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_ In heter'okary’ons' forced between two strains of Neurospora crassa carrying
elthcr the type I or type II polymorpbrc forms of mtDNA, if was prcvrously
observed that wrthm the mtDNA of the hetcrokaryons EcoRl S fragrncnts were
rapldly and complctely convcrtcd to the type i polymorphrc form and 70% of the
: hetcrokaryons were converted to the type I polymorphic form of thc EcoR1-9
- -fragment (Mannella and Lambowitz, 1978; Mannella and Lambowitz, 1979) Ina
~ separate study, in which drfferent strarns wereused, conversxon of thc EcoRl -9
‘ fragment was 70% to the type I form- (Lcmlrc and Nargang. 1986) o
_ chuence analys1s pcrformed on thc type I fonn of EcoR1-5 by Burgcr and
: Wprncr (1985) revealed the presence of a large URF contammg intron w1thm’ the L
R URFl gene The scqucnce analysns pcrformcd in the prescnt study mvcalcd that the
' smaller type I form of EcoR1-5 arises from thc prccxse excxsron of the URF . "
. containing mu'on In thrs study the DNA sequence of the type I and typc I EcoRl-
9 fragrncnts were deterrmned ennrely The only difference found betwccn the two'
polymorpmc forms was the presence of an extra copy ofa78 base paxr rcpcat ’I‘hxs
Tepeat is found thrce urncs m thc typc I form of EcoRl 9 and thcc 1n thc type II o
form. | L o
’ Although the prechcted amino acid sequence ¢ of the URF w1thm the URFI _
_gene contams no detectable homology- to-the omcga protem of ycast the conversion
of the EcoRl 5 fragment may occurina fashion analogous to that observed for the
| omega intron (Colleaux er- aI 1986) The results of previous workcrs suggested
. that the d1rect10n of conversxon of the EcoR1- 9 fragmcnt depcnds on the phcnotypc -
. ofthe hcterokaryon component strains. Hetcrokaryons formcd bctwccn [poky 1
- (type IIa mtDNA) and wﬂdtype strams contammg type | mtDNA rcsolvcd 70% of -
‘ ' bvthe hetcrokar;m\ns to the type T polymorpluc form of EcoR1-9 (Mannclla and :
- Lambowitz, 1979) ) whereas heterokaryons formed between {mi-3 ] (type | mDNA)
- and wildtype strains containing type Il mtDNA) appearcd to resolvc 70% ofthe. - "
' hcwmkmyms to the type 116 polymorphlc form of EcoRl -9 (Lemire and Nargang, §
1986) The prescnt study conﬁrms the 70%: convcrsron to the type II mtDNA form
of the EcoR1- 9 fragment in [nu-3 ]/wﬂdtypc hctcrokaryons '
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GGAGGATTAA" TTATGGTTAA
CCTCCTAATT WATACCAATT

L ATTTCATATT

TAAAGTATAA

CGTCIATTTT
GCAGATAAAA

TTGAAGTTAA
AACTTCAATT

TGGTGCCACA
ACCACGGTGT

ATTTAGTTCG

. TAAATCAAGC

TTATACATTT
AATATGTAAA

" ACTTCGAGTA

TGAAGCTCAT"

TCACCAATCT
AGTGGTTAGA

TTTAAAATCC
AAATTTTAGG

TACTTTTATC
ATGAAAATAG

cﬂrTCGTTG

" GGTAAGCAAC

ATAAAAATTA
TATTTTTAAT

TTTTGTGTCG
AAAACACAGC

GAATTC .
CTTAAG

TTTCCTGTAA
AAAGGACATT

- ATTAAACCCC

TAATTTGGGG

TGAGAACTCG
ACTCTTGAGC

GAACGATAGG
CTTGCTATCC

AGGAATTAGA
TCCTTAATCT

GATGTTGAAG
CTACAACTTC

TTAGGTCCGG
AATCCAGGCC

TACTTAAACT
ATGAATTTGA

TTGTGATCCT
AACACTAGGA

AGATGRAAAAA
TCTACTTTTT

AAAATAATCG
TTTTATTAGE

ATCATAATAT
TAGTATTATA

AGT TTGGCGG
TCAAACCGCC

AGTTATTATA
TCAATAATAT

GTGTCGGTAA
CACAGCCATT

TTGTCTTTTT
AACAGAAAAA

AAGGGGTTGA
TTCCCCAACT

GTCCCCACAA
CAGGGGTGTT

AGGGAACCAA

TCCCTTGGTT

ATCGATGTAG
TAGCTACATC

k)

ATAATACTCT
TATTATGAGA

CAAATGTTGA
GTTTACAACT

TCTTGAAATC
AGAACTTTAG

ATTTCTTGAT

TAAAGAACTA

TGCTGCAATT

ACGACGTTAA.

AAATATTTAC
TTTATAAATG

GCCCTCATTC
CGGGAGTAAG

CCGGACAATA

GGCCTGTTAT

CACTTACTAG
GTGAATGATC

TAGGATCTTC
ATCCTAGAAG

CCTATGTATT
GGATACATAA

CGAAGTTGTG

GCTTCAACAC

AGGATCATAT
TCCTAGTATA

AAATTGTATA
TTTAACATAT

ACTTTCCACT
TGAAAGGTGA

GGATCAGCAT,
CCTAGTCGTA

TTTCAAATAT
AAAGTTTATA

TTTGATCAGT

AAACTAGTGA

TTAATGTGAT
AATTACAGTA

ACCCAATATC
TGGGTTATAG

TATGCGTTCC
ATACGCAAGG

_ 1550
ACTAATTTTA

TGATTAAAAT

- 1600
AGCCGCAAGG
TCGGCGTTCC

1650

-AGATTTTGAG
TCTAAAACTC

1700
ATCGGAGTCA

TAGCCTCAGT:

1750

'GGGTCCCCCG

CCCAGGGGGC

1800
AAGTTGCAAT
TTCAACGTTA

1850

TGAAATTGAG
ACTTTAACTC

1900

CGACCCCCCC

GCTGGGGGGG
1950

TAGCAACTCA

ATCGTTGAGT

... 2000
TTAAAATCAT

AATTTTAGTA

2050
ATTTCCATTT

TAAAGGTAAA

2100
ATCTGGGCAA
TAGACCCGTT

. 2150 .

TCGATTTGGC
AGCTAAACCG

2200
TTGGGATACG
AACCCTATGC

Ay

57
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Table 5

3

I .. Summary of Nucieotide Content of EcoR1-9 Fragmens

typel - o typell
2206 nucleotides :, (32128 nucleotides.
A -304% A -302%
C-18.5% : 'C-18.7%
G-19.5% G - 19:6% s
T-31.6% : T-315%

AT -620%.. A+T - 61.7%

" C+G - 38.0% i C+G-383%

'_ Repeat Region’ _ e
nucleotide 112-346 nucleotide 112-268 -
234 nucleotides (78 X 3) 156 nucleotides (78 X 2)

A-359% RO
C-12.8% o
G-167% G
T - 34.6%
" A+T - 70.5%
C+G - 29.5%
3 - 4 A

~



A computer search was made for other direct repeats as well as for inverted repeats

in the EcoR1-9 fragment. The stringencies set for the direct repeat search rang‘edv

~ from a 50% match between bases in repeats to a:100% match. The minimum

numbcr of matched bases in the repeat scquenccs was set from 20 to 50 bases. No .

. othcr direct sequence repeats were found oms:rdc the 78 base pair répeat region.
The stringencies used when scarchmg f.o;‘ p0551b1e stem loop structurf;s v

i'axigcd again from 50% minimum percent | bases matched to 100%. A summary of

the potential stem loop sn'ucturcs in the EcoR1-9 fragment and the stnnge\{mes used

are shown in table 6. None of these fall within the 78 base pair repeat region.
Some fall within or just outside the potential reading frames listed in table 7 (and -
shown in Fig. 14), but the significance of this is not evident. Fig. 15 summarizes
the location of the potential stem loop structures in the EcoR1-9 fragment No Pstl
palmdromcs were found either, suggestmg that there are no major mitochondrial
genes as Pstl palmdromes have been noted to flank most Neurospora
mitochondrial genes (Yin et al., 1981). - . oo

A computcr search was also made for posmble tRNA structures in the
EcoR1-9 fragment followmg the computer program described by Staden (1980).
There were no detectable tRNA strictures identified utilizing this program.

- .Analysis of Reading Frames in EcoR1-9
' ' . B -
The EcoRl-Q fragments were analyzed for the presence of reading frames in
both the top.and bottom strands. Open reading frames greater that 50 amino acids
are summarized in table 7 and Fig. 14. The position of potential start codons

(Methioriine codons) are also noted in both table 7 and Fig: 14. _
' Dr. Richard A. Collins (Umversuy of Toronto) kmdly provided the

sequence of the EcoR1-8 fmgment which is found unmcdaately adjacent to EcoR1- .

9. Analysis of the reading frames that enter the EcoRl 8 fragment revealed
potential polypcpndes of only 68 amino acids (top strand) and 66 amino acids
/(bottom strand) (Flg 14); The sequence of the EcoR1- 11 rcstncuon fragmcnt
“which flanks the other side of EcoR1-9, was not available for analysxs. : '
The codon’ usage of all the ORFs found in the EcoR1-9 frégmen_ts 18

~ summarized in table 8. Table 8 also compares these reading frames to standard and |

" intronic mitochondrial genes in order to help determine whether these ORFs were

actual reading frames that might be exﬁmssed. It has bgen determined that codons

used in all mitochondrial genes preferentially end in A or U (80%). There are also

59



60
' further biasis in the usage of certam codons whxch are characteristic of Lhc standard -
“or intronic rmtochondna.l genes Codons used infrequently in standard _
mitochondrial genes but are found in intronic open reading frames are CGN- arg. ‘
UGG-trp, ACC-thr, ACG-thr, CUC-leu, AAG-lys and the UUU codon for
' phenylalamnc (Nargang et aI 1984). Even though these peptides are small and Lhc
frequcncy of codons”iglg most of the potential readmg frames anaiyzed
_ ptefcrenually uullzc codons endmg in A of U and many show a bias.in the use of
the rmtochondn ‘intron codons. It can also be observed in table 7 that some of the'
ORFs have AUG codons (methlomne) that could act as potennal initiation codons
as they are Close to the begmmng of the ORF. . :
The longest potential polypepudc which is 138 aminoracids long in typc I
mtDNA, was found on the top strand in the third reading frame and spans the repeat
region. This polypeptide contains an AUG codon at amino acid position number 23
(table 7); it 'has 77% of its codons énding in A or U, and utilizes the UUU codon
for phdn);lalaninc exclu_siv"lely (although there are only six occuﬁ'chces of
phenylalanine in this 138 amino acid polypcptide) This 138 amino acid (112 in
type I mtDNA) polypcptxdc would be relauvely hydrophlhc with a poLmty of 49%.
Thus, this would be a soluble protem inside the xmtochondna '

@
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Table 6

: Summary of Potential Stem-Loop Structures in the Type I EcoR1-9 Fragment

minper
max loop -

100%  100%
2206 . 2206

100%
2206

min match.

10 *

Nucleotides matched
11/11

‘_ 15/15 -
' 15/13}
°
8/8
1213 )
13/14
8/8>
8/8
16/12
12/13 -
8/8

"

. -

7y

12/14

nucleotides
500-570
496-486

680-694
677-663

1251-1263

1244-1232

445-452
440-433

© 592-604

581-569

855-868
714-702

1333-1340
1323-1316

1345-1352

1 1315-1308

1580-1591
1574-1563

1735-1747
1731-1719

1872-1879
1463-1856

382-388
378-372

390-396
388-382

©716-722
713-707

. 902-914

‘ loop length .

4 bp
3 bp |
7bp
5 bp

23 bp

: 150 bp

min per= minimum percent of matched bases required in stem

max loop= maximum loop allowed in strucutre )

min. match=minimum number of matched bases required to foxm stem

Nucleondes matched= ratio of nucleotides to total number of nucleotides in stem
Nucleotides=snucleotide position-of stem|loop structure in the EcoR1-9  type I sequence

S(em loops shown were chosen on the basis of having over 80% of the bases in the stem-loop matched .

- N



Table 7 = | |
~ - Summary of Potential Reading Frames over 50 Amino Acids
T;bl: 8 Reading Frame | Nucleotides | Position of | Protein Percent -
N;m " ‘Top Strand * Involved Methionine” | Length | Hydrophobicity
ka 1% 514-681 . Staa 33.9
B 9161077 @ S4aa 33.3
c 2™ 439604, 4 aa# 10 558 34.5
D 818-1036.)  aa# 34 Tan 31.5
E - 1865-2104 aa# 74 80aa 4838
F 3d 35449 as#23 | 138aa 47.1
@s3e0| (112) | (464)
G 0 912:1094 | aa# 25 6laa 492
H 1581-1769 @ 63aa 38.1
Bottom Strand
1 15t 1435-1638 3 68aa 44.1
] 1783-2118 | 2a#108 | 1122 438
| . (1783-2040) ] 108a
K 2™ 701883 | o 6l | - 410
1L 4 81293 | aa#2527, F 7ma 60.6
| B . ' 43,65 | B
M 294-518 aa# 36 75aa.° 400
N 1121-1343 @ 4aa 32.4
0 ' 1558-1745 aa# 11 ®aa | - 319

'6‘2
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* 112aa in type Il Mt DNA
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Fig 15

4

POTENTIAL STEM LOOP STRUCTURES IN THE ECOR1-9' _...._w..»n?:.uz._.m
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Heterokaryon Study

Heterokaryons were constructed by superimposing conidia from NCN 10
and NCN 45 on minimal medium as described in Materials and Methods. Flgures
16 a)to 16 g) show EcoR1 ngests of the mtDNA of heterokaryons that were .
subcultured for several generations. On these gels the conversion of the EcoRl 5
and EcoR1-9 fragments can be monitored through the generations of subcultunng

“Table 9 provides a summary of the unidirectional conversion mvolvmg the EcoR1-9
fragments in the 20 heterokaryons and also thé suppressivity of the [mi-3]
phenotype (as determined by cytochrome spectral analysis) over wildtype.
‘ Cyt_ochrome spectra of NCN 10 (wildtype) and NCN 45 ([ini-3]) and three
_heterokaryons representing a wildtype, "mid" and [mi-3] heterokaryons are shown
in Fig 17. It appears that [mi-3] is not completely suppressive as only 7 of the 20
hetcrokaryons had become [nu-3] by the ninth passage of conidia. The EcoR1- 5
fragmem converted 100% to the type II (insert containing form) by the second
conidial passage in each of the 5 heterokaryons analyzed (indicated by + in table 9).
The EcoRl -9 fragment converted to the type: II form in 70% of the cases, as was
expected from prev1ous reports (Lemire and Nargang, 1980), although the
resolunon took much longer than the EcoR1-5 ﬁagment conversion. Interestingly,
among all the [m1-3] suppresswe heterokaryons, those that resolved to contain the
type I EcoRl -9 fragment appear to resolve at a faster rate than the rest In fact, all 6
heterokaryons that resolved to type I resolved much faster than those that resolyed
(or were in the process of resolution) to type I EcoR1-9. The resolution to the type
I EcoR1-9 fragment in the two heterokaryons that became [mi-3] appeared tp occur .
quicker than the conversion in the heterokaryons that became wildtype. These
observations may be a reflection of the take aver of the {mi-3] m1\tochondna in these
hetcrokaryons ‘Those heterokaryons that show the wxldtype phenotype may sull
: have a mixture of mitochondria since wﬂdtype appears to be dominant to [mz-3 1. i
Thus, one would also expect to see a mixture of type I and type I mtDNAin the
heterokaryons displaying the wildtype phenotype ‘ ;
: The resolution bias observed for the EcoRl -9 polymorphic marker in the
hetemkaryon studies by Mannella and Lambowitz(1979) and Lemire and
Nargang(1986) were not exaxmned by x2 analysis. Table 10 prov1des the results’of
x2 test on the resolution of the type I and type II EcoR1-9 fragments in Mannella -

oy



and Lambowitz's [poky }/wildtype heterokaryon study and for pooled data from the
[mi-3 I/ wildtype heterokaryon studies of this study and those of Lemire and
'Nargang(1986). The null hypothesis assumed a 1:1 resolution of the two
polymorphic forms'in each case. The results for the {poky}/wildtype heterokaryons
suggests that the null hypothesis should be rejected since with one degree of -
freedom the probability of obtaining the observed ratio is less than 0.01.

Similarly, with one degree of freedom the probability of resolving the EcoR1-9
fragments in the observed ration in the [mi-3]/wildtype heterokaryons is also low
(ca, 0.025). Thus, in both cases, the resolution of the EcoR1-9 frangnts does not
appear to follow a simple 1:1 relationship. Since the x2 test supports the
hypomégis that a simple reciprocal recombination mechanism does not account for :
the data, the resolution of EcoR1-9 fragments will be referred to as "conversion" to
maintain consistency with the literature. (see Mannella and Lambowitz,1979)

i
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_ INTRODUCTION

The Organism : . ,
b\/' ‘ Neurospora crassa isa member of the fungal class Ascomycetes Its value .
as a laboratory orgahism arises from the fact that i it has ashort life cycle, easily
" identifiable characters, and because its different cellular fractions are easﬂy 1solatcd
Neurospora isa heteromorph Dunng vegetauve)growth itis composed of
multinucleate, branched ﬁlaments called hyphae.-Growth proceeds by hyphalip
extension and by development of ‘branches behind the tips. This hyphal system is
referred to as rnycehum The hyphae are. segmented by incomplete cross walls or
~ septa which contain central pores of about 0. 5p. in diameter. These pores allow
cytoplasm to ﬂow along the hypha, carrying nuclel mitochondria, and other
cytoplasrmc components for some distance, usually in the direction of growth. The
nuclei divide most rapldly near the hyphal tips (Davrs and de Serres, 1970).

There are two asexual spore forms The smaller, called xmcrocomdla are
formed late i in growth and are uninucleate. The larger, called macroconldra are
multinucleate (average ca. 2.5 nuclei per spore). Because thcy are more viable than
microconidia the macrocomdm usually act as the male femhzmg parent when
forming sexual crosses. The products of the sexual cycle in Neurospora are
referred to as ascospores The sexual cycle requires strains of opposite mating,_
types ahd is sumulated by conditions non-conducive to vegetauve growth, such as

: "mtrogcn starvation (Daws and de Serres, 1970). In sexual crosses, mitochondria

. are matemally inherited and there is no mteracuon between the mitochondria of the

" male and female strains. - : |

_ Heterokaryons allow one to study the interaction of dtfferent extranuclear .

characteristics found in ‘the same cytoplasm since when heterokaryons are formed

the nuclei and mitochondria from different strains are brought together in the same -
o : cytoplasm (Davis and de Serres 1970). Heterokaryons may be forced between

‘strains with compauble nuclear genomes by supenmposmg conidia from strains .
‘with d1fferent auxotrophlc markers onto minimal medla (Davis and de Serres 1970)

Neumspora extranuclea? mutants have been placed into four groups based
on phenotypic and genotypic nelauonshlps (Bertrand er al., 1976). Group I\mutant
are deficient in cytochrome aazand b These mutants are defective in mitochondrial
ribosome assernbly (Bertrand er al., 1976). This assembly defect has been related
toa delenon in the 5'end of the mitochondrial small rRNA (Akins and Lambowltz
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1979). of thef_ seven known group I mutants, six of these were examined and
. fouhd to carry the deletion and it has been suggested that. all members of this group
are actually reisolates of the. original [poky ] mutant (Akins and Lambowitz, 1979).
The deficiency of cytochrome aajand b i in the mutants is thus explained by an |
mabxhty to translate the mitochondrially encoded subumts of these cytochromcs.'_

The two mutants [mi-3 ] and [exn-5 ] make up the second group of mutants. -
These mutants are noted for their initial lag phase and are deficient in cytochrome
aa3. The [mi-3 ] mutant has been found to be duetoa point mutation in the gene
encodm subunit 1 of cytochrome ¢ oxidase (Lemire and Nargang, 1986). 'I'he »
 [exn-5 Prutant has been reported to be the result of al mutation in the gene encodm;, _
- subunit two of cytochrome-¢ oxidase (Lemire, 1988) B , o
The third group of mutants have a characteristic start -stop growth phenotype :
A and thus are known as "stopper” mutants. Lesions affecting ) mltochondnal genes
required for protein synthesis leads to their characteristic deficiency in ‘cytochromes |
aa3 and b because the subunits of these cytochromes that are cncoded in the -
~ mitochondria cannot be translgted (Bertrand er al 1976) Gross et al. (1984) and
de Vries et al. (1986) noted that stopper mutants have two circular pleces of DNA
- present during the stopped phase which arise as the result of recombination between
' rzpeated sequences in the mitochondrial genome. “Thus it appears that the lesxons '
- affecting protein synthe51s in these stopper mutants are the result of deletions
- formed by recombination between repeats '(Gross et al.; 1984; de Vries etal.,
1986) o ‘ e ‘.

