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Ruby et al.(2018) eLife 7:e31157



mortality hazard (x10-2 per year) mortality hazard (x10-2 per year)

mortality hazard (x102 per year)

CtapeHune Hen30eXHOo ... UNN HeT?

8 — human
4 -
1
- 1
1
M=
O | I ] I | I L] II | |
0 20 40 60 80 years
4] mouse
2-{ @
0 | I | I | I | I |
0 200 400 600 800 days
4—- Naked mole-rat
7 —
L] 'I L | I L] I L] I L
0 1,000 2,000 3,000 4,000 days

fonble 3eMneKkonbl;
= xmBeT oonbuwe 30 net

" He BO3HMKaEeT paka

" KWCKIHOYEeHMEe 13 3aKoHa
[omnepua: puck cMepTu C
BO3pacTOM He yBefimynBaeTCs

Ruby et al.(2018) eLife 7:e31157



Hapywutenu 3akoHa loMmnepua

3 weeks

CnoxHasa

MoAersb
Ansa ndy4yeHusA

. >
A

HamHoro
npowe

A\

1 mm

Nonbin 3emnekKkon

mortality hazard (x102 per year)

4 —
7 -
; ‘\/\/—\_/\/\/\__\//\/
| I | I LI l T l |
0 1,000 2,000 3,000 4,000 days

Nnocknn yepBb Macrostomum lignano

Mortality

rates (log)

0 200 400 600 800
-6
® o

og_*

_8 -:-‘l .l‘.“
2

-10

Age (days)

Mouton et al. (2018). Aging Cell 17:€12739



KTo ABnAeTca yemnMoHom pereHepauumn?

Pocomaxa??




[Mnockue yepBU: YeMMUOHbI pereHepauum

Morgan, T. H. Experimental studies of the
regeneration of Planaria maculata. Arch.
Entwm. Org. 7, 364—-397 (1898).

Agata, K., 2003. Curr. Opin. Genet Dev 13, 492-496.
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Egger et al. (2015) Curr Biol. 25:1347-1353 Collins JJ 3rd. (2017) Curr Biol. 27:R252-R256



Macrostomum lignano
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Cpena obutaHua M. lignano
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Yem uHTepeceH Macrostomum lignano?

* ManeHbknn no pasmepy (~1 Mm)

e [1po3payHbIn, C Bbipa)eHHOW Brain
o Eye
mMopdoosniornen 7 i
» ObnuraTHbIN NepeKPeCTHbIN Gut
Testes
repmadgopoauT
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Moaenb ans N3y4eHNA CTBOJTIOBbIX KITETOK

Wudarski et al. (2019) EvoDevo In press



NNabopaTopHasa KynbTypa M. lignano




M. lignano HeratusHbin poToTaKcuc

Knaaka auny,

Wudarski et al. (2019) EvoDevo In press




PereHepauua y M.lignhano
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Wudarski et al. (2019) EvoDevo In press



PereHepauusa y M.lignano




PereHepauua y M.lignano
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Mouton et al. (2018) Int. J. Dev. Biol. 62:551-558



CTBO/10BbIE K/IETKU: HeobaacTbl

~25.000 cells 100%

~1.600 neoblasts |6.4%

~400 in S-phase 1,6% (25%)

~25 in Mitosis 0,1%

from Rieger et al. 1999

Rieger et al., Invertebr. Reprod. Dev., 1999 (A)
Bode et al., Cell Tissue Res, 2006 (B)
Ladurner et al. Dev. Biol. 2000 (C)

Willi Salvenmoser (E)




Yem uHTepeceH Macrostomum lignano?

* ManeHbknn no pasmepy (~1 Mm)
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MukpounHbekuusa ambpuoHoB M. lignano

MVIKpOVIH'bEKLI,VIﬂ MPHK GFP

Q‘*PO .

