTCACGTGGATATCAGAAAGGATCTCTACGGAAACATTGTT
GTTTGTGGGAATGCAAGCTGCTGGAATCCACGAGACAACCTATAACTCAATCATGAAGTGTGATGTGGATATCAGGAAGGATCTGTACGGTAACATTGTG

Consensus

CavACT
AtACT2

g t t ggaatggaagctgctggaatccacgagac accta aactc atcatgaa tgtga gtggatatcag aaggatct tacgy aacattgt

901 911 921 931 941 951 961 971 951 991
CTCAGTGGTGGCTCAACCATGTTCCCAGGTATTGCTGACCGGATGAGCAAGGAGATCACTGCTCTTGCCCCAAGCAGCATGAAGATTAAGGTTGTGGCAC
CTCAGTGGTGGAACCACTATGTTCTCAGGTATCGCTGACCGTATCAGC AAAGAAATCACAGCACTTGCACCAAGCAGCATGAAGATTAAGGTCGTTGCAC

Consensus

CavaCT
AtACT2

ctcagtggtgy C© ac atgttc caggtat goctgaccy atgagcaa ga atcac go Cttygc ccaagcagcatgaagattaaggt gt goac

1001 1011 1021 1031 1041 1051 1061 1071 1081 1091

CACCAGAGAGGAAGTACAGTGTCTGGATCGGAGGATCAATCCTTGCATCCCTCAGCACCTTCCAGCAGATGTGGATTTCCAAGGGCGAGTACGACGAGTC
CACCTGAAAGGAAGTACAGTGTCTGGATCGGTGGTTCCATTCTTGCTTCCCTCAGCACATTCCAGCAGATGTGGATCTCCAAGGCCGAGTATGATGAGGE

Consensus

CavaACT
AtACT2

cacc ga aggaagtacagtgtctggatcgy gg tc at cttgec tcoctcagoac ttocagocagatgtggat tocaagy cgagta ga gag ©

1101 1111 1121 1131 1141 1151 1161 1171 1181 1191
TGGTCCATCTATTGTCCACAGGAAGTGCTTCTAL
AGGTCCAGGAATCGTTCACAGARAATGTTTCTAL

Consensus

ggtcca  at gt cacag aa tg ttctaa

599
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Figure S2. Sequence alignment of the putative C. avellana actin protein (CavACT) from the TSA (BioProject: PRINA316492)
in the NCBI database with the A. thaliana actin protein (AtACT2) the TAIR database for comparison.
1 11 21 31 41 51 61 71 81
CavACT MADAEDIQPLVCDNGTGHMVKAGFAGDDAPRAVFPSIVGRPRHTGYMVGHGOKDAYVGDEAQSKRGILTLKYPIEHGIVSNUDDMEK IWHH
AtACT2 MAEADDIQPIVCDNGTGMVKAGFAGDDAPRAVFPSVVGRPRHHGVMVGMNQKDAYVGDEAQSKRGILTLKYPIEHGYVSNUDDMEKIWHH
Consensus ma a digp vcdngtomvkagfagddapravips wgrprh gvnvom gkdayvgdeagskrgiltlkypiehg vsnwddmekiwhh

9l 101 111 121 131 141 151 161 171
CavACT TFYNELRVAPEEHPVLLTEAPLNPKANREKMTQIMFETFNVPANYVAIQAVLSLYASGRTTGIVLDSGDGYSHTVPIVEGYALPHATLRL
AtACT2 TFYNELRIAPEEHPVLLTEAPLNPKANREKMTQIMFETFNSPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIVEGFSLPHAILRL

Consensus  tfynelr apeehpvllteaplnpkanrekntginfetfn pamyvaigavlslyasgrttgivlidsgdgvshtvpiyeg lphailrl

181 191 201 211 221 231 241 251 261

CavACT DLAGRDLTDALMKILTERGYMFTTTAEREIVRDMKEKLAYVALDYEQELETAKSSSSVEKNYELPDGQVITIGAERFRCPEVLFQPSLIG
AtACT2 DLAGRDLTDYLMKILTERGYMFTTTAEREIVRDIKEKLSFVAVDYEQEMETSKTSSSIEKNYELPDGOQVITIGAERFRCPEVLFQPSFVG

Consensus dlagrdltd lmkiltergymftttaereivrd kekl wa dyege et k sss eknyelpdggvitigaerfrcpevlfops o

271 281 291 301 311 321 331 341 351
CavACT MEAAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGSTMFPGIADRMSKEITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMUIS
AtACT2 MEAAGIHETTYNSIMECDVDIRKDLYGNIVLSGGTIMFSGIADRMSKEITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMUIS
Consensus nmeaagihettynsinmkcdvdirkdlyogmivlsgg tnf giadrmskeitalapssmkikvvapperkysvwiggsilaslstfgoquuis

361 371 381 391 401 411 421 431 441

CavACT KGEYDESGPSIVHRECF
AtACT2 KAEVDEAGPGIVHRECF

Consensus k eyde gp ivhrkcf

600
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Figure S3. Sequence alignment of the putative C. avellana actin gene (CavACT) from the TSA (BioProject: PRINA316492)
and the WGS (BioProject: PRIEB31933; Assembly GCA_901000735.2) in the NCBI database. Overlapping regions were
exons and highlighted in yellow. For simplicity, our amplified 589 nt sequence was not included in the alignment as it had
the same sequence as CavACT-WGS.

CavACT-TSA
CavACT-WGS

1 11 21 31 4l 51 61 71 gl 91
ATGGCCGATGCCGAGGATATTCAGCCCCTTGTTIGTGACAATGGAACTGGAATGGTGAAGG
ATGGCCGATGLCGAGGATATTCAGCCCCTTGTTTGTGACAATGGALCTGGAATGETGAAGGTTAGTCAATACATTTCATGCTTATTATTTGGACCAAGTT

Consensus

CavACT-TSA
CavACT-WGS

atggccyatgoccgaggatattcagoccocttytttygtyacaatygaactygaatygtyaaqy

101 111 121 131 141 151 161 171 181 191
CTGGTTTTGCTGGTGATGATGCTCCCAGGGCAGTGTT
CTGTTCTTTTATTACTATTTAGTTATTTTGAAACGCTTCTAATATATTGTTTTTGTGTGCAGGLCTGETTTTGCTCETGATGATGCTCCCAGGGCAGTGTT

Consensus

CavACT-TSA
CavACT-WGS

ctyggttttgctygtyatgatyctoccagygcagryot

201 211 221 231 241 251 261 271 281 291
TCCTAGTATTGTGGGTAGGCCCCGTCACACTGGTGTTATGGTTGGGATGGGL CARAALGATGCTTATGTTGGTCATGAAGC TCAATCCAAGAGGGGTATT
TCCTAGTATTGTGGGTAGGCCCCGTCACACTGGTGTTATGETTGGCATGGGCCAAMAAGATGCTTATGTTGGTGATGAAGC TCAATCCAAGAGGGGTATT

Consensus

CavACT-TSA
CavACT-WGS

tcctagtattgtgggtaggocccgtoacactggtgttatggttgggatgggccaaaaagatycttatgttggtyatgaagotcaatccaagaggggtatt

301 311 321 331 341 351 361 371 381 391
CTTACCTTGAAATATCCTATTGAGCATGGTATTGTCAGTAATTGGGATGACATGGAGAAGATCTGGCATCACACATTCTACAATGAGCTTCGAGTTGLTC
CTTACCTTGAAATATCCTATTGAGCATGGTATTGTCAGTAATTGGCATGACATGGAGAAGATCTGGCATCACACATTCTACAATGAGCTTCGAGTTGLTC

Consensus

CavACT-TSA
CavACT-WGS

cttaccttgaaatatcctattgagcatggtattgtcagtaattgggatgacatggagaagatctggcatcacacattotacaatgagottogagttgete

401 411 421 431 441 451 461 471 481 491
CTGAAGAGCACCCAGTGCTTCTCACTGAAGCTCCTCTCAACCCTAAGGCCAACAGAGAAAAGATGACTCAAATCATGTTTGAGACCTTCAATGTGCCTGE
CTGAAGAGCACCCAGTGCTTCTCACTGAAGCTCCTCTCAACCCTAAGGCCAACAGAGAALAGATGACTCARATCATGTTTGAGACCTTCAATGTGCCTGE

Consensus

CavACT-TSA
CavACT-WGS

ctgaagagcacccagtgcttotcactgaagctoctotcaaccotaaggccaacagagaaaagatgactcaaatcatgtttgagaccttoaatgtgoctyc

501 511 521 531 541 551 S61 571 581 591
CATGTATGTTGCTATCCAGGCTGTTCTCTCCCTGTATGCCAGTGGTCGTACAACTGET:
CATGTATGTTGCTATCCAGGCTGTTCTCTCCCTGTATGCCAGTGGTCGTACAACTGGTTAGTATCACTATCTCCATCTGAAATTCATARMACTTGTCTTTG

Consensus

CavACT-TSA
CavACT-WGS

catgtatgttgctatccaggctgttctoctoccctytatgccagtyggtocgtacaactygt

601 611 621 631 641 651 661 671 681 691
ATTGTGCTGGATTCTGGTGATGGTGTGAGTCACACTGTGCCAATCTACGAAG
AATCACACTGAGCCTCTGACCCTGACTTGGCTCCTCATTGGAATAGGTATTGTGCTGCATTCTGETGATGGTCTCAGTCACACTGTCLCAATCTATGALG

Consensus

CavACT-TSA
CavACT-WGS

attgtgctygattctygtyatgytytygagtcacactytyccaatcta gaag

701 711 721 731 741 751 761 771 781 791
GGTATGCCCTCCCACATGCCATCCTTCGTTTGGACCTTGCTGGTCGTGATCTCACTGACGCTTTGATGAAGATTCTCACTGAGAGAGGGTATATGTTCAL
GGTATGCCCTCCCACATGCCATCCTACGTTTGGACCTTGCTGGTCGTGATCTCACTGACGCTTTGATGAAGATTCTCACTGAGAGAGGGTATATGTTCAL

Consensus

CavACT-TSA
CavACT-WGS

ggtatgccoctoccacatgccatcct cgtttggaccttgctggtcgtyatctocactyacyctttgatyaagattctocactyagagagygtatatyttcac

§01 811 821 831 541 851 861 871 881 §91
CACCACTGLCGAACGGGAAATTGTCCGTGACATGAAGGAGAAGCTTGCATATGTTGCCCTTGACTATGAGCAGGAACTTGAGACTGCCAAGAGCAGCTCC
CACCACTGCCGAACGGGAAATTGTCCGTGACATGAAGGAGAAGCTTGCATATGTTGCCCTTGACTATGAGCAGGAACTTGAGACTGCCAAGAGCAGCTCC