" Cni-3 has a normal cytochrome system, but thlS lone group IV mutant
constitutively inducgs the mltochondnal cyanide-insensitive : altematc oxidase
(Rosenberg etal, 1976)

Supprcsswuy . _
Suppressmty in Neurospora occurs when the mutant mitochondrial
B 'phenotype of one strain predominates over the phenotype of another strain in a
heterokaryon formed between the two_ different strains. Early studies on the -
cytoplasmic mutants [abn-1 ]»and labrt¥2 ] Ot‘Neurospora cr‘qssa showed that
mitochondria are capable of transmitting cytoplasmic characters (Diacumakos et al.,
1965; Garnjobst etal., 1965) The two mutants differ from wildtype in that they
have a chamctcnsuc slow growth rate-and are abnormal in appearance [abn-1] was
| isolated from an inositolless stram and {abn-2] was isolated from a wildtype strain.

_ Garnjobst and colleagues (1965) found [algn -1 ] and {abn-2 ] strains of Neurospora



did not transmit their [a‘bn ] charactérstics when used as the male parent in sexual

crosses, but the abnormal mutant characteristics were always transmitted when |

heterokaryons were formed with w11dtype strains. These results suggested thata =
 cytoplasmic factor was responsible for the [abn] phcnotype Gam_lobst etal. (1965)

confirmed this when they found that w11dtype cultures that had been microinjected

with cytoplasm from abn cultures beca.me phenotyplcally [abn ]. Diacumakos er

al., (1965) extended this study by_mjecung purified mitochondrial fractions from an
~inositolless;[abn-1] strain into single hyphal compartments of normal strains.

s M1tochondr1al fractions from wildtype strams produced no effect whereas the -
[abnl] mjected mitochondrial fractions caused the normal sumns to aquire the
charactensucs of the- [abn-l ] sumn wnhout transmlssmn of the nuclear encoded
mosnolless trait (DlacumakWI%S) | e

-Studies on extranuclear mutants, such as the [poky] mutant, showed that
the: mltochondnal phenotype of the [polcy J(or [nu 11) extranuclear mutant could
also- prcdonunate and thus are also con51dered supressxve over the wildtype :

- phcnotype in heterokaryons forced between the two. (Pittenger, 1956; Mannella e o
~ and Lambowitz, 1978; Mannella and Lambowitz, 1979) Mannella and Lambowitz |

~ (1978) utilized restriction enzyme analysis (descnbed below) and naturally I
. occurring polymorphic forms of mtDNA to mvesugate suppressivity in ‘

heterokaryons forced between [poky] and_mldgzpesnmns of Neurospora crassa

It was concluded that the [poky] phenotype predommates in such heterokaryons

since after. two to exght conidial passes, 90% of the heterokaryons displayed the

: '[poky] characteristics of slow growth rate and an altered ratio of 19S t0 255
mitochondrial TRNAS . (Mannella and Lambownz 1978 Mannella and Larnbothz
- 1979) ST - '
Gowdndge (1956) reported results opposue to Plttenger (1956) and -

Mannella and Lambowitz (1979); the wildtype phenotype predominated in her _

heterokaryon studies. In Gowdndge s studies hetemkaryons were formed on ‘ .&'

rmnnnal slants, wransferred to plates and the hyphal tips used to start another #
~culture. The "hyphal up" cultures were analyzed ‘with respect to growr.h rates and :
cytochrome content to establish the phenotype of the heterokaryon Since

Gowdridge's analysis covered only two culture passes, the different results

observed by Gowdridge (1956) for the (poky] / wildtype heterokaryons are

probably due to the insufficient number of comdml passes in her studies. Two to

»

" three generations may not have prov1ded enough of an opportumry for the [poky]
rmtochondna to take over. - . - & '

o

LI



Gowdndgc also exammed hctcrokaryons formed between [mz-3] and
‘wﬂdtype and found that the [mti-3] phénotype pmdommated in about SO% of the
‘cases. Lemire and Nargang (1986) performed eight conidial transfers as wcll as
. Ppassage through a race tube in order to guarantee a homokaryotxc culture. 'I'hcy
~ found that only 30% of the heterokaryons acquired the [mi-3] phcnotypc

Gowdridge also formed heterokaryons between [mi-3] and [poky]. In these
heterokaryons, the [m1-3] phenotype appeared, to predommatc over (poky].
(Gowdridge, 1956) - These results are not reliable as it was difficult to dlsungui*h

between the [poky] and [mt-3] phcnotypes by the techmques cmployed in thxs
~ study.

v Thc cxtranuclcar 'stopper” mutants of Neurospora also appearto be o
suppresswe (Gross et al., 1984) The suppre551v1ty of "stopper” mutants may be

related to the mltochondnal deletions found to be associated with the stoppcr

» _phenotype (de Vries et al,, 1986 Gross et al., 1987)

- In yeast, suppressmty has been obscrvcd wnh thc petite mutants When
crosscs are made between petite mutant sn'ams and wﬂdtype strains a non-
‘mendalian segregauon of the mutanon is observcd in the diploids formed. Thc
_ propomon of petite colonies to w11dtype in the offspring depends on the parucular
: peute strain used. The' 'petite colonie” mutation of Saccharomyces cerevtsxaec is
charactcnzed by an irreversible Ioss of respiration and by an extremcly high.
spontaneous occurrence. (de Zamaroczy etal., 1981) These petite colorues are due :
to mutations in the intDNA defined as rho” mutants. Rho"(p™) cells are non-.
reverung plelotroplc mutations with extensive deletions in the mtDNA (or complcte '
‘ loss of the mitochondria, dcsxgnated po mutants) (DUJOD, 1981) The -
| 'rmtochondnal ‘genomes of the suppressive p~ (pentc) mutants are made up of -
tandem repetmons of a DNA sequence _exc_lscd fro_m the mldtypc parental genome.
and carries at least one of the seven known ori sequences. (de Zamaroczy etal,
1981) The suppresswe petite mitochondrial genome is prefercnually transmmcd to
~the progeny of crosses bctween petite and wildtype ceys ‘The level of
suppressmty of a petite mutant appears to dcpcnd_onthc refative replication
-~ efficiencies of potitevcrsus wildtype genomes. The multiple copies of ori
sequences, due to thie tandem amplification of the petite repeat unit, allow the
mutants to replicate more cfﬁciently than the wildtypc gcnomé The different levels
of suprcsswuy may be due to the size of the repeat unit since the shorter the rcpcat .
unit the hxghcr the number of ori sequenccs in the mutants nutochondnal gcnomc



' o Thus the greatcr the dcnsxty of ori sequences in thc petite's mJtochondnal genome,
. the greater the rephcauon efﬁcxency which results in its enhanced suppressivity. (de e |
- Zamaroczy eral., 1981) In support of these findings Bernardi (1983) reported that
: parual or total deletions and rearrangements of the ori sequence(s) depresses the '
’ suppmssxwty of the correspondmg petites. s D :

' : Although the phcnotypes of mit™ and p~ mutznts appear to be sumlar :

. ’(formauon of small colonies on glucose substrates and inability to grow on non-.

‘- fermcntablc substrates), mit" mutants retain their ablhty for tmtochondnal protein
) synthcsm ('I‘ zagoloff, 1982) Because rmt' muauons in yeast mtDNA are due to
pomt mutations that affect one of three enzymes (T zagoloff, 1982) they would not

" be induced to become suppressive by amphﬁcatmn of apy part of its’ genome. The
same can be sa1d for syn” mutants which are similar to P~ strains in that they are
deﬁcxent in the resplratory and A'I'Pase complexes but genotypically the syn”
mutants are due to specxﬁc point mutations that affect mitochondrial protein -~
synthesis as apposed to the large mtDNA dclcuons found in p- suams (Naysxmth

1982; Tzagoloff 1982). .
Neurospora isan obhgate aerobe and requues an intact mitochondrial.

& genome 'I'hercfore, suppressmty in Neurospora must differ from the snuauon in

~ yeast becausc gross structural alterations assomated with Neurospora mtDNA
Awould be lethal. Thus, large deletions of the mltochondnal genome are not
| _ assocxated with suppressxvuy in Neurospora . The Neurospora mtDNA origin of '
replication has not yet been- deﬁned and there is no known mechanism for
suppressivity | m thxs orgamsm although segregation of xmtochondna may play a
major role (Blrky etal., 1982; Backer and Bu'ky 1985). Segregauon of .
mitochondria may also play a rolc in the mechamsm of take over by a new mutation
_V in the mDNA population. . : '
~ Eukaryotic cells contain many mltochondna. Each rmtochondnon
contams multiple copies of the mitochondrial genome and therefore, many copies of
~cach rmtochondnal gene exist in the cell. (Birky er al., 1982) The frequency of an
allele within the ‘mitochondrigl populauon of genes will depend on the input - "
frequency, random drift and random segregation of the xmtochondna into daughter
-~ cells (Backer and Birky, 1985) Backer and Birky (1985) found that in yeast,
~ when there is no selection, random drift and random partitioning during cell
* division are unportant m determining the fate of anew mutation. Therefore, one o
would rarely see a new mutation fixed in the pogulauon This may explain the small ,

.2



number of extranuclear mutants observed in Neurospora since, with no selecuve
. pressure, a spontancous mitochondrial mutation ‘would qulckly be lost.’ In the case
. of equal mput of two alleles and no selecuve pressure, one would expect an equal
representanon of both alleles in the population. There must be some selective
advantage that CXIStS since new mutauons are occasxonally fixed to give rise to‘ |

" mxtochondnal mutants and in some: cases these mutants are suppressxve This

canriot be 81mp1y explained due toa rephcanve advantage as is seen with yeast

v suppressmty smce [mi-3] mitochondria in Neurospora do not completely

: 'ptedomlnate over wildtype in heterokaryons (Lemire and Nargang, 1986) but

B appear to predominate over [poky] rmtochondna in heterokaryons (Gowdnge. '

1956) Backer and Bu’ky (1985) found that under selective condmons. mtracellular '

: selecuon for yeast mtDNA molecules containing the erythromycm resistance
genotype prcdommates It is possible that these observations may be extended to

~other yeast:! mitochondrial genes (Backer and Birky, 1985) and perhaps o

) Neurospora rmtochondnal genes as well ) :

A Recombmauon _ _
Ewdence for mnochondnal recombination comes from electron mlcroscopxc
- studies on yeast mitochondria (Sena et al., 1986) and observation of

' extrachromosomal markers in crosses with S. cerev:szae and Chlamydomonas -
. (Michaelis er al 1973; Howe 1986) Rothenburg etal. (1985) provided direct
evidence that i mtergenomlc recombmatlon at the molecular level occurred in

- homologous regions of two petuma parcntal genomes in the progeny of a somatic |

hybrid. Addmonal studies on yeast zygotes revealed that continual fusion of

| mitochondria urs allowmg mtDNA rnolecules from each yeast parent to enter a
: ‘common poo and undergo multiple rounds of random pamngs and genetic:
exchanges oury and Lahaye, 1987).

Sena et al (1986) believe it hkely that enzymes for mtDNA _
rccombma n are present Lhroughout the life cycfe of the cell and are encoded in lhe
nucleus. Tﬂe latter is supported by the observation of M1chaehs etal. (1973) who
found that when two yeast petite strains were crossed (one carrying erythromycm ‘
g re51stance and the other chloramphemcol resistance), they observed recombinant

‘ pentes w1th d1fferent suppressive phenotypes from the parental petite strains. These
new suppresswe petites had mtDNAs of deferent bouyant densities from the

panental petites. ;’I‘he fact that recombination can occur between petite mitochondrial |

genomes suggests that the enzymes and protexns required for rccombmanon are



synthcswcd on cytosolic nbosomes and thus are nuclear cncoded (Mlchachs etal,
* 1973). The roles of rcphcauvc and degradative enzymes in the repair process of .
mtDNA are unknown for fung1 ‘(Backer and Foury, 1985). Although
Wmtcrsburgcr and Blutsch (1976) could find no detectable 305 exonuclcolyuc '
" activity associated with mtDNA synthesis in yeast and noted extensive mtDNA
_ ‘degradation after UV uradlanon, Uthayashankcr and Zassenhaus (1987) have
. reported a 53 onucleolytxc activity on double-strandcd DNA associated with
~the rmtochondna] nucleasc encoded by the yeast nuclcar gene. Nuc] The bump]
" and bump2 mutants (mvolved in an early step of petite formation) have also been
E found to’be mvolvcd m m1tochondr1a1 rccombmauon in yeast (Mamawwc et al
1987; Perlman and Butow, 1987). 'I‘hercfore, it is probable that a rephcauon repaxr -
" mechanism associated w1th rccombmatlon cx1sts “Studies on mutator strains of |
ycast have md.lcatcd that mlsmatch repa1r docs not occur in mitochondria ( Clayton
et al., 1974; Sutherland, 1974; Prakash et al., 1975), but that recombination repair
pmbably is utilized(Prakash et i¥., 1975). In the same way that nuclear encoded
- proteins are involved in the splicing’ of some mitochondrial RNAs ( Garriga and

= ' Lambowitz, 1984; Garriga and Lambow1tz, 1986; Akins and Lambownz 1987,

Ba.nroqucs et al., 1987), the enzymes required for m1tochondr1al rccombmauon are |
~ probably provided by nuclear genes or nuclear mitochondrial protein complexes.

'gmvcrslon .
 In thcxr investigation of suppressmty in heterokaryons betwcen [poky] and |
wﬂdtypc Mannclla and Lambowitz (1978; 1979) utilized naturally occurring
polymorphxc forms of mtDNA. These two polymorphic forms of mtDNA were
designated type I and type I (Mannella and Lambowitz, 1979). It was determined
~ that recombination bctwecn miDNA molccules occurs frequemly in hetcroplasmons
_ and that a mixture of dxffcrcnt mtDNA molecules is -quickly resolved so that one
‘typeof mtDNA prodommatcs (either thexmutant or the wﬂdtype) It was also
- shown that two polymorphlc insertion scqucnces are sites of high frequcncy
~_unidirectional conversion. An mscruon of ¢a, 1200bp exists in the fifth largest -
| mtDNA fragment (gcncrated by EcoRI d1g¢suon and de51gnated EcoRl-S) of the
type I polymorphnc form of Neurospora crassa mtDNA relative to the type I form, '
- while the type | polymorphxc form of mtDNA carries a ¢a, 50 bp insert-on the
_ EcoR1-9 fragment relauvc to the type I (Mannclla and Lambow1tz 1978). In -
hctctokaryons forced bctwcen two strains carrying type I and type I mDNA, it
~ was found that within the mtDNA of hc_teroplas__mons, EcoR1-5 fragments were



- rapldly and complctcly convcrted to the typc 1 polymorphxc form 'I'hls rcsult was
confirmed in studies involving different strams by Lexmm and Nargang (1986).
‘Mannella and Lambowitz (1979) suggest t that this conversxon isdueto

recombination between mitochondrial gcnomcs Thcy also stated that although thesc
particular fragmcnts do not appear to be assocxated with the supprcsswc
mitochondrial mutation, the results may decatc that suppressivity. is assocxatcd
with other loci mvolvcd in some type of umdnecuonal conversion that is
_ undetccmble by gross restriction analysis (Mannclla and Lambowuz, 1979). .
Rccent DNA scquence analysis of the typeII EcoR1-5 fragment of N. crassa
mtDNA has shown that the fragment contains the URFI gene, which is thought to

¢

. E encodc a component of the resplratory cham NADH dchydrogcnasc complcx

\(Burgcr and Werner, 1985) Sequence analyms of the type, II form of EcoRl 5 also
- revealed the presencc of a large class I intron in the URF1 gonc ‘Many class I and.
I introns havc been reportcd to contain open readmg frames, some of which have
been noted to encode protems involved in mRNA- ‘splicing. (Waring and Davxes a
1984; Michel and DUJOII 1983; Davies et al., 1982 Michel et al., 1982) The -
URF1 cl_ass T intron contains an Unidentified Reading F,rame_ (URF) that is 305.
B amino acids in length (Burgcr and Wérncr 1985). Thé signiﬁcancc of this intron |
and its readmg frame is not known although it appea:s it may have a pattern of
mhcntancc sxmﬂar to the intron of the 218 TRNA gene of yeast mitochondria (see
. below). ' |

_ The behaviour of thc insertion in thc EcoR1-9 fragment is quite dxffcrcnt |
from that in EcoR1-5. In heterokaryons forced between two strains carrying type |
and type Ia mtDNA (wildtype and [poky] rcspcc'tivcly) EcoR1-9 fragments were
converted to the type I insert containing form, at a frequcncy of about 70%
(Mannella and Lambowitz, 1979). Howcvcr, in similar cxpcnments, but usmg '

- different Neurospora sumns ([mi-3] (type I mtDNA) and wildtype(type II _

‘mtDNA), Lemire and Nargang (1986) found that the EcoR1-9 fragments were

- converted to the type II form ata frcquency of about 70%, a result opposnc to the
- earlier studies. 4

' - There are many cxamples of gene conversion events occurnng bctwccn
mitochondrial genes m yeast and othcr fungl Some of these may suggcst
mechamsms for the convcrsxon events noted in Neurospora For cxamplc, the ORF |
contzumng, opuonal intron of the yeast rmtochondnal 218 rRNA gcnc is transfcm:d' .
to non-intron containing strains by a unidirectional conversion proccss Strams that' .

©carry the intronic genc are called omcga"' (o)"') and those lachng the gene are ca.llcd .

