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: 300
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Wnt BMP ,
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2014)
2013
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B

(Liu et al,
2013; Sikes et al, 2013; Takeo et al, 2013)
Rink J.C.
(Dendrocoelum lacteum) , RNAi
Wnt [-catenin
2
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, 5.41—6.35
(Han et al, 2019)
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Tab.1 The classification of polychaete
Amphinomidae 150 Hesionidae 230 Sabellidae 548
Euphrosinidae 62 Nereididae 708 Serpulidae 736
Dorvilleidae 203 Pilargidae 111 Siboglinidae 194
Eunicidae 448 Syllidae 1075 Apistobranchidae 6
Hartmaniellidae 3 Ichthyotomidae 1 Longosomatidae 8
Lumbrineridae 315 Tospilidae 4 Poecilochaetidae 32
Oenonidae 100 Spionidae 611
Onuphidae 340 Trochochaetidae 13
Acoetidae 58 Aberrantidae 4 Uncispionidae 8
Aphroditidae 112 Dinophilidae 16 Acrocirridae 43
Eulepethidae 24 Histriobdellidae 13 Cirratulidae 360
Iphionidae 14 Laetmonectidae 1 Fauveliopsidae 25
Pholoidae 26 Magelonidae 71 Flabelligeridae 212
Polynoidae 900 Nerillidae 58 Sternaspidae 36
Sigalionidae 226 Oweniidae 57 Alvinellidae 11
Glyceridae 87 Paraergodrilidae 4 Ampharetidae 312
Goniadidae 103 Polygordiidae 15 Pectinariidae 66
Lacydoniidae 13 Protodrilidae 39 Terebellidae 626
Nephtyidae 150 Protodriloididae 2 Trichobranchidae 92
Sphaerodoridae 136 Psammodrilidae 8 Sabellariidae 131
Tomopteridae 54 Saccocirridae 23 Arenicolidae iy 24
Typhloscolecidae 17 Spintheridae 12 Capitellidae 207
Yndolaciidae 3 i) Cossuridae 28
Alciopidae 45 Thalassematidae 85 Maldanidae 271
Lopadorrhynchidae 21 Echiuridae i 4 