Consensus

CavACT-TSA
CavACT-WGS

caccactgccgaacgggaaattgtocgtgacatgaaggagaagettygcatatgttgoccttyactatgagcaggaacttgagactyccaagagcagetee

901 911 921 931 941 951 961 971 981 991
TCTGTTGAGAAGAACTATGAATTGCCTGATGGACAAGTCATCACAATCGGAGCTGAGAGATTCCGTTGCCCAGAAGTCCTCTTCCAGCCATCGCTGATTG
TCTGTTGAGAAGAACTATGAATTGCCTGATGGACAAGTCATCACAATCGGAGCTGAGAGATTCCGTTGCCCAGAAGTCCTCTTCCAGCCATCGCTGATT

Consensus

CavACT-TSA
CavACT-WGS

tctgttgagaagaactatgaattgcctgatggacaagtcatcacaatcggagetyagagattoogttygcccagaagtoctottccagocatcgotgatty

1001 1011 1021 1031 1041 1051 1061 1071 1081 1091
GAATGGAAGCTGCTGGAATCCACGAGACCACCTACAACTCTATCATGAAATGTGACGTGEATATCAGAALGGATCTCTACGGAAACATTGTTCTCAGTGG
GAATGGAAGCTGCTGGAATCCACGAGACCACCTACAACTCTATCATGARATGTGACGTGGATATCAGAALGGATCTCTACGGARACATTGTTCTCAGTGG

Consensus

CavACT-TSA
CavACT-WGS

gaatggaagctygctggaatccacgagaccacctacaactoctatcatyaaatgtgacgtygatatcagaaaggatctotacggaaacattgttctoagtyy

1101 1111 1121 1131 1141 1151 1161 1171 1181 1191
TGGCTCAACCATGTTCCCAGGTATTGCTGACCGGATGAGC AAGGAGATCACTGCTCTTGCCCCAAGCAGCATGAAGATTAAGGTTGTGGCACCACCAGAG
TGGCTCAACCATGTTCCCAGGTATTGCTGACCGGATGAGC AAGGAGATCACTGCTCTTGCCCCAAGCAGCATGAAGATTAAGGTTGTGGCACCACCAGAG

Consensus

CavACT-TSA
CavACT-WGS

tggctcaaccatgttoccaggtattygctyaccygatgagcaaggagatcactyctottygccccaagcagcatyaagattaagyttytygcaccaccagay

1201 1211 1221 1231 1241 1251 126l 1271 1281 1291
AGGAAGTACAGTGTCTGGATCGGAGGATCAATCCTTGCATCCCTCAGCACCTTCCAGCAG
AGGAAGTACAGTGTCTGGATCGGAGGATCAATCCTTGCATCCCTCAGCACCTTCCAGCAGGTGAATACCTTTTTTITCTCCATGATTAGGCTCCTTTCTGE

Consensus

CavACT-TSA
CavACT-WGS

aggaagtacagtgtctggatcggaggatcaatccttgcatcocctcagcaccttocagoay

1301 1311 1321 1331 1341 1351 1361 1371 1381 1391
----ATGTGGATTTCCAAGGGCGAGTACGACGAGTCTGGTCCATCTA
ATATTCTTTTGGCCAGGACTGACAATGCTTGCTTTGTTTTGTT T TGCTTTGTAATAGATGTGCATTTCCAAGGGCGAGTACGACGAGTCTGGTCCATCTA

Consensus

CavACT-TSA
CavACT-WGS

atgtyggatttccaagyycyagtacgacyagtctygtocatcta

1401 1411 1421 1431 1441 1451 1461 1471 1451 1491
TTGTCCACAGGAAGTGCTTCTAA
TTGTCCACAGGAAGTGCTTCTAA

Consensus

ttgtccacaggaagtgcttotaa

601
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Figure S4. Sequence alignment of the putative C. avellana MLO2 gene (CavMLO2) from the TSA (BioProject:
PRINA316492) and the WGS (BioProject: PRJIEB31933; Assembly GCA _901000735.2) in the NCBI database.
Overlapping regions were exons and highlighted in yellow.

ML02-GGSA010
MLO02-Cav10g0

1 11 21 31 4l 51 61 71 8l 9l
ATGGCAGGGGCCAGCGGAGGAAGATCTTTGGAACAAACGCCCACATGGGCTGTCGCCGTTGTCTGTITIGTITIGGTCGTAATATCGATATTCATCGAGE
ATGGCAGGGGLCAGCGGAGGAAGATCTTTGGAACARACGCCGACATGGGCTGTCGCCGTCGTCTGTTTTGTTTIGGTCGTAATATCGATATTCATCGAGE

Consensus

ML02-GGSA010
ML02-Cav10g0

atggcaggggccagcggaggaagatctttggaacaaacyccgacatgggctytcgocgt grotgttttgttttggtogtaatatcgatattecatogage

101 111 121

ACATCATCCACCTGATAGGAALG
ACATCATCCACCTGATAGGAAAGGTAAATAAATATCTCCAACAATATTAATTAATCGGGCTTTTGTGATTCTGAGTTGGAATATAATAGAAGTAATTTCT

131 141 151 161 171 181 191

Consensus

ML02-GGSAO010
MLO2-Cavr10g0

acatcatccacctygataggaaagy

201 211 221 231 241 251 261 271
——————————————— TGGCTCAAGAAGAALCATALAAGAGCTTTATATGAGGCGCTAGAALAGATCALATCAG
TGCGCCAATTTGCAGTGGLTCAAGALGAAACATALAAGAGCTTTATATGAGGCGCTAGAAAAGATCAAATCAGGTCCGTACAACACAGCACCTCTTCGTG

281 291

Consensus

ML02-GGSA010
ML02-Cav10g0

tggctgaagaagaaacataaaagagctttatatgaggcgctagaaaagatcaaatcag

301 311 321 331 341 351 361 371 381 391

--AGCTTATGCTATTGGGATTTATCTCCTTGCTTCTAAC
TTCATCAATTAAACATGATATTAATTAATTAATATTTTTGTTTTTGTGTTCTGTTTGATGCAGAGCTTATGC TATTGGGATTTATCTCCTTGCTTCTALL

Consensus

ML02-GGSAO010
ML0O2-Cav10g0

agcttatgctattgggatttatctoocttgottotaac

401 411 421 431 441 451 461 471 481 491
GGTCGGACAAGGGATAATATCGAATATTTGCGTATCGCAGAAAGTTGGAGCGTCGTGGCATCCATGCAGCAAGGAALALGAACTCAAGTTGGACGAGGCG
GGTCGGACAAGGGATAATATCGAATATTTGCGTATC GCAGARAGTTGGAGCGTCGTGGCATCCATGCAGCAAGGALAMAGAACTCGAGTTGGA-——--—-

Consensus

ML02-GGSAO010
ML02-Cav10g0

gytcyggacaagygataatatcgaatatttycygtatcgcagaaagtiygyagcytogtygcatccatycagcaaggaaaaagaactec agrtyga

501 511 521 531 541 551 561 571 581 591

GAGGALACGGATTCTGATGATTCCAATCGACGGAAGCTACTGATGTTGTCGAACTCCGGTGAAACTTTCCGACGCTTTTTGGCGTCGGCTTCGTCCAATT
--GGAAACGGATTCTGATGATTCCAATC GACGGAAGCTACTGATGTTGTC GAACTCCGGTCAAACTTTCCGACGCTTTTTGGLGTCGGCTTCGTCCAATT

Consensus

ML02-GGSAO010
ML02-Cav10g0

ggaaacggattcotgatgattccaatcgacggaagctactgatgttgtcgaactoccggtyaaactttccgacyctitttggcgtoggcttogtocaatt

601 611 621
CCACTGATAMAATGTGTAGCCAAGG
CCACTGATAAATGTGTAGCCAAGGTGTGTCCCACACTTATACGCCATTGGTGTGTTTTCTTTAAGATTTTTTCTGTAAAAACAACTGTCATCCACACATT

631 641 651 661 671 681 691

Consensus

MLO02-GGSAO010
ML02-Cav10g0

ccactgataaatgtgtagccaagy

701 711 721 731 741 751 761 771 781 791

GGACATATATATATATTCATGAATTTCGATGTGAGAAGAATTTTATATATAGAGAAGATTAGATTATCAAAAGAAAACAAMACAAGTATGAGACAALATG

Consensus

ML02-GGSAO010
ML02-Cav10g0

801

TTTGAATAAATTCATGGAGTTGTGTAGAATGGGGACACATGACAAGTTGGCAACATGTGGTATCTAAGTTGTGACACTTCTACCCGGAAGTACCGACTTT

811 821 831 841 851 861 871 881 891

Consensus

ML02-GGSAO010
ML02-Cav10g0

a0l 911 921 931 941 951 961 971 981 991

GATTTTTTTTTTTTTAATCACGTGAGAACTTTCTAATTTCAAGATATTAAACATTTAAAATCTATATGAAAATCGACAGTCTAGATTGTTATTAAALALL

Consensus

ML02-GGSAO010
ML02-Cav10g0

1001

1011 1021 1031 1041 1051 1061 1071 1081 1091

GTAAAGTCCCATTTGTATCGTCGGATGGTATTCATCAACTACACATATT
AMAAAADAAAALAALACCALGAAATAATATTTTGATATGGAAATTTGCAGGETAAAGTCCCATTTCTATCGTCGEATGOTATTCATCAACTACACATATT

Consensus

ML02-GGSAO010
ML02-Cav10g0

gtaaagtcocatttgtatcgtocggatggtattcatcaactacacatatt

1101 1111 1121 1131 1141 1151 1161
TATCTTCGTGTTGGCTGTTTITCACGTGCTITATTGCGTCATCACCCTGGTTTTGGGTAGAGCCAAG
TATCTTCGTGTTGGCTATTTTTCACGTGLTTTATTGCGTCATCACCCTGGTTTTGGGTAGAGCCAAGGTACGTAATTAATAATTAATCCTTCTTAATTAC

1171 1181 1191

Consensus

ML02-GGSAO010
ML02-Cav10g0

tatcttcgtgttggct tttttcacgtgctttattgogtcatcaccotyggttttgggtagagocaad
1201

1211 1221 1231 1241 1251 1261 1271 1281 1291

ATGAGGCGTTGGAAGCATTGOCAAATAGAGACAAGAACTGCT
TTATTTAATTACTTCATATTCATATATAATTAATCAATTAAGGGCTGTTTGGCTACAGATCAGGCCTTGEAAGCATTCOGAAATAGAGACAAGAACTGCT

Consensus

ML02-GGSA010
MLO02-Cav10g0

atgaggcgttggaagcattyggaaatagagacaagaactygct

1301 1311
GAGTACCAGTTCTCTCACG
GAGTACCAGTTCTCTCACGGTTAGCCTAT T TCTTTCT T TATATATATATATATATATATATATATATATATATATACATGTTTGTATATATGGTGACACG