-



omega (w") (Jacquler and Du]on, 1985 Macreadle et al., 1985) Crosses made

.. between the two strams resultin nonrecrprocal exchange between the two omega

alleles. The omega intron is,always inserted i into the omega~ 21S rRNA gene

jig the omegad and omegan mutations. The omegad
mutation occurs only in tHe omega™ strain and has been mapped to a location in the
1ntnon1c ORF of the (03"‘) 1S IRNA gene. The omegan mutation only occurs in the

~ except in the strains ¢

omega- strains ‘and is caused by a single base subsutunon in the omega - insertion
| region.. Both mutants prevent the conversion of the omega" 21S rRNA gene to the
~omega* form (Dujon et al., 1985; Jacquier and Dujon, 1985). The omega gene has
_been found to encode a double strand endonuclease that is specific for the omega™
site. Thus, the intronic ORF of the yeast 21S TRNA gene encodes a protein
: ‘responsxble for its own unidirectional insertion mto strains that contain the omega
insertion site (Jaquier and Dujon, 1985; Macreadre etal., 1985; Zmn and Butow,
1985 Colleaux etal., 1986; Kolodkin er al., 1986; Zinn and Butow, 1986) The
.; i anty of the umdrrecuonal conversron of the EcoR1-5 fragment of Neurospora
o to that of the omega gene in the yeast 21S rRNA intron. and the presence of an
~ intron‘in the URFI gene of the N. crassa EcoR1-5 type 1 mtDNA fragment -
suggests that the intron of URFl may be mvolved in the unidirectional conversron
of the EcoR1-5 fragment. S
' The varl genein yeast encodes a protein of the small m1tochondnal

ribosome subunit. The size of the protein is strain dependent.. “This polymorphism
has been found to be due to mseruons in the codmg regron of the varl gene ’

" (Hudspeth etal., 1982 Butow er al., 1985). All varl alle‘les have a 46 bp GC
cluster in the coding region of the gene termed the ‘common GC cluster”. Some of
the strains size polymorphisms are due to a second GC insert 146 bp downstream
of the "commth GC cluster" that has been designated the "a" insert and these
strains are des_lgnated a*. Ina* X a-crosses the at allele is preferentially
recovered whereas it is never recoveredina™ X a- cross(HudSpeth etal., 1984;
Butow et al., 1985). Two other inserts in the coding region also cause protein
length polymorphrsms The "b" and "bp" clements are AT rich inserts. The "bp"

. element isa pamal versron of the "b" element. The former element extends the

asparagme cluster i 1n the varl protem by two additional asparagme resrdues, the -

latter extends the cluster by six addmonal aparagme residues. Umdlrecuonal gene

- .conversion also. occurs with the "p" elernents but at-about 1/1 Sth the frequency of

the "a" clement. These three polymorpmc msemons may be present together or



separately in any given strain (Hudspeth et al’;'1984; Butow et al., 1985). Three

* additional GC clusters (unrelated to the common GC cluster) are found outside the
cod1ng region of the var 1 gene. Although they do not affect the var 1 protem

. these clusters do appear to be mvolved in umdn'ecuonal conversion- (Hudspeth et

~ al., 1984; Butow et al., 1985). _ ‘ _

, The ba31d10mycete Coprmus cinereus, has two different mitochondrial
genomes desrgnated J and H. These mtDNA types also show umdrrecuonal
conversion similar to that seen w1th the Neurospora crassa type Iand type I
mtDNAs. J and H differ with respect_to, the location of two different 1.23 kb -

-~ insertions (Economou er.al., 1987). J has its insertion located in the cyto,chrome

‘oxidase sub'unit 1 gene whereas the insert in the’H genome is located approximately |

2kbto one srde of the J site. In crosses between the two strams. fourtcen out of
' ﬁfteen mdcpendently derived mjtochondrial rccombmants contamed both inserts. -
The lack of cross hybndrzauon between the two inserts indicate they do not share
B extensrve sequence homology It was suggested that the "H" and "J" insertions
promote conversmn events that lead to thexr own mseruons into "H" and "J"

T mseruon sites (Economou etal., 1987).

Asperglllus nidulans and Aspergtllus nidulans- variant echmu[atus show 2
similar phenomenon. Thesé two strains have mitochondrial genomes that are '
identical except for six inserted sequences found in A. nidulans var. echinulatus,

* which account for 16% of its mitochondrial genome (Earl et al. 1981). Since these -
| inserts map within mitochondrial genes they are considered optional introns.
Strains used from thc two species were an A. nidulans p- ammobenzoxc acxd
- Tequiring strain carrying an ohgomycm resistance rmtochondnal gene and a
protrophic A. nid. var. echmnulatus strain can'yrngwt mtDNA Protoplast fusxon '
o between the two specres and sglection for prototrophs carrymg thc)olxgomycm
resistant extranuclear drug resistance marker of A. nidulans allowed the 1solauon of
_recombinant mitochondrial genomes inan A. Nid var. echinulatus background. ’
: .Analysrs of the recombmant mitochondrial genomes determined that three of. the A.
Nid var. echinulatus. mrtochondnal introns could be u'ansferrcd to Aspergillus
' nidulans mitochondria (Earl et al., 1981). This directional transfer could be either a
resuit of nuclear background selecuon, smce the nuclear background was:that of A. -
) mdulans var. echmulatus orit could be duc to gene conversxon Since the prescncc
- of the the inserts are known to be compatable with an A. nidulans nuclear

. ' background and similar phenomena occur in Neurospora where the nuclcar

o background is the same, Earl etal. (1981) favour the lattcr explanauon

10
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" Mltochondnal gene conversxon in Neurospora has also been noted by

Infanger and Bertrand (1986) The KG—I] cytoplasm1c trait of N. crassa was ¢

transferred to a N. sitophila nuclear background through backcrossmg of the
mutdnt as the female parent for ten generations to a wildtype N. sztop}ula Thus the
[SG-1] mutant essennally had the mtDNA of N. crassa and the nuclear genome of

- N. sitophila. N. crassa mtDNA differs from the mtDNA of N. sztophzla by
several DNA restriction fragment length polymorphisms. These insertion -
polymorphisms are thought to be due to optional introns.- When heteroplasmons

© were formed between N. snophzla w11dtype and [SG- 1] strains, unidirectional

- converswn was found to occur in the. mtDNAs of these heteroplasmons to yield the
maximum number of i msernons in the cytochrome oxidase subumt 1 and the
apocytochrome b genes (Infanger and Bertrand 1986) This’ phenomenon may be
the result of a mechamsm similar to the unldxrecuonal conversion observed with the
EcoRl 5 fragments of Neurospora crassa's type Iand type I mtDNA. _
) Umdn'ecuonal gene conversmn has been detected in cytoplasrmc organelles

of many other organisms. Dron et al. (1985) sequenced a fragment of DNA from

" inactivated from the insertion of two short sequences between two sets of direct
- Tepeats. These insertion events are believed to have occurred by a gene conversion

- the chloroplast and rmtochondnal genomes of Brassxca oleracea that both containa .’
. IRNA leu2 gene The copy in mtDNA is inactive and is descnbed as havmg been -

event. Thus Dron et al. (1985“pothe31ze that the mitchondrial copy of the tRNA o

arose from a umdtrecttonal transfer fnom the chloroplast genome and has been
, inactivated by the insertion (via a umduecuonal gene conversmn event) of two
: fragments into the gene. > .
o “Gene conversion has been observed in nuclear genes of several organisms.

‘ ~ For _example, Swanson and his coworkers (1986) det_e_rrmned that Gonococci -pilus
phase variation, like pilus antigenic variation; can occur by gene. conversion of the

“pilin structural ge/n: in Neisseria gonorrheae. Mating type switching in yeast also

occurs by a type of gene conversion process (Nasmyth 1982). A studyof -

_ nnmunoglobuhn V-region genes in hybndoma cell lines suggests that the d1ver81ty
of the V regron genes (V H, VK and Vlambda) are generated by gene conversion.

_ (Krawmkle etal., 1986) In chlckens it appears that diversification oﬁhght chain -

| sequences occurs by a segmental gene conversion mechanism (Reynaud et al.,

1987). Chickens construct a newly mod1ﬁed V region in each developmg B cell by

- pxecmg together (by gene conversxon) bits of pseudo-V genes with the rearranged v

‘ xeglon of the smgle funcnonal gene (Matzels, 1987; Reynaud et al 1987)
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Gcnc conversion was first noted through studies of nuclear recombmanon
in lower eukaryotes such asNeurospora, Ascobolus and yeast where all products A .
from an mdmdual mexouc event are retained together in an ascus. Through - : :
analysis ¢ of meiotic recombination it was dctcrmmod that non-mprocal /
recombmauon may occur relauvcly frequent.ly (Esser and Kuencn, 1967). This

| ,non-recnprocal recombination was referred to as gene conversion. Gene convcrsxon -
isa rcoombmanon mechamsm in which gencuo information is transfcmd from a T

“donor to a rcmplent moleculc Several models have been proposed to explain thc e

12

o mechanism of gene conversion. Mesclson and Raddmg (1975) suggcsted that thc '

- formauon of heteroduplcx DNA is a normal mtcrmcdxatc int bination and thc
process of correcting this’ heteroduplcx leads to conversion. 4’ 83 Szostak and _

- 'h1s colleagucs proposed a double-strand break repair mcchamsm' in which-the . . .

homologue 1s;uscd as the donor of mformauon (Szostak et al 1983) This would

~ lead to conversion of deleted mformanon on the gappcd chromosomc Hastings

©(1984) then suggested that double strand brea.k repaxr is used asa means of

resolving the heteroduplcx rather than being the initial event in the n:combmatlon

- process. The most recent model by ' Hamza et al. (1986) supports Hasting's v1cw y '
and’ proposcs that there are two types of gcnc conversion events. Gcnotypc- .

directed gene conversion assumes that the genotype of ono of the molpculcs crcatevs

 a preference for‘itself as donor and donor directed g'cnc.»convcrsion’occurs when the

reéipicnt (of the nick or double strand cut) is ptcfcrcntiauy excised and correction -

- occurs using the alternate molccule (the donor) (Hamza et al., 1986) Hamza et al

(1986). also indicated when a large heterology is involved in the hctcroduplcx there

should be parity in conversion as long as there is no outside influence on

conversion (ie. ffom a marker close by).



Research Propct B : i . 2
o In the preserit study, the sites of un1d1recuona1 gene convcrswn ﬁrst noted
‘ _-by,Ma.nnclla and Lambowitz (1978) i m thc EcoR1-9 and EcoR1-5 fragments were

- examined by DNA sequence analysw The EcoR1-5 fragmcnt of type I mtDNA was R

 sequenced to determine whether the URF1 intron was cxactly equivilent to the

- 1200bp insertion of the type I EcoR1-5 and whcthcr it was excised precisely from .
- 'the type I EcoR1-5 fmgmenL The sequence of the EcoRl -9 fragments was obtained -

in order to dctcrrmnc the nature and location of the €4, 50 base pair mscrt in the type
1 EcoR1-9 fragmcm. In order 10 correlate the converswn events with the

-~ transmission of the mutant phcnotypc heterokaryons were fermed between [mz-3] -

: (type I mtiochondrial DNA) and a wildtype (type Il mDNA) strain of Newrospora
crassa and thcxr DNA was analyzcd for frequency and direction of convemxon

: Cytochmmc spcctra analysis was performed on thc resulung heterokaryons after .

vaxymg gencranons of subcultunng Models.are proposcd to account for the
.' proposcd umd1rcct10nal conversion at these sites. L -



The N. crassa “strains used in this study are listed in Table 1. f

. Tdblel _ : RS
Newvsporaa'assastram }  Former name Genotype R Source
: NCNIO o nic2s0 | Amiela Benrand
 Nenar ol avotiza | A . | Lambowie
NCN45 1 | Amidipanz Lamibowitz/Akins
NCN109 - | HC-2a - | ‘eyb-lnic-lal-2.pan-2 | Berwand

" . *as described by Lemire anc Nargang, 1986 .

Permanent stocks of Neurospora strams were prepared by the procedure of ST

" Davis and e Serres (1970). Screw cap tubes (13 x 100 mm) were half filled with

" s111ca gel granules (Matheson: Coleman and Bell) then heat’ act1vated and stenhzed in

an oven at 180°C for one hour and 30. minutes. The tubes were then cooled with
caps tightened. Before use the silica gel tubes were precooled on ice.’ :
Reconstituted dry skim rmlk (10%) was stenhzed and 1'ml of milk was added to
comdra from 7 to 10 day old conidia slants. The conidia were. worked mto a . i

suspensmn and 0.5 ml was added to a cooled tube of srhca gel from the bottom of . .-

the tube up. The. tubes were left on ice for ten mmutes and then stored at -20°C

| o For routine lz;'b stocks, strains were grown on solid Vogels slants (Davis ’ |
- and de Setres, 1970) at 30°C for 2-4 days and allowed to comdrate in the ltght a
room temperature. The slants were stored at 4°C.

14
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B ial Cul Condition:
_ ¥ :
Escherischia coli strains (table 2) were grown and mamtamed in L-Broth
‘(Lennox 1955). Strains harbouring recombinant plasmids were grown in media
' ‘supplemented with the appropriate antibiotics (scc append1x). JM103 (Messing
-1983) was maintained on Davis minimal medium plus thymine and glucose (see
appendix). The strains were grown at 37°C on L-agar plates (see appendix)
supplemented with the required antibiotics. When screening for pUC plasmids
with i’nscrtcd‘DNA fragments, X-gal was added ét a c‘oncemratiori of 50 ug/ml and
IPTG was-added at a concentration of 25 ug/mi. GlyCcml stocks were prepared
~ from saturated ovcmlght cultures as descnbcd by Mamaus et al.( 1982) and stored at
-20°C

-

Table 2

Strain | Resistance | - Genotype . 3 Source Reference
HB101 | s ® | hsdR-, hsdM-, recAl3, Berwand |  Maniatis, 1982
‘ ara-14, SupE44, Leu B6, : '
lac Y1, pro A2, thi-l, - - |
rpsL20, galK2, xyl-5, md-1 .

4 e . s R araD(lac-pio), pSL, | Kelln Yanish et al., 1985
. _ thig80dLacZAM15,hsdR- ' -
JIM103 su R A(pro,lac), supE, thi, strA, | 'BRL _ Messing, 1983
- - "end A, sbc B1S, F traD36, | ’ :

pro AB, lacl % zmi3
Kurr1226 Chl . | F-, ara-14, Leu B6, Ton Al3, Kelln » bachman
‘ lacY1, tsx-78, supEd4, galK2, R | Stock center .
A", dom- 6, his G4, rpsL 136, | ' '
' ’ dam- 13::Tn 9, xyl-5, md-1 ¢
A - : thi-l, hsdr2 ‘ ,
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Conidial viability‘was determined to cnsurc an equal input of viable conidia

* into hetcrokaryon formation. Comdxa were suspended in dH20 and filtered

through sterile cheese cloth to remove pieces of mycelium. Conidia concentrations

‘were determined using a hacmocytometer Appropriate dilutions were plated-on
"appropnately supplemented sorbose plates (see appendix). The plates were o
incubated at 30°C for 1-2 days and wablhty esumated as the percent conidia |
gnowmg ﬁ'om the number plated. -

- Heterokaryons

~ Heterokaryons were forced by superimposing eQual ambums of viable
conidia'ﬁom two different auXotrop.hid strains of the same mating types onto
minimal solid Vogcl's conidia medium. The flasks were incubated at 30°C for 2- 4
days. The flasks were placed in the light to allow conidiation. A small amount of
‘conidia was passed on to fresh mlmmal sohd Vogel's flasks and slants for -
successive sub cultures '

Mitochondria and Mitochondrial DNA Isolation

\

Solid Vogel's medium in erlenmyer flasks was innoculated and mcubag::d 2-

3 days at 30°C then allowed to conidiate in the light. Liquid Vogel's medium was
 innoculated with conidia aud incubated at 30°C in a shaker until the culture reached ;

- mid to#ate log phase (usually about 16 hours for wild type Neutospora strains and

| .24 hours or longer for slow growing mutams)., Mycelia were harvested by filtering .
on a Buchner funnel with #4 Whatman filter paper. The mycelial pads were kept on
ice or stored at -20°C if the mitdchondi_ia were to be isolated at a latér date. All
procedures were performed at 4°C unless otherwise stated. The ruy_celia were

* ground using a mortar and pestle, acid-washed sea sand and grinding buffer (see
appendix)'.‘ About 1.5g sand and 1 ml of buffer was used for each gram of
mycelium. Once the mycelium was ground it was suspended in grinding.-.buffcr and
transferred to centrifuge tubes. The sand and ceilular debris were pclletcd in an SS-
34 rotor at 3,000 RPM for 10 minutes. The supernatant was then transferred to a
clean tube and the 3K spin was repeated. The supernatant was then centrifuged for



17

25 minutes at 12 ,000 RPM. The pelleted xmtochondna were used for cytochrome
spectra.(Bertrand and Pittenger, 1969) _

- The Neurospora strains used for isolation of type H and type I
mitochondrial DNA were NCN 10 and NCN 2 respecuvely (see table I).
Mitochondrial DNA was isolated as descnbcd y Collins et al. (1981) with mmor '
modxﬁcanons Mltochondna were purified by flotation gmd1ents as described by
Lambowitz (1979) except Tris-HCI was used- instead of Tricine KOH.

The mitochondrial pellet was resuspended in 60% sucrose buffer (see
‘appendix). An aliquot of 80% sucrose buffer (see appendix) was added if the
mitochondrial suspension was not denser than 55% sucrose buffer (see appendlx)
The mitochondrial suspensxon was transferred to SW40 centrifuge tubes
(Beckman), three rnls of 55% sucrose buffer was layered on top of the
mitochondrial suspcnsxon and the rest of the SW4O tube was filled W1th 44%

- sucrose buffer (see appendlx) The tubes were centnfuged at 38,000 rpm for one
and a half hours The rmtochondnal band was collected from between the 55% and

Mltoc ondria from heterokaxyons (betwecn NCNI10 and NCN45) were
isolated by a step gradlent as described by Nargang and Bertrand (1978).The step
gmdlent was constructed by layenng 6ml of 0.8M sucrosebuffer (see appendix)
over 6 ml of 2M suerose buffer (see appendlx) in a sorval §S-34 wbe. The .
mitochondrial suspension, in 15% sucrose grinding buffer, was then layered on the
0.8M sucrose and spun at 18,000 rpm for one hour in an $5-34 rotor. The
mitochondrial band was collected from the mterface of the 2M and 0.8M sucrose
buffers. '

The sucrose ‘was dxluted from the rmtochondnal suspensmn to about 15%
by adding SOmM Tris-HC], 5mM EDTA to the mitochondria and centrifuging at
12,000 RPM for 30 minutes in an §S-34 rotor. A sample of this rmtochondna was
used for cyotchrome spectra (see below). The bulk of the rmtochondnal pellet was
resuspended in 2 to 5 ml of 50mM Tris- HCl 5mM EDTA. 10% SDS was added to
- a final concentration of 1% SDS: The remaining procedures were performed at |
room temperature. ‘The sample was extracted twice with water-saturated phenol
once with chloroform:isoamy] aicohol (24:1) (see appendlx) and d1a1yzed overmght _

agamst lOmM Tris- I—ICl1 pH T6at 4°C, 5SmM EDTA. 50 ul of RNase A (see

'In all cases, unless otherwise specified, Tris-HCL used is pH 7.6 at 4°C
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appendax) was added and the samples incubated at 37°C for 30 minutes. 1 gram of"
_ CsCl 'was added for every mi ‘of solution and 5 ul of ethidium bromide (lOmyml)
was added for every ml of CsCl soluuon This was transferred to quick seal tubes
and spun in a VTi63 rotor for 6 hours or more at 54,000 rpm Both bands (nicked
and supcrcoded) were collected and the ethidium bromxdc was extracted with salt-
saturated isopropanol (see appendix). The samples were dmlyzcd overni ight against
* 10mM Tris-HCl, 5mM EDTA . The mitochondrial DNA was stored at -20°C.

