APPENDIX 1
pJF1 Plasmid Map and DNA Sequence

i) Plasmid map for pJF1. Position 1 is noted between the trp C promoter and the hph
gene.
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ii) pJF1 sequence beginning at position 1 reading clockwise on the plasmid map. Colors
in the sequence correspond with the colors on the plasmid map.
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tgaccgggtc gtccacttac
caagtggggc tgatctgacc
ccaaaaaatg ctccttcaat
tgagcgcaac gcaattaatg
EcoRI
521 tatgcttccg gctcgtatgt tgtgtggaat tgtgagcgga taacaatttc acacaggaaa cagctatgac atgattacga attctcatgt
651 gcgcgcgata atttatccta gtttgcgcgc tatattttgt tttctatcgc gtattaaatg tataattgcg ggactctaat cataaaaacc
781
911
1041
1171
1301
1431

atgcttgggt
cagatgataa
tgtgctcacc
ctctccccgc

catgcttaac
ctcgtccatg
gggccgtcgc
tgtggctgtt
ttgccgtcgt
tcacgagggt

agaataggta
taatgtcctc
gcctggacga
gcgttggccg

gtaattcaac
ccgtgagtga
cgatgggggt
gtagttgtac
ccttgaagaa
gggccagggc

agtcagattg
gttcctgtct
ctaaaccaaa
attcattaat

agaaattata
tcccggcggc
gttctgctgg
tccagcttgt
gatggtgcgc
acgggcagct

aatctgaaat
gctaataaga
ataggcattc
gcagctggca

tgataatcat
ggtcacgaac
tagtggtcgg
gcccaggatg
tcctggacgt
tgccggtggt

aaagggagga
gtcacacttc
attgttgacc
cgacaggttt

agggcgaact
gagcgccgcc
tccactagct
cccgactgga

cgcaagaccg
tccagcagga
cgagctgcac
ttgccgtcct
agccttcggg
gcagatgaac

gcaacaggat
ccatgtgatc
gctgccgtcc
ccttgaagtc
catggcggac
ttcagggtca
NcoI
1561 cagctcgacc aggatgggca ccaccccggt gaacagctcc tcgcccttgc tcaccatggc
1691 cgaatagagt tggagttgga taccgatgga cgattgttag ataggacggg atgctgatag
1821 ttattgctag gtagccggac ggtgcggatt ccaggtatca gtaggccctc tgaatgtcca

taagaaggta
gctactgcta
ccagccaagc
aagcgggcag

cttgcttgac
agttgcctaa
atcagttttg
tgagttagct

agttatcgtg
ttgtcaaacg
ctagccaata
gcaccccagg

caccaagcag
acacaaattt
cgcaaaccgc
ctttacactt
agatgacacc
ttaattatta

tcaatcttaa
gcgcttctcg
tcgatgttgt
gatgcccttc
ttgaagaagt
gcttgccgta

ttgacagctt atcatcggat ctagtaacat
catctcataa ataacgtcat gcattacatg
PstI
NotI
ttgaacgatc tgcagccggg cggccgcttt
ggactgggtg ctcaggtagt ggttgtcggg
ttgatgccgt tcttctgctt gtcggccatg
ggtgtcgccc tcgaacttca cctcggcgcg
gggtagcggc tgaagcactg cacgccgtag
cgccggacac gctgaacttg tggccgttta

tgccaaatgt
tgctcagggc
gaagttcacc
ggttcaccag
catgtggtcg
ccctcgccct

ttatccgttc
acgacatgtc
gaacaagagc
accaggcgcg
aggaggccgg
ccggagcggg
gcactgcttg

cgaggccgac
acgtgttcga
aaggtgatgt
caggcaagac
aaccgttgtc
ttcgtgctga
tcaaaggcac
atcagaaccc
cgagcgcacg
gaccattacc
cgccgtggaa