1321 1331 1341 1351 1361 1371 1381 1391

Consensus

gagtaccagttctotoacy

602
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MLO2-GGSA010
MLO2-Cav10g0

1421 1431 1441 1451 1461 1471 1481 1491
———————————————————— ATCCAGAGCGATTTAGGTTTGCAAGGGACACGTCATTTGGGAGAAGGCACTTAAGCTTCTGGACCAACACACCTGCCCTC
TGGTGTTGCATGTGTGACAGATCCAGAGCGATTTAGGTTTGCAAGGGACACGTCATTTGGGAGAAGGCACTTAAGCTTCTGGACCAACACACCTGCCCTC

Consensus

MLO2-GGSA010
MLO2-Cav10g0

atccagagcgatttagytttgcaagggacacytcatttgygagaaggcacttaagcttctygaccaacacacctyccote

1501 1511 1521 1531
ATGTGBATAGT-------—- -
ATGTGEATAGTAAGCAATTCTTTCCTCCTCAGTTAAAATGCAATAGAAATCCTAACAATTATGTTATTCAGATTGCTAATAATTCAAGCAATAATTCAAG

1541 1551 1561 1571 1581

1591

Consensus

MLO2-GGSAO10
MLO2-Cav10g0

atgtggatagt

1601 1611 1621 1631 1641 1651 1661 1671 1681 1691

CAGTAGGGCTTATAAGTAGGTCTCGCATAGTTCATCTTTTTGTTCGGGCAAGCGGACGACTCCTTAAGAGCTTTTTTACGTTTGCTGCTTAGATTGTTAG

Consensus

MLO2-GGSAO010
MLO2-Cav10g0

1701 1711 1721 1731 1741 1751 1761 1771 1781

TAATTCAAACAACAAATTAATAGAAATTTGGATCTGTTTAAALACTCACGCTCGTGCATCATGC TGAAATGTTGGAAAGCACAAALATTAALTTTTGAAT

1791

Consensus

MLO02-GGSAO010
MLO02-Cav10g0

1801 1811 1821 1831 1841 1851 1861 1871 1881 1891

CAATAAAACTGCACACAAACTTTACAAGGGGACGTTAGATAGATCCAATCCCTATCAATGGCTTTCCATTTCCGTAGAGCTAGGTAGAGAAACTAAALTC

Consensus

MLO02-GGSAO010
MLO02-Cav10g0

1901 1911 1921 1931 1941 1951 1961 1971 1981 1991

TCTAGACTCTCCATATTCTATATTGTCTGAACGACCTCTTTAGTAGTACAACATATACACCATTAGATCAGAGGATTGATAAACTTTGTCTAGGAATAGT

Consensus

MLO02-GGSAO010
MLO2-Cav10g0

2001 2011 2021 2031

GCTATTCGATCAGTTCGTTGCCTTCGGCCCCAAAAATTAGAGTGTTGAATCAGATTTAATTGAGTAATGATTACTAGTAATAATTAACGAACTAATTAAT

2041 2051 2061 2071 2081

2091

Consensus

MLO02-GGSAO010
MLO2-Cav10g0

2101 2111 2121 2131 2141 2151 2161 2171 2181 2191

AMATTAAATGGCTTTGGCTTCATTAATATTATTTCAAGTTGAAACTCCATTATAGGATGTTGAAAGAAGAACCACCAAGTACGTAATTTCTAAGGATATA

Consensus

MLO2-GGSA010
MLO2-Cav10g0

2201 2211 2221 2231 2241 2251 2261 2271 2281

TCATGCATAGTTGATGTGTTTATGACGATTCAATAATGATGTGGGCGGGATTTGACCACTTCAATCAGAACTAAGATTTTTCACCGGTTCATTTAGAGTA

2291

Consensus

MLO02-GGSA010
MLO2-Cav10g0

2301 2311 2321 2331

TTCAGTTAGATATTCGTAAAAAAGTGAAALAMLCTACTTTTCACACATTACACATGGAGCAGTTACCTAACAALGGATACAAATTCAGGCAACAGAAGAAL

2341 2351 2361 2371 2381

2391

Consensus

MLO2-GGSAO010
MLO2-Cav10g0

2401 2411 2421 2431 2441 2451 2461 2471 2481 2491

ACGGTCATAACACGGCAGTTAAAAAGAAAACGACGTAATTAACCTCTTACCGTGCATTTGACTTTITTGAACTGTCATTGGATTCGTGAACAATGTTTCC

Consensus
2501 2511 2521 2531 2541 2551 2561 2571 2581 2591
MLO02-GGSAO10 - -= - TTGT
MLO02-Cav10g0 TACTCCAATATCTTAATTAATTAATTAACAGGGCATTTTCTTTGCACGAACTCTGTTTTCACACTAATCTTGTTTATTTATTTATTTATTGCAGGTTITGT
Consensus ttgt
2601 2611 2621 2631 2641 2651 2661 2671 2681 2691

MLO02-GGSAO010
MLO02-Cav10g0

TTCTTCAGGCAGTTTGTTAGATCGGTTCCTAAAGTTGATTACTTGACTCTGCGACATGGATTTATCATGG
TTCTTCAGGCAGTTTGTTAGATCGGTTCCTAAAGTTGATTACTTGACTCTGCGACATGGATTTATCATGGTAATCTTTCTACTAATTAATTTGCGATTTC

Consensus

MLO02-GGSAO010
MLO02-Cav10g0

ttottocaggoagtttgttagatcggttocctaaagttgattacttgactotycgacatggatttatcatyy

2701 2711 2721 2731 2741 2751 2761 2771 2781 2791

CACACTTGGCACCTCAAAGTCACCAAAGATTTGACTTCCAAAAGTATATCA
AAAALATAATGTTGTTATCTTCTTAATTATTTCTATGCAAAAACTCAGGCACACTTGGCACCTCAMAGTCACCARLGATTTGACTTCCALLLGTATATCA

Consensus

MLO02-GGSA010
MLO2-Cav10g0

cacacttggcacctcaaagtcaccaaagatttgacttccaaaagtatatca

2801 2811 2821 2831
AGAGATCATTGGAGGAGGATTTCALG ===
AGAGATCATTGGAGGAGGATTTCAAGGTTGTTGTGGGGATTAGGTTGGTGCTITTCGATTATGAATTAATATTATCTCCAGTTTATTTGAATTAGATAAT

2841 2851 2861 2871 2881

2891

Consensus

MLO02-GGSA010
MLO2-Cav10g0

agagatcattggaggaggatttcaag

2901 2911 2921 2931 2941 2951 2961 2971 2981 2991

ATCGAGTTAGTTATATTAGAAGGATATTTTTATCTATAAAAALGTAAAATGACAAALATACCATTCCAATATAATTAACTGGATATTATCTAGTTCALAT

Consensus

603
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ML02-GGSAO010
MLO2-Cavr10g0

3001 3011 3021 3031 3041 3051 3061 3071 3081 3091

CCCACCGATCTGGTTTTTCG
GAACTGGAGAGGATCTTGTTTCTCCATCACACCCTTATGTTCAAGTCTAACAATTAATCATTTTTTCTITTCAATTTCAGCCCACCGATCTGLTTTTTCG

Consensus

MLO02-GGSAO010
MLO02-Cavr10g0

cccaccgatctggtttttog

3101 3111 3121 3131
CTGTGGTATTCTTACTCTTTAACACTCACGG
CTGTGGTATTCTTACTCTTTAACACTCACGGTGGOTAAAGAATATTAATTTGAATCATGAGAGGATGAAAAATGTGAAMAGTTTCAGAACTTTTITTTTIT

3141 3151 3161 3171 3181 3191

Consensus

MLO02-GGSAO010
MLO02-Cav10g0

ctgtggtattocttactotttaacactcacyy

3201 321l 3221 3231 3241 3251 3261 3271
CTGGAAATCTTATCTATGGCTGCCATTTATCCCATTGCTT

TTTTTTTGACTAAGTTGTCTTGCTTGTTTTGCAGGC TGEAAATCTTATC TATGGCTGCCATTTATCCCATTGCTTGTAAGCAAATTATATATCTCTCCTA

3281 3291

Consensus

MLO02-GGSAO010
MLO02-Cavr10g0

ctggaaatcttatctatggotgccatttatcoccattyctt

3301 3311 3321 3331 3341 3351 3361 3371 3381 3381

ATCATCCTACTGGTGGGGACGAAL
TCCATCACATGTCTGATATAATATATAATTATAGCAGCTAGCTAGCAGATGATCTAACGGCTAAATATGGCTGCAGATCATCCTACTGETGGGGAC GARL

Consensus

MLO2-GGSAO010
MLO02-Cav10g0

atcatcctactygtyyggacyaaa

3401 3411 3421 3431 3441 3451 3461 3471 3481 3491
CTACAGGTGATCATAACCAAMATGGCATTCAGAATCCAGGAGAGAGGAGAGGTTGTGCAGGGGETGCCAGTGGTGCAGCCAGGTGACGAACTCTTCTGGT
CTACAGGTGATCATAACCAAAATGGCATTCAGAATC CAGGAGAGAGGAGAGGTTGTGCAGGGGETGCCAGTGGTGCAGCCAGGTGACGACCTCTTCTGGT

Consensus

ML02-GGSAO010
MLO02-Cavr10g0

ctacaggtgatcataaccaaaatggcattgagaatccaggagagaggagaggttytycagggggtyccagtygtycagccaggtygacga ctoettotygt

3501 3511 3521 3531 3541 3561 3571 3581
TCAACCGCCCTCGCCTCATTCTCTACCTCATCAACTTTGTTCTCTTTCAG
TCAACCGCCCTCGCCTCATTCTCTACCTCATCAACTTTGTTCTCTTTCAGGTTCTTTTCCCATAATTCTTTGCCTTAATTTCTTACATAAATAACGCTAA