FITC
150 ms

Wudarski et al. (2017) Nat. Commun. 8:2120



TpaHcreHes B M. lignano
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TpaHcreHHble AnHuu M. lignano

Ubiquitous Muscle Gut

EFA Efa Efa

1.3 kb EFAteGFP 3UTR 2.3kb MYH6  0GFP _23K0MYHE 1 0GFP 5 TR 1.8 kb APOB :oGFP 3UTR

Testes Testes + Ovaries

Efa
1.2 kb ELAV4 3, 0GFP 3 UTR

12kb EFA 0.8kb EFA
ELAva poNeonSreen 3uTR casprs 05Tl 3UTR oNeonGreen 3-yTR CABP70SCarlet 3-yTR

o (I

Wudarski et al. (2017) Nat. Commun. 8:2120



CekBeHnpoBaHue u coopka reHomMm M. lighano

UcTouHukK: nHbpegHas nuHus DV1 (Dita Vizoso & Lukas Scharer)

REAPR parameter ML2 Mlig_3_7

Total length 1,040,124,789 764,424 962
Number of sequences 49174 5,270
N50 36,723 245 921
Number of gaps 0 710
Total gap length 0 1,581,471
Error free bases 31.92% 63.95%
FCD errors within a contig 1,871 872
FCD errors over a gap 0 159
Low fragment coverage 0 171

QVEer a gaE

Woudarski et al. (2017) Nat. Commun. 8:2120



feHom M. lighano

Scale 1 Kb} 1 Mlig_3 5
scaf182: I 114,5001 115,0001 115,500 | 116,0001 116,500 | 117,000l 117,500 118,0001

Your Sequence from Blat Search
ELAV_promoter M N

. Stringtie transcriptome based on Mlig 3.5 DV1 genome assembly
MIig006546h. 1| +===== -

MIig004172b.1
20.8731 _ Berezikov lab RAMPAGE RNA-seq

RAMPAGE

0.01203 _ LI
5.04718 _ Berezikov lab T-fill RNA-seq

T-fill

0.00171 _ N T _
SINE

...-J.-_HLJL. - o .
DNA BXX

LINE m
LTR > > il <<c<cccd

LowComplexity

Repeating Elements by RepeaiM-ééker I

gb.macgenome.org

Wudarski et al. (2017) Nat. Commun. 8:2120



HeOGXOp,VIMOCTb n3y4vyeHus HeoOnacrToB
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Mouton et al. (2018) Int. J. Dev. Biol. 62:551-558



G1 G2/M
- o %

¥

RNA-seq

\

Proliferating cells

T/

Germline Somatic
neoblasts

A CNUCOK reHos,

RNA Proliferatin
=5 =) ce —— illa g mp | 2KCTIPECCHPYIOLUMXCA
IRR q - TO/IbKO B Heobaacrax

- TONNIbKO B rOHaAax

Grudniewska et al.(2016) eLife 5:e20607.



Bepudukaumna reHoB roHaa

RNA1509_31689
(ACCN2)

RNA1509_1911
(CSNKITE)

JKcnpeccua B roHagax: 27 n3 27 npoTeCcTUPOBAHHBIX  grudniewska et al.(2016) eLife 5:620607.

RNA1509_14862

(CALM1)

RNA1509_685
(CTIF)

RNA1509_6050 RNA1509_4050 RNA1509_837
(CAPN2) (CD82) (CNFN)
¢ o . &
Be
g *
s .'.'A: > o
RNA1509_ 2422 RNA1509_16287 RNA1509_1510
(DCLK2) (DDC) (ELAVL?)
.. o
4 ol 7 . Yigg



Homeostasis

Regeneration
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Grudniewska et al.(2016) eLife 5:e20607.




[locTyn K AaHHbLIM 3Kcnpeccuu reHoB B M. lighano

M. lignano Neoblast Screen
2016

Text search

Q, Transcrip ID, gene name, etc.

|:| Exact search

RNA1509_235, RNA1509_728 (Cluster-7993,3417)
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‘Condition

Transcriptional signatures of somatic neoblasts and germline cells in Macrostomum lignano.
(2016) Grudniewska M*, Mouton S*, Simanov S, Beltman F, Grelling M, de Mulder K, Arindrarto W,
Weissert P, van der Elst S, Berezikov E. eLife. In press.

& Download

A Home

Found 357 results for class "Neoblast, stringent”. Showing entries 1-20.