gtgaaaaggt
tcttctgaaa
attacgccat
gatcaccggc
gagcgcatcc
tcgaccgcac
agaggcggct
NotI
gccctggcgg
gccgcccgcg
gtatttgagt
gaccatcgca
ggcatcgacc
ttccggtgca
gcgcatcggc
gagggcgacg
cagcagcaag
gagctgctat
tgccccatgt

ctatattcat tcattgtcag ctatcgctgg caacaagata
tcgaggtaag ttgttgaggg tggtggtttt atcaaggacg
tgcaatgatg cccaacaatc gagacgatcc tacttcggaa
ClaI
SalI
PstI
SphI
acggagagcg gaattgcgcg tacagaactc ctccatgcat tccaatcgat accgtcgacc tgcaggcatg
aacttaatcg ccttgcagca catccccctt tcgccagctg gcgtaatagc gaagaggccc gcaccgatcg
gattgtcgtt tcccgccttc agtttaaact atcagtgttt gacaggatat attggcggg t aaacctaaga
SphI
gtccatttgt atgtgcatgc caaccacagg gttcccctcg ggatcaaagt actttgatcc aacccctccg
gcacaagtcc taagttacgc gacaggctgc cgccctgccc ttttcctggc gttttcttgt cgcgtgtttt
gccgccgctg gcctgctggg ctatgcccgc gtcagcaccg acgaccagga cttgaccaac caacgggccg
accgcccgga gctggccagg atgcttgacc acctacgccc tggcgacgtt gtgacagtga ccaggctaga
cgcgggcctg cgtagcctgg cagagccgtg ggccgacacc accacgccgg ccggccgcat ggtgttgacc
cgcgaggccg ccaaggcccg aggcgtgaag tttggccccc gccctaccct caccccggca cagatcgcgc
gcgtgcatcg ctcgaccctg taccgcgcac ttgagcgcag cgaggaagtg acgcccaccg aggccaggcg

ccgccgagaa
cacgtctcaa
aaaacagctt
acccatctag
gcccgacgat
gccaagccct
ggtgaggttg
ctgcccgcga
gctgcaacgt
ctgaatacat
gtggaggaac

tgaacgccaa
ccgtgcggct
gcgtcatgcg
cccgcgccct
tgaccgcgac
tacgacatat
ccgaggcgct
ggtccaggcg
tggccagcct
cgcgcagcta
gggcggttgg

gaggaacaag
gcatgaaatc
gtcgctgcgt
gcaactcgcc
gtgaaggcca
gggccaccgc
ggccgggtac
ctggccgctg
ggcagacacg
ccagagtaaa
ccaggcgtaa

catgaaaccg
ctggccggtt
atatgatgcg
ggggccgatg
tcggccggcg
cgacctggtg
gagctgccca
aaattaaatc
ccagccatga
tgagcaaatg
gcggctgggt

cggcccggta
cgaatccgca
gcatcatgga
ttacgacctg
gccgatggcg

caaatcggcg
aagaatcccg
cgtggccgtt
gtactgatgg
gaaagcagaa

cggcgctggg
gcaaccgccg
ttccgtctgt
cggtttccca
agacgacctg

tgatgacctg
gcagccggtg
cgaagcgtga
tctaaccgaa
gtagaaacct

gtggagaagt
cgccgtcgat
ccgacgagct
tccatgaacc
gcattcggtt

tgaaggccgc
taggaagccg
ggcgaggtga
gataccggga
aaacaccacg

1951 tgagaccatg tgcacctccg aagcatcctt
2081 gtcgtgactg ggaaaaccct ggcgttaccc
2211 cgaatgctag agcagcttga gcttggatca
2341
2471
2601
2731
2861
2991
3121