3551 3591

Consensus

MLO02-GGSAO010
MLO02-Cav10g0

tcaaccgccctogeoctcattctotacctocatcaactttgttctottteoay

3601 3611 3621 3631 3641 3651 3661 3671 3681 3691

ATATTTAGCAAGACTCTTATACAACTGTCATACAATCTAATAATGTGGTCGTGAAAATGATATTTAAGATTATTTAAGATTATCACTAGCAGTGACGGAG

Consensus

MLO02-GGSAO010
MLO02-Cavr10g0

3701 3711 3721 3731 3741 3751 3761 3771 3781 3791

CCAGAAATTACTATGGGGAGGGGTCAGGAGTCAAAAALAATTGTTACTAGGAGTCGGTGGGCTGATTTATTATTGTTATTATTATTATTATTATTATTTA

Consensus

ML02-GGSAO010
MLO02-Cavr10g0

3801 3811 3821 3831 3841 3851 3861 3871 3881 3891

CCTTAAMATTTTGTTGTTGTTAGGAATTGGAGAGGGGCCATGGCCAACACCAATCTCCCTCCCCTCCGTCCTTCATCACTAGTATAACAATCGTATAATA

Consensus

MLO2-GGSAO010
MLO02-Cav10g0

3901 3911 3921 3931 3941 3951 3961 3971 3981 3991

ATTTTCATTGACATGTTACCTAGTATATATATCAGTCTACTAAATAATATTATTACTATTAATTTTACTTAATCCACCATCATAGTATGCTAATAATTCT

Consensus

ML02-GGSAO010
MLO02-Cavr10g0

4001 4011 4021 4031 4041 4051 4061
--—-BATGCCTTTCAGCTTGCTTTCTTTGCATGGGLTTGE

TTCCCATCTTTGTCTTTGCCGTTTCAGAATGCCTTTCAGCTTGCTTTCTTTGCATGGGLTTGGGTAAGCTACCATCATATATATATAATATTCCATGTCC

4071

4081 4091

Consensus aatgcctttcagottgctttotttgcatygyctigy
4101 4111 4121 4131 4141 4151 4161 4171 4151 4191
MLO02-GGSAO010 TATCAATTCGGGTTGA
MLO02-Cav10g0 CTATATATGCTTAAAACTTCAATAGTACGTGTGAAAAATTATTTAAATTAAGTAATATTGATAATTACTGTTATGATTTTTCAGTATCAATTCGGETTGA
Consensus tatcaattcgggttga
4201 4211 4221 4231 4241 4251 4261 4271 4281 4291

ML02-GGSAO010
MLO02-Cavr10g0

AATCTTGTTTCCACGACCATACTGAGGATATTGTCATTAGAATCTCAATGGGE
AATCTTGTTTCCACGACCATACTGAGGATATTGTCATTAGAATCTCAATGGGGTACGTCTCATTAATTATCACTTTCTATATTTATGATTCTGAAATTAA

Consensus

ML02-GGSAO010
MLO02-Cav10g0

aatcttgtttccacgaccatactgaggatattgtoattagaatctoaatygyy

4301 4311 4321 4331 4341 4351 4361 4371 4381 4381

GTCCTCATACAAATTTTGTGCAGCTACGTAACTCTCCCACTCTATGCCCT
ATTAATTCAAATGTTCTAATACAATTAAAAATGTTGGCTCTTTTATCAGGGTCCTCATACAAATTTTGTGCAGC TACGTAACTCTCCCACTCTATGCCCT

Consensus

MLO2-GGSAO010
ML02-Cav10g0

gtcctoatacaaattttgtgocagotacgtaactctoccactotatgocot

4401
TGTAACACAG
TGTAACACAGGTAACAAMATTATTTTTGATCAAAATATGCATAGAAAGAGTTCAACATTACATGCAGATCGAGCCTGATTTTCTTCTTTTTGTTATGATA

4411 4421 4431 4441 4451 4461 4471 4481 4491

Consensus

MLO02-GGSAD10
MLO2-Cavr10g0

tgtaacacag

4501 4511 4521 4531 4541 4551 4561 4571 4581 4591
——————— ATGGGTTCATCCATGAAACCAACCATATTCAACGAAAGAGTGGCGGCGGCTCTACGCAACTGGCACCACACGGCGAGGAAGAACCTAAAGCAG
TGAGTAGATGGGTTCATCCATGAAACCAACCATATTCAACGAAAGAGTGGLGGCGGCTCTACGCAACTGGCACCACACGGLCAGGAAGAACCTAAAGCAG

Consensus

atgggttcatccatgaaaccaaccatattcaacgaaagagtygcyycyyctotacycaactyycaccacacygcyaggaagaacctaaagcay

604
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ML02-GGSA010
MLO02-Cav10g0

4601 4611 4621 4631 4641 4651 4661 4671 4681 4691
AACAAGGGCTCGGTGACGGGGACCCCGATGTCTAGCAGACCCGLCACCCCGTCCCACCACATGTCCCCGGTTCACCTCCTCCGTCACTACCGGAGLGAGG
AACAAGGGCTCGGTGACGGGGACCCCGATGTCTAGCAGACCCGCCACCCCGTCCCACCACATGTCCCCGGTTCACCTCCTCCGTCACTACCGGAGCGAGG

Consensus

ML02-GGSAO010
MLO02-Cav10g0

aacaagggctoggtgacggggaccocgatgtotagecagaccocgoccaccocgtoccaccacatgtoccoggttocacctoctocgtoactaccggagogagy

4701 4711 4721 4731 4741 4751 4761 4771 4781 4791

COGACAGCCTCCACACATCACCGAGACGATCCAATTTTGACATTGAGCATTGGGAAACTGAATCTCCGTCCCCCTCGCACCACCACCACCTGGTCGGCGA
CGGACAGCCTCCACACATCACCGAGACGATCCAATTTTGACATTGAGCATTGGGAMACTGAATCTCCGTCCCCCTCGCACCACCACCACCTGGTCGGCGA

Consensus

ML02-GGSAO010
MLO02-Cav10g0

cggacagcctoccacacatcaccgagacgatccaattttgacattgagocattgggaaactgaatctocgtcccocctogoaccaccaccacctyggtoggcga

4801 4811 4521 4831 4541 4551 4861 4871 4881 4891
GGGTTCATCCTCGCATCACAACGGCCACCAMATGGGCCAALGGAATTATATTGAGTATGATGTAALAGAGCTGAACTCAAGTCAAGTGGCTCCGCTTCCA
GGGTTCATCCTCGCATCACAACGGCCACCARATGGGCCAAACGAATTATATTGAGTATGATGTAAMAGAGCTGACCTCAAGTCAAGTGGCTCCGCTTCCA

Consensus

ML02-GGSA010
MLO2-Cav10g0

gggttcatcctogoatcacaacggocaccaaatgggccaaa gaattatattgagtatgatgtaaaagagotga ctcaagtcaagtggctocgottoca

4901 4911 4921 4931 4941 4951 4961 4971

CAMACAGACCGCTTGCAACACCAMATTGATATCGGCCCACCAAAGGACTTTTCATTTGATAAMAGAACAAGTTTGTGA
CAAACAGACCGCTTGGAACACCARATTGATATCGGCCCACCAAAGGACTTTTCATTTGATAAMAAGAACAAGTTTGTGA

4981 4991

Consensus

caaacagaccgcttggaacaccaaattgatatcggoccaccaaaggacttttocatttyataaaagaacaagtttytga

605
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Figure S5. Sequence alignment of the putative C. avellana MLO6 gene(CavMLOB6) from the TSA (BioProject: PRINA316492)
and the WGS (BioProject: PRIEB31933; Assembly GCA_901000735.2) in the NCBI database. Overlapping regions were
exons and highlighted in yellow.

MLO6-GGSA010
MLO6-Cav07gl

1 11 21 31 41 51 61 71 gl 9l
ATGGCGGTCGCGGAGAAGGAAAGTACAATGCAGGALACTTCAACATGGGCAGTTGCGGCGETGTGCTTCGTCTTGCTTGCCGTTTCAATCTTCATTGAAC
ATGGCGGACAAGCAGAAGGAAAGTACAATGGAGGAAACTTCAACATGGGCAGTTGCGGLGGTGTGCTTCGTGTTGCTTGCCATTTCAATCTTCATTGALL

Consensus

MLO6-GGSA010
MLO6-Cav07gl

atgygcyy © ¢ agaaggasagtacaatggaggasacttcaacatgggcagttycyycyytytycttcgt ttgcttgce tttcaatcttcattgaac
101 111 121 131 141 151 161 171 181 191
ATATTCTTCATTCTATTGGARAG

ATATTCTTCATGCTATTGGAALGGTAAGCTGCTCTGCTCTGCTCACAGTCTCTGTTTTTGTTTGTGTTGT T TAATTAATTGCTGAAATCATTTCTTGATT

Consensus

MLO6-GGSA010
MLO6-Cav07gl

atattcttcat ctattggaaag

20l 211 221 231 241 251 261
—————————— TGGCTAAALAACAAACACAALCGAGCTCTTTACGAAGCGCTTCARAAGATCARLGCAG-
CCTTTAATAGTGGCTAARACACALACACAMACGAGCTCTTTACGAAGCGCTTGAALAGATC AAAGCAGGTATCTCTAGATTCTCTACCTCACACATTAAG

271 281 291

Consensus

MLO6-GGSAO010
MLO6-Cav07gl

tggctaaaa acaaacacaaacgagctctttacgaagcgcttyaaaagatcaaageady

301 311 32l 331 341 351

361 371 381 391
AGCTTATGCTGTTGGGATTCATATCCTTGCTCCTGACAGTGT
ATGATCGATCAGGATTCAGTCGCCTAACCATTTTTCTTTCATGGGTTTTTTTGGGCAGAGCTTATGCTGTTGLEATTCATATCCTTGETCCTGACAGTET

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

agcttatgctgttgggattocatatccttygctoctyacagtyt

401 411 421 431 441 451 461 471 451 491
TACAAGATCCCATTTCTACCATATGCATACCCAAGAGAGTCGGAGCCACGTGGCATCCCTETGARACGOTGAAGAATGGGACGACCAAALAAGATTCTGG
TACAAGATCCCATTTCTACCATATGCATACCCAAGAGAGTCGGAGCCACGTGGCATCCCTCTGAMAC GETCAAGAATGGGACAACCAACATAGATTCTGG

Consensus

MLO6-GGSAO010
MLO6-Cav07gl

tacaagatcccatttctaccatatgoatacccaagagagtcggagocacgtggcatccctgtyaaacygtyaagaatgggac accaa a agattotyg

501 511 521 531 541 551 561 571 581 591
AGATTCCGAGGATTCTGAGGACAGCAATGGTCGGAMACTGCTCCAATTITIGGATTCTGGCTTCTCTGCTCGTCGGAGATTAGCTACAALAGGATACGAC
AGATTCCGAGGATTCTGAGGACAGCAATGGTCGGAAACTGCTCCAATTTTTGGATTCTGGCTTCTCTGCTCGTCGGAGATTAGC TACAAAAGGATACGAL

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

agattccgaggattotygaggacageaatggtoggaaactyctocaatttttggattotggcttoctotgctogtoggagattagctacaaaaggatacyac

601 611
AAGTGCACAAAMMATG
AAGTGCAAAGAAAATCTAATTTCTTTCTITCTTTCTTTCTTTCTITCCAAATGGGTATTACCAATGAAGATCTAATTGATTTAATTCCATGGAATAATCA

621 631 641 651 661 671 651 691

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

aagtgca a aaaaty

701 711 721 731 741 751 761 771 781 791

GAAAAGTGGCCTTCATGTCTGCATATGCAATTCACCAGCTCCATGTGTTCATCTTCGTCTTGGCCGTTTITTCATGTGA
TTTGGGTTGCCTATTTTGCAGGGAAAAGTTGCCTTCATGTC TGCATATGLGATTCACCAGCTCCATGTGTTCATCTTCGTCTTGGCACTTTTTCATGTGA