Mitochondrial cytochromes were analyzed using the method of Bertrand and
Pittenger (1969). A small amount of isolated mitochondria were ccntnfuged in a
' mlcro-centnfugc for ﬁve minutes. The supernatant was discarded and the

mitochondria were resuspended in 3 mls of 2. 5% deoxycholate 10 mM Tris-HC],
© 5mM EDTA The samples were centrifuged for five minutes in'a mxcro-ccnmfugc

and the supernatant transferred to two cuvettes. Both tubes were scanned from 650

to 500 nm on a Shimadzu UV-265 spectrophotometer for a base line. The lysed
mitochondria in the reference cuvette were then fully oxidized with potassium
ferricyanide and lysed mitochondria in the sample c'uvettc were reduced by addition
of sodmm dithionite. The samples were then rescanned from 650 to 500 nm to
obtain oxidized versus reduced dlfference spectra.

/9 . ?

' Restriction Digests ' |

Ay
t

Restrictions dxgests were camed out followmg the restncuon enzyme
supphers specxﬁcauons

[

' Agarose Gel Electrophoresis

Restriction enzyme digests were analyzed byvagarbse gel clccirophofcsis.
(Maniatis er al. 1982) Gels were made to 0.8% agarose in 0.1 M Tris-Borate
‘buffer, pH 8.3, 2 mM EDTA(see appendix). The gels contained ethidium bromide
ata conccmrauon of 0.5 ug/ml. (Maniats ez al. 1982) The DNA sample was made

to 5% glycerol by adding one tenth loading dye (see appendix) just before loading. -

Electrophoresis was carried out at 25 -100 volts on a constant power supply.

-
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“".’ Devel ,fEl 455 8 'IE'!:

The negative was placed in 18% Sodium Sulphite (see appendix) ahd
agitated to remove emulsion (ca, one minute). The negative was then placed in a
21°C water bath for five minutes then dipped in Photoflo (see appendix) for 30
seconds to prevent spotting on the ﬁlm. Before hangmg to dry, the ncgauve was

nnscd with dcxomzcd water.

.‘...‘. -

Purified type II,m_itochongirial DNA was cut with restriction enzyme I_:'fcoRi
and the fragments were shotgun cloned into pUC19 (Y anisch- Perron et al., 1985).
The hgated recombinant vector was then transformed into competent cells ofthe E..
coli strain JM83 Table 3 shows a list of the recombinant plasmxds used in th15

study
Tablc3 ‘
Recombinant| Plasmid | MDNA | MONA | N.crassa® | Transformed
'Plasmids vector fragmeént " type “strain source | E. coli strain
pHBE-S | pBR322 | EcoRLS i 74A HB101
1 ) Kurr1226 -
pAS 2 PBR32S | EcoR1-5 I NCN20 | JMS3
| » - o Kurrl226
. pAHE-4 pUC19 | EcoR1-9 i NCN 10 | JM83
. o .. - | Kumi226
v . , ‘ . ™ . +
pAHE28% | pBR32S | 'EcoR19 - I NCN20 | JM83
R | Kumi226

" 1 generously donated by H. Berrand

2 obtained by screening clones prepared by E.Lemire -




v ~Ten mls of L-Broth were innoculated with the éppropriate E. coli strain and
grown to saturation overnight at 37°C with shaking. 200, ul of the overnight culture
was used to mnoculate 25 ml of L-Broth which was shaken in a 37°C incubator
until the culture reached mid-log phase (A600 ¢a, 0.5). The cells were pcllctcd ina
sterile centrifuge tube in an S§-34 rotor at 7,000 RPM for 5 minutes at 4°C. The

' cells were gently rcsuspended in 10 mlis of transformation mix#1 (see appendlx)

and again pelleted in an SS-34 rotor at 7,000 RPM for 5 minutes at 4°C. The pellet

was then gently resuspended in 5 ml of transformation mix #2 (see appendix) and -
left on ice for 30 minutes to 24 hours. The cells were then pelleted in an $S-34
rotor at 7,000 RPM for 5 minutes and gently resuspended in a small volume of cold
transformation mix #2_(approx_ixi1atel‘y 250 ul per 1igation mix). If the amountof
ligation mixture to be used was greater than one tenth the volume of competent cglls
used then the hganon mixture was made to 100mM CaCl2 with sterile IM CaCl2
~ before addition to the competcnt cells. ‘After addition of the ligation mixture, the .

‘ : suspcnsmn was incubated onice for 30 to 60 minutes. Appropnatc ahquots (ca.25

ul to 150 ul) were plate,d on selective media and incbated overnight at 37°C.

. ‘Resistant colonies were screened for recombinant plasmids contmmng
EcoR1-5 fragments and EcoR1-9 fragmcnts from both Typc I and Typc a
mltochondnal DNA. This was done by analy81s of plasnndmnxprcp DNA and
ﬁltcr colony hybridization.

Rgpig Plasmid -migi-p_reg

The proccdure followed was that of Blmbmm and Doly (1979). 10 mls of
L-Broth supplemented with the appropriate antibiotic was innoculated with a single
resistant colony and incubated overnight at 37°C with shaking. 5 ml of the
overnight culture was centrifugéd in an SS-34 rotor at 7,000 RPM for 10 minuytes at
4°C. The pellet was reSUspcnd_ed in 200 ul of glucose buffer (see appendix) and
transferred to a 1.5 ml eppendorf tube. 400 ul of freshly prepared alkaline-SDS
solution (see appendix) was added, mixed by inversion and left on ice for 5
minutes. 300 ul of cold 3M NaAc, pH 4.8 was added, mixed by inversion and left
on ice for 10 minutes. If a clot formcd then the samplc was Mmicro cenmfugcd for
five minutes to pcllet the clot. If no clot fonned then 50 ul of water saturatcd
phcnol was addcd mixed wcll and micro centrifuged for 5 mmutcs 750 ul of

S
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supcmatam was transfcm:d t0 a clean. cppcndorf tube and 450 ul of cold

i isopropanol was added. 'I'hc solution was mixed and then placed at ~20°C for 5
‘minutes. The sample was then micro centrifuged for 5 minutes and the supernatant
decanted. The pellet was rcsuspcndcd in 200 ul of TN- buffcr (see appendix). Thc
tube was ﬁlled with 95% ethanol and micro centnfuged for 5 minutes. The
:supcmatant was decanted and the pellct dryedin a vacuum dessicator. The pellet
was rcsuspcndcd in 100 ul of dH20 and 10 ul was used for each restriction digest.
2 ul of RNase A solution (see appcnd1x) was also added to each dlgesL The .
samples were then analyzed by agarose gel electrophoresis.

A 10 ml saturated overnight culture of an E. coli strain containing a
recombinant plasmid was used to innoculate 500 ml of L-Broth supplémentéd with
the appropriite antibiotic. The culture was placed in a 37°C shaker until it reached
late 1og phase. Then chloramphcmcol was added to a final concemrauon of 170

. ug/ml. The culture was left shakmg at 37°C overnight. The cells were pelletcd ina

Sorval GSA rotor at 5,000 RPM for 10 minutes at 4°C.. The cells were then
: rcsuspcndcd in 2 ml of 25% Sucrose Buffer (see appendix). A small amourit of .

" solid lysozyme (ca. 10 mg) was mixed into the cell suspension and left on ice for
10 minutes. 2 mlof 0 25M NagEDTA pH 8.0 was added and the mixture was left

on ice for 10 minutes. Following this, 4 ml of 4% Triton X- 100 was added and the -

suspension was left on ice for an addmonal 10 minutes or until it became viscous.
The samplcs were then ccmnfugcd in an SS-34 rotor for 30 mmutes at 18,000

RPM and 4°C. The supernatant ‘was decanted i into a clean tube and 0.6 volumes of

-cold- 1sopropanol was added. Thc samples were mixed and left on ice for 10
-minutes. The nucleic acids were pelleted by centrifuging in an §S-34 rotor for 15
mmutcs at 12, 000 RPM arid 4°C., The isopropanol was decanted and any
1sopropanol remmmng on the sides of the tubes was removed wuh tissue. The.
pellet was rcsuspcnded in§ ml of dH20 using a pasteur pipet and the msoluble

,matmal was pcllcted in an SS-34 rotor centrifuged at 10,000 RPM for 15 minutes
at 4°C. The supernatant was collected and 1.0 gram of CsCl and 600ul of ethidium -

' bromide (10 mg/ml) was added for every ml of solution. The samples were left for
15 to 30 minutes in the dark at room temperature then ccntnfuged in a SS-34 rotor
" for 15 minutes at 15 000 RPM and 4°C. The samples were then transferred to
qmck-scal tubcs and spun for 6 hours or more at 54,000 RPM ina VTi65 rotor or
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‘at 48 000 RPM for 12 hours in the VTi50 rotor at 20°C. Thc lower band (supcr
coiled DNA) was collected. 'I'he ethidium bromide was extracted using salt-
saturated 1sopropanol ‘and the samplcs dialyzed agamst 10 mM Tris-HCl, 1 mM
EDTA The plasmxd DNA was stored at -20°C

lasmid DNA Isolation '1

~ The procedure followed was that of Maniatis et al, (1982) with some
variations. An overnight 10 ml culture of the E. coli strain containing one of the

* recombinant plasmids \3as used to innoculate 1 litre of L-Broth containing the

' appmpriate antibiotic. The culture was grown in a 37°C shaker overnight. The

~ cells were pelléted in either a GS-3 or GSA rotor at 5,000 RPM for 10 minutes at
4°C. The cclls were resuspended in 100 ml of STE buffer (scc appcndlx), divided
between four screw cap SS-34 tubes and pclleted ina SS-34 rotor at 7 000 RPM
~for 10 minutes at 4°C Each: pellet was then resuspended in 10 ml of 10% sucrose
buffer (see appendxx) 2 mlof freshly prepared lysozymc soluuon (IOmg/ml in
0.25M Tris-HCL) and 8 ml of 0. 25M Na2EDTA, pH8.0 wcrc then added to each

bl < of the tubes, mixed by 1 mvcrsxon, and left on ice for 10 to 30 minutes. 4 ml of 10% E
- SDS was then mixed in gently followed by 6 ml of SM NaCl The wbes were then

placed on ice for 30 to 60 minutes with occasmnal rmxmg The tubes were
centrifuged at 18,000 RPM in an SS-34 rotor for 30 minutes at 4°C to remove hlgh
‘molecular weight DNA. The supernatant was transferred to a clean 58-34 sorval
tube and 0.6 volumes of 1sopropanol added. The tubes were then mixed and left on
ice for 10 minutes. The nucleic acids were pelleted by centrifuging at’ 12,000 RPM
for 15 minutes at 4°C. The isopropanol was carefully décantcd and any droplets of
isopropanol were removed with tissue. The nucleic acids were rcs‘uspéndcd in7ml
- of dH20 using a pasteur pipet. The insoluble material was pelleted by ccntnfugmg
at 10,000 RPM for 5 minutes at 4°C. The supernatant volume was measured and 1
gram of CsCl was added per ml of solution. 600 ul of ethidium bromide (10
'mg/ml) was added before centrifuging at 15, 000 RPM for 15 minutes at 4°C i in an
S§-34 rotor. The supernatant was transferred to V65 quick seal tubes and

. centrifuged for 6 hours at 54,000 RPM. The lower band (super coiled DNA) was
collected and the ethidium bromide extracted using salt-saturated isopropanol. The
sample was then dlalyzcd agamst 10 mM Tris- HCl, 1 mM EDTA 'I'hc DNA was
stored at-6°C.
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- Recombinan’f plasmlds were cut with the appropriate enzymes following the
suppliers recommendations. The fragments were separatedby agarose gel’
’clectrophoresxs The xmtochondnal DNA fragments were electrophoresed onto NA-
" 45 paper (Schlelcher and Schuell Inc. 1984) or DEAE paper (Whatman ion

exchange paper: DES81) and extracted according to the suppliers directions.
The NA-45 strip was placed in an 1.5 ml eppendorf tube, washed with
-dH720 and then low salt NET buffer (see appendix). 250 ul high salt NET buffer
(see appcndxx) was added to the eppendorf and the sample micro-centrifuged for 5
seconds. The tube was then incubated at 55°C-60°C for 10-45 minutes. The buffer
was removed to a clean eppendorf and the NA-45 strip was rinsed with anothek °
- 50ul of high salt NET buffer. The sample was then extracted twice with water
saturated phenol and once with chloroform isoamyl alcohol (24:1). It was then
- either dialyzed on a 0. S5up pore size filter (Sart fus or Milipore) against 10 oM
Tris-HC], "1 mM EDTA or ethanol precrpnated and resuppended in an appropriate
amount of deO (usually 100 ul)
"When DEAE was uscd the paper was packed loosely in the end of a blue
eppendorf tip using a pasteur pipet. The paper was washed with 1 ml of dH20
once and thrce times with Low Salt Buffer (see appendrx) by forcing the liquid -
| through usmg a P1000 pipetman. The base of the blue tip was sealed usmg
paraﬁlm and 200 ul of High Salt Buffer (see appendix) was added After 2 hours at
4°C another 200 ul of High Salt Buffer was added and the buffer collected in an
. eppendorf tube.- The sample was phenol extracted twice with an equal volume of
. water saturated phenol and once with chlorophorm isoamyl alcohol (24 1) The
DNA sample was then elther dialyzed on a 0.5 filter (Sartorius or M111pore)
against 10 mM Tris-HC], 1 mM EDTA or ethanol precrpltated and resuspended in
‘an appmpnate amount of dH20 (usually 100 ul).

. . . A
S.“mmmnm . -,
~ . .. .

, * Purified fmgments were cut with various restriction enzymes and ligated
into the cloning sites of the M13 vectors. mp18 and mp19 (Messing 1983).. The . 2
ligation products were then transfected into competent TM 103 cells (Messmg1983)



Subcloncs were also produced using the Dalc proccdurc (Dalc et al. 1985)
to producc delcuons in the single-stranded M13 DNA clones

* M13 Transfection

. AIM103 colony was used to mnoculate a 10 ml tube of DM medium
containing thiamine plus glucose and grown to saturation ovcmxght “Two 25 ml
LB ﬂasks were innoculated with 200 ul from the fresh IM103 overnight. One flask
was grown to mid log phase (A600 ca. 0. 5)-at 37°C, the other flask. was left
shaking to saturation for lawn cells. Competent cells and transfecuon wereas
described prcwously (transformation). 25 -150 ul aliquets of the transformanon
' mixture were added to soft agar tubes (see appcndlx) contaxmng 0.25 ml lawn
cells, 10 ul IPTG (25 mg IPI'G/ml of dH20) solution and 50 ul X Gal solution (25
mg X- gal/ml of Dlmethyl formarmde) ‘The soft agar was thcn ovcrlaycd onto L-
Agar plaﬁfs and mcubatcd ovemlght at 37°C..

. M13 Single-Stranded DNA I cofarion

j A fresh plaqué was picked using a sterile pastcuf pipet and the plaque was
blown into a 25 ml L-broth flask containing 100 ul of innoculum from a fresh -
| sann‘atcd JM103 overnight culture. The culture was grown for 8 to 12 hours at
37°C with rapid shakmg The cells were pclleted by centrifuging in an SS-34 rotor
at 15,000 RPM for 30 minutes at 4°C. The supernatant was.decanted into a clean
tube immediately after cenu'ifugation andv7 ml of 10% PEG solution (see appendix)
was added. A phage stock was preparcd by removmg 1 mi of the supcmatant
before addmon of PEG and storing it at -20°C: The samples wcrc left on ice for 30
minutes.or ovcrmght at 4°C. 'I'he_ samples were allowed to become turbid before
‘they were centrifuged in an SS-34 rotor at 12,000 RPM for 20 minutes. The tubes
were left to dram at 4°C. Excess PEG was wiped away with a tissue-and the phage
pellet bresuspended'in 650 ul of phenol extraction buffer (see appendix). The
samples were transferrcd to eppendorf tubes. 10 ul of 10% SDS and 10 ul of
Protease K solution (scc appendix) were addcd to the samples which were then
| incubated at 37°C for 30 minutes. ‘The sample was then cxtractcd twice with water
samratated phenol and once with chloroform: 1soamyl alcohol (24 1) before cthanol



*

" precipitating. The DNA was drycd in a dessicator and rcsuspcndcd in 50 ul of

dH20. 2105 ul was analyzed by agarose gel clcctrophoresrs as described above.

Mpli8 single-stranded DNA was used as a standard 0 dctcrmmc size and
concentration. ‘

I:II!: Sequ

The M13.sub clones were scqucnccd using th¢ Sanger (Sanger et al. 1977)
sequencing method. Single-stranded DNA clones were constructed using :

- M13mp18 or M13mp19 phage vectors. (Y anisch-Perron et al. 1985) The phage

'DNA was isolated as described above. Single-\strandc‘d DNA template (¢a. 0.5 to
1.0 ug) was annealed to an appropriate universal M13 primer (Régional DNA
Synthesis Laboratory) in 7 mM Tris-HCI, pH 8.0, 0.7 mM CaCly, 50 mM NaCl
(total volume of hybndlzauon was 12 ul) The hybridizations were made either i in a
pullcd caplllary tube or a 1.5 ml eppendorf. Annealing was achieved by placing the

o samplc in boiling water and alkwmg it to cool slowly to at least. 37°C. The sample

was then transferred to a well in a Nunc microwell plate (60 wells per plate with

lid). 1ul of dithiothreitol and 1 ul of the radioisotope were added. The

raldmsotopcs used were either alpha 32P—dATP (> 600 Cif§amol) or alpha 358-

. dATP (> 1000 Cr/mmol)

' The reaction was started by addition of 1 ul of Klenow fragment (1 umt/ul)
The rcacnon was mixed well and 3 ul was transferred to four adjacent wells. 3 ul
of A, C, G, or T mix (see appendix) was added to the apprqpriate well, mixed, and
left in an air incubator for 10 minutes at 45-55°C. 1.5 ul of chase mix (see

' appcndlx) was then added and the samples were left mcubaung for another 10
minutes at 45 55°C. (It should be noted that for 358 reactions the samples could be
left for 20 rmnutc incubation periods in order to obtain better incorporation of the’
radioisotope.) Formamide stop dye (see appendix) was added and the samples
transferred to eppendorfs. The samples were denatured by placing thcm_in boiling
water for 5 minutes. The samples ‘were then loaded onto a gel of 6% aérylamide
(prcpared form 40% acrylamxde/bls-acrylamrfic (19:1) (w/w)stock), 8.33 M Urea, -
0.1 M Tris-Borate, pH 8.0, 2 mM EDTA. The samples were run at a constant -
power setting of 20-45 watts for a 40 cm X 20
the wattage was adjusted appropriately. '

X 0.25 mm gel. For longer gels
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Autoradiography -

355 gels were dryed in a vacuum dryer (on-th model 483 slab dryer) at
. 80°C. 32p and 358 gels as well as Southern transfer and Filter colony
| hybndazauon blots were exposed to Kodak XAR-5 film in film holders or cassetes. .
32p gels and hybndlzauon blots were kept at -20°C.. After sufficient exposure time
| (16 to 48 hours) the film was developed manually usmg Kodak developer and fixer
followmg the suppliers i mstrucuons *

DNA‘ Sequence Ahﬂygig

' DNA sequences were analyzed with the Beckman 'Microgenie program.
The tRNA. search was performed using the Staden (1980) tRNA search program. .

