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How are homologous chromosomes recognized ECEG15
in meiosis ? ROME » ITALY 2020

DNA Homologous
replication pairing



Recombination-mediated homologous pairing ECFG15

ROME « ITALY 2020

Double-strand break
(normally by Spo11)

> many steps

Homology search
by Rad51/Dmcl




Widespread recombination-independent ECFG15

homologous pairing ROME » ITALY 2020
In meiosis:
Fungi Worms Mammals
S. pombe C. elegans M. musculus
Dev Cell (2004) 6: 329-41 Cell (1998) 94: 387-98 Dev Cell (2013) 24: 196-205

How are homologous chromosomes recognized in these situations ?



rF]tecc’))mbination-independent homologous pairing: ECEG15
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 Landmark chromosomal features (centromeres, telomeres)
* Transcriptional factories
e Other forms of bar-coding by RNAs or proteins

VErsSus

* Direct pairing

AR AR A AR A AR A



Neurospora crassa, a model organism ECFG15
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* Ascomycota, Sordariomycetes,
Sordariales

* Genome sequenced: haploid, 43 Mb,
7 chromosomes ~10,000 genes

* Growth rate: 5 mm/h at 30°C
* Ease of culture, non-pathogenic

* Vegetative cycle (conidia)
Sexual cycle (ascospores)

 Two sexual types:Aand a

 10-15 days for a complete sexual cycle



Meiotic Silencing by Unpaired DNA (MSUD) ECFG15
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] small RNAs
Pair of homologous

chromosomes

small RNAs

* General: any DNA sequence can be recognized as unpaired
» Sensitive: such unpaired sequences can be as short as ~1 kbp

» Efficient: occurs in a few hours



Does MSUD require Rad51/Dmc1 and Spo11? ECFG15
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Histone H1 fused to GFP
-
-

“paired” region

|

meiotic cell (ascus)

hH1-GFP is expressed



Does MSUD require Rad51/Dmc1 and Spol11?

Histone H1 fused to GFP
- -
- —

“paired” region “unpaired” region

|

hH1-GFP is expressed hH1-GFP is silenced
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Does MSUD require Rad51/Dmc1 and Spo11? ECFG15
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MSUD does not require Rad51,/Dmc1 and Spo11 ECFG15
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MEI-3 is the only MEI3 v Spollv MSUD vV MEI-3 v Spoll+ MSUD ~
Rad51/Dmc1- —— ——
like recombinase — —
in N. crassa
silenced expressed

MEI-3 X: mei-3 A/A

Spol1l X:spoll A/A

4I
|

silenced expressed

N. Rhoades et al., preprint 2019



Another mechanism based on DNA homology: the ECEG15
Repeat Induced Point mutation (RIP) in N. crassa ROME » ITALY 2020

RIP

(Mazur et al., 2019)

* Does not require MEI-3 and Spol1l

 DNA molecules are likely double-stranded and co-aligned
 Homology information is integrated over several hundred base-pairs
* Recognizes patterns of weak interspersed homology



Does MSUD recognize weak interspersed homology? ~ ECFG15
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Ref —3
Test —$

Rsp*

Chr |

Internal fragment of Rsp (1.5 kbp)
Ref

Test ULRREECLAREEEEA R R R AR EEE A PR R AR E LA REEE AR REE LA REEE AR EHH
Synthetic DNA (1.5 kbp)

¥

pattern of homology is manipulated experimentally




Does MSUD recognize weak interspersed homology? ~ ECFG15
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Test —$
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Does MSUD recognize weak interspersed homology? ~ ECFG15
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Ref —3
Test —$

Rsp*

Chr |

Internal fragment of Rsp (1.5 kbp)
Ref “more eccentric”

Test [LLHLELELE TR ET R R AR TR R TR TR T TR Spores
Synthetic DNA (1.5 kbp)

¥

pattern of homology is manipulated experimentally

“less eccentric”
spores



Roundspore assay: quantifying eccentricity ECFG15
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Roundspore assay: quantifying eccentricity ECFG15
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Code in python
. scikit-image
« Scikit-learn

Spores are selected by

o area (min, max)

« convexity Guillaume Witz
(Universitat Bern)




Roundspore assay: quantifying eccentricity ECFG15

ROME « ITALY 2020
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Roundspore assay: quantifying eccentricity ECFG15
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Roundspore assay: designing synthetic test DNA ECFG15
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Internal fragment of Rsp (1.5 kbp)

Ref —— . —
Test [LLLELTREL R R AR TR R TR T

Synthetic DNA (1.5 kbp)

5-GCCCGTAGCAT -3

Ref 3-CGGGCATCGTA -5
Test 5-GCCGCCTCGTC -3
3-CGGCGGAGCAG -5
Ref 5-GCCCGTAGCAT -3
3 (|: (|;I (|5 GCATCGTA 5" 3 homologous base pairs (3H) followed by
. 5.GCCGCCTCGTC -3 8 non-homologous base pairs (8N)
est 3-CGGCGGAGCAG -5
Ref

Schematic representation: ® matching base pair
Test (X X 3H-8N mismatching base pair
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MSUD recognizes weak interspersed homology

100% perfect oooooo00oooioooooooooooioooooooooooioooooooooooiooooooooooo
45.5% 5H-6N ee0 @@ 90000 90000 90000 90000
36.4% 4H-7N e 0 @@ ioooo ioooo ioooo ioooo
27.3% 3H-8\ e@®® 900 YY) 90 0@ 9200
66.7% 2H-1IN 06 ® 00 0o ooi o0 00 o0 oio o0 00 oo ioo o0 oo ooi o0 00 o0 ©
random DNA o L o0 o 1 e e o | L L o! o0 L
< > ! ] i
11bp d d d d
100% homology 45.5% homology 36.4% homology
perfect 5H-6N 4H-7N

27.3% homology
3H-8N

66.7% homology
2H-AN

random
homology



Biophysical features of DNA ECFG15
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Mazur A. K. (2016) Homologous pairing
between long DNA double helices,
Phys. Rev. Lett, 116:158101

B-DNA

B-DNA
J

3-4 base pairs

Paired B-DNA (PB-DNA)
(Mazur et al., 2019)

Prediction of direct dsDNA-dsDNA pairing with a period of ~ two B-DNA turns



MSUD recognizes homology pattern equivalent to ECEG15

two B-DNA turns

period

17 bp
18 bp
19 bp
20 bp
21 bp
22 bp
23 bp
24 bp
25 bp

ROME « ITALY 2020

perfect 000000 00000000000000000000000000000000000000000000000O0COF0

6H-11N o000 @O
6H-12N e 000 @O
6H-13N o000 0O
6H-14N 00000 0®
6H-15N 00000 0
6H-16N 00000 @
6H-17/N 000000
6H-1SN 00000 ®
6H-19N 00000 0



MSUD recognizes homology pattern equivalent to
two B-DNA turns ECFG15

period
perfect 0000000000000 0000000000000000000000000000000000000000F0CK°

20bp 6H-14N 0000 OO 000000 000000
21bp 6H-15N o000 OO 000000 000000
22bp 6H-16N 00000 O 000000 000000
perfect
6H-14N 6H-15N 6H-16N
21 bp 22 bp

20 bp



MSUD recognizes homology pattern equivalent to
two B-DNA turns ECFG15

% of wild-type
spores

period (bp)



Summary Egﬁgl?@

e MSUD in N. crassa is a new approach to study recombination-independent
homology recognition during meiosis

* Does not require neither MEI-3 (Rad51/Dmc1-like recombinase) nor Spol1l
* Current results are consistent with the model of direct dsDNA-dsDNA pairing
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