Graph

Cluster

Cluster-
7993.3417

Transcripts

RNA1509_235,
RNA1509_728

Mean
logCPM

8.27

Classification

Irradiation

Irradiation

Smed/Human
type

Pluripotency
maintenance

Human
gene Annotation

RNA1509_235 {Length: 1!
Cyclophilin type peptidyl-f
score=156.7]} {Human: PI
Symbol;Acc:9259], e=6e-€
prolyl cis-trans isomerase
ReplD=Q93W25_WHEAT |
[Source:FlyBase gene nan

PRIF {RNA815_7478.2} {RNAT:

RNA1509_728 {Length: 1(
Cyclophilin type peptidyl-
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prolyl cis-trans isomerase
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[Source:FlyBase gene nan
{RNAB15_7478.2} {RNA1:

RNA1509_198 {Length: 4¢
Cyclophilin type peptidyl-f
score=35.0]} {Human: PP
Svmhol-Are-9259] e=2e-1

http://neoblast.macgenome.org

Grudniewska et al.(2016) eLife 5:e20607.



HeobGnacTt-cneunduyHbie TpaHCreHHbIe JIMHUN

Irradiation

MligTC401-14623.1 Mlig027888.g91 2.32 H2AFX

H2A.X In situ naTTepH akcnpeccuu



HokuH B reH H2A.X nocTtpeactBoMm CRISPR/Cas9
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JNlnuna KING (Knock-In of NeonGreen)

H2A.X::NeonGreen




KING X TNNTZ2 (MbIwybl)

Neoblasts Muscles Overlay




KING X TNNTZ2 (MbIwybl)

Neoblasts Muscle Overlay
H2AB::mNeonGreen pTNNT2::mScarlet
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NMnartdopma gna nccnegoBaHUa MexXxaHU3MoOB
anddepeHUNPOBKU CTBOSNOBbLIX KINETOK

+, Muscle

“* cells —> RNA-seq
Neoblasts
—) differentiating === RNA-seq
Induce into muscles
regeneration

\ \:-'.' Neoblasts == RNA-seq

Neoblast ~ Muscle- Single-cell Single cell
marker specific RNA-seq =P transcription

line marker line atlas

[

Candidate myogenic
v transcription factors (TFs)

RNAI and in situ hybridization

'S N

TF promoter TF FLAG-tagged
reporter lines knock-in lines

1 ¥
ChiP-Seq

TF regulation ;

o

\ TF target genes

Program of neoblast
differentiation into muscles

Experimental platform to study stem cell differentiation during regeneration in M. lignano




Percent survival

BoinkunBaemoctb M. lignano nocne Y-obny4deHus
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COMMUNICATIONS

ARTICLE

Received 21 Jun 2015 | Accepted 3 Aug 2016 | Published 20 Sep 2016 DOI: 10.1038/ncomms12808 OPEN
Extremotolerant tardigrade genome and improved
radiotolerance of human cultured cells by
tardigrade-unique protein

Takuma Hashimoto'*, Daiki D. Horikawa'23*, Yuki Saito!, Hirokazu Kuwahara'4, Hiroko Kozuka-Hata®,
Tadasu Shin-1°, Yohei Minakuchi?, Kazuko Ohishi®, Ayuko Motoyama’, Tomoyuki Aizu’, Atsushi Enomoto?,
Koyuki Kondo1, Sae Tanaka], Yuichiro Harag, Shigeyuki Koshikawaw'”, Hiroshi Sagaras, Toru Miuram,
Shin-ichi Yokobori'?, Kiyoshi Miyagawa®, Yutaka Suzuki', Takeo Kubo', Masaaki Oyama®, Yuji Kohara®,
Asao Fujiyama’4, Kazuharu Arakawa®, Toshiaki Katayama'®, Atsushi Toyoda’ & Takekazu Kunieda'

Tardigrades, also known as water bears, are small aquatic animals. Some tardigrade species
tolerate almost complete dehydration and exhibit extraordinary tolerance to various physical
extremes in the dehydrated state. Here we determine a high-quality genome sequence of
Ramazzottius varieornatus, one of the most stress-tolerant tardigrade species. Precise gene
repertoire analyses reveal the presence of a small proportion (1.2% or less) of putative foreign
genes, loss of gene pathways that promote stress damage, expansion of gene families related
to ameliorating damage, and evolution and high expression of novel tardigrade-unique
proteins. Minor changes in the gene expression profiles during dehydration and rehydration
suggest constitutive expression of tolerance-related genes. Using human cultured cells,
we demonstrate that a tardigrade-unique DNA-associating protein suppresses X-ray-induced
DNA damage by ~40% and improves radiotolerance. These findings indicate the relevance
of tardigrade-unique proteins to tolerability and tardigrades could be a bountiful source of
new protection genes and mechanisms.
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eHbl, cneundunYHbIe ANnSA NJIOCKUX YepBeWU

