A tale of two genomes:

DNA repair in the mitochondria and the nucleus
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hTERT expression is tightly regulated during human development
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Insufficient telomerase leads to human disease
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hTERT Level

Studying hTERT regulation as a function of pluripotency
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Mapping the landscape of hTERT enh

dancers
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Deletion of putative enhancers reduces hTERT mRNA
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hTERT mRNA is extensively alternatively spliced
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Capture-Seq identifies the full spectrum of hTERT splice variants

RNA Capture-seq
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hTERT exon-2 is differentially spliced in pluripotent vs. differentiated cells
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hTERT exon-2 exclusion compromises telomerase activity in pluripotent cells
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Constitutive exon-2 retention by gene editing
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Forced exon-2 inclusion prevents hTERT silencing during differentiation
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Transcriptional and post-transcriptional processes synergize to regulate hTERT

*kkk

i
T 40,
T
wn
>
’ql?l:l\: 304 Kok
Qe E
W
%Z 10 Jkdk
L
|_
0
I e ~ dCas9-Vp64
asy- +
< - - - -+ -+ 2hTERTgRNA
H7 C1 C2 C1 C2
hTERT+/~+ hTERTAin1/Ain{

Fibroblast

Penev et al., 2021. PMID: 33852895



|dentification of hnTERT splicing regulators using minigene reporters
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REPORT

De Novo Mutations in SON Disrupt RNA Splicing of Genes
Essential for Brain Development and Metabolism,
Causing an Intellectual-Disability Syndrome

The American Journal of Human Genetics 99, 711-719, September 1, 2016 711
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Mutations in SON are linked to hTERT haploinsufficiency
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Mutations in SON are linked to hTERT haploinsufficiency
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Alternative splicing is a developmental switch for hTERT expression
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Mitochondrial genome instability




Challenges inherent to the mitochondrial endosymbiosis
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Mapping the nuclear response to mtDNA dysfunction
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MtDNA dynamics in response to mito-DSBs
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Nuclear sensing of mitochondrial DSBs
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Activation of innate immune response to mito-DSB
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Activation of ISG and p-STAT1 upon mtDNA cleavage
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No overt mitochondrial dysfunction upon mito-DSB
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Mitochondria are a signaling hub for innate immunity
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Mitochondria herniation releases matrix contents to the cytosol
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Loss of BAK/BAX inhibits immune sensing in response to mito-DSBs
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What cytoplasmic sensors are involved in the response?
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RNA sensing by RIG-| mediates immune response to mito-DSBs
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Type-l IFN
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A proteomic approach to uncover the direct outcome of mtDNA breaks

Biotinylated
proteins

SILAC labeling

CmMILN. dmTLN mTLN

+ biotin + biotin
ke J
Y
1:1:1 combination

!

Streptavidin pull-down & Mass spec

Yi Fu, unpublished

- 12Fc '
2 / 0.0 .
‘ 2e®
! R T e,
7 5 -FF:SKD! ®
) :
1— ] '0.5_ '. ‘MSN ®
o 12F !
5 % Cc . ] A0 ®»° o,% o o
5 g 112Fc @0 o
5 s 1 ® TWI&K @
T 11 154 % of o
9 ® nrsoc2 ®
i ® ap® PFCD3
® NBE
-2 -2.04 - ® HSPE1
\ n
\
-3 T T N 25 T T 1
-2 0 2 4 6 N\ 0 2 4 6
mTLN/Control
Log2(Average)
" 12 Fc S 12Fc
2 :
* : ® SMCHD1
1.5+
® ATAD3a
Z o
o)
E o | 1.0-
59 \ )
=< - \
BEY o . \ @ EHD4
€ 0O i ' 1 :
= : a \ - @SQg™
¢ & ! 0.5 a 8 MTA2. & HADHA @ LRPPRC
-2 I ) ® ARHGAP10
\‘ 1% @SRPRAT T LT 12Fc
-3 y — T \ 0.0 ' : , : ,
-2 0 2 4 6 ¥ 0 1 2 3
mTLN/Control
Log2(Average)

Total detected >= 2 rep (502)
@ Enriched in mTLN >=2rep (9)
® Selected candidates (5)

® Depleted inmTLN in >=2 replicates (76)
® Selected candidates (12)

1M2Fc



""':\‘,i;l-:i?«-:,;, o Type-l IFN
,.—:,3;?‘;?_?%:‘“ O ] ’ I‘eceptors

mitochondrial |
DSBs |

,l
’
’

’
’
’
’
’
’
’
 /
’
!
'
'
’
/]
’
I
'
'
'
!
!
'
'

/ (Jak-Stat)

RiG-|
- Implications?

1
1
1
1
]
' ’
! ’
' ’
' '
| '
l
1
'
'
'
Ll
il
'
\
\
\
\
\
\
1
'
1
1
'
'
'
'
'
t
'
’
’

\ T ;
,_> Innate Immunity Signature ‘_| |——>

TR T i ROROROTOUON o, o (1 OR
T\\,O'\VO .\,0 \‘0 \.O o QO \.0':‘0-:‘ 0,; 0’:‘0’\\'0.\“0’\\‘0'1 C L) \.0 \‘0 \.O \,0 \,C

> Cytokine Signaling |, |nterferon Signaling



Innate immune activation in response to gamma-irradiation
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Assessing the immune response in cells devoid of mtDNA
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Diminished innate immunity upon irradiation of rhoQ cells
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Mitochondrial herniation and RIG-I activation in response to irradiation
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Cytoplasmic RNA sensing by RIG-| in response to IR
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MtDNA breaks synergize with nuclear DNA damage to induce ISGs
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Nuclear sensing of mtDNA breaks primes immune
survelillance
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The mitochondrial common deletion

QQ,UA\.O\.@:@\ n (4 i O
& o, /’N O “:fw
§ S S ;
& miDNA } § MONA
2 8 5 CD
L@O@,\ ’ ‘f{}(, ‘f@c@ -
“ove™ 4 o kb R
___________ Common Deletion
(CD)
Disease manifestation: Characteristic features:
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— Progressive external ophthalmoplegia — Primarily impacts muscle
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mito-TALENs (mTLNs) induced breaks trigger the common deletion
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Cross-kingdom approach to reconstitute DSB repair in mitochondria
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Mitochondrial RNA granules, a source of cytoplasmic RNA following IR
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Investigating the outcome of the common deletion

Inducible quasi-dimeric mTLN
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— Deletion propagation
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