ttaaaagggc
agtgcagccg
aaccggagac
tttccgagaa
ggacattgcc
tccctaatca
gcaccgtgaa

3251
3381
3511
3641
3771
3901
4031
4161
4291
4421
4551
4681
4811
4941
5071
5201

ggagatgatc gcggccgggt
accgagcgcc gccgtctaaa
acttaaccag aaaggcgggt
gtgcgggaag atcaaccgct
ccgcgatcaa ggcagccgac
ctttgtcgtg tcgcgggcga
gccggcacaa ccgttcttga
cacgctaagt gccggccgtc
tacgcggtac gccaaggcaa
caagaacaac caggcaccga
cgtgacggtc gcaaaccatc
NotI
cgtggcaagc ggccgctgat
gggcacccgc gatagtcgca
ggcatggcca gtgtgtggga
tactcaagtt ctgccggcga
ggtatccgag ggtgaagcct

agatcgaggc
cgctgaagaa
ttatcgctgt
ttgggcggcc
ttggctgtgt
tacaagcggc
cactgccgcc
aaagcacaaa
gctgaagatg
catggaaaat
gaggaatcgg

cagcggcaac
acgagcaacc
gcttccagac
gacaagcccg
tgcagcgtac

gcatcgaggc
agattttttc
gggcacgtag
gccgcgtgtt
gaagaaggcc

agaagcacgc
gttccgatgc
aggtttccgc
ccgtccacac
aagaacggcc

cccggtgaat
tctatgacgt
agggccggcc
gttgcggacg
gcctggtgac

gaagccagat
cggggcaggc
tctctttcct
aaaaaaggcg

ggttgttcaa
tggcccgatc
gtggatagca
atttttccgc

gacgatctac
ctagtcatgc
cgtacattgg
ctaaaactct

tgcgctccct
cccacatcaa
gtcagcgggt
taccgcacag
atccacagaa
aatcgacgct
tcccttcggg
taactatcgt
ggctacacta
agcagattac
atccagtaaa
cacttgtccg
aaaaatcata
gggacaatcc
agattgctcc
tttttaaata
catttattat

acgccccgcc
ggcaccctgc
gttggcgggt
atgcgtaagg
tcaggggata
caagtcagag
aagcgtggcg
cttgagtcca
gaaggacagt
gcgcagaaaa
atataatatt
ccctgccgct
cagctcgcgc
gatatgtcga
agccatcatg
taggttttca
ttccttcctc

gcttcgcgtc
ctcgcgcgtt
gtcggggcgc
agaaaatacc
acgcaggaaa
gtggcgaaac
ctttctcata
acccggtaag
atttggtatc
aaaggatctc
ttattttctc
tctcccaaga
ggatctttaa
tggagtgaaa
ccgttcaaag
ttttctccca
ttttctacag

gaacgcagtg gcagcgccgg
gctaccgcaa cctgatcgag
gaacccaaag ccgtacattg
ttaaaactta ttaaaactct
NotI
ggcctatcgc ggccgctggc
tcggtgatga cggtgaaaac
agccatgacc cagtcacgta
gcatcaggcg ctcttccgct
gaacatgtga gcaaaaggcc
ccgacaggac tataaagata
gctcacgctg taggtatctc
acacgactta tcgccactgg
tgcgctctgc tgaagccagt
aagaagatcc tttgatcttt
ccaatcaggc ttgatcccca
tcaataaagc cacttacttt
atggagtgtc ttcttcccag
gagcctgatg cactccgcat
tgcaggacct ttggaacagg
ccagcttata taccttagca
tatttaaaga taccccaaga

agttgttttc
aaacccggca
tgccgagctg
aattcggggg
ataggaaccc
atcggcgagt
tcgaaattgc
aagccaacca
SphI
tgcggccatt gtccgtcagg acattgttgg agccgaaatc cgcatgcacg
gtccatcaca gtttgccagt gatacacatg gggatcagca atcgcgcata
NcoI
gcagcgatcg catccatggc ctccgcgacc ggctggagaa cagcgggcag
caatgtcaag cacttccgga atcgggagcg cggccgatgc aaagtgccga
gaaagcacga gattcttcgc cctccgagag ctgcatcagg tcggagacgc