Consensus

MLO6-GGSA010
MLO6-Cav07gl

gaasagt gococttcatgtctgcatatygc attcaccagctccatgtgttcatcttogtocttgyge tttttcatgtga

801 811 21 831 541
TTTTCTCCATACTCACCCTGGCTTTGGGLAGAACGAAG--—-
TTTTTTGCATACTCACCCTTGCTTTGGGCAGAAC GAAGGTACCCTTTTACCCTTTCTCCTTCTATGGAGATCTATAAATTCTTCTTCTTTGAATTGTGTA

851 861 871 8581 8§91

Consensus

MLO6-GGSA010
MLO6-Cav07gl

tttt t catactcaccct gotttgggcagaacgaad

901 911 921 931 941 951 961 971 9581

= ATGAGAAGATGGAAGGCTTGGEAGGATGAAACAAGAACACTTGAATATCAATATCATAATG-———————————
GATTCTAAATCCCTCTTTGAATTGCAGATGAGAAGATGGAAGCTTTGGGAGGACGAAACGAGALCACTTGAATATCAATATCATAATGGTAACTCCTCTT

Consensus

MLO6-GGSA010
MLO6-Cav07gl

atgagaagatggaay ttgggagga gaaac agaacacttgaatatcaatatcataaty

1021 1031 1041 1051 1061 1071 1081

TGACTTTCAAACCATCTACTCACGTCTCCTAAATCAATTGCTTCTITTCCACTTAATTTAAATTAAAATACTTATCCGTTTGCTGACGTGGAACTCAALL

1001 1011 1091

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

1101 1111 1121 1131 1141 1151 1161 1171

TGCACATCGGCTCTTCCAAAATTTTCTTTAAAAAALAGTGTGTTGTTAAGAGATTATGATTAATTAGTAAAATGATTAAGAAALAAATATACCCTCCAAT

1181 1191

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

1201 1211 1221 1231 1241 1251 1261 1271 1281 1291

CTAATTTGTTATTAACCAACTTTTTAATTATTTTACTAATTATAAATTATTACGTCCATTTGTAAAAACATTATAGTCAATTTGGCCAACATTTTATGGA

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

1301 1311 1321 1331 1341 1351 1361 1371 1381 1391

CTTGGTCAGCTGCTCTACAGAGGAATCAGGCACCCCTCTTTCTTGAAALGTGATAACAAACACAAAATTAATTTACCAAAGAGTGACTCACATTGTCAAC

Consensus

606
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MLO6-GGSAO10
MLO6-Cav07gl

1411 1421 1431

TGATTAGATGACTTTGCATCCCATCATCTTTTCT T TATTTATTTAT T TTGTT T TTTGTCTAATGCAAAGTCAACTAATAGATGACTTTGTAAATTGCTTT

1441 1451 1461 1471 1481

1491

Consensus

MLO06-GGSAO010
MLO6-Cav07gl

1511 1531 1541 1551 1561 1571 1581

TGTGAGCAAATTCTGTATGAAAAAATCTTTAATTTTTTTTTTAAAAAAAAAATTTGATAGTGTGGTGAAAGAGATCATATGGACTTCAAGGGGGGTGACA

1521 1591

Consensus

ML0O6-GGSA010
ML0O6-Cav07gl

1601 1611 1621 1631 1641 1651 1661 1671 1681 1691

ATCCACAGAGGTTTAGGTTTGCAAAGGAAACTTCATTTGGGCGAAGGCATATGAGCTTCTGGAGCALG
TATGCTTATGGAAAATGATTTATTTGATGCAGATCCAGAGAGGTTTAGGTTTGCAAGGGALACTTCATTTGEGCCAAGGCATATGAGCTTCTGGAGCAAG

Consensus

ML0O6-GGSA010
MLO6-Cav07gl

atcca agaggtttaggtttgcaa ggaaacttcatttgggcgaaggcatatgagcttotggageaag

1701 1711 1721 1731 1741 1751 1761 1771 1781
TCAACGGTTTCTCTTTGGGTGGT == ==
TCAACGGTTTCTCTTTGGETGETCAGTAATGTCTCATCACGATTATGTGACTTTTACAATCATAATTAACAAAGACTCAGGAATTAAGTTGTATTTGGAT

1791

Consensus

MLO6-GGSA010
MLO6-Cav07gl

tcaacggtttototttgggtagt

1801 1811 1821 1831 1841 1851 1861 1871 1881 1891

GATTTGTTACATAAATTTACTCTGTATATTTATAATACGTACCTAACGTGCTTTCAAAATATGCGATTTGACCAATATTTTAAAGCATAATTTTTTTTTT

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

1911 1921 1931

TTTTTTITGTGTTTTGCAACCATTATTTTGTTCAACTGCACTTTTAAACGGGATACTTTAGGCAATTTTGTTTAAAAATGCATATTTATCTTGCAAAATT

1941 1951 1961 1971 1981

1991

Consensus

ML0O6-GGSAO10
ML0O6-Cav07gl

2011 2021 2031 2041 2051 2061 2071 2081

GCAGGTCAAACGCATTCTTTAGGTAAATTTTCAAAATGATCATTTTGAGTAGGGCCGACTGACTGGTTGCCTCATCAAAALGTTTGAGTAGGCCCATCAAT

2091

Consensus

ML0O6-GGSA010
ML0O6-Cav07gl

2101 2111 2121 2131 2141 2151 2161 2171 2181 2191

CTTCTGTCTGCATCACCACAAGTTTCTAAAALGTGACTAGTTTTAAGTATAATAGGGACGTCCAAGTACCTTTTCTTAATAACGAGAAACTTGTGTTTATT

Consensus
2201 2211 2221 2231 2241 2251 2261 2271 2281 2291
MLO6-GGSAO010 - GTGTTTCTTCAGACAAT
MLO6-Cav07gl TITCAATTTTGAACTTTAAGGGCATAAAGAGTTGGTTGTGTTACACTTGTTTGARAGACCCTITICTCCTCCTCTTATCAGGTGTGTTTCTTCAGACALT
Consensus gtgtttcttcagacaat
2301 2311 2321 2331 2341 2351 2361 2371 2381 2391

MLO6-GGSA010
MLO6-Cav07gl

TCGTCAARACCGTTACTAAGGTTGATTACCTTACGCTGAGACATGGATTTATTGTGG---- ==
TCGTCAGAACAGTTACTAAGGTTGATTACATTACACTTAGACATGGATTTATCATGETACGTTTAATTTAGAAATAATGCTAGAAATCACACTTTTATCC

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

tcgtca aac gttactaaggttgattac ttac ct agacatggatttat tgg

2401 2411 2421 2431

TACAACTATTTTATTTTGCTGATGTGATGAACCAATGCCAATCAGTCTTGGTTAAAAATALAALATTCALAGGTTGATTGTGCACTTGGGGATTCCAATT

2441 2451 2461 2471 2481

2491

Consensus

ML0O6-GGSAO010
MLO6-Cav07gl

2511 2521 2531

2541 2551 2561 2571 2581 2591
CACACTTGGCACCGGAAAGTGAAACAALGTTTGATTTTCAAAAGTACATCAAGAGATCAC
CACATTGATAATTGAAGCTCCAATGTTATGTGACTTAAGGCACACTTGGCACCAGAAACTGARATAALGTTTGATTTTCALAAGTACATCALAGAGATCAL

Consensus

ML0O6-GGSA010
ML0O6-Cav07gl

cacacttggcacc gaaagtgaaa aaagtttgattttcaaaagtacatcaagagatcac

2601 2611 2621 2631 2641 2651 2661 2671 2681
TTGAAGAGGAATTTAAAGTTGTGGTGCAGATCAG —-=
TTGAAGAGGATTTTAAAGTTGTGETGGAGATCAGGTTGGTGCTCAAGAACTTAALAGGGGTTTGCTTCTTTGATTGATTTTCAATTATCTTAAAATTCTA

2691

Consensus

ML0O6-GGSA010
MLO6-Cav07gl

ttgaagagga tttaaagttgtyggty agatcag

2701 2711 2721 2731 2741 2751 2761 2771 2781
TCCAATCATATGGGGCTTTGCAGTGTTATTCCTACTGTCCAATGCATATAG---- ==

ACCTTACTTTTCATGTGCAGTCCAATCATATGGGLCTTTCCACTGTTATTCCTATTGTCCAATGCATATGGTAAGCATATGGCCCAACATGCAAAAALCTG

2791

Consensus

MLO6-GGSA010
MLO6-Cav07gl

tccaatcatatggggctttgcagtgttattocta tgtccaatgoatat o

2811 2821 2831 2841 2851 2861 2871 2881 2891

TGTATCAGTTGAGTGAAGACTCGAACAGTTGATTTCGTGGTATTAACCAAACGAGTCGACCATTCGAGCTAACTCTCGCGAGCCCGATTCTCATTATTTC

Consensus

607
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MLO6-GGSA010
MLO6-Cav07gl

2901 2911 2921 2931 2941 2951 2961 2971 2981 2991

ATGGCATTCTTCTCTATGGCTACCA
TGAGTCCAAATTTATCATAGATTGCCTTGGGGACTACAACTGACTAAGACATGTTTCCTTGTACGTGTCGACAGGATGGCATTCTTCTCTATGGCTACCA

Consensus

MLO6-GGSA010
MLO6-Cav07gl

atggcattcttctotatggotacca

3001 3011
TTTGTACCATTGTTT
TTTGTACCATTGTTTGTAAGCTCCAAAALCAGAGACAAACTTGTTTCCTACATTCTTTITATCTGGGTTGGAGCTCTTTATACAATCTAAGCATTTGGGTT

3021 3031 3041 3051 3061 3071 3081 3091

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

tttgtaccattgttt

3101 3111 3121 3131 3141 3151 3161 3171 3181 3191

ATAATCCTGTTGOTGOGGACAAAGCTACAAGTAATAATTACAAALATGGGGCTA
GTTGGTTTAATAGAAGATCTCATGTAGTTTGCTGTGACTTTTACAGATAATCCTCTTGGTCOGCACALAGCTACAAGTGATAATTACAALAATGGGGLTA

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

ataatcctyttygtygygacaaagctacaayt ataattacaasaatggyggcta

3201 3211 3221 3231 3241 3251 3261 3271 3281 3291
AGAATTCAAGAGAGAGGAGATGTGATTAAGGGTACACCTGTGGTACAGCCAGGTGATGACCTCTICTGGTITGGACGCCCTCGGTTCCTTCTCTTTCTCA
AGAATTCAAGAGAGAGGAGATGTGATCAAGGGTACACCTGTGGTACAGCCAGGTGATGACCTCTICTGGTTTGGACGCCCTCGGTTCCTTCTCTTTCTCA