Conservation of different M. lignano gene groups in

human and flatworms

Human

Smed

Smans Flatworm-specific  M.lignano-specific

mAIl mNeoblasts B Germline

Grudniewska et al. (2017) Sci Rep. 8:3192



N'eH Mlig-sperml, cneundpunyHbIn AN
NIOCKUX YepBen

In situ GFP(RNAI) Mlig-sperm1(RNAI)

Grudniewska et al. (2017) Sci Rep. 8:3192



CKaHupyoLas 3M1eKTPOHHasA MUKPOCKONUS
HopManbHOro cnepmartrosoumga M. lignano

Grudniewska et al. (2017) Sci Rep. 8:3192



CkaHupyrowasn anekTpoHHasa Mukpockonus Mlig-
sperm1(RNAI) cnepmaTto3ouaga M. lignano

Grudniewska et al. (2017) Sci Rep. 8:3192



Number of hatchlings
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Grudniewska et al. (2017) Sci Rep. 8:3192
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Macrostomum UM cTapeHue



Teopusi ctapeHnss CTBONOBbIX KIETOK:

Ynaaok oyHKUUn
CTBOJIOBbIX KIF1IeTOK
BeOeT K CTapeHUro

Embryonic Post-natal Young adult Middle-aged adult Aged adult

27

Pollina & Brunet (2011) Oncogene 30:3105-3126.



HeobxognmocTb B HOBOM MoAeribHOM
opraHuame ansa nccriegoBaHuUA B3auMOCBA3U
MeXay cTapeHMemM U CTBONMOBbLIMU KIleTKaMu

Yeast Round worms Flies Flatworms
S. cerevisiae C. elegans D. melanogaster M. lignano



PereHepauna = OmMmonoxeHune?

A Study of Senescence and Rejuvenescence Egger et al. (2007). Dev Genes Evol. 217:89-104
Based on Experiments with Planaria dorotocephala.
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Bepudukauma Bo3pacTHbIX N3MEHEHUN
B 3KCNpPEeCccumn reHoB
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SFA-1 NCL-1 UCP4 SIRT6 NPC2

CPM 2M 36.10 53.59 30.53 23.64 31.52
CPM 26M 41.09 68.04 66.79 30.20 131.72
FC 26M/2M  1.14 1.27 2.19 1.33 4.18
FC qPCR 1.45 1.75 2.20 2.45 4.31

SFA-1, NCL-1, UCP2/4: yBenuumBaeT NpoaosmkuTenbHOCTb Xn3HKn y C. elegans
npu osepakcnpeccun (Heintz et al. 2016; Tiku et al. 2017; Sagi & Kim 2012)

SIRT6: yBennumBaeT NpoaoMKUTENBbHOCTL XXU3HU Y MbILLEN MPU OBEPIKCNpPEeCcCcHmn

(Kanfi et al. 2012) |
Mouton et al.(2018) Aging Cell 17:€12739



YTO C BO3pacToM NOLUSIO He TaK U KaK 3TO MCNpPaBUTb?
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'nnorte3sa:

Y M. lignano B npouecce 3Bonounu
BO3HUKNU 3P PEeKTUBHbIE MEXaHU3MbI
NMPOTUBOCTOAHUA CTaPEHUIO.

M. lignano — uHdpopmaTnBHaa moaenb Ans
N3y4YeHUs1 MexaHu3mMoB aTTeHyauuun
CTapeHus.



Table 2 “Requlation of Biological Quality” homologs uprequlated with age in M lignano.