N

fer "Filtrc'ln'h ridization

The probe was labeled by the techmque of Femberg and Vogelstein -
(1983 1984). The DNA (0 2 ug to 0. 5 ug) was brought up'to a volume of 32 ulin
an eppendorf tube. The sample was boiled for 2 minutes then placed on ice and 2ul |
. of BSA (bovine serum albulrmn 10 mg/ ml) was added 10 ul of OLB (see |
- appendix) and 5 ul of alpha 32P-dC'I'P was added: The labeling reaction was '
started by adding 2 units of Klenow. The sample was placed at 37°C for 2 hours to -
ovemight.. Stop buffer was 'added-(sec appendix) and the sample run on a sephadex -
G50 column to remove the free nucleotides. The sample Was counted and counts
_ fper mmute (cpm) per ug of DNA was calculated for addition to the hybndlzanon
'soluuon - L

Recombmant plasmid was cut with the appropnate restncuon enzyme

followmg the suppherJ s recommendations and the fragments were
'electrophoreUcally separated on a 0.8% agarose gel as described’ previously. The
DNA was transferred to biodyne membrane and hybridized to radioactive probe
following the procedures recommended by the suppliers (ICN Biomedicals Inc.
1986).  The agarose gel was placed in denaturing solution (1.5 M NaCl, 05M
NaOH) for 30 minutes on a slow shaker. The gel was then neutrahzed by placmg it
in neutralizing solution (3M Na acetate, pH 5.5) on a slow shaker for 30 minutes.
The gel was then placed on plastic wrap and a piece of gel sized biodyne membrane

was placed on top of the gel. A stack of paper towels and and a 1 kilogram weight



‘were placed on &) of the gel for 12 hours to overnight to allow transfer of thé DNA

" to the biodyne membrane. The membrane was then baked at 80°C for 1 hour.
| The membranes for filter colony hybrization were preparcd by placmg |
sterile biodyne paper on L-broth plates supplemented with the appropriate
anitbiotics. The transformed colonies were patched onto the membrane and
~ incubated overnight (or transferred to chloramphenicol plates for amplification).
" The biodyne membrane with colonies on its surface was then soaked with
denaturing solution (1.5 M NaCl, 0.5 M NaOH) in a petri dish for 5 minutes and
then with neutralizing solution (3M Na abetatc, pH 5.5) for 5 minutes. The
biodyne was then rinsed with \gzO and baked at 80°C for 1 hour.,

The prepared biodyne membranies were then prehybridized by sealing the
membrane in a plastic bag with prehybridization solution (see appendix) for a
minimum of 1 hour in'a 65°C water bath. The prehybridization solution was

diséardcd and hybridization was obtained by sealin more prehybridization solution’

,and the prepared probe with the mcmbranc in the plastic bag. The sample was then
left hybndmng a minimum of 16 hours in a 65°C water bath. The membrane was

o thcn rinsed with wash buffer (5 mM Naphosphate pH7.0,1 mM EDTA, 0.2%

'SDS) by shakmg on a slow;shaker and checking mdxmsotope counts every 30

minutes until the background was clean. The membranc was then sealed in a plastic.

bag and set up for autoradiagraphy.

-
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RESULTS
Clones of. Mitochondrial DNA for Further Study . -

~ The two polymorphic forms of N. crassa mitochondrial DNA that are of

concemn in this thesis are type I and type I. The two forms are routinely r
distingu‘ished by their electrophoretic pattern of restriction fragments following
EcoRI dlgestlon (Fig. l) As first descnbed by Mannella and Lambowitz (1978
1979) type I mitochondrial DNA contains a ¢ca, 1200 base pair insertion in the
EcoR1-5 fmgment relative to type L. Type I mitochondrial DNA contains a ¢a, 50
base pair insertion in the EcoR1 9 fragment relative to type IL. (see Fig. 2) The
' Neurospora crassa strains uuhzed to isolate type Iand type II mitochondrial DNA'
- were NCN 20 and NCN 10 respectively (see table 1 in Materials and Methods).

In order to obtain large amounts of the EcoR1-5 and EcoRl 9 fragments
from the two types-of mitochondrial DNA, all four fragments were cloned into
bacterial plasmid vectors. Unscreened isolates from a hbrary oftypel
. _mltochondnal DNA EcoRl fragments cloned mto plasmid pBR325 wete prowded
) E. Lemire (Department of Genetics, Umversxty of Alberta). ‘These were
digested with EcoR1 and electrophoresed on an agarose gel . Purified typc I
ondrial DNA digested with EcoR1 clectrophofesed on the same gel to
size standard for the fragments carried in the various clones. (Fxg 3)
‘Plasmid A5 (Fig. 3, lane E) was found to contain the EcoRl 5 fragment of type I

rmtochondnal DNA and chosen for large scale isolation of this fragment. A
plasmld designated AHE-28 (Fig. 3, lane L) , was found to contain the EcoR119.
fragment of type I mitochondrial DNA. It was later found that this clone also
contained the small EcoRl 11 fragrnent. AHE 28was chosen for large scale
isolation of the EcoR1-9 fragment. :

mit
7
- Serve

~ Because of possible nuclear DNA contamination m the isolation of the type

_ I EcoR1-9 fragment, it was deemed necessary to confirm the identity of the

EcoR1-9 fragment in AHE28 and subsequently in the plasmid chosen for type 11

*EcoR1-9 large scale isolation (see below). Therefore, type [ EcoR1-9 fragment
was purified from an agarose gel in which Type I mtDNA digested with EcoR1 had
been electrophoresed. The isolated fragment was then labelled with.32P. Southern

analysis, utilizing the labelled type T EcoR1-9 fragment as probe, confirmed that

~ AHE-28 contained the type I EcoR1-9 lﬁ!‘agment.(Fig'. 4and 5,lanes Cand D) The

0
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EcoR1-9 ﬁagment was also cloned into the phage vector M13mp19 in both
onentanons (Fxg 4 and 5, lanes F and G) ‘
A clone of the type II version of EcoR1- 5 carned in plasmid pBR322’ was
' ,kmdly provxded by H. Bertrand (Department of Blology, Umver51ty of Regina). In

’ order to obtain a clone of the type II EcoR1-9 fragment, type I rmtochondnal DNA =

was isolated from strain NCN10 ( table 1) and dlgested with EcoR1. The -
- . fragments were "shotgun” clon&l into plasmid pUC19 that had also been d1gested

* with EcoR1. The ligation products were transformed into strain JM83 and plated
on L-agar containing amplcdlm X-gal and IPTG. White colonies were patched
onto blodyne membmne and exammed by filter colony hybndlzauon as described in
Materials and Methods The lysed colomcs were probed with 32p.labelled EcoR

9 fragment punﬁed from plasrmd AHE-28.. Several colonies were chosen for -
: further analysis. (Flg 6) Their plasmid DNA was 1solated digested with EcoR1,

| oo and analyzed by’ agarose gel electrophoresm (F1g 7) The DNA was further
: ’exammed by southern analy51s usmg 32P-labelled EcoR1-9 fragment punﬁed from

plasmid AHE- 28 as the probe. (Flg 8) A plasrmd de51gnated AHE-4, was choserr
" for large scale isolation.and analys1s of Lhe type Il EcoR1-9 fragment

Table 4 summanzcs thie recombinnt plasmids used in this study Figure 9
shows the two types of mitochondrial DNA and each of the recombmam plasrmds
used in the study. .

. Table 4
Recombinant. | DNA Type | EcoRl

Plasmid |~ T 'Fr’agmem"
AHE 28 | Type I " 'EcoR1-9

a5 | Typel | EcoRi:s -

Type I | EcoR1-9

Type II. | EcoRl-5 S

iol
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Figurel - | : _ '
Agarose Gel of Type I and Type Il Neurospora crassa
Mitochondrial DNA Digested With EcoRT"

NCN 10 and NCN 20 mtDNA was cut with EcoR1 and electrophoresed in a
0.8% agarose gel. Lane 1 'c'onté;ins NCN 20 mtDNA and Lane 2 contains NCN 10
mtDNA. o o o -
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Figure 2 ) L :
h Map of Neurospora Crassa Mitochondrial DNA

Neurospora crassa mt DNA map adapted from Burger and Wemer (1985). -
The inscrﬁons found in the EcoR1-9 and EcoR1-5 fragment of the type Ifand type 11
" mtDNA (_réspectively) are indicated on the EcoR1 restriction map of the inner circle.
Mito_chondn'al genes are indiC'atgid onthe outer circle. Exons are indicated by black
boxes. Unidentified intronic reading frames are indicated by grey boxes. (RNA ~ -
genes are indicated by thin bars. COI, COII, and COIII: genes encoding
_ 'cytochrome oxidase subunits 1,2 and 3 respecuvely COB: gene encoding _
apocytochrome b. ATPase 6: gene encodmg subunit 6 of mitochondrial ATP .
synthase. ATPase 8: gene encodmg subunit 8 of mitochondrial ATP. synthase.
MAL ORF with homology to subunit 9 mnoch_ondnal ATvaynthasc. s-TRNA:
gene encodmg the mitochondrial small yibbsomal subunit. 1-rRNA: gene encoding
the mitochondrial large ribosomal subunit. putative S5: small mitochondrial
\nbosomal subunit protein encoded in I-IRNA intron. URFs: unidentified ncadmg
}'rames- some of which have homology to mammalian URFs known to cncodc
subumts of the NADH dehydrogenase complex. -



1118 bp insert
type 1l mt DNA
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Figure 3
‘Agarose Gel of Type I Mitochondrial DNA EcoR1 Fragment
, L1brary Clones Digested With EcoR 1

. The DNA was electrophorescd in'a 0.8% agarose gel Lanes A and B:
EcoRl cut type I mtochondrial DNA:. Lanes C and D: EcoR1 cut type Im -
mitochondrial DNA. Lanes E to L: Clones from type I mitochondrial DNA EcoR1
library in pBR325 dlgcsted with EcoR1. Lane M: EcoR1 cut pBR325.
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- Agarose Gel of Plasmid-AHE-28, EcoR1-9 Type I Fragment
and Mp19 Clones Containing Type I EcoR1-9

. The DNA was electrophoresed in a 0.8% agarose gel. Lane A: Lambda _
DNA éut with EcoR1 and Hind II for marker DNA, Lane’B‘: pBR325 cut with

~ EcoR1, Lane C: Plasmid AHE-28 cut with EcoR1, Lane D: purified type I EcoR1-9

fragient, Lane E: type I mitochondrial DNA cut with EcoR1, Lane F and Lane G:

single stranded M13 mp18 vector containing the type I EcoR1-9 fragment inserted

in opposite orientations (clones GBG2 and GBG7 respectively).






' Figui‘e 5
’ - Southern Blot IdentxfymgPlasmxd AHE-28, '
EcoRl 9 Typc I Fragment and M19 Cloncs Contammg Typc I EcoRl 9

- The DNA in the gél Shown in Fig. '3 wzfs transferred ';o‘biodync membrane
- and probed with 32P labeled EcoR1-9 fragment. Type I EcoR 1'-‘_9 fragment was
purified from an agarose gel in which Type I mtDNA digested with EcoR1 fiad -
been electrophoresed and was labelled with 32p, The blot was autoradiographed
as described in Materials and Methods. Lane A- Lambda DNA cut with EcoR 1 and
Hind III, Lane B- PBR325 cut with EcoR1, Lane C- Plasmid AHE-28 cut wu\h
EcoR1, Lane D- purified type I EcoR1-9 fragment, Lane E- type | ml_tochondnal
DNA cut with EcoR1, Lane F and Lane G- single stranded"M13 mp18 véctor
-containing the type I EcoRl 9 fragment inserted in opposue onematxons (GBGZ

- and GBG7 respectwely)
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Figure 6 - A ' : o
' Filter Colony Hybridization of Shotgun Cloned Type 11
Mxtochondnal DNA Fragments - Selection for Cloned
EcoRl 9 Typc 1 Fragments

-E. coli colonies contamlng{%comblnant Pucl9 vector contammg inserts
“from type II mitochondrial DNA were grown on blodyne membrane that had been
-placed on selective media. - The colonies were lysed and the membrane prepared for .
filter colony hybridization as described in Materials and Methods.32P labeled type I
EcoR1-9 fragment isolated from ﬁlasmid AHE-28 w_aS used to probe for the
celonies carrying type I EcoR1-9 fragments. Colonies labeled 1 through 9 were
those chosen for further analysis as described in the text.
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Figure 7 | -
Agarose Gel of the Potential Type Il
EcQR1-9/pUC19 Recombinant Plasmids

The EcoRl cut DNA was electrophoresed in a 0. 8% agarose gel Lanes A
F,and L: Type 1 rmtochondnal DNA cut with restriction enzyme EcoR1, Lanes
'B,C,D, E,G,H,1J, and K: represent the plasrmd DNA from the chosen isolates l
through 9 respectively as shown on Fig. 5. This gel was used for transfer to v
Biodyne membrane for southern analysis.(see Fig 7)
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Figure 8 o ;
' Southern Blot Identifying Plasmid AHE-4
as Carrying the Type Il EcoR1-9 Fragment

Plasmid DNA isolated from the nine positive colonies labeled'in figure 4
-were cut with the resuiciton"‘eniyme EcoR1 and electrophoresed in a 0.8% agarose
gel shown in Fig 6. The DNA was transferred to biodyne‘mcmbranc as described
in materials and methods. 32P labeled type 1 EcoR1-9 fragment isolated from | |
plasmid AHE28 was used.as the probe to identify those recombinant plasmids that
contain the type II EcoR1-9 fragment. Lanes A, F, -a.nd'L:'Typc II mitochondrial
DNA cut with restriction erigyme EcoR1, Lanes B‘,C‘,D,E,G,H,I,J ,and K:
represent the plasmid DNA from the chosen‘isolates: 1 through 9 respectively (Fig.
5). Isolate 4 (lane E) was chosen for isolation and purification of type II EcoR1-9 -
fragments. The plasmid was named AHE-4. |
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Flgure 9
Agarose Gel of Ree’ognbmant Plasrruds and Isolated DNA Fragments

.»‘" , 7 , . T

) DNA from recombinant plasmids; and from type I and type II mitoehOndriai
. 'DNA. wére d1gested with EcoRl. These were electrophoresed in a 0.8% agarose gel_

' along with punﬁed EcoRl—S and EcoR1 9 fragments EcoRl/Hmd3 cut Lambda °

| phage DNA was used as.a size marker.

Lane A: Lambda phage DNA drgested wrth EcoR]/Hmd3 Lane B: type II mt DNA
Lane C: pAHE-4, Lane D: pHBE-5, Lane E: type II EcoRI-9 fragment ﬁane F:
type Il EcoRI-5 fragment; Lane G: Puc 19, Lane H: PBk:szz Lane I: type I mt
DNA , Lane J: pAHE-28, Lane K: PAS, Lane L: type 1 EcoR1-9 fragment, Lane M:
type I EcoRI-5 fragment Lane N: pBR325 Lane O; Lambda phage DNA dlgested
with EcoR 1/Hind3, ' g
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DNA Sequence Analysis of Type I and Type II E66R1-9-Fragmcnts

In order to determijne the nature of the insert in the type I EcoR1-9 fragment relative
to the type II fragment, both type I and type I EcoR1-9 fragments were subcloned
 into the M13 vectors mp18 and mp19. This facilitated the isolation of single- '

| ed template for DNA sequence analysis. The EcoR1-9 fragments of type [
¥ &agd type II rmtochondnal DNA were isolated and purified from the plasmids AHE-
28 ind AHE-4 respecuvcly Various restriction enzymes that had a restriction site
- of 6 base paa and/or digested the fragrnents into five or less fragments were
- initially utilized for subclonmg of the EcoR1-9 fragments into M13 mp18 and mp 19
vectors. Othcr restriction enzyme sites were chosen from the sequence as it was
obtained. Figs. 10 and 11 show the linear restriction maps and DNA scqucncmg
'strategles for the EcoR1-9 type I and type II fragments respectively. Both strands
of the tyPe I EcoRl -9 fragment were sequenced entirely. A complete single-
stranded sequence of the type II EcoR1-9 fragment was obtained with:double-
stranded sequence obtained in the repeat region (see below) ahd in those regions
where the sequence was unreliable due to ,c'or‘nprcsvsion effects. The two fragmcnté
“ were found to have identicle nucleotide sequence éxcept for the prcSehcc of an extra
~ copy of a 78 base pair repeat (Fig. 12) found in the type I form of EcoR1-9. (Fig.
13) "One sequence gel for both the type I and type II fragments was obtained which
could be read cbmpletely through the repeat regions. These gels confirmed that the
type I EcoR1-9 fragment contains three copies of the 78 base pair repeat and the -
type II form contains only two copies of the repeat. This extra repeat is the reason
_ for the polymorpkhic size difference between the two fragments. Fig. 13 gives the
complete nucieotide sequence of the type I EcoR1-9 fragment. The three copies of
the, rg&eu; start at nucleotides 112, 190, and 268 and end at nucleotide 346.
%@&ﬁeoud: content of Neurospora crassa mitochondrial DNA has been rcpbﬁcd
as 40% G+C. (Bemard et al., 1975; TerpS‘ta et al., 1977) The EcoR1-9 fragments
were found to be typical of Neurospora mitochondrial DNA as their G+C content
was found to be 38% (table 5). However, the insert region was found to be more
A+T rich (70.5%) than Neurospora mitochondrial DNA in general (60%).
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Figure 10 _ |
- . DNA Sequencing Strategy Used for DNA Sequence
*  Determination of the Type I EcoR1-9 Fragment =

Figure 9 shows a partial restriction endonuclease map and DNA sequencing
strategy for the Type I EcoR1-9 fragment of Neurospora crassa mtDNA. The
horizontal arrows indicate the direction and extent of sequencing
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Figure 11 | T i
o ' DNA Sequencing Strategy Used for DNA Sequence
Determination .(;,fjlhe Type Il EcoR1-9 Fragment

-
K

Figure 10 shows a pani'él,restriction endonuclease map and DNA
sequencing strategy for the Type II EcoR1-9 fragment of Neurospora crassa
mtDNA. The horizontal arrows indicate the direction and extent of sequencing
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- Figure 12

78 Base Pair Repeat Sequence of EcoR1-9

.

correrr. TARTAATAGGAACTGTIGTAGGTITARCACAGTTTAGAR

::%:Sﬂnnﬂ_mn333;8322.“323.........




