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Nuclear dimorphism iIn ciliates
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Macronuclear development
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Two distinct types of genome rearrangement
in ciliates

Oligohymenophorea Stichotrichs
Paramecium, Tetrahymena Oxytricha, Stylonychia
MAC development: MAC development:

- Long chromosomes - Short chromosomes
- DNA excision and repair (nanochromosomes)

- DNA excision and repair
-  DNA unscrambling
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Two distinct types of genome rearrangement
in ciliates

Oligohymenophorea Stichotrichs

Paramecium, Tetrahymena Oxytricha, Stylonychia

MAC development:
- Long chromosomes
- DNA excision and repair

MAC development:

- Short chromosomes
(nanochromosomes)

- DNA excision and repair

-  DNA unscrambling
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Gene Unscrambling in Oxytricha
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Detangling of scrambled actinl gene
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Microinjection of alternative RNA template

Conjugation

Microinject RNA template
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RNA template model in Oxytricha
parental MAC DNA
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Epigenetic inheritance of gene copy number in

Oxytricha
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Conclusion

In Oxytricha, matrnal RNA play an essential role during
development by:

- Providing templates for DNA unscrambling

- Regulating chromosome amount in the new macronucleus



Two distinct types of genome rearrangement
in ciliates

Oligohymenophorea Stichotrichs

Paramecium, Tetrahymena Oxytricha, Stylonychia

MAC development:

- Short chromosomes
(nanochromosomes)

- DNA excision and repair

-  DNA unscrambling

MAC development:
- Long chromosomes
- DNA excision and repair
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Epigenetic inhibition of internal eliminated sequence (IES)
excision.

—-éw@—-—m-ﬁ—

e — —f—— -

Lost

WY e

7 e [ | - ‘.
—— -/ Lost

;h Nowacki M, et al. 2011.
Annu. Rev. Genomics Hum. Genet. 12:367-89




Epigenetic inhibition of internal eliminated sequence (IES)

excision.
a
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Maternally controlled IESs require Dcl2/3-produced scnRNAs for excision

Non-Maternally controlled IESs do not need scnRNAs for their excision



Paramecium Internal Eliminated Sequences (IES)

* =45000 per haploid genome
* presentin genic and intergenic regions
* Short (28 bp length mode), single-copy, non-coding sequences

* 5°-TAYAGYNR-3" consensus sequence extending into IES resembles
that of Tcl/Mariner transposons

mic




The scan RNA model for programmed genome

rearrangements.
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The scan RNA model for programmed genome

rearrangements.
a b

Maternal MAC , Maternal MAC

| el — —H\ﬁ— Maternal v - —m—- -y

MIC MIC
C d
Maternal MAC N c Maternal MAC
\ feNEerE: oy T/
L —
: v y 7 ,
"~ DevelopingMAC -~ . DevelopingMAC -~

ﬁ Nowacki M., et al. 2011.
L\ Annu. Rev. Genomics Hum. Genet. 12:367-89



New class of small RNAs in Paramecium?
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DCL Gene Expression
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Objective:

Characterize products of different Dcl proteins
- Do Dcl2 and Dcl3 produce the same sRNA molecules?
- Is Dcl5 responsible for the late 26-29nt sRNAs?
- Possible role for the 26-29nt sRNAs?
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- scnRNAs overlap MAC/IES junctions and concentrate at IES ends
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iesRNAs sometimes map across IES/IES junctions

26-29 nt i,‘ scnRNAs
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Part 2:

Analysis of Dcl proteins cleavage products

DCL Gene Expression
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Silencing of Dcl2, DclI3 and Dcl5 followed by sRNA sequencing and analysis

Sandoval, Swart et al. 2014, Dev Cell.



Knockdown of Dcls causes dramatic changes in developmental sRNAs
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Fraction of total reads

iesSRNAs are a new class of developmental sSRNAs

Control
Early development

0.4

0.3

0.2

0.1

0.0

0.4

0.3

0.2

0.1

0.0~

Total |
I Vector |
fvac
les |

20 25

Late development

_____.l!llllll.__._..
20 25 % 30
23 25 27

IES length (nt)

7
—

<
=

23 nt
1.0 siIANAs + scnRNAs
0.5
0.0 "6~ —//——~—- e
1.0 siRNAs
0.5
= 5
0.0 ————=~ // g
1.0 iesRNAs + siRNAs
0.5
A -
00 2 //~-2¥-——-ﬁ*‘~’
20
1.0 siRNAs
0.5
/ (=2
0.0 / 2'0
y y
5 3

25 nt
1.0 scnRANAs
0 oj AQA* //-.-»-T bl
' 20 25
1.0 scnRNAs
os4| |
0.0~ 82 L_,_ 22
20 25
1.0 iesRNAs + scnRNAs
0.5
0.0 Al //ﬁ =2 .
20 25
1.0 scnRNAs
05
25

0.5

0.0

1.0

0.5

0.0

*éé,//f>a._

27 nt

scnRNAs + iesRNAs

QB?—_—?
25

/

iesRNAs

Aé_._//,;ﬁgggo

/

Sandoval, Swart et al. 2014, Dev Cell.



A combined DCL2 and DCL3 knockdown severely depletes scnRNAs

[ ST,

DCL2+3-KD

o
=

SRNA size distributions and source

Early development Late development
os T“
i Prac

Jes

03 l
l- B gl ot e Y RS- | .llll.,.--‘_
% <

25 25

04
03
—
0
I Y I
ppp— .g—--——i’—- - 0.0~ e .V....-)-O—A'-‘
» N
25 25

IES

MAC

nop;ommm sANAs from early development

25m 2t
12 . senRANAS 104 SONRNAS » osANAS
0s s .
00‘: . "A . ,"1". — “M 2 p 66 . .‘:i".«!.! O3t
i " /l »
10 . enfiNAg
0s 4
q 1 J
{ f] e s I;
00— A 'l’,‘;o LRI "s "‘I

10 siHNAS
05% c
20

Sandoval, Swart et al. 2014, Dev Cell.



Independent DCL2 and DCL3 knockdowns reveal different sSRNA size
and length preferences

SRNA size distributions and source Representative sANAs from early development
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Knockdown of DCL5 severely depletes iesRNAs

SRNA size distributions and source Representative sANAs from early development
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Dcl2

size 25 nt

Dcl cleavage preferences
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Dcl cleavage preferences
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Paramecium sRBNAs concentrate at IES boundaries
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iesRNAs locate 10 fold more frequently at the terminal TNG than at internal TNGs,
suggesting that iesRNAs production is biased towards the ends of |IESs
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i.Genome whittlin
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