aaagttggcg
gcttagttgc
ccggtcgggg
atctggattt
taattccctt
acttctacac
cgtcaaccaa
cggcctccag

tataacatag
cgttcttccg
agctgttggc
tagtactgga
atctgggaac
agccatcggt
gctctgatag
aagaggatgt

tatcgacgga
aatagcatcg
tggctggtg g
ttttggtttt
tactcacaca
ccagacggcc
agttggtcaa
tggcgacctc

ctggcctgtg
tggctggcct
tgcagctccc
agtgtatact
ctgactcgct
caggaaccgt
ccccctgga a
aggtcgttcg
tggtaacagg
aaaagagttg
ctgacgctca
aaatagctcg
acaaagatgt
ccacatcggc
aatcttttca
tccagccata
cttccgtatc

cataactgtc
acggccaggc
ggagacggtc
ggcttaacta
gcgctcggtc
aaaaaggccg
gctccctcgt
ctccaagctg
attagcagag
gtagctcttg
gtggaacgaa
acatactgtt
tgctgtctcc
cagatcgtta
gggctttgtt
gcatcatgtc
ttttacgcag

tggccagcgc
aatctaccag
acagcttgtc
tgcggcatca
gttcggctgc
cgttgctggc
gcgctctcct
ggctgtgtgc
cgaggtatgt
atccggcaaa
aactcacgtt
cttccccgat
caggtcgccg
ttcagtaagt
catcttcata
cttttcccgt
cggtattttt

acagccgaag
ggcgcggaca
tgtaagcgga
gagcagattg
ggcgagcggt
gtttttccat
gttccgaccc
acgaaccccc
aggcggtgct
caaaccaccg
aagggatttt
atcctccctg
tgggaaaaga
aatccaattc
ctcttccgag
tccacatcat
cgatcagttt

agctgcaaaa
agccgcgccg
tgccgggagc
tactgagagt
atcagctcac
aggctccgcc
tgccgcttac
cgttcagccc
acagagttct
ctggtagcgg
ggtcatgcat
atcgaccgga
caagttcctc
ggctaagcgg
caaaggacgc
aggtggtccc
tttcaattcc

agcgcctacc
tcgccactcg
agacaagccc
gcaccatatg
tcaaaggcgg
cccctgacga
cggatacctg
gaccgctgcg
tgaagtggtg
tggttttttt
tctaggtact
cgcagaaggc
ttcgggcttt
ctgtctaagc
catcggcctc
tttataccgg
ggtgatattc

cttcggtcgc
accgccggcg
gtcagggcgc
cggtgtgaaa
taatacggtt
gcatcacaaa
tccgcctttc
ccttatccgg
gcctaactac
gtttgcaagc
aaaacaattc
aatgtcatac
tccgtcttta
tattcgtata
actcatgagc
ctgtccgtca
tcattttagc

8191
8321
8451
8581
8711
8841
8971
9101

aacaagacga
gatcacaggc
cgccttacaa
acaaattgac
atagaagtat
aactggttcc
tgtacgcccg
gcccggaggc

actccaattc
agcaacgctc
cggctctccc
gcttagacaa
tttacaaata
cggtcggcat
acagtcccgg
gcggcgatcc

actgttcctt
tgtcatcgtt
gctgacgccg
cttaataaca
caaatacata
ctactctatt
ctccggatcg
tgcaagctcc

gcattctaaa
acaatcaaca
tcccggactg
cattgcggac
ctaagggttt
cctttgccct
gacgattgcg
ggatgcctcc

accttaaata
tgctaccctc
atgggctgcc
gtttttaatg
cttatatgct
cggacgagtg
tcgcatcgac
gctcgaagta

ccagaaaaca
cgcgagatca
tgtatcgagt
tactgaatta
caacacatga
ctggggcgtc
cctgcgccca
gcgcgtctgc

gctttttcaa
tccgtgtttc
ggtgattttg
acgccgaatt
gcgaaaccct
ggtttccact
agctgcatca
tgctccatac

tcgtctggct aagatcggcc
caggctctcg ctgaactccc
cgccctccta catcgaagct
tttgg

gcagtcggct
agtagaatac
ggccggctgc
cgcagcaccc
gcattgccga
gctgatcgac
ttccgtgagg

attaccgaag
ccagcttggc
cgcatgaagg
gtgcccgcga
ggcggcggac
gatggaaggc
gctacccagg
aaaatgagca
atcacaccaa
aaggaggcgg
ccccaagccc