Figure_‘l?‘» | v o 3
DNA Sequence of Type I EcoR1-9 Fragment

- The complete sequence of type I EcoR1-9 fragment. The 78 base pair
repeat region begins at nucleotide 112 and ends at nucleotide 346 Thc second and
third repeats begin at nucleotifle 190 and 268 rcspcctlvcly
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GAATTCTAGT
CTTAAGATCA

AACTCAAACA
TTGAGTTTGT

CATGCAGCAA
GTACGTCGTT

. TTAAAAGATT

GGATTTTTAT
CCTAAAAATA

ACCACCTCCA
TGGTGGAGGT

ATAATAATAG
TATTATTATC

GCTTGCATAT

AATTTTCTAA MGAACGTATA

ACTGTTGTAG
TGACAACATC

%

TACAATCTCT
ATGTTAGAGA

TTAGAATTAA
AATCTTAATT

ATTTTATTAG
TAAAATAATC

ATTTATATTT
TAAATATAAA

ABTAAGAAC
GACATTCTTG

CTGGAGGGGG
~GACCTCCCCC

. CGCTTAGAGC
" GCGAATCTCG

e

GTAGAGGAGT

CATCTEGYCA"

TAGTAAACCC

ATCATTTGGG

GAATAGAGGA
CTTATCTCCT

&

GTTTAACACA
CAAATTGTGT

”»

CATCTAGTAA

GTAGATCATT

AAGATTGCTT
TTCTAACGAA

‘CTTTAAGTGT
'GAAATTCACA

CTGATCAAGG
GACTAGTTCC

AGGAATAAAC
TCCTTATTTG

GAACTGTTGT
CTTGACAACA

AGTACAATCT
TCATGTTAGA
GTTTAGAATT
CAAATCTTAA

TAATAGGAAC
ATTATCCTTG

GCATATAGTA
CGTATATCAT

TTCCACACAA
AAGGTGTGTT

ATTABCTAAT
TAATCGATTA

AACTACAATT
TTGATGTTAA

AGGTTTAACA

TCCAAATTGT

CTCATCTAGT

GAGTAGATCA

AAAAGATTGC
TETTCTAACG

TGTTGTAGGT
ACAACATCCA
o
CAATCTCTCA
GTTAGAGAGT

AGTGTGGAGT
TCACACCTCA

TGGGAGGAGT GAAATTACAG, GGAGATTAAA

ACCCTCCTCA

ATTAAGATGG  CGATTCCACT

TAATTCTACC

TAGCGAGTGA
ATCGCTCACT

‘GTTGGTCCCTY

CAACCAGGGA

CAGCAAAGAG
GTCGTTTCTC

CAGCTACCCT

GTCGATGGGA

AAAAATTTTC
TTTTTAAAAG

'-,;,;‘”P:i

CTTTAATGTC

GCTAAGGTGA

AAGCTTTTAA

TTCGAAAATT

ATCTTCCTCA

TAGAAGGAGT

GACGGACCGT
CTGCCTGGCA

ACAGATTTTA
TGTCTAAAAT

CTAACGTAAA
GATTGCATTT

CCTCTAATTT

CGGCCCCCCC
GCCGGGGGGG

TAAAGTTGGA
ATTTCAACCT

GTAGTTTACT
CATCAAATGA

AAAGCCATAC
TTTCGGTATG

ATCTGTAGGG
TAGACATCCC

TACCTTAATG
ATGGAATTAC

TTCTTATATA

50
AAGAATATAT

100
ATACCCCCCT

TATGGGGGGA

150
CAGTTTAGAA"

GTCAAATCTT
200

AATAATAGGA
TTATTATCCT

. 250
TTGCATATAG
AACGTATATC

~ 300
TTAACACAGT -
AATTGTGTCA,

. 350
TCTAGGTTTT
AGATCCAAAA

. 00
CCACACAAGC
GGTGTGT$CG

/ 450"
ATAGTTTAAT
TATCAAATTA .

500

‘TCCAGCGAAG

AGGTCGCTTC

550
TTGCCATGAC
AACGGTACTG

. 800
GCTGAGGAAG.
CGACTCCTTC

. 650
ATCGAGGGAA
TAGCTCCCTT

700
TAGCCTTATG
ATCGGAATAC

750
CCTCCCAGGA
GGAGGGTCCT



GATAAGTATC ATTGATGTTA
CTATTCATAG TAACTACAAT

TGTCGCTGAT ,AAGCTAGCGL
ACAGCGACTA TTCGATCGCG

CGTATTTTTC CTACTATTGA

GCATAAAAAG GATGATAACT

GATTTCTCTA GGTAATATGA
CTAAAGAGAT CCATTATACT

ATCGGTTGAA AAGAGGTGTC
TAGCCAACTT TTCTCCACAG

CCCCTTCCCC CAACACCTTT
GGGGAAGGGG GTTGTGGAAA

TGGTTATCAA CTCAATTTTG
ACCAATAGTT GAGTTAAAAC

CCGGAGGGGT GGAACTTATT

GGCCTCCCCA CCTTGAATAA

AGCTGGATTC TCATGGAAGA
TCGACCTAAG AGTACCTTCT

El

TTPAGTCTT AAAGACTTCT
AAGATCAGAA TTTCTGAAGA

GCAAAGGAGG GGGGTAGAAG
CGTTTCCTCC CCCCATCTTC

TCCTCAACAC TAATTAGCGA
AGGAGTTGTG ATTAATCGCT

. TGAACAGAAG. CCTTTGAAGG
ACTTGTCTTC GGAAACTTCC.

TATCACCAAT AATATGTAAG
ATAGTGGTTA TTATACATTC

ATTTGAGGTC TGTGGATTTT
TAAACTCCAG ACACCTAAAA

TCCTAGTACC
AGGATCATGG

AGGTGCGCTG
T@CACGCGAC

{
1

CGAGGGTATT

‘GCTCCCATAA

ACCAGGCTTT

TGGTGCGAAA

AAAGATTCTC
TTTCTAAGAG

CCCTGATATC
GGGACTATAG

TTCGTAGCCT
AAGCATCGGA

GAGATTTTAG
CICTAAAATC

AATCCGATCT
TTAGGCTAGA

GTACTTCGCA
CATGAAGCGT

GAGTTTTATG
CTCAAAATAC

CCCCTATTCC
GGGGATAAGG

CTCCTTTCAA
GAGGAAAGTT

TCAATACCCG
AGTTATGGGC

TATAAAAGAA
ATATTTTCTT

TATTTTCACC
ATAAAAGTGG

GTGCCTTGAC
CACGGAACTG

i

~CAATATCTAG

GTTATAGATC

GGCCCACTCC

‘CCGGGTGAGG

CTGATGTTTA
GACTACAAAT

CACTAATAAG
GTGATTATTC

CTATTTTAAG
GATAAAATTC

GAAAGGTAAA
CTTTCCATTT

TAGTICTTTG

ATCAAGAAAC

ACCCCCTCCT
TGGGGGAGGA

i

AGTATATTAC
TCABATAATG

TCGGGTCGCT
AGCCCAGCGA

TATTAGAACA
ATAATCTTGT

GAGACGGCTC
CTCTGCCGAG

CGTTTGATAA
GCAAACTATT

: 800
TATAATCACT
ATATTAGTGA

850"

CCCGGATGGT

GGGCCTACCA

300
GAGAAATTTC
CTCTTTAAAG

450
ATTGGGTATT
TAACCCATAA

1000
TCTCACCAG
AGAGTG&}C%

1050

TGGAAGTCCT
ACCTTCAGGA

1100

ATAAGCCACC.

TATTCGGTGG

1150
ATTAGCAGTT
TAATCGTCAA

1200
TTGCAAGGAT.
AACGTTCCT

1250
TTGCAATTAA
AACGTTAATT

1300
TTGTTAAACC
AACAATTTGG

1350
GTAAAATTAG
CATTTTAATC

1400
GTAATGTGGT
CATTACACCA

1450
TGGAAGATAG
ACCTTCTATC

1500
AATAGACAAA
TTATCTGTTT
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. Figure 16 a)o g) - ' C
' Agarosa Gcls of Heterokaryon Muochondnal DNA Dlgested With EcoR1
Flgures 16 a) to g) are pictures of Hetcrokaryon mnochondrxal DNA
. digested with EcoR 1 and run on 0.8% agarose  gels. The first digit of each lane -

N
RN

refers to the -hctcrokaryon generation, the second refers to the heterokaryon 1solate

. numbcr NCN 20 and NCN 10 mitochondrial DNA ngested with EcoRl were the

type Jsand type I markers DNA, respectively. The first mitochondrial DNA
isolagons were performed on the elghth generauon hetcmkaryons Dependmg on:
the charactensucs found in thc eighth gcncrauon ssolatlon of mDNA from elthcx\
pnmous or subscquent gcncrauons was done to determme the generation at which
_the EcoR1 -9 frag '

ents resolved to the typc Iortype I polymorphic form.
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Table 9

. ¢
Summary of Resolution of the EcoR1-8 Fragments and Suppressivity o_w_z:.ﬁ
in Heterokaryons Between [Mi-3) and Wildtype Strains of Neurospora crassa -
S0 Heterokaryon )
10 2 3 4 5, ) -7 8 9 10
Heterokaryorfwa spectza JoNA.Spectza [NA Spectra WA spectra |MA Spectra PNA Spectra [NA Spectrs PNA Spactra DHA Spactre PN Spectrs -
generation  pyue " kype kype kypo Eypo k ype Eype’ Eype kypé Eype
.
2 mix wt| - Twt] - - mix wt| - - - - - - - -
T3 I N Y . . .
v 4 - - - - mix md*| - - - - - - - LT
8 s mixos |1 me3f - . 1 m3| - .
8 mix wt| mix wt |1 m3] mix mid w wt]1 m3| mx w| mx wm
K] E_N.l.» mix wt |1 m3] mix m3| mx wt | mix m3{ mix w ]Il  m3 ::.u.. W |omix Wt
10 n ow|lu  wj- - Ly ‘maln Cw o ome3ln w1 e w
T Bt o Wm 15 16 17 | 18 19 20
Heterokaryorpbma spectra |NA Spactra |DNK Spsctra WA Spectrs .DNA Spectra [PNA Spectza PHA Spectra PHA Spectra WA Spactra WA Spectrs
generation - b,y kype - ype . k- ype kype - .. kype . - kype kype k ype k ype -
o5 B - - - -] - - wt] - - |- wt| - - T e
u. . - - - - mix wt | - - - - - - mix !. - m3f - - t ™3
3. N N T N . - - - - . -
4 A T O T ) R I ETEE T TP I I . .-
,.M ) - . o= o ds . R PR R . - R R - R o .
6: : = 1 w3 mix ow |- - 1- - Slmmxe wef - o - f 1 me
7 T SR EIVEE N EE ISR AR I C (R
8 mix wt] mix w1 m3] mx wt| mix wt | mix wt]| mix w 1 xq mie mid | 1 m-3
9 Cmx o wlmx w20 wmx w o owfmix o= |- rr 1 T meaf - -
0w f N wfn w]o - o fw wmfu e w1 mea)

_:ﬁgggg!%nsggglnl

EcoR1-9 fragments.
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Figure 17 v - - -
- Cywbchrome Spectra of Heterokaryons

_ Cytochrome spectra of NCN 10 (wildtype) NCN 45 ([mi-3]) and three
‘heterokaryons. Heterokaryon9-5 represents a ,\Jildtypc heteroka}yon and 10-4
represents a heterokaryon with an [mi’-3] phc’lfi;)typ¢. ‘Heterokaryon 8-6 represents a
mid phenotype heicrokaryon because it has a small amount of cytochrome.aa3.
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Table 10

_vomau\_,um%qu-.

Total Number

Analyzed

of Heterokaryons EcoR1-9 ,mou.cT&

..::SI_

(O

EcoR1-9 ,mo.uoT&
to type I1

[mi-3)/wildtgpe°"*

* Results taken from Mannella and Lambowitz (1979) ,
**Resulls pooled from present studg and Lemire and Nargang (1986)
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Cloning and Sequence Analysis of the Type I and Type II EcoR1-5 Fragments
~ The DNA sequence of the Neurospora crassa EcoR1-5, type II
 mitochondrial DNA fragment has recently been determined (Werner an(}Burger
1985) \T‘he fragment was found to contain a long unidentified reading fram

(URF) named URF1 Wthh is now known to encode a componen‘? of the NADH
-dehydrogenase complex (Chomyn et al., 1985). URF 1 was found to be
interrupted by a single intron (Fig. 17a). This intron within URF1 contained
another open reading frame. In the present study, fragments from both the type I
and type II EcoR1-5 fragments spanmng the site of insertion of the intron were
‘cloned into M13mp18 DNA sequence analysis revealed that the URF1 intron
corresponds exactly to the ¢a, 1200 base pair insertion found in the type 11 EcoR1- 5.
fragment (Mannella and Lambowitz, 1978 Mannella and Lambowitz, 1979) and is
_excxseﬁ prec1sely from the type I polymorphlc form of EcoR1-5. The type I

~ EcoR1-5 sequence confirms. the predxcted sphce sncs of Burger and Werner (1985)
(F1g 17a and 17b)

w.

: Analysis of the URFI Intron

The conversion of the Neurospora URFl intron of the type I EcoR1-2
fragment in heterokaryons resembles the unidirectional conversmn of omega in the
~ intron of the ZIS rRNA gene of- yeast. The omega gene has been shown to encode
a double strand endonuclease responsxble for the conversion of the: 218 TRNA gene
to the intron containing form (Jaquier and Dujon, 1985; Zinn and Butow 1985;

Zinn and Butow, 1986). Comparison of the ORF found in the URF1 intron to the .

-orneg'a'protein revealed no amino acid homology between the'two. An amino acid
computer search of the nﬁcrdgenie computer banks revealed no sequence

" homologiés to any proteins in the computer data bank. It was thought that the
Neurospora crassa URF1 intron may encode an: exc1s‘10n protem or a protein

. involved in conversmn of type I EcoR1-5 to type II: (see fig. 18) Sequence
homology to the Podospora anserina URF1 intronic ORFs was found (Burger and
Wemer, 1985) but there has been no function attributed to these potential proteins.

..

3
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Figure 18 ’

DNA Sequence of Clal/EcoR1 Fragment From the EcoR1-5 Fragments of Both
Type I and Type II M. crassa Mitochondrial DNA

*

YA Claf/EcoRl fragment .(that covers the URF1 intron) from both type 1
and type I EcoR1-5 wg clonédanc_i sequenced. The URF1 intron corresponds
exactly to the 1118 bp insertion found in the type Il EcoR1-5 and is excised
precisely from the type I polymorphic form of EcoR1-5 (Fig 16b). The type 1
Ec?BRl-S sequence confirms the predicted splice sites of Burger and Wcmcr (1985).
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Figure19 ' oo -
o ‘Model for Uni’d_ir_c(:tional Conversion of tho EcoR1-5 Fragment-in
Hetei‘gkaryons Containing Type I and Type I MtDNA SR

*

* “The potcnnal product of the URFl mtromc URF found in type- I mtDNA

. functions of its own orin association with other. proteins to create a site specific

'ddyublc strand Cut m the type I mtDNA mtnonicss form of URFl Double- strand
gap repair is then uuhzed resultmg in the observed conversmn of typé\_,EcoRl 5

N fragmcnts to type Il EcoR1-5 fragmcnts The model is essennally identical to. that
L vproposcd for the umdlrectlonal conversnon of omega in yeast (Zm et al 1985)
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“BeoR19 . A -
o .The DNA sequence of the type I and typc II EcoR1-9 ﬁagments have been
deterrmned enttrely “The only dlfference found bctwcen the EcoR1-9 type Iand I

' ipolymorphxc fomls was the presence ofa 78 base paxr repeated sequence that is - o

. present as three copxes in the typel form and as two coples in the type Il -
polymorphlc form. A computer search of the EcoR1-9 sequence revealed no v
tRNAs, and no PstI palindromes or repeats outside the 78 base pair repeat region.
' Searches were dlso made for stem-loop structures as well as potential readmg ‘
frames: oﬁet‘ 50 amlno ac1ds Although the readmg frames were small they appeared -

SN to utilize armino acid codons indicative of mltochondnal intron encoded proteins.

_, - The IOngest potenual reading frame spanned the repeat region and it contams
. a potential start codon at amino acid poSmon 25. Inlight of what is known about

" the varl mltochondnal gene in yeast, it seemed possible that the QRE spanning the

EcoR1-9 repeat region could encode a functlonal mitochondrial protem even though
it contains a variable repeat region. The varl gene found in yeast nntochondna
encodes a protein of the small xmtochondnal nbosome subumt w)hlch corresponds
functxonally to the S5 protem of Neurosopora crassa (Burke and RajBhandary,
1985 Butow etal, 1985) The varl gene (396+ ammo acids) is able to
' accommodate a GC rich and/or 2 AT rich insertions within its readmg frame :
' w1thout affecting the protem s activity (Butow et al., 1985; Zassenhaus and Butow,
' 1983) It was thought that the 138 armno acid polypeptlde that spans the 78 base

: pair repeat may have some similarities to varl. Varl is thought to have evolved v

recently through the recombination of non-transcribed spacer regions (Zassenhaus ‘

and Butow, 1983). The COﬂ_]CCIUIC given by the authors is that varl evolved

through recombination between homologous nutochondnal spacer DNA that carried -
. potenual functional domiﬁns The AT rich repeat regions within the 86.9% AT
richvar] ‘gene are proposed to represent recombmatlon joints (Zassenhaus and =~ -
'- ‘Butow, 1983). The repeat region of EcoR1- 9is AT rich. (70. 5%) and appears to be
involved in thc recombmatxon process that results in the phenotyplc conversion of
the EcoR1-9 fragment. If a thechanism similar t0 that described for varl also
E exrsts in Neurospora, the EcoR1- -9 fragment may be mvolved in a process sumlar to
~ that Zassenhaus and Butow (1983) descnbe for the evoluuon of varl. Itis p0351ble
that the reason the repeat reg10n is always mamtamed at elther two or three copiesis
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* . because this open reading frame is expressed. Both the nucleotide sequcnce'of the

EcoR1-9 fragment and the ammo acid sequence of the potenual 138 amino acxd
: ,polypepnde (which contains the 78 base pair repeat region) were compared to varl Q

" No homologles were found by either companson None was expected since it was

already lcnown that the S5 gene, encoded on 'EcoRI-1, is'the functional equxvalent
in Neurospora However the possxblhty thatithe EcoR1-9 fragments encode a
protein used in the rmtochondna can not be ruled out. Many prevrously '

S unidentified rmtochondnal readmg frames in Cephalosponum (Penalva and Garcm.