AACS, AAK1, ABCB1, ABCG2, ACACA, ACADVL, ACE, ACHE, ACO1, ACP5, ACTB, ACTG1,
ADCY1, ADD1, ADIPOR2, AK3, AKAP1, AKAP10, AKR1B1, ALDH9A1, AMPD2, ANK2, ANK3,
ANPEP, APEX1, APOB, APRT, AQP9, ARF1, ARF6, ARFGEF1, ARID2, ARL2, ARPC2, ARRDC3,
ASGR2, ATM, ATP2A1, ATP2A2, ATP2C1, ATP5B, ATPeV1D, ATPBVIE1, ATPEV1G1, BAG3,
BCAP31, BCAT2, BEST2, BOLL, BRCA2, C100rf112, C190rf12, CA12, CA7, CACNA1D, CACNB2,
CAD, CALR, CAPN3, CAPZB, CARHSP1, CASP3, CAV1, CAV3, CBX5, CCT2, CCT3, CCT4,
CCT6A, CCT/, CCT8, CD81, CDC20, CDC42, COK5RAP1, CDK7, CDO1, CEL, CFL1, CHRNA10,
CHRNA2, CHRNA4, CLNS1A, CNNM2, COPA, CORO1B, CTSA, CUBN, CYP17A1, DCLRE1A,
DHCR7, DKC1, DLG1, DLL1, DMPK, DNA2, DNLZ, DSP, DYNLLZ2, ECE2, EIF4A3, EIFAEBP2,

PEPPAP S LS P A P PRSP P L PR PR PR PR PR M. P P A PP P AR R A R L A e R

CokpoBuLLHMLA
UHopmMmaLun onga nouckKa
cnoco6oB yBesin4yeHuns
NPOAOIMKUTENbHOCTU XXU3HU

PTGES3, PTGS2, PTPN11, PTPRC, PUM2, QRSL1, RAB11A, RAB1A, RAC1, RAD23A, RADS1C,
RDH13, RDX, RETSAT, RFC3, RFC4, RGN, RGS14, RHAG, RHOA, RPA1, RPA2, RPA3, RPL11,
RPL23, RPL5, RPS17, RPS24, RPS27A, RPS5, RPS6, RPS7, RPS9, SAA1, SCARB1, SELIL,
SERBP1, SET, SEZ6, SGPL1, SH3GLB1, SHANK3, SIRT6, SLC1A3, SLC1AB6, SLC25A5, SLC26A2,
SLC26A5, SLC30A1, SLC30A2, SLC30A7, SLC31A1, SLC34A1, SLC34A2, SLC39A14, SLC46A1,
SLC4AS, SLC8A1, SLC8B1, SLC9A6, SLCOAS, SLMAP, SMAD2, SMAP1, SOD1, SPTEN1,
SQSTM1, SRC, SREBF1, STAR, STAT5A, STIM1, STX1A, STXBP5, STXBP5L, SYNCRIP, SYT7,
SYTL4, TAF9, TARDBP, TCP1, TFPI, TMEM165, TMEMO97, TMOD3, TMX1, TNKS2, TNNT2,
TOMM7, TPM1, TRAZB, TRIAP1, TRIM71, TRIOBP, TRPA1, TRPM1, TRPM2, TRPMS, TRPVS,
UBA52, UMPS, UNC13B, VAMF2, VAMPE, VAPB, VARS, VAV1, VIL1, VWF, WFS1, WRN, XBF1,
XRCC1, XRCCS5, YBX1, YBX3, YTHDF2, YWHAB, YWHAE, YWHAZ, ZFP36, ZFP36L1, ZNF236

Genes from the GenAge database are in bold. _
Mouton et al.(2018) Aging Cell 17:€12739



NMunoTtHble 3kcnepuMeHTbl B C. elegans

373 “biological quality” genes upregulated with age and potentially
conferring aging resilience to M. lignano (Mouton et al., 2018)

J

D Conservedin C. elegans (275) and have ‘neoblast’ (54) or ‘stress response’ (89) annotation