5981
6111
6241
6371
6501
6631
6761
6891
7021
7151
7281
7411
7541
7671
7801
7931
8061

ccgaacccgc
tgcaataggt
gacatatcca
ggctttttca

ctgctatagt
agtcgcataa
aactgcacgc
ccgcctggcc
gtgttcgccg
acgcccgcga
gcgcggtgcc

actggccgtc gttttacaac
cagttgcgca gcctgaatgg
tttattagaa taacggatat

accgtttttc
gcctggccgg
gcaaggggaa
ccccagggca
gagcgcccca
tgaggtcacg
cagcgcgtga
aggtaaagag
ccggcggagg
ttagcggcta
gcactggaac

ttactttttg
aagttctgtt
ccgccggttc
cccgtacatt

9231 tcgcctcgct ccagtcaatg accgctgtta
9361 agcctgcgcg acggacgcac tgacggtgtc

cttacgattc taggaccctg
ccctttatat acacagaatc
cctcgtcggg cctacatgta

gccaggacga
caagctggcg
aaacaaatac
cgattccgat
gtgatcgacg
agcagcgcat
ccgtatcacg
tgagttaatg
ctttcagttg
tagatgaatt
ccctgcaatg

5461
5591
5721
5851

5331 tgattagccg
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acttgtacag
cagcagcacg
atatagacgt
ggtcttgtag
gtgaaggtgg
cgtcgccgtc

taagcgtgta
gacaccttag
ccgactcgat
HindIII
caagcttggc
cccttcccaa
gaaaagagcg

caccaggacg
tgtctgatgc
atgagtaaat
ttctgttagt
cgacttcgta
gagctggtta
ttcttgagtc
aaaactcatt
agcgggtcaa
aataaatgag
tgtctgccgg

gcaggccgcc
cccaagggcg
tccgctacga
agggaaggga
cacgttgcca
NheI
ctacaagatc gtaaagagcg aaaccgggcg gccggagtac atcgagatcg agctagctga
ClaI
atcgatcccg gcatcggccg ttttctctac cgcctggcac gccgcgccgc aggcaaggca
tcaccgtgcg caagctgatc gggtcaaatg acctgccgga gtacgatttg aaggaggagg
ctaatgtacg gagcagatgc tagggcaaat tgccctagca ggggaaaaag gtcgaaaagg
gggaacccaa agccgtacat tgggaaccgg tcacacatgt aagtgactga tataaaagag

9491
9621
9751
9881

gaaactttat
ttggggtctt
ggcggatctt
agctcgatgc
cgtgctgctt
ggtggcatcg

aaacgcacca
atgaaccatc
gcaagctgct
cactcattag

tctgacgttc
ttgcgactag
accaagctgt
gcgacctact
gttcgagcgt
caggaaggcc
acgcattgac

ttggatgtac cgcgagatca cagaaggcaa gaacccggac gtgctgacgg ttcaccccga

gccgattttg
gtaacatgag
caggatatat
aggaattaga
ttattatgga
gcgcttctgc
gaccaatgcg
gtattgggaa

agagttcaag
ggcgaagcat
ggaaccggaa
taaaacccgc
cgctcaaaaa
ctctgacaca
gcgatagcg g
tcctcgctca
agcaaaaggc
ccaggcgttt
agttcggtgt
cagcagccac
taccttcgga
tctacggggt
gtaagtcaaa
gccatctttc
ttttcgcaat
acagctcgat
cagctttcct
ggagacattc
agctaattat
SacII
aaaccgcggt
caaagtctgc
tgtggtgtaa
aattttattg
gaaacttcga
gggcgatttg
gagcatatac
tccccgaaca