1986), Watermelon, (Stem etal, 1986) thamydomonas (Pratje et al., 1984), and
- Neurgspora (Burger and Wemer, 1985; Nelson and Macino, 1987) have recently -
been found to be part of of the Complex I group {(NADH dehydrogenase. complex)
by comparison to thiose identified in human rmtochondna (Chomyn etal., 1983;
Chomyn et. al,-1985; Chomyn et al,, 1986). However, the Complex I group of .
proteins are hydrophoblc whereas the 138 amino acid protein of EcoR1- 9is
relauvely hydrophilic and therefore is unhkely to be a member of the complex 1
© group.” ’ : S v
As stat'ed above, the_only'sequence difference found between the type I and
type I ECoR1-9 fragments was the presence of a 78 base pair repeat present three
~_times in type I and twice 1n type II. There is some evidence to suggest that such
' repeats may be respons\ible for increasing recombination potential. For example, it
has been suggested that-short sequence homologies are involved in the end-joining"
" step of non-homologous recombination (Roth and Wilson, 1986) and that as few as
25 homologous bases are required to yield recombinant products (Ayares etal.,
- 1986). Repeats have also been unplxcated in gene amphﬁcanon of chromosomc
reglons that contam large repeated arrays (Ford and Fried, 1986) and-are frequemly
_ found assoc1ated with recombination events. In addmon, nuclear chromosome
\‘translocanons (Perkms 1986) and mitochondrial reaxrangements (Gross, 1984)
- have been associated with recombmat10n between repeats. A deletion in the B-
globm gene cluster was also found 10 be the result of recombination between

o repeats (Hepthorn et al., 1986). Fujimoto et al. (1985) found inverted R family

repeats near the’s’.end of the Immunoglobulm Jk gene and suggest that the R

‘repeats may be mvol’ved in recombination leadmg to the: rearrang\ﬁment of the
Immunoglobulin gencs : '
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There is also evidence for the involvement: of dlreet repcats in gene

-conversion events. Chakrabaru and Seidman (1986) found that plasmids. carr\ymg a

_ fragmented SV—40 T-anugen gene (present as direct repeats of segments of the -

S gene with i mtervemng sequences) can reconstitute the gene lgy_‘onversron when
_ placed in mammalian cells This process was found to be stimulated by i

mcorporatmg a-double Strand break at'an appropnate location in the plasmrd

Further ev1dence for the mvolvement of repeats in recombination and conversron

- can be found through the examination of mplugene families. Itis thought that gene

~ conversion between drspersed repeated sequences may be responsrble for the.

maintenance of sequence homogenexty in mulugene famrhes inS. pombe (Amstutz

et al., 1985) as well in S. cerev:szae (Jackson and Fink, 1985; Jinks-Robertson
- 'and Petes, 1986). Toloczykr etal. (1986) support the- behef that rRNA genes
'mmntam their homogenexty through recombination of spacer regions.” They believe
that the tandem afrray of nine 200 bp repeats found i m the spacer region of rRNA
. genes of mmze are mvolved in conversron events that maintain homogenelty of

rRNA genes. . : ‘ . '

‘ - The complex1ty of plant rmtochondnal genomes is thought to' have ansen '

_from genome rearrangements that involve homologous recombmauon between
' repeats (Barley -Serres et al., 1986). Barley-Serres et al.(1986) report that Maize,

E Bra.mca, Triticum and Oenothera have all undergone homologous recombmauon -

between repeats in their mitochondrial genomes Evrdence of recombmauon

‘between Igpeats in both mitochondria and chloroplast genomes has been provxded

: by Dron et aI (1985) and Howe (1986). Recombmatron was found to occur at’
inverted repeats in chloroplast genomes (Howe, 1986) and conversion events are

| a-'thought to have occurred between two sets of. repeats found in Brassch oIerecea s

: mrtochondnal genome. (Dron et al., 1985) R ’ - '

Bemardt (1983) provides evxdence that repeats and pahndromes are

. mvolved in rmtochondnal sxte-specrfic recombmauon He states that d1rect

sequence repeats pnesent in AT rich spacer regrons and in GC clusters of the

- mitochondrial genome are a source of tremendous instability and can functionas . .
' excrslon sequences to create peute mutants ‘Bernardi. (1983) suggests that peutes

may be a product of frequent srte-specxﬁc recombmauon events occurring in the
wrldtype genome that result in excision of mtDNA. In addition, petite genomes
. could recombme with homologous sequences on-the wildtype rmtochondnal '
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genome further perpetuating the petite phenotype. This is supported by Perlman and B

Butow (1987) who report that mtra—molecular recombmauon in yeast rmtochondna
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' leads to tho" and mit- mutants, Thcse n#ta.nts are the result of deletxons between
'tandemly repedted sequences that are found through it the tmtochondna}’:ome

(Perlman and Butow 1987) It Has been postulated tHat there may bé¢ a relationship

between the creatton of some stopper mutants in Neurospora and the mechanism of ‘
" - yeast petxte formation (chhaehs etal., 1973; Ym etal., 1981). &'oss et al (1987)

" found that recombination between repeated sequences at the mttochondnal ’
" tRNAmet gene locus i is associated with the formation of a "stopper” mutant.

Gross et al. (1984) noted that the Neurospora stopper mutants’ are a
dommant phenotype "'“"'4 that during the stopped phase in these mutants, two

recombination between tandem Pstl dxrect repeats and a Crich regxon adjacent toa

»sequence contammg two 15 bp direct repeats (Gross et al., 1987).

Recombmatlon has also been correlated with replication. Junker etal. .

- (1987) found that in Schzzosaccharomyces pombe intergenic recombmauon events

are non-recrprocal and occur 2-3. trmes mare frequently in meiosis compared to
rrut051s Noirot et al. (1987) prov1ded direct ev1dencc for plasmrd replxcatxon
snmulatmg homologous recombmauon A plasrmd was inserted at varymg

- distances between two drrect repeats in the genome ofa strain of Baczllus subtzllus

temperature sensmve for recombmatlon Recombmauon occun'ed twcnty to four

. -hundred and fifty times more frequently when the plasmlds were allowed to ,
- replicate (Noirot et al 1987) Kreuzer and Alberta (1985) have found that some ’I‘4v
. ,rephcauon ong1ns comc1de with phage recombmatlon hot spots. Rephcatlon has .
also been shown to BemeccSSary for homologous and ﬂhgxtemate excrston of SV40
| ‘from the host chromosome (Bullock and Butcham, 1982) Assummg that - .
L v'mltochondna are replicating alo : w1th the nuclei in Neuro.spora hyphal ups;. one B

e mlght expect 2 high fnequency of Jec

direct repeats in the tye i polymorphlc form of mtDNA and three coples of the -

k DN2 Jire present which arise as the result of recombmanon ator ‘
" nearthe dmectly repeated tRNAmet sequence. In the stopper mutant E35; both
: types of mtDNA molecules result from deletions of sequences flankcd by short
a _ ‘dlrect repeats. These repeats were part ofa larger inverted repeat (de Vries et al
1986). The . stopper mutant stp-ruv, contains two circular mtDNA molecules o
. vdenved by further deletions from an ongmal stopper mutant. The smaller circle
- '_..produces rhultimers in hrgh copy number and these are thought to ansc from

ombmatlon between mitochondrial genomes in
. heteroka.ryouc cultures. Neur, pora crassas EcoR1- 9 fragment contains two E
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_repeat in the type 1 form. Smce repeats appear to be sites of frequcnt reco bmauon o
in rmtochondna, it seems probable that the convcrsron of EcoR1~9 is the result of a
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) recombmanon event. However, it should be noted that there is no cv1dence
' suggestm g that this recombination event involves the EcoR1-9 fragment duectly v
’I‘he observed conversion could arise from a crossover that lies between the EcoRl- '
9 fragment repeat region and the suppresswe marker utilized in the study '
S From previous reports (Mannella and Lambowitz, 1%9 Lemire and
Nargang, 1986) and the data provided, the Conversion of the EcoR1-9 fragment
o 'appears to depend on the phenotype of the parents. - In heterokaryons forced
betweeri mutant and wﬂdtype strams of Neurospora crassa the heterokaryon
" EcoR1-9 mtDNA fragment is always found to be- prefenenually converted (70%) to

‘ the mtDNA type of the wildtype. ’I'hus, if the wildtype component contained type I - |

mtDNA the heterokaxyon EcoR1-9 fragment would be converted preferenually to
the type II form (Lemire and Nargang, 1986; this study). If the wildtype =
| _component carried type I mtDNA, then the. du'ecnon of EeoRl 9 conversion is
. preferenually ‘towards the type I form of DNA (Mannella and Lambothz 1979)
~ This phenotyplc conversion could result from exther a recombmauonal and.lor
segregauonal bias of mtDNQ molecu}es or rmtochondna themselvesr (Bernardi,
- 1983; Gross et al,, 1987)) The data avallable pomt do not suggest a definitive
conclusron on this pomt Sumlarly, no conclus:on can be reached on the ‘
i frequenCy or mechanism of suppresswrty of [mz-3 ] i ochondna over wrldtype

EcoR1-5 : .
. The EcoR1-5 fragment of Neurosopora Ccrassa’ we prewously shown to.
L contam the URF1 gene, Wthh is thought to enicode a component of the resplratory :
-chain NADH dehydrogenase complex (Burger and Werner, 1985) The sequence S0
analysis of Burger and Wemer was performed on the type II form of EcoR1-5 and B
_ ~ “also revealed the presence of a large intron within the URF1 gene “ This intron was e
~ "also found. to contain a large URF. The sequence analysis perfonned in the present”
" study revealed that the smaller, type T form of EcoRl 5 anses from the precrse N
:'_exmsxon of the URF containing intron. o :
'l'he intron.of the URFI gene.in the 'EcoRl 5 ﬁagment of Neurosopora

crassa appears to follow an mherxtance pattern similar to the yeast omega gene (see "

mtroducuon) Inall cases of hetemkaryons forced between strains of Neurospora B .

© containing the' type Iand type i polyrnorphtc forms of mtDNA conversion occurs .
w1thout fml (Lemme and Nargang, 1986; Mannella and Lambowuz, 1978; Mannella j
 and Lambowitz, 1979). This unidirectional conversion of the EcoR1-SURF1
‘*&( mtron 1s sxmﬂar to the convexsron of the yeast rmtochondnal 21S rRNA gene The
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' intromc ORF (omcga) of the yeast mxtochondnal 2IS rRNA gcnc codcs for a sxtc-' . »
spccxﬁc doublestrand cndonuclcasc which is responsible fori 1mt1atmg the
convcmon of the intron into the intronless strains. (Jaqmcr and DUJOD, 1985; . E
- Macreadie et al., 1985; Zinn and Butow, 1985; Colleaux er al., 1986; Kolodkinet -~
al., 1986; Zhu et al., 1987 Zinn and Butow, 1986) Althou.gh no scqucnce ' * // '
: homology was found between the omega protem and the URFI intronic URF it
~ does not rule out the p0551b1hty that the Neurospora URFl intron cncodes a- ‘
" functionally similar but unrelatcd protem that is mvolved inits own convcrswn As
~ discussed below, such a funcuon may be a remnant of a gcnc carncd on an anmcnt
transposable element.. ' o : : :
Several lines of ev1dencc suggest that fungal rmtochondnal intronic rcadmg
'jframes are the remnants of genes from transposable elements. It was notcd by
.Bonitz et al. (1980) that the codon usage of rmtochondnal intronic reading frames is
: charactenstlcally different from the rmtochondnal genes themsclves Hudspcth
3 (1982) speculate}that this codon bias could be a reﬂccuon of colomzatxon of
mitochondria by a group of gcncs not 1nvo'lved in oxidative phosporylanon ’I'hc
- observation by Hensgens et a1 (1983) that some conscrvcd fcaturcs of -
| mltochondnal intronic ORFs are circularly permuted lead them to 'speculate that the”
~ORFs may ‘have been mserted via a circular intermediate like that known for thc o
yeast TY element and retroviruses (Boeke et al., 1985 Balnmore, 1985). In-

- addition the location and dlstnbuuon of group Ii 1mrons in the mltochondnal genome
* as well as codon usage by the intronic open rcadmg frames suggcst that they arose

.by insertion into mtDNA genes (Lambowitz et al., 1985) In Neurospora and
yeast some introns have been shown to be self-sphcmg in vitro suggest?n g they

_ ’ - may have ansen from an element which could prccxsely excise itself from the host |

ol 1987).

,DNA (Gamga and Lambomtz, 1984, Gamga and Lambow1tz 1986; Banroqucs et

Ithas been suggcstcd that some intronic readmg frames encode protcms ]
mvolvcd in- RNA sphcmg in ycast and Aspergtllus as well as Neurospora (Davies |
et al., 1982; Michel er. al., 1982; Wanng etal., 1982 Mlchel and Dujon, 1983 ‘

' ’Burke etal., 1984 Warmg and Dav1cs, 1984; Gamga etal., 1986). It has bccn

R _propo that the role of these i intronic URFs may be to encode 1) maturase

g ‘funcnons ) protems involved in the stablhzmg of thei mtron sccondaxy structure
1mponant in sphcmg or 3) components of a rrmochondnal-nuclcar prozcm complcx
- involved in RNA splicing (Nevsglyadova, 1984; Lambowitz et ., 1985). Other

~ intronic reading framcs may encode functlons mvolvmg reverse u'anscnptasc
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(Akins-et al., 1986; Stemhxlbcr and Cum‘x\ﬁings, 1986). Sorne intronic maturases
 have also been suggested to have a reguldtory function that evolved from a protein,
originally mvolvcd in uansposmon (Lambowitz et al., _1985). It is known that the
Neuraspora small mitochondrial nbosomc subumt, SS,isan mtron encodcd
protein (Burke and RajBhandary, 1982) whxch suggests that Neurospora may |
contain other funcnonal intronic proteins. o |
Two Neurospora mltochondnal plasmids (Ma\mccvﬂle and Varkud) also
. havc propcrucs that suggest they belong to a class of - moblle genetic clemcnts that

L gave rise to mitochondrial i introns (Nargang etal., 1984; Lambow1tz et al:, 1985; :

‘ Nargang, 1985; Nargang, 1986). These plasmxds are closcd circular DNAs found
'in the mitochondria but are not derived from the mtDNA.. Sequence analysis of the:
. Maunccvﬂlc plasrmd rcvealed conscrved regions similar to-the conserved sequence
'. clcmcnts in-group I introns (Nargang et al., 1984). The 710 aming acid ORF
cncodcd in, the Mauncevﬂle plasmid unhzcs oodons d1£unct1ve of m1tochondna1
- intron opcn rcadmg framcs “This protein also contams a region of. homology to the. .

putative reverse transcriptase of cauhﬂowcr mosaic virus and he_pmtus type B virus ',
‘ which is also. homologous to reglons of ORFs encoded by group II mitochondrial .
introns (Nargang et al., 1984; Michel and Lang, 1985). Itis also interesting to note
that the: Mauriceville plasxmd uanscnpts major 3’ end and its several major 5'ends
can ovcrlap provxdmg shor(tcrxmnal repeats, which is rermmscent of retroviruses
' and Ty elements (Nargang et al., 1984). Akins etal. (1986) found Neurospora -

" mutants that appeared to have mtegratcd Varkud and Mauriceville plasrmd DNA

: scqucnccs into the mltochondnal gcnomc via RNA mtcrmcdxates Tt was o
" hypothcsxzcd that the g’lasrmd may encode a protem that i 1s rcspon51ble for the .-
reverse transcriptase, agd cndoqudease aetmty reqmrcd to integrate these plasrmds

~ into the mtDNA (Akins et al., 1\86) Itis behevcd that recombination was
promotcd by asite- -specific endonuclease, an acuvny assocxatcd with rctrovxral
s mtcgmuon (Akms et al., 1986). ‘ _ ‘
' ~ Podospora, anserma introns have been 1mphcated in the phenomenon of

scncsccn " The phenomcnon of scnesccncc in Podospora anserina. has been
~shown to be com:lated with the prescncc of plasmlds ongmanng from the v
: 'amphﬁcanon of some regions of the mitochondrial chromosome. (Osxewacz and
Esser, 1984; Cummmgs et al., 1985; Belcour and Vlemy, 1986) The most common
plasnnd found in senescing strains is. the alpha senDNA (a-sanNA) which is

| derived from the first mu'6n (class ID) of the cytochromc oxldase gene. (Osxewacz ‘
 and Esscr, 1984; Cummmgs et al 1985 Belcour and Vxemy, 1986) It was B



- speculated that the URF may encode a sphcmg enzyme hke the yeast matumses
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: (Osmwacz and Esser, 1984): It shows some ‘structural smxlanty to the Mauncevﬂle T

' plaSmxd of Neurospora in that it is transcribed, it§protein has homology to reverse

- transcriptases and it belongs to the group II intron famxly (Lang et al., 1985;
- Nargang, 1985; Akms etal, 1986) It was also shown by Osiewacz and Fsser

(1984) that this intron contains autontnously replicating sequences like that f0und in |

yeast as well as an open readmg frame that originates in the upstream exon. The
. “présence ofa sequence similar t6 an autonomously rephcanng sequence unphes the
excised a—senDNA may rephcate mdependently and therefore may-have been

. derived from a mobile element. The presence of the autonomous rephcanon .

".sequence in the excxsed senDNA rmght cause the plasmid to be supprcssxve over the -

: _m1tochondna1 genome. :
’ Smce the a—senDNA appears to encode a protem mvolved in the excision
—of the alpha senDNA fragment (Belcour and Vlemy, 1986) other seriDNAs found

associated with senescmg strains in Podospora may also encode proteins mvolved N
- in their own excision and or amphﬁcauon during the senescence process. The
o Podospora epsﬂon senDNA (e-senDNA) plasmid contains a sequence that is

‘homologous to URF1. Its. three group I introns, although located at different URFI
sites, have open readmg frames located within the intron at the same site as the .
intronic URF of Neurospora’s URFI gene (Burger and Werner 1985). Twoof -
the Podospora URF1 intronic URFs are homologous to Neurospora crassa’s
URF1 intronic URF (Cummmgs etal., 1985) The homology between these
intronic genes suggests they: encode protems of similar function (Burger and
- Wemer 1985) The assocxanon of these introns with the €- senDNA suggests that

' these intronic genes may be involved in the excision of DNA durmg senescence.

. Additional factors encoded elsewhere in the nuclear or mitochondrial genome may

be requlred by these g- senDNAs i in order to excise the URF1 introns preusely The

: suggesnon that i mtromc URFs are 1nvolved in the process of senescence of
Podospora, and the homology found between Podospora s and Neurospora s

~ URF1 intronic URF, suggests that the Neurospora URF1 intronic URF may

~ encode a protein thats function is mvolved in the dmecno conv.ersxon of type I, :
mtDNA to the intron containing form of EcoR1-§ (type g] ’ -

It has been suggested that excision of senDNA rnay occur bya. number of

_’ mechamsms, the first posmbxhg is by recombination. a, B and e-senDNAs all have.

been found to contain internal direct repeats that could be: mvolved in site- spemﬁc
' recombmanon (Cummmgs et al '1985). The second p0551b111ty is by DNA"

‘.
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: sphcmg by maturasc hke enzymes cncoded by seniDNAs P“mally the senDNAs _

| may be dcnved ﬁom an RNA transcript in young m1tochondnal genomes by -
reverse transcnpuon Itis speculated that a rcvcrsc transcnptasc may be. cncodéd 4
within the senDNA (nghxlbcr and Cummmgs, 1986). Stclnhllber and Cummmgs
(1986) have found cv1dcncc c%f a DNA polymcrase activity in "middle aged" ©
culturcs of Podospora that has. characterisitics of areverse transcriptase. Thus it
may be possible that the introns of the sen DNAs were once denvcd froma

| transposable clement and is no longer able to excise itself properly or once cxcxsed, |

it may become suppresswc over the mtDNA due to 1ts ab111ty to rephcatc
independently. o

From the obscrvauons dlscussed above, it appears probable that i 1mrons S
could have arisen from mobile genetic cl‘cments.v The intronic reading frames may
have cvochd from the proteins encoded in these genetic elements. These. genes that .
were once mvolved in tmnsposmon may have retained thelr excision andor u S

mtcgranon funcuons, or have cvolved into genes'with maturase like fUnctlons

S
.
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- Na3 citrates2H20 125g

- KH2PO4 250g
NH4NO3 - 100g -
MgSQO4+7H20 10g
‘CaClz+2H20 Sg

The first three ingredients were dissolved scquennally in, 650 ml of deO The :
' MgSO4+7H20 and CaCl2+2H20 were each dissolved in 50 ml then added slowly to
the first three dissolved ingredients. The solution was then’ made up to 1 litre. Sml -

. wof chloroform was added to the bottle as a preservative.

v I'Ill' (Llitre:
20 ml 50 Vogel's Stock -
15 g Sucrosc (1able sugar)
1 ml  Trace Elements (1x)
1 ml Biotin solution (1x)

" Nutritional supplemcnts were addcd as rcqulred deO was added to make 1 litre.

20 ml 50x Vogel's
15 g Sucrose (table sugar)
2 ml  1x Trace Elements
- ml Biotin
qO ml dH20
g agar

Supplements were added as rcqulred The solution was rnade to 1 litre and

autoclaved for 20 mmutes at 121°C.

20X W rd's Stock (1 litre
20 g KNO3
20 g -KH2PO4
10 g MgSO4-7H20
2g ~ NaCl , -
2 3g Ca(Cl2+2H20

. dH20 was addcd to make 1 litre and the pH was adJustcd to 6 5 w1r.h KOH 10 ml

of chloroform:was then added asa preservauve '

\ ‘ S 112



Westergaard's-Sorbose Plates (1 1i
: — - |
50 ml /20x Wcstcrgaard's Stock L .
10 g # Sorbose L SR
0.1 g * Glucose e '

1 ml  Biotin
5 ml- 1xTrace Elcmcnts o : _ _ .
20 g agar ‘

~ Supplements were added as requn'cd deO was added to makel- htrc and
‘ the pH adjusted to0 6.5.