Consensus

MLO6-GGSA010
MLO6-Cav07gl

agaattcaagagagaggagatgtgat aagggtacacctgtggtacagccaggtgatgacctocttotggtttygacyccctocgygttoccttctottotea

3301 3311 3321 3331 3341 3351 3391
TTCACTTCGTTCTCTTTCAG =
TTCACTTCGTTCTCTTTCAGGTACAATTTTCTCACATTCATCGATAAATTACATAATAGTCTATCTGGGATACTAATTCTAACATCTTCCTTTTGCTTTT

3361 3371 3381

Consensus

MLO6-GGSA010
MLO6-Cav07gl

ttoacttogttctotttcay

3401 3411 3421 3431 3441 3451 3461 3471 3481 3491

GCCCTCTTTAATTGCAGAATGCATTTCAACTGGCCTTCTTTGCTTGEGGTCTGGTAATTAGCCTTTCACTTCTACTTATCTATTCTATCAATTTGGTGCA

Consensus

MLO6-GGSA010
MLO6-Cav07gl

aatgcatttcaactggocttotttgcttggggtaty
3501 3511 3521

3531 3541 3551 3561 3571 3581 3591

-TATGAATTTGGCACAGATTCTTGCTTCCACGAL
TGCTTAGAAGATGCCAACACACTGCTTTTCCCTAACTTTCCCGCCATATTGTTTICTICTCTTTCAGTATGAATTTCLCACAGATTCTTGCTTCCACGAA

Consensus

MLO6-GGSAO010
MLO6-Cav07gl

tatgaatttggcacagattcttgcttccacgaa

3601 3611 3621
CGCACTGCAGATAAGGTCATCAAACTCTCAA
CGCACTGCAGATAAGGTCATCARACTCTCAATGGGGTGAGTTCTTATCAATTAATTCCATATGCTGCTGCCATTGTTAAGATGTTATTATCTGGCTGATT

3631

e pipip
(AR S

3641 3651 3661 3671 3681 3691

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

cgcactgcagataaggtcatcaaactotocaatygyy

3701 3711 3721 3731 3741 3751 3761 3771 3781

GTCATCATACAAGTTCTCTGCAGTTATGTGACTTTGCCACTCTATGCTCTAGTGACTCAG---—--—--—-
AACATTAATTGCCACTTAATTTCTTCAGGGTCATCATACAAGTTCTCTGCAGTTATGTGACTTTGCCACTCTATGCTCTAGTGACTCAGGTGAGACATGA

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

gtcatcatacaagttctotgcagttatgtygactttgccactotatyctoctagtygacteay

3801 3811 3521 3831 3841 3851 3861 3871 3881 3891

ATGGGGTCTTCCATGAAGCCE
TTACACATTAACACAACAAAACATGTTATGATAATTAACAACAACTTGAGACTAATGATTCTTTGCTITGATTTGACAGATGGGGTCTTCCATGALGCCE

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

atggggtcttccatgaagoce

3901 3911 3921 3931 3941 3951 3961 3971 3981 3991
ACCATCTTCAACGATGGAGTGGCGGATGCATTAAGAAGCTGGCATCGGACTGCCAGAAAGAACACAAGGCAALGCCATCATCATTCTGAGACAALTTCAC
ACCATCTTCAACGATCGAGTGGCGGATGCATTAAGAAGCTGGCATCGGACTGCCAGAAAGAACACAAGGCAAAGCCATCATCATTCTGAGACAAATTCAC

Consensus

MLO6-GGSAD10
MLO6-Cav07gl

accatcttcaacgat gagtggcggatgcattaagaagotggocatcggactgccagaaagaacacaaggcaaagecatcatcattctyagacaaattcac

4001 4011 4021 4031 4041 4051 4061 4071 4081 4091
CATTTTCAAGTAGGCCGGCCTCTCCCACGCACGGGATGTCCCCTGTTCACCTCCTGCATAACTATCAGCACAGTAGCCTCGACAGCTTGCACACGTCTCC
CATTTTCAAGTAGGCCGGCCACTCCCACGCACGGGATGTCCCCTGTTCACCTCCTGCATAACTATCAGCACAGTAGCCTCGACAGCTTGCACACGTCTCC

Consensus

MLO6-GGSA010
MLO6-Cav07gl

cattttcaagtaggccggcc ctoccacgoacgggatgtccoctgttoacctoctgcataactatcagocacagtagoctogacagottygcacacgtotoe

4101 4111 4121 4131 4141 4151 4161 4171 4181 4191
AAGAAAGTCAMATGTTGAGAATGATCATTTAGGCGTGGTGGAGTTGGGATTC COTAGGAAACAAATTAGTGGAGAAGAAGATTCTTCGCATTATTCATAC
ALGAAAGTCAAATGTTGAGAATGATCATTTAGGCGTGGTGGAGTTGGGATTCCOTAGGAALC ARATTAGTGGAGAAGAAGATTCTTCGCATTATTCATAL

Consensus

MLO6-GGSAO10
MLO6-Cav07gl

aagaaagtcaaatgttgagaatgatcatttaggcgtygtygagttgggattoccygtagyaaacaaattagtygagaagaagattcttocgecattattoatac

4201 4211 4221 4231 4241 4251 4261 4271 4281 4291
ALAAMAGAAGATTCTGTGCACTCTGAGCAGCAGCAAGAGAGGGAGATTCAAGAGCARAGCCCATTGCAATTGCCGCAAACACCGGGAGCCATCCGTACCE
AMAAAAGAAGATTCTGTGCACTCTGAGCAGCAGCAAGAGAGGGAGATTCAAGAGCARAGCCCATTGCAATTGCCGCAAACACCGGGAGCCATCCGTACCE

Consensus

MLO6-GGSAO010
MLO6-Cav07gl

aaaaaagaagattctgtgcactctgagcagcagoaagagagggagattcaagagcaaagoccattycaattyccgcaaacaccgggagecatcocgtacce

4301 4311 4321 4331 4341
AACATGAAGTCAACAATAGTCTCTCGGAATTCACATTTCGCAGATGA
AACATGAAGTCAACATTAGTCTCTCGGAATTCACATTTCGCAGATGA

4351 4361 4371 4381 4391

Consensus

aacatgaagtcaaca tagtctctcggaattcacatttogcagatga

608
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Figure S6. Sequence alignment of the putative C. avellana MLO12 gene (CavMLO12) from the TSA (BioProject:
PRINA316492) and the WGS (BioProject: PRIEB31933; Assembly GCA_901000735.2) of the NCBI database. A 211 nt
fragment is missing from the 5-end of the sequence obtained from the TSA. Overlapping regions were exons and
highlighted in yellow.

MLO012-GGSAO1
MLO12-Cav07g

1 11 21 31 4l 51 61 71 2 9l

ATGGACAAATGTGAGTATGATGAACGTACAATGGCGGAAACTCCAACATGGGCAGTTGCGGTGGTGTGCTTCATGTTGCTTGCCATTTCAATCTTCATTG

Consensus

MLO012-GGSAO1
MLO12-Cav07g

101 111 121 131 141 151 161 171 181 191

AACATATTATTGAAGCTACTGGAAALGGTAAATATTATTGATTAAGGTTGTATATATATTCTCTITTGTTTGTATTGTTTTCTTGATTGATTACTGALAAT

Consensus

MLO12-GGSAO1
MLO12-Cav07g

201 211 221 231 241 251 261 271 281 291

TCTTGCATGCTTTATATATTAATTATAGTGGCTAAMAGCCAAACACAAGGGACCTCTTCACGAAGCCCTTGAAAAGATCAAATCAGGTACCTCTATATAT

Consensus

MLO12-GGSAO1
MLO12-Cav07g

301 311 321 331 341 351 361 371 381 391

ATATCTCACACATTAAGATCATCAACAAATGGTCAATTAATTAACCATTTITCTTAATTTATTGGGTTTITTITTITTITTITTTITCGGTCAGAGATTAT

Consensus

MLO012-GGSAO1
MLO012-Cav07g

401 41l 421 431 441 451 461 471 451 491
TGCTCCTAACAGTGTTCCAAGAGCCCATTICTGGGATGTGTATACCCATGAGTGTTGGAGACACTTGGCATCCCTGTATA

GCTGTTGGGATTCATATCCCTGCTCCTAACAGTGTTCCAAGAGCCCATTTCTGGGATGTGTATACCCATGAGTGTTGGAGACACTTGGCATCCCTGTATA

Consensus

MLO012-GGSAO1
MLO012-Cav07g

tgctocctaacagtgttocaagagoccatttotgggatgtgtatacccatyagtygttggagacacttggcatccctgtata

501 511 521 531 541 551 561 571 581 591
GOTGAGAAGAAATATTCCGACAARLGTGOTCGGARAGTGCTCCAGTTATTTGATTCTGGCTTCAGTGGTCGTCGAAGATTAGC TACALAAGGATGCGACA
GGTGAGAAGAAATATTCCGACAAMAGTGGTCGGAAAGTGCTCCAGTTATTTGATTCTGGCTTCAGTGGTCGTCCAAGATTAGCTACAARAGGATGCGACA

Consensus

MLO12-GGSAO1
MLO012-Cav07g

ggtgagaagaaatattccgacaaaagtygtcggaaagtgctocagttatttgattctygcttcagtygtogtcgaagattagctacaaaaggatycgaca

601 611 621 631 641 651 661 671 681
AATGCAAAAAGG = — - = - = = GT
AATGCAAAAAGGTAAGCTGAATTTATAAGTTTGTTTGTTTGTITTTTTCTAGCAGAGCTTTCATATATATGAATTTAGAGGGATGAGTTGTTTGCAGGET

691

Consensus

MLO012-GGSAO1
MLO12-Cav07g

aatgcaaaaagy gt

701 711 721 731 741 751 761 771 781 791
AAAGTGGCCTTCATGTCTGCGTATTCGATTCACCAGCTGCATATATTCATCTTTGTCTTAGCCGTTITTCATGTGCTCTACTGCATAATCACCCTGGLTT
AMAGTGGCCTTCATGTCTGLGTATTCGATTCACCAGCTGCATATATTCATCTTTGTCTTAGCCGTTTTTCATGTGC TCTACTGCATAATCACCCTGGETT

Consensus

MLO012-GGSAO1
MLO12-Cav07g

aaagtggccttocatgtoctygcygtattcgattcaccagetgcatatattcatctttgtcttagoccgtitttocatgtygotectactycataatcaccctygygctt

801 811 821 831 841 851 861 871 g8l 891
TAGGCACAACCAAG - - - - - - — -
TAGGCACAACCAAGGTAGGTACTTTTTTAACATATATACATGCACARATTGCAACCCCTTTCTCTTTCTCTCGAGATCTARATTCTTCTTTGAATAGATT