aggtgccgga cttcggggca gtcctcggcc caaagcatca gctcatcgag
tgaaatcacg ccatgtagtg tattgaccga ttccttgcgg tccgaatggg
ttcggtttca ggcaggtctt gcaacgtgac accctgtgca cggcgggaga
taaacataac gatctttgta gaaaccatcg gcgcagctat ttacccgcag
tgtcgaactt ttcgatcaga aacttctcga cagacgtcgc ggtgagttca

APPENDIX 2
Long-Term Storage of Diplodia pinea Cultures
Introduction
D. pinea cultures are typically stored on lactic acid (1%) potato dextrose agar
(PDA; Difco) slants in glass vials at 4˚ C. To ensure culture survival, the cultures should
be transferred to new slants every year, which can be quite laborious. In addition, this
method is very sensitive to temperature fluxes during storage. For example, many of my
cultures were killed when our 4˚ C incubator malfunctioned and the temperature
decreased to -20˚ C. After the incubator failure, a new method was explored as an
alternative long-term storage technique for D. pinea.
Materials and Methods
Water agar cultures containing sterile P. nigra needles were inoculated with
different D. pinea isolates according to Flowers et al. (2001). After 2 weeks incubation
under continuous light at 23˚ C, pycnidia were evident on the needles. The pycnidia
laden needles were aseptically cut into small pieces between 3-10 mm in length. Two
1.5 mL centrifuge tubes were filled 1/2 to 3/4 full with needle pieces of each isolate, and
the tops of the tubes were covered with sterile cheesecloth fastened with rubber bands.
The tubes were placed in the -20˚ C incubator for 30 minutes before they were
lyophilized for 24 hours. The cheesecloth pieces were removed and the tubes were
closed. One tube each was stored in the -20˚ C and the -80˚ C incubators. One or two
needle pieces were sprinkled onto a PDA plate to check the viability of the D. pinea
culture every month for one year.
Results and Discussion
The lyophilized needle pieces from the -20˚ C and the -80˚ C incubators still
harbored viable D. pinea after the first year of storage. The cultures that grew from all
the needle pieces exhibited healthy, fast growing white mycelium typical of D. pinea.
Since the needle pieces are shaken out of the tube onto a PDA plate, the possibility of
introducing contaminants with scalpels or other instruments, as in the case with the PDA
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slant storage method, is eliminated. This method is superior to the PDA slant storage
technique because it takes less space, is cheaper, and has a lower risk of culture
contamination. Storage at colder temperatures, particularly at –80º C, is also likely to
prevent the culture degradation that can occur at 4º C when the culture is still nominally
metabolically active. It is quite likely that these cultures will last longer than one year,
but since I cannot stay around to check, other members of the lab will be testing this idea.
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APPENDIX 3
in Vitro Observations of Diplodia pinea Hyphae and Spore Germination Using DAPI
and Calcoflor Staining
Introduction
To my knowledge, no investigations of the nuclear number and distribution in D.
pinea or in any closely related species have been performed. Most fungi have small
nuclei that are capable of squeezing through septal pores and the small openings between
conidiophores and the developing conidia (Alexopoulos et al. 1996). Fungal conidia can
be either multinucleate or uninucleate; some contain different numbers of nuclei at
different stages of germination (Kuo 1999). Nuclei found in the germ tubes of recently
germinated spores are typically tear-drop shaped (Alexopoulos et al. 1996). The hyphae
of filamentous fungal species typically have uninucleate cells separated by septa, but
some species, such as Rhizoctonia sp. AG, have multiple nuclei in each cell (Alexopoulos
et al. 1996; Fenille et al. 2005).
Using fluorescent dyes, I investigated the nuclear number and distribution of D.
pinea conidia, germlings, and mycelium. Knowledge of nuclear number and distribution
can be useful for some experimental protocols, including single-sporing, protoplasting,
and genetic DNA purification. I wanted to know if conidia were multinucleate because
single sporing was a routine method that I used to genetically purify D. pinea isolates.
Evenly distributed hyphal nuclei and septa are preferable for protoplasting, because more