Crossine M l' 1x
50 ml 20x Westergaards - »
10 g Table Sugar Phe
5 ml , Ix Trace Elements :
1 'ml  Biotin
20 g  agar
Supplcments ‘were added as rcqulrcd deO was addcd tol litre and the pH
-adjusted to 6.5 using 4N KOH. A

mmmmm

50 g Citric Acxd- 1H20

50 g. ZnS04+7H20

13 g FeNH4(S04)2+12H20
g . CuSO4°5SH20

g MnSO4+1H70

5 g H3BO3 R O

S g NazMO4-2H2O ) . p

mg  CoCly I

| Stored at 4°C.
" Biotin Solution (lx)

-5 mg Biotin was d1$solved in a final volume of 400 ml of 50% ethanol and the
solution stored at 4°C. .

S5g nlcotmam1dc was dissolved in a final volume of 500 ml dH20O and smred at
4°C. 1 ml of this 10mg/ml solution was used in 1 litre of medium. v

Pan

5 g of pantothenate was dissolved in a final volume of 500 ml dH20 and stored at
4°C. 1 ml of this 10mg/ml solution was used in 1 litre of medium.
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- A 2 litre beaker was filled 3/4 full of Ottawa sand and enough concemrated

HCI was added to the beaker to cover the sand. The beaker was covered with a |

~ glass plate and left sitting overnight in the fumehood. The following day the acid
was poured into an appropriate waste container and the| sand transferred to two
trays. The trays were placed in the sink and tap water allowed to continously
flow into the sand. The sand was mixed every 5-10 minutes using a gloved hand or
‘an appropriate instrument. The sand was washed with water until the pH was _
neutral. It was then dryed in the oven and d1spcnsed into jars. Thc sand was storcd ‘
at 4°C. .

andmz.ﬂuﬁlcx
\ (15% sucrose, 50mM Tris- HCL pH 7.6, 0.25 mM EDTA)

- 6 g Tris Base
150 g~ Sucrose
1 m 025M EDTA pH8 0
850 mi dHO *
The 1ngrcd1cms were dissolved in 600 ml of dH70 and HCI was addcd to adJust thc
pHt0 7.6. The volume was madc up to 1 lire w1th dH?20. :

. (44% Sucrosc, 5 "5 ' Tris- Cl pH7 6, 0.25mM EDTA)
440 g . ultra-pure Sucrose
6.0 g * TrisBase o
1 m 02SMEDTA
-~ Add dH20 to 900 ml.
: Thc pH was adjusted tc 7.6 with HCl and the volume brought up to 1 litre.

(55% Sucrose, S0mM Tris-Cl pH7.6, 0.25mM'EDTA)

550 g ultra-pure Sucrose .
6.0 g - Tris Base
"1 ml 025MEDTA
_ Add dH20 to 900 ml. :
The pH was adjustcd to7.6 with HCI and the volumc brought up to 1 lnrc o

R (60% Sucrose, SOmM Tris-Cl pH7 6, 0. 25mM EDTA)

600 g ultra-purc Sucrosc :

. 6.0 g Tris Base
1 ml  0.25M EDTA pH8.0 Stock
Add dH20 to 900 ml.

The pH was adjustcd to7. 6 with HCl and the volume brought up to 1 litre.
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80% Sycrose Buffer
(50mM Tns-Cl pH7.6, 0.16mM EDTA 80% Sucrosc ultrapurc)

10 ml 1M Tris-Cl pH7.5
400ul  0.2SMEDTA
160 g ultrapure sucrose -
Add 50 ml dH20 -
dH20 was added to a ﬁnal volume of 200 ml ’ . .

(g sM Sucrosc, 50mM Tns Cl pH7 6, 0. 25mM EDTA)

274 g Sucrose .
6 g  TrisBase o
1 m 025MEDTA
Add 900 ml dH2O - '
The pH was adjusted to 7.6 w1th HCl and thc volume brought up to 1 litre.

> :I l S .
(2 oM Sucrose, SOmM Trls -Cl pH7 6 0.25mM EDTA)

684 g  ‘Sucrose
6 g - TrisBase T i o
1. ml 025MEDTA : ' ' ;
Add 900 ml dH20 '
The pH was adJusted to 7.6 with HCl and the volume brought up to 1 litre.

JxTBE -
(1M Tns-Borate pH 8.3, 20mM EDTA)

TnsBase ) _lZ,k >

- 'Na2EDTA
* . “Boric Acid
- Add 650 ml dH20

The amount of Boric Acid mentioned above was added, then the pH of thc solution .
was adJusted to 8. 3 with additional Boric Acid and the volume brought up to 1 litre.

h_f .AmlAlh1241v 11i
960 © ml  Chloroform

40 ml  Iso-Amyl Alcohol ,
The two chemlcals were mixed and stored at. room tcmpcrature

<
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18 ml 50% glycerol Lo R S
2 ml 10xTBE ' } -
’ Add ¢a, 0.2 mg of bromphcnol blue.

RNase A+T]1 Stock Solutions
(2mg/ml RNase A, 50% glycerol H-NET)

20 mg RNase A and 250 ul of RNase T1 solunon (51gma) were dlSSOlVCd in5Sml
H-NET. The solution was boiled for 15 minutes or incubated at 80°C for 30

minutes.. 5 -ml of glyccrol was added and the solution stored at “20°C..

- H:NET (10x) . |
(1M Tris-Cl pH7 .8, 1.5M NaCl, 10mM EDTA)

Tris Basc " 121. 14 g
NaC - 187.66 g
NagEDTA 372 g

dH20 was added to make 1 litre.

H-NET (1x)
(100mM Tns-Cl pH7 8, ISOmM NaCl, 1. M EDTA)

M Tns-Cl S_tock . 100 ml .
. SMNaCl Stock = - 30 ml
- 0.25M EDTA Stock - 4 ml
dH20 . o - 866 ml
LBoth
10 g Bacto-tryptone
5 g Yeast Extract.
5 g NaCl
: 1'g Glucose ,
dH20 was added to 1 litre. and the pH adjusted to pH 7:4 If plates were to be .

made- 15 gof Bacto—agar was added. The medxa was autoclaved at 121°C for 20 -
: mmutcs '

e
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Antibiotics o Stock - Final
. ' (mg/ml) (ug/ml)

Ampicillin! | 10 50

- Streptomycinl- 100 - 100
. TetracyclineHC1}2 ' 2 20
Chloramphenicol? : 34 20

1. Dissolve in dH20 filter stenhze and -

stored at 4C.

.- 2.'Solution is light sensitive. Stored in the dark.
3. Dissolve in 95% ethanol and stored at -20C.

- 20x D.M,Stock
20 g ammonium sulfate
.60 g KH2PO4
-40 g K2HPO4

- dH20 wa$ added to 1 litre. 5 ml of chloroform was added for preservauve and the
soluuon was storcd at4°C- ‘

DM, Sglg + Thiamine

25 ml - 20x D.M. Stock
. 0.5 ml 10% MgSO4 :
- 0.5 ml 10mM Thiamine solution ' v
Supplements were added as required. The solution was made up to a final volume -
of 500 ml with dH20, and dispensed as 10.ml aliquots into 18 X 150 mm
testtubes. The tubes were capped with morton closures and autoclaved for 20-

minutes at 121°C 100 ul of sterile 50% glucose was addcd to the liquid DM media |
before use

: SOg of glucose was-added slowly to 50 ml deO When dissolved it was made
t0100 ml and dispensed as 1 ml aliquots into eppendorf tubes then autoclaved.at -
121°C for 20 minutes. The glucose was stored at room temperature.

DM, PLATES

Flask #1 v
50 mi 20X D.M. Stock ‘
1 m  10% MgSO4
-1 ml 10'mM Thiamine Solution
448 ml . dHO =
Flask #2 .
20 g Agar
5 g  Glucose
500 ml dH20 '
Supplements were added as required. The flasks were autoclavcd separatcly at
'121°C for 20 minutes. The contents of the two flasks were then mixed and poured
" 'into sterile petri dishes. The plates were stored at 4°C.

-
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034 ' Thiamine HCl
80 ml dH20

The above were dissolved and dH20 addcd to 100 ml. The soluuon was .
autoclaved for 20 minutes at 121°C and stored at room‘tcmperatum

(100mM NaCl, 5SmM MgCl2+6H20, 5SmM Tris-Cl pH7.6)

NaCl ‘ 4mlof SM ' : - _
MgCl2+6H20 - 02¢g ‘ : : B

IM Tris-Cl pH7.8 . 1ml -

Make up to 200 ml with dH20

Autoclave or filter sterilize

ImnsfqnnamM;L#Z
(100mM CaCl2+2H70 (MWT is 147) 250mM KCl 5mM MgC12-6H20 5mM
Tris-Cl pH7.6)

CaC12°2H20. . 294 g

KCl - 38 g .
MgC12-6H20 A 0.2 g.
. 1M Tris-Cl pH7.8 1 ml
~ Make up to 200 ml with dH20

: Autoclavc or filter stcnhzc
SQEI'.AQAR.’IHEES T

10 g Bacto—tryptonc 3 .
5 g Yeast Extract ’
-5 g NaCl
1 g Glucose
-~ 71 g Bacto-agar
SNNaOHwasaddedtoapH of 7.4.
dH20 was added to 1 litre. The agar was dlssolvcd by heatlng the med1a ona hot
‘plate with stirring. The agar was dispensed as 3 ml aliquots into 13X 100 mm
testtubes and capped with morton closures. The tubes were autoclaved at 121°C for
~ . 20 minutes then stored at 4°C. . Just before use they were autoclaved for 5 minutes
- at 121°C and placed in a 45°C water-bath

Alkalmg_SDS_Sszlunm
(0.2M NaOH, 1% SDS)

200 ul SN NaOH

500 u  10% SDS

43  ml  dH20
~Made just before use .

’



Glucose Buffer SR X
(50mM Glucose, 2.5mM Tris-HCL,pH 8.0 at 4°C,10mM EDTA)
.5 ml 1M Tris-Cl pHS,0
09 g . Glucose -
4 ml 250mM EDTA pH 8.0
dH20 was added to 100'ml and the buffer stored at 4°C.

(50mM Tris-Cl pH7.8, 0.15M NaCl):

5 ml- lM Tris-Cl pH7. 8
3 ml 5M NaCl

92 mi " dH20

- Stored at 4°C.

(25% Sucrose, 50mM Tris HCI, pH 8.0 at 4°C)

250 g - Sucrose -
S5 ml 1 M Tris HCl, pH80at4°C ‘

500. ml - dH20 '
~ The above were dJssolved and dH20 was added to a final volume of 1 litre. The
buffer was stored at 4°C.

! 11 anol
100 g = NaCl
250 ml "dH20 o
500 ml - - 2-propanol (isopropanol)
10 ml  IMTrs-ClpH7.S - -
Mixed and stored at 4°C. 7
IQ% Sucrose Bgffg ‘
~(10% Sucrose, 50 mM TrisHCI, pH 8.0 at 4°C)
50 g Sucrose .
25 ml 1 M TrisHC], pH 8.0 at 4°C
300 m dH20

The above were dissolved and deO was addcd to a final volume of 500 ml Thc
- buffer was stored at 4°C '

v" LI

STE Buffer
(150 mM NaCl 10 mM TnsHCl pH 7.8, at 4°C 1 mM EDTA)

87 66 g ~ NaCl
, 100 ml IM TnsHCl pH 7.8 at 4°C
4 ml OZSMNaZEDTA pH 8.0
600 ml ~.dH20
- The above were dissolved and dH20 was added to a ﬁnal volumc of 1 htrc ’I‘he
buffer was storcd at 4°C. .

119
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10% PEG Solution
(10% PEG, 2.5M NaCl)

100 g PEG- 8000 .
145 NaCl
Add deO to1 litre.

Emm.XI.Smck.SﬂunQn
a3 mg/ml Protease K, 50% glyccrol) :

mg Protease K was dissolved in 5 ml H-NET. The solution was then incubated
m 37 C waterbath for 60 minutes. 5 ml glycerol was added and the solution stored.

at 20°C. : . . ‘ . .

(0.3 M NaCl, 0.1 M TrisHC], pH 7.8- at 4°C,1 mM EDTA)

175 g "‘NaCl ~ = ’
100 ml IM TrisHCI, pH 7.8 at 4°C
4 ml 0.25M NazEDTA pHB.0 -
700 ml- dH20 .
Thc ingredients were dissolved and then deO was added toa fimal volume of 1
litre. Thc buffer was stored at:4°C.

>
Ve

(0.15M NaCl, 0. 1mM EDTA, 20mM Tris HCl pH 7.8 at 4°C)

7.5 mi  5MNaCl o
0.1 mi OZSMEDTApHSO
5 -~ ml 1M Tris HCl pH 7.8 at 4°C
150 ml dHO
The above were mixed well and dH20 was added toa ﬁnal volume of 250 ml. The -
buffer was’ storcd at 4°C. :

(1.0M Na(Cl, 0.1n__1N£ EDTA, 20mM Tris HCl pH 7.8 at 4°C)

50 ml - 5MNaCl =
0.1 m  0.25MEDTA 8.0
5 ml IMTrsHClpHat7. 84°C -
150 ml-  dH20 -
The above were mixed well.and deO was added to a ﬁnal volurne of 250 ml. The
~ buffer was stored at 4°C.



‘Low SQIIB uffer _ R

(0.1 M NaCl, 10mM Tris HC], pH 7.8 at 4°C, 1mM EDTA)"
2 ml lMTnsHCI pH78at4°C
4 ml  SMNacl

0.8 ml OZSMED’I‘ApHSO
150 ml dH0

- The above were mixed well and deO was added toa final velume of 200 ml The -

buffer was stored at 4°C.

- Q M NaCl, 10 mM Tris HCl,‘pH 7.8 at 4°C, 1 mM EDTA)

2 ml 1MTrisHC], pH7.8 at4°C
40 ~ml ' SMNaCl :
0.8 ml - 0.25MEDTA, pH 8.0 _
_ 150 ml = dH20 '
The above were mixed well and deO was added toa ﬁnal volume of 200 ml The
buffer was storcd at 4°C.

ix;

Regular Mixes : '
.(Notc Stocks are storcd at 70°C mixes are stored at 20°C.)
A mix: :

40ul 0.5mM dCI'P

40ul 0.5 mM dGTP

40ul 0.5mMdTTP

40 ul 10X Pol Buffer

140 ul dH70
1u 10 mM ddATP

Note: for "long" A mix use 0 5ul 10 mM ddATP for 'extra long" A mix use 0.25
- ul 10 mM ddATP ’

C mix:

44l 0.5mM dCTP
40 ul 0.5 mM dGTP
40 ul . 0.5 mMdTTP
40 ul 10X Pol Buffer

120 ul  dH20

2ul 10mMddCTP
. Note: for "long" C mix use 1.0 ul 10 mM ddCTP.

Q

40ul 0.5 mM dCTP
4ul 0.5mMdJGTP .
40 ul . 0.5 mMdTTP
40 ul 10X Pol Buffer
110ul dH20

~4ul 10 mM ddGTP
Note: for "long” G mix use 1.5 ul 10 mM ddGTP.



:

0.5 mM dCTP
0.5 mM dGTP
0.5 mM dTTP

ssgss
EEEEE

1 - dHO

‘gul 10 mM ddTTP-

Note: for "long" T mix use 2.5 ul 10 mM d’I'I'P for extra long T mix use 1 ul 10

. ded'I'I'P

10 mM dCTP

' 10 mM dGTP

20-ul © 10 mM dTTP
120 ul dH20 -

Chascz : :
© 20ul 10 mM dATP
20 ul
20l

dITP Mixes

(thc Stocks are stored at ~70°C; mixes are stored at ‘20°C )

vArmx, N
20ul 0.5 mM dCTP
100 ul - 0.5 mM dITP
20ul 0.5 mMdTTP
20 ul 10X Pol Buffer

-

40ul dH2O
0.25ul 10mMddATP
C mix: - '
2ull 0.5 mMdCTP
100 ul 0.5 mM dITP
20u} 0.5 mM dTTP
20 ul 10X Pol Buffer
60u dHO -
1.5ul 10 mM ddCTP
Gmix: = '
20ul 0.5 mM dCTP
3ul 0.5mMdITP
-20ul 0.5mMdTTP
20ul 10X Pol Buffer
140 ul dH20
1.5u 1 mMddGTP
20ul 0.5mMdCTP
100w 0.5mMdITP =
2ul 05SmMATTP
"~ 20'ul 10X Pol Buffer -
60ul dH2O
4ul- 10 mM ddTTP

'10X Pol Buffer -

N
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Chase: | '
20ul 10 mM dATP
20ul 10mMdCTP
20ul 10 mM dGTP
20ul 10 mMdTTP
120 ul dH20

Deaza-G mixes (Barr et al. 1986)

Deaza-G mixes were made the same as normal mixes except 10mM 7-Deaza-2"-
deoxyguanosine-5'-triphosphate was used mstcad of 10mM dGTP. N

' E _'VIVSIZIE"'I

9.5 ‘ml deioniozed formamide

(prepared by ‘adding mixed bed resm(l granm/10 ml formamxde) and
C letting solution stand 30 minutes then filtering
400 ul 0.25 M EDTA stock :
-10mg Bromphenol Blue S {
~ . . 10mg Xylene cyanole : »
Mixed ‘and stored at -20°C.

2 mg of hernng sperm DNA dlssolved in 1 ml deO then SOmcatcd for I hr.
Stored at 4°C.

lmx_D.cnha.rdL's

2% (w/iv) ficoll

2% (w/v) polyvinyl pyrrolidone
2% (w/v) bovine serum albumin -
Stored at 4°C

- 20 X SSPE

(3.6M NaCl, 0.2 M Naphosphatc pH 8.3, 0.02 M EDTA)

318.4 g NaCl
252 g  NapSO3
80 ml = 0.25 M EDTA pH8.0 Stock
Mix and storcd in freezer.

~ Prehybridization Solution

for 10 mis:
1ml 50 X Denhardt's
22.5ml 20 X SSPE :
6.3ml dH20
100 ul 10 mg/ml carrier DNA

Stored at -20°C. Use 4 mis for 100 cm?2 membrane



Placc 800 ul of pxthybnmzauon solution in an eppendorf and add 32p probe (107

108 cpm/ug DNA) Dcnaturc ina boxhng water bath for 2 minutes.

Solution O
(1.25M TnsHCl pH 7.8 at 4°c 0. 125 M MgClz, pH 8.0)

757 g Tris Base .
1.27 g . MgCl2

Dissolve Tns base in 40 ml dH20 and pH to 7.8 with HCl. Add MgC12 and bnng :

volume up to 50 ml. Stored inl ml aliquots at 4°C
1ml solution O :

18 ul B-mercaptoethanol oy
5ul (0.1IM)dATP o
S5ul (0.1M)dTTP ' ‘
5ul  (0.1M) dGTP

Stored at -20°C.
2 M Hepes titrated to pH 6.6 with 4 M NaOH. Stored at 4°C.

H_cxadeoxyribonucléotides (BRL) suspended in TE at 90 OD units. Stored at -20°C.

© Mix A:B:Cin a ratio of 100:250:150. Stored at -20°C for up to 3 months.
2 mM NCI, 20 mM Tris-HCI, pH 7.8 at 4°C, 2 mM EDTA, 0.25% SDS, 1 uM

"~ 'dCTP. Stored at -20°C.

Ll

220 g . MapSO3

Make up to 1 lire with dH20.
10 m ~ Photflow

- Make up to 1 litre with dH20.
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