AACS, AAKL, ABCB1, ACADVL, ACHE, ACO1, ACPS, ADD1, AlC3, AKAP1, AKAP10, ALDHSAL, AMPD2, ANKZ, ANK3, ANPEP, APEXL, APRT,
AQPS, ARF1, ARF6, ARFGEF1, ARID2, ARL2, ARPC2, ARRDC3, ATM, ATP2A2, ATP2C1, ATPSB, ATPEVLID, ATPEVIEL, ATP6V1GL, BCAP31,
BCAT2, BEST2, BOLL, CA12, CA7, CACNALD, CACNB2, CAD, [CALR] capn3, capze, cavi, cavs, [cexs| ccr, ccTs, ccTa, ccTea, ccT7,
EET8, cos1, coczo, coCAZ, COKSRAPIL, COK7, CDOL, CHRNA10, CHRNAZ, CHRNAS, CLNS1A, COPA, CORO1E, CTSA, DHCR7, DKC1, DLGL,
DLL1, DMPK, DNLZ, DSP, DYNLLZ, EIF4A3, [xoscid] exosca, EX0sc3, EXOSCs, EXOSCI, FABP3, FAMA46A, FBNI, FGA,
FMNL1, FTH1, GAPDH, GATA4, GLRX3, GLRXS, GLUD1, GLUL, GNAS, GNL3L, GOLGA?, GPI, GRID1, GRIK1, GRIKZ, GRMS, GSK2E, GSTOL,
H3F2B, HCK, HK1, HMGB2, HNRNPAL, [HNRNPA2B1|, HNRNPU, HSD178B4, HSD1786, HSD1788, HSPODAAL, HSPOOBL, HSPAS,
HSPD1, IARS, ICAL, IDE, IGFZBEP1, ITPR1, KCNN2, KDELR2, LCK, MAQA, MAP3K4, MEX3D, MUC4, MXI1, MYH10, MYHE, MYHT, MYL12B,
NAALADZ2, NAPA, NCLN, NLE1, NLGNAX, NLK, NPR2, NR2F2, NXN, . PAFAH2, PAH, PBLD, PCID2, PCK1, PCK2, . PDIAG, [PHB],
PHBZ, PHPT1, PIF1, PKD1, PLB1, PLSCR1, POLAL, POLG, POSTN, PPAZ, PPARG, PPIB, PPP2R3C, PPT1, PRDXG, PRELIDL, PRKAAZ, FRMTl
PSMAIL, PSMA3, psme3, psved, psmee, psvie7, [N, PTGES2, PTEN11, PTPRC, PUM2, QRSL1, RABI1A, RAB1A,
RACL, RDX, RFC3, RFC4, RG514, RHAG, RHOA, RPAL, RPL11, RPL23, RPLS, RPS17, RPS24, RPS27A, RPSS, RPSE, RPS7, RPSY, SELLL,
SET, SGPL1, SH3GLE1, SHANK3, B, sLc1A3, SLC1AG, SLC25AS, SLC26A2, SLC26A5, SLC30A2, SLC34A1, SLC34A2, SLC39A14, SLCAGAL,
SLCAAE, SLCBAL, 5LCBB1, S5LCOAG, SLCOASR, SLMAP, SMAD2, SMAPL, SPTBN1, SRC, SREEF1, STAR, STIM1, STX1A, 5TXBP5, STXBPSL,
SYNCRIP, SYT7, TAFS, TCP1, TFPI, TMEML165, TMOD3, TMX1, TPM1, TRAZB, TRIM71, TRPAL, TRPMV2, TRPME, TRPVS, UBAS2, UMPS,
UNC13B, VANMPZ, VAMPS, VAPE, VARS, VAV, VIL1, WRN, XBP1, XRCCS, YBX1, YWHAB, YWHAE, YWHAZ, ZFP36, ZFP36L1, ZNF236
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OT MakpocTOMyMa K YeriloBeKy

373 “biological quality” genes upregulated with age and potentially
conferring aging resilience to M. lignano (Mouton et al., 2018)
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OT MakpocTOMyMa K YeriloBeKy

373 “biological quality” genes upregulated with age and potentially
conferring aging resilience to M. lignano (Mouton et al., 2018)
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Conserved in C. elegans (275) and have ‘neoblast’ (54) or ‘stress response’ (89) annotation
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OpHoneTHMe pbIOKU KUNNudpwL:
Nothobranchius furzeri
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MepcnekTUBHasA NO3BOHOYHAaA MoAenb AnNS
nccnegoBaHusa 6uonornm ctapeHus

Nat Protoc. 2016 Oct;11(10):2010-2028.



The free-living flatworm Macrostomum lignano
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