of the resulting protoplasts will be nucleated. Because I had early difficulty in purifying
large quantities of genomic DNA, I wanted to be sure that there was nothing abnormal
about the numbers of nuclei present in D. pinea mycelium. DAPI and calcofluor are
common fluorescent dyes used to visualize the nucleus and cell walls respectively (Ruzin
1999). I utilized these dyes to observe the nuclear number and distribution in D. pinea
spores, germlings, and mycelium.
Materials and Methods
D. pinea tissue preparation: D. pinea isolate 61SB was used for this study. Aerial
hyphae were collected with a sterile scalpel from a week-old lactic acid/potato dextrose
agar (PDA; Difco) culture growing at ambient laboratory conditions. The mycelium was
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blended in sterile milli Q water and 100 µl drops of the resulting solution were placed on
plastic cover slips. These cover slips were incubated in a moist chamber at room
temperature for 3.5 hours. Spores were collected by scraping pycnidia off of needles
recovered from a 2-week-old water-agar needle plate. The pycnidia were transferred to
sterile milli Q water, vortexed, and incubated for 2 hours to release spores. Drops of the
spore suspension (100 µl) were placed on plastic cover slips and incubated in a moist
chamber at room temperature for 3.5 hours.
Fixation and staining: Drops were allowed to air dry on the plastic cover slips in a flow
hood. A 30 µl drop of 0.02% calcofluor (Fluorescent Brightener 28; Sigma, St. Louis
MO) was added to each cover slip and incubated in the hood for 5 minutes. D. pinea
tissue was fixed by adding 400 µl of p-formaldehyde (60 mg per mL of 100 mM PIPES,
pH 6.5; Sigma, St. Louis, MO) and incubating for 30 minutes in a chemical hood. The pformaldehyde solution was removed with a pipette and the cover slips were washed for 5
minutes by gentle agitation in 20 ml of TBS buffer (200 mM NaCl, 10 mM Tris). The
fixed tissue was stained for 5 minutes in 20 ml of DAPI (4',6-diamidino-2-phenylindole;
Sigma, St. Louis, MO) staining solution (0.7 µg per ml of TBS buffer). The cover slips
were washed 3 times in 20 ml of TBS buffer for 5 minutes and rinsed in 20 ml of sterile
milli Q water. The cover slips were transferred to glass microscope slides and observed
using epifluorescent microscopy.
Results and Discussion
All tissues except heavily melanized spores were readily stained with DAPI and
calcofluor. Many nuclei were present within D. pinea hyphae and germinating spores. D.
pinea hyphae were septate, and nuclei were fairly uniformly distributed along the length
of a hypha (Figure A3.1). Typically, one nucleus was observed in each cell but
occasionally two or more nuclei were present. Stained spores contained 2 or more nuclei,
and there was no correlation between number of nuclei and germination (Figure A3.2).
All germ tubes observed contained a large number of nuclei (Figure A3.3).
Nuclear number and distribution has some implications for certain lab procedures.
D. pinea spores are multinucleate. It is still unclear if this is a result of nuclear division of
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a single primary nucleus in the spore, or if the spore when it is formed contains multiple,
genetically diverse nuclei. If the nuclei in the spores are the result of division of a single
primary nucleus, then single-sporing will genetically purify D. pinea isolates. However,
genetic purification by single-sporing will be more difficult if the spores contain multiple
genetically divergent nuclei. In D. pinea, in contrast with fungi like Colletotrichum
graminicola, there did not appear to be any correlation between nuclear number and the
germination phase.
Nuclear distribution in D. pinea hyphae was optimal for protoplasting because all
the cells were nucleated, and most contained just a single nucleus. There appeared to be
nothing abnormal about the number of nuclei in D. pinea hyphae, so this could not have
been the reason that it was difficult to produce high quantities of DNA. This was
probably due to the high polysaccharide content of the mycelium , a problem that was
addressed in later protocols with some success.
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Figure A3.1: DAPI stained nuclei of D. pinea hyphae. Bars equal 10 µm.