Consensus

ML012-GGSAO1
MLO012-Cav07g

taggcacaaccaaqy

201 911 921 931 941 951 961

971 981 991
--ATCARALGATGGAAGGCTTGGE

CTTGTTAGAATATATTATAGGAT T TAATTTCAGCATTGATTGTAATCGGATTTGATGAATTCTTCTTGGAAATTGCAGATC AAAAGATGGALGGCTTGLE

Consensus

MLO012-GGSAO1
MLO012-Cav07g

atcaaaagatggaagycttygy

1001 1011 1021 1031 1041 1051 1061 1071 1081 1091
AGGAAGAMACAAGGACACTTGAATCTCAAGGTCATATTG--—- = = - -
AGGAAGAALCAAGGACACTTGAATCTCAAGGTCATATTGGTAACAAATCGGCTCTTCAAAAACTTGCTTAAAAAALCALAAGACTACTTCTAAGTGCTACA

Consensus

MLO012-GGSAO1
MLO012-Cav07g

aggaagaaacaaggacacttgaatctcaaggtcatatty

1101 1111 1121 1131 1141 1151 1161 1171 1181 1191

GTTTTTATTATAAGTTTTCTTATAGGCTATAATTGATGAAATAATTAAGAAGGTTTTTTTTTTTTTTTTGTTTITTTCAATTAAATTAGTTAGTGACTGE

Consensus

MLO012-GGSAO1
MLO12-Cav07g

120l 1211 1221 1231 1241 1251 1261 1271 1281 1291

TTTTAACCATACATTCTTTAATTATGTCACGTTAATTTGTAAAATAAATTATAGTAAALGCAGTAGTAATTCAAACATCTTCTCATTTAATGAAATTAAT

Consensus

MLO012-GGSAO1
MLO12-Cav07g

1301 1311 1321 1331 1341 1351 1361 1371 1381 1391

GTCACTTATGGACTTGGTCAGGTGCTCCACAGAGTAGTCAAACCCCTCTCTITCTTGGATAATGCTATGAACACAAAACTAAGTTACCGAAAGTGACTCA

Consensus

609
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MLO012-GGSAO1
MLO012-Cav07g

1411 1421 1431

CACTGTCAATCTATGCCGTTAAAGACTTGTCCACTTTTTTTATACTACAAAGTCAACATTAAAGATGACTTTGTAAATTGCTTTTGTGAGCAAATTTTGT

1441 1451

1461 1471 1481

Consensus

MLO12-GGSAO1
MLO012-Cav07g

1511 1521 1531 1541 1551 1561 1571 1581 1591

ATGAAAAMALAAML GATTAATATCTCTT T T T T TAT T TT T TAT T T TTTATTTCATGTGTCACGATTTGCTGTTGCTAATTTAATTTAAAATAAATTGTAGGA

Consensus
1601 1611 1621 1631 1641 1651 1661 1671 1681 1691
MLO12-GGSA01 ---------—--——m——m—mm————ce—eeee ATCACGAGCGGTTTAGGTTT
MLO012-Cav07g TTTTTTTATTTITTATTTTITTTATATAGTTTGGTAAAAGAGATCATATATGGTTATGGAARATGATTTATATGATGCAGATCACGAGCGGTTTAGGTTT
Consensus atcacgagcygtttaggtot
1701 1711 1721 1731 1741 1751 1761 1771 1781 1791

MLO12-GGSAO1
MLO012-Cav07g

GCAAGGGARACATCATTTGGACGAAGGCACTTAACCTACTGGAGCAAGTCAACGGTTTCCCTTTGGATGLT -~~~ ==
GLAAGGGARACATCATTTGGACGAAGGCACTTAACCTACTGGAGCAAGTCAACGGTTTCCCTTTGGATGGTCAGTATTGAAATCCTATAATTAACTACTT

Consensus

MLO012-GGSAO1
MLO012-Cav07g

gcaagggaaacatcatttggacgaaggcacttaacctactggagcaagtocaacyggtttccctttggatggt

1521 1871

AACTATGCTTGCATAGTTAGT T TGTTGC T TAATAATAATATTAAGT TAGTATATGT T TATATTAAGTTATTATATATATATATATAALCATGTTTATATG

1801 1811 1831 1841 1851 1861 1881 1891

Consensus

MLO12-GGSAO1
MLO012-Cav07qg

1911 1921 1931 1941 1951 1961 1971 1981 1991

TGTATGTATGAGTTAGGCTCACAAACCTTAATCGAGTCGGGCGAGTAAACCGAGTATGTATCACTTAATAATCAAGCGAGTTTCTACCGTCATGAGCCAG

Consensus

MLO012-GGSAO1
MLO12-Cav07g

2001 2011 2021 2031 2041 2051 2061 2071 2081 2091

TTTCTGCAATCACGAGTCAAGTTAAGATCGAGTTTAAACAAACCGATTGTCGACGAGACTAGTTTATTACAACCCTATTTCTAGGTCTTAGTCCCGCAAT

Consensus

MLO12-GGSAO1
MLO012-Cav07g

2101

TAAAGCAATTATCAATGGGTGAGGTGGGAGGAATGATAAACGATGGAAAATATCAGTCTCCCCCAAAATGTATGCCATAACTAATAATTGGTGGAGCGLT

2111 2121 2131 2141 2151 2161 2171 2181 2191

Consensus

MLO012-GGSAO1
MLO012-Cav07g

2211 2221 2231 2241 2251 2261 2271 2281 2291

CTATATTACATGTTGGATTTATTTATTTTTATCTTAAGTACAATGTTCAATTTTCAAGATATCATTAGCGTAACACTCTAGTTTCATGTTGAGAAAAGAT

Consensus

MLO12-GGSAO1
MLO12-Cav07g

2311 2321 2331 2341 2351 2361 2371 2381 2391

GTGTAAGTCACACAGAGTTAATAGTTTATAAGATATGTTCATTGGTGCTAAGTTGTTCCACATTGCTTATTTATTAGGTAAAATTGAACTTTAAAAGTAL

Consensus

MLO012-GGSAO1
MLO12-Cav07g

2401

TTTTAAGGAAGTTTCAAATTGACTAAATGTGCCAACGTGGGCAACTCATCTTTTTAATATGGAACTAGGGTGTTACAAATTCCTCTCCTTAAMACCCCTG

2411 2421 2431 2441 2451 2461 2471

24581 2491

Consensus

MLO012-GGSAO1
MLO012-Cav07g

2501

AAGTCACCATCTACGTGGAGAAATGTAGAAGAAALGGATATCCGCATCCACATAATGCAATTACTATCTACATCTGCACAGTCCTACATCACAGCTAAAAL

2511 2521 2531

2541 2551 2561 2571 2581 2591

Consensus

MLO12-GGSAO1
MLO012-Cav07g

2611 2621 2631 2641 2651 2661 2671 2681 2691

CATTTTTTGAGAAAAAAATTTGATGCCGAAACAAACAAAGCCTTAGTAATGAAACTTGTGTTTATTTTTCAATTTTGAAATTTAAGGGCATAAALGGTTA

Consensus

MLO012-GGSAO1
MLO12-Cav07g

2711 2721 2731 2741 2751 2761 2771 2781 2791
--------------------------------------------- TTGTTTCTTCAGACAATTCTTCAGATCAATTACTAAGGTTGATTACATTACGTTG
GTTATGTTACAGTTGTTTGAAMACTCTTTTCTCCTCCTATCAGGTITETTTCTTCAGACAATTCTTCAGATCAATTACTAAGGTTGATTACATTACGTTG

Consensus

ML012-GGSAO1
MLO12-Cav07g

ttgtttcttcagacaattcttocagatcaattactaaggttyattacattacytty

2801 2811 2821 2831 2841 2851 2861 2871 2881 2891
AGATATGGATTTATCGTGG-------~ ==
AGATATGGATTTATCGTGGTACGTTTAATCCACTAAAAGTCAGATTTTTTGTACATGTAGTTGGGAAAGGGATTCCAATGTTATTATGTTACATTATATG

Consensus

agatatggatttatcgtyy

610
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MLO012-GGSAO1
MLO12-Cav07g

2911 2921 2931 2941 2951 2961 2971 2981 2991
———————— CACATTTGGCACCCGGAAGTGARACAACGTTTGATTTTCAAAAATACATCCAGAGAGCACTTGAAGCTGATTTTAAATTCGTGGTGGGGATA
ACTTCAGGCACATTTGGCACCCGGAAGTGAAACAACGTTTGATTTTCAAAAATACATC CAGAGAGCACTTGAAGCTGATTTTAAATTCGTGGTGGGGATA

Consensus

ML012-GGSAO1
MLO012-Cav07g

cacatttggcacccggaagtgaaacaacgtttgattttcaaaaatacatccagagagcacttgaagotgattttaaattogtggtggggata

Consensus

ML012-GGSAO1
MLO012-Cav07g

3001 3011 3021 3031 3041 3051 3061 3071 3081 3091
AG e TCCAAMBATATGG
AGGTTGGTGCTGAAGCACTTAAAGGCCTTIGCTTCT T TGAT TGAT T T T TAATTATCTTAAAATTCCAACTITACCTCTCATTTGCAGTCCARALATATEG
ag tccaaaaatatyy
3101 3111 3121 3131 3141 3151 3161 3171 3181 3191

TGCTTTGCAGTTTITATCCCTATTGTCCAACGCATATGG--
TGCTTTGCAGTTTTATCCCTATTGTCCAACGLATATGGTAAGCTAAATACTACCTTTTGGTTATCATACTATCTCTCTTTTTAATGACGTGGAACCCTTG

Consensus

MLO012-GGSAO1
MLO12-Cav07g

tgctttgcagttttatcocctattgtoccaacgcatatyy

320l 3211 3zzl 3231

AAGGCAAGGCCACTTCCTGATATTCTTGTTGGGCAAACTC TAAATACACGACCTTGTCCGTAAGAACCGTGTATCGGTTGAGTGACGACTCGAATAACCG

3241 3251 3261 3271 3zas8l

3291

Consensus

MLO012-GGSAO1
MLO12-Cav07g

3311 3321 3331 3341 3351

3361 3371 3381

ATGATATTAAGCAAATGAGTCGATCATTCGAGCTGTCCCTTGCGGGCCAAGTAGTGTTCATTCTTTGTGTGCCATTCTCATTTTTGAGCCCAAATATGTT

Consensus

MLO012-GGSAO1
MLO12-Cav07g

3411 3421 3431 3441 3451 3461 3471 3481 3491

----------------------------------------------------------- ATGGCATTCTTATCTATGGCTACCATTTCTCCCATTGATTG
GTGGGCTGCCTTAGTAACTACTACTGACTAAGAAATGTTTCCATCGATGTTTGGACAGGATGECATTCTTATC TATGGCTACCATTTCTCCOATTGATTE

Consensus

MLO012-GGSAO1
MLO12-Cav07g

atggcattcttatctatggctaccatttoctoccattgatty

3511 3521 3531 3541 3551 3561 3571 3581 3591

TAAGCTCAATTACAGAAACCAACTGGTTTCCTAAATTTTTCTITGTCCGGTTCCTCCAACCCATTTTAATAGCCAGGGTTTTTGGAGGAAAACTTTGTTC

Consensus taa
3601 3611 3621 3631 3641 3651 3661 3671 3681 3691
MLO012-GGSAOL -—= TCCTCTTGGTGGGTALC
MLO012-Cav07g TTTTATCGGCTTTGTTTACAATCTAAGCTTTTGGGTTGTTGGTI TAATGGAAAATCATGTGGTTTGTTGTGATTTTACAGGTAATCCTCTTGETGGGTAL
Consensus tcoctottygtyggtac
3701 3711 3721 3731 3741 3751 3761 3771 3781 3791

MLO12-GGSAO1
MLO12-Cav07g

ACAGCTACAAGTAATAATTACAAAAATGGGGCTAAGAATTCAAGAGAGAGGAGATGTGATTAAGGGTACACCTGTGGTACAGCCAGGTGATGACCTCTTC
ACAGCTACAAGTAATAATTACALAAATGOGGCTAAGALTTCAAGAGAGAGGAGATGCTGATTAAGGGTACACCTGTGGTACAACCAGGTGATGACCTCTTC

Consensus

ML012-GGSAO1
MLO012-Cav07g

acagctacaagtaataattacaaaaatggggctaagaattcaagagagaggagatgtgattaagggtacacctytggtaca ccaggtgatgacctotte

3801 3811 3821 3831 3841 3851 3871
TGGTTTGGARACCCTCGGTTCCTTCTCTATCTCATTCACTTCGTTCTCTTTCAG-
TEETTTGEAMACCCTCGGTTCCTTCTCTATCTCATTCACTTCGTTCTCTI TCAGGTATTTCTCAAATACATCAACAAATTACATATTACAGCCTCTTTGA

3861 3881 3891

Consensus

MLO012-GGSAO1
MLO12-Cav07g

tggtttggaaaccotoggttocttototatctecattcacttogttototttoay

3901 3911

3921 3931 3941 3951 3961 3971 3981 3991

GATTGCGTCGAGAAATAGAGCTTTTGTTTACAGAAAAAGTCTAAAATAACTTTTATAGGAALAAAGAAGAAGAAGAALACCTCATTTTCAAGCTTTTCTC

Consensus

ML012-GGSAO1
MLO012-Cav07g

4001 4011

4021 4031 4041 4051

4061 4071 4081 4091

AMMATGCAGTTTTGAGTTTTTTTTAGAGCAAAALAGTCAAAMAGTGCTTTTTAAGTTTTTACCCATCAGATCCATTTTTGCTTGGTACATCTTITTTATGT

Consensus

MLO012-GGSAO1
MLO12-Cav07g

4121 4131 4141 4151 4161 4171 41581 4191

ACTAAAMATGCTTTTTAAACTTTTTAACGTAATCTCAAACGCTTTCGAGCTCTCTGGATTCTAATATCAGCCTTTGGCTTTTGCCATCTTTGTCTTGACT

Consensus

MLO012-GGSAO1
MLO12-Cav07g

4211 4221 4231 4241
—————————— AATGCATTTCAACTGGCCTTCTATGCGTGGAGTGT
TTAATTGCAGAATGCATTTCAACTGGCCTTCTATGCGTGGAGTGTGGTAAGCCTTTCACTTCTTTAATTCATTAATTCACAAAGTACTTAGGGACTGTTT

4251 4261 4271 42581 4291

Consensus

MLO12-GGSAO1
ML0O12-Cav07g

aatgcatttcaactggccttoctatycgtyyagtyty

4311 4321 4331 4341 4351 4361 4371 43381 4391

GAGTTGCGTTTAAGGAGCCTAAAAGTGCATTTAATACTCAAALAGTTCATTTAAAAAAAAALAGTATCGGTTTCGTAAAALATTTTGAAAGCGTTTTTGA

Consensus

611
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ML012-GGSAO1L
MLO12-Cav07g

4401 4411 4421 4431 4441 4451 4461 4471 4451 4491

GGATCCAAGAAGTCAAALAATGACTAAALCGTACTTTTGGCAAAAACTTAAAAATGATGCTTTTGTCAAAAMATGCTTTTTGATTTAAMAGCTCTATTTT

Consensus

MLO012-GGSAO1
MLO012-Cav07g

4501 4511 4521 4531 4541 4551 4561 4571 4581 4591

TCAAATGCAATCACAAACATGCTTTTAATGGTGTCTGTACTACGAAACAALGTCCCATCACATGTGACATTGGCATTGCTCAAAAGCATCTACTTTTAGA

Consensus

ML012-GGSAO1
MLO012-Cav07g

4601 4611 4621 4631 4641 4651 4661 4671 4681 4691

TATGCATTTGGCATARATTCT
ATTTAGAATTAAGCAACAAGTGAAGCTTATGCTAAGAGCTTTCCCTAACTTTCCTGTCATATTTTTTCTTCTCTTTCAGTATGCATTTGGCATARATTCT

Consensus

ML012-GGSAO1L
MLO12-Cav07g

tatgcatttggcataaattct

4781 4791

4701 4711 4721 4731 4741
TGCTTCCATAAGCGLACTGAAGATAAGGTCATCAGACTCTCAACGGGG--
TGCTTCCATAAGCGCACTGAAGATAAGGTCATCAGACTCTCAAC GGGGTGAGTTCTTTCACAAATGCACATCCATGGAATTCCATATGCCATGCATGGTG

4751 4761

4771

Consensus tgcttccataagcgcactyaagataaggtcatcagactotcaacyyyy
4501 4511 4521 4531 4541 4551 45861 4571 4551 4591
MLO012-GGSAO1 --ATCATCACAC
MLO012-Cav07g CCATTGTTAAGATGTAGT AT IGGATGAT TAATGTGT TAAT TAAGT T TAAGAATTGCTAATGCTATACGACTTTGGCACTTTCTICAGGATCATCACAL
Consensus atcatcacac
4901 4911 4921 4931 4941 4951 4961 4971 4951 4991

ML012-GGSAO1
MLO12-Cav07g

AAGTTCTATGCAGTTATGTGACTTTGCCTCTCTATGCTCTAGTGATTCGG G
AAGTTCTATGCAGTTATCTGACTTTGCCTCTCTATGCTCTAGTGATTC GGGTCAGALATTAATGATGACATGGCTTCAAAGGTTAAATAATACAAATATA

Consensus

ML012-GGSAO1
MLO012-Cav07g

aagttctatgcagttatgtgactttgcctototatgoctotagtyattogy

5001 5011 5021 5031 5041 5051 5061 5071 5081 5091

GAAGCAAATATATTAGCAAACAATACAAATCATTAAAAAGCAGTTTTCACATTTATATGAGAATATAAGAAAACACAATTTTTTTITAAAAAALMATTTAT

Consensus

ML012-GGSAO1L
MLO12-Cav07g

5101

5111 5121 5131 5141 5151 5161 5171 5181 5191

GATGGAGAAGGGTTTTTCGGACCTACCTTTATAGAGTAAACCTCGAACCCGTGTATTGCATTCTCGAAAGTTTCCTTACACGGACCAGGGTAAATACCTG

Consensus

MLO012-GGSAO1
MLO012-Cav07g

5201 5211 5221 5231 5241 5251 5261 5271 5281 5291

ACTTTTGCACCAAGGGGTGTGGCGCCCTAATGGGGTGTTTGTACCTAGCAAGTCTCAAACTTGAGATCTAATGCGTGATACTCCCTAAGACCACAAGCCT

Consensus
5301 5311 5321 5331 5341 5351 5361 5371 5381 5391
ML012-GGSAO1 ATGG
ML012-Cav07g CAACCACTAGGCGAGCCCTTTGGGGTTAAAAAAATALAAGTAAAAATTAATATGCATAGCCTITGACTAATTATTCTTTGGACTGATTTITTGCAGATGE
Consensus atgy
5401 5411 5421 5431 5441 5451 5461 5471 54581 5491

MLO012-GGSAO1
MLO012-Cav07g

GCTCTTCCATGAATTCTACCATTTTTAATGATGGAGTGOCAACAGCATTALAGAGCTGOCATCGCAAGGC CAAGAAGARLTC TAAGCATGCCCATCATTC
GCTCTTCCATGAATTCTACCATTTTTAATGATGGAGTGGCAACAGCATTAAAGAGCTGGCATCGCAAGGC CAAGAAGAAATCTAAGCATGCCCATCATTC

Consensus

ML012-GGSAO1
MLO12-Cav07g

gotcttocatgaattctaccatttttaatgatggagtggcaacageattaaagagotyggcatcgcaaggccaagaagaaatctaagoatycccatcatte

5501 5511 5521 5531 5541 5551 5561 5571 5581 5591
TGAGGCAAATTCACCAATTCACCTCTTGCATAACTATCAGCATCGCAGCCTTGATAGC TTGCACACATCTCCTAATGATCATTTTGAAATGGAAGACTTA
TGAGGCAMATTCACCAATTCACCTCTTGCATAACTATCAGCATCGCAGCCTTGATAGCTTGCACACATCTCCTAATGATCATTTTGAAATGGAAGACTTA

Consensus

MLO012-GGSAO1
MLO012-Cav07g

tgaggcaaattcaccaattcacctottgcataactatcagcatcgcageccttyatagocttgcacacatctoctaatygatcattttyaaatgyaagactta

5601 5611 5621 5631 5641 5651 5661 5671 5681 5691
GAATTCCAAAGGAAACALAGTOGACACGAAGACTCTATGCATTCTCAGCAAGAGAAGGAGATTCAAGAGCAAAGATCATCGCAATTGCCTCCATCACTAG
GAATTCCARAGGAAACAMAGTGGACACGAAGACTCTATGCATTCTGAGCAAGAGAAGGAGATTCAAGAGCAALGATCATCGCAATTGCCTCCATCACTAG

Consensus

ML012-GGSAO1
MLO012-Cav07g

gaattccaaaggaaacaaagtggacacgaagactctatgcattotyagcaagagaaggagattcaagagcaaagatcatcgcaattgocctocatcactag

5701 5711 5721 5731 5741 5751 5761
GAACCATTCGAACCCAACACGARATCAACGTTAGTCCGTCAGATTTCTCTTTTCGCAGATGA
GAACCATTCGAACCCAACACGARATCAACGTTAGTCCGTCAGATTTCTCTTTTCGCAGATGA

5771 5781 5791

Consensus

gaaccattcgaacccaacacgaaatcaacgttagtoocgtoagatttotottttogocagatga

612