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Figure A3.2: DAPI stained D. pinea spores with different numbers of nuclei. Spores on
the top row have not germinated. Bars equal 10 µm.
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Figure A3.3: DAPI stained D. pinea germlings with high concentrations of nuclei in the
germ tubes. Notice that the darkly-pigmented spores were not stained. Bars equal 10
µm.
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APPENDIX 4
Diplodia Tip Blight Symptom Development on P. nigra
This appendix contains a picture diary documenting Diplodia tip blight symptom
development between May 2 and June 3, 2005 on a single diseased Austrian pine outside
Seay Auditorium in the Agricultural Science Building North on the Lexington campus of
the University of Kentucky. I included this because I think it provides a compelling and
dramatic view of the devastation this disease can cause.
The diseased Austrian pine documented here had few symptomatic shoots in 1999
(Figure A4.1a). By 2005, however, most of the crown had thinned and approximately
75% of the branches had diseased tips (Figure A4.1b). First symptoms of tip blight are
resin drops on the needles still encased in the fascicle sheath. The needles soon become
necrotic, and the necrosis can spread to and kill the elongating shoot. Sometimes,
necrosis is localized to some of the needles and the shoot stays alive, continuing to
elongate and set terminal buds for the following year. Symptom development is discussed
further in the legends accompanying each plate.
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Figure A4.1: Diplodia tip blight diseased Austrian pine outside of the Agricultural
Science Building North in A) 1999, and B) 2005. Notice the thinning crown in B.
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Figure A4.2: May 2, 2005. Candle elongation from A) an asymptomatic branch, B) a tip
blight diseased branch that was not killed, and C, D) dormant meristems below D. pinea
killed tips from the previous year (2004).
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Figure A4.3: May 6, 2005. First symptoms of resin droplets (red arrow) are visible on
needles still embedded or just emerging from the fascicle sheath. A and B) shoots
attached to tree; C-E) shoots sampled from the Austrian pine and immediately observed
under the dissecting microscope; C and D) some needles appear to have died very early
in elongation (red star); E) D. pinea spores (blue arrow) are visible on fascicle sheath.
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Figure A4.4: May 9, 2005. A) sometimes one needle in a fascicle bundle is necrotic
early in symptom development; B) resin droplets (red arrows) on elongating shoot
developing from a dormant meristem under shoots killed the previous year. Pycnidia
with mature spores are present on the necrotic tissues from 2004 (blue arrow).
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Figure A4.5: May 13, 2005. A and B) necrotic needles (black arrows) that have died
before elongation; C-E) chlorotic and necrotic needles on adventitious shoots; D)
countless pycnidia on dead 2004 shoots; E) copious resinosis (blue arrows).
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Figure A4.6: May 16, 2005. A) asymptomatic shoot elongation; B) necrosis of the shoot
top; C and D) necrotic adventitious shoots.
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Figure A4.7: May 19, 2005. Current year elongating shoots in various stages of
chlorosis and necrosis.
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Figure A4.8: May 21, 2005. A) necrotic needles among green needles and asymptomatic
first year cones; B) necrosis located only at the top of the shoot.
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Figure A4.9: May 25, 2005. A) asymptomatic shoot elongation; B-D) necrotic shoots.
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Figure A4.10: June 3, 2005. A) every 2005 shoot on this branch displays tip blight
symptoms; B) a necrotic adventitious shoot adjacent to a asymptomatic second year cone
and a dead first year cone from 2004; C) necrotic adventitious shoots; and D) necrotic
shoots adjacent to a very mildly symptomatic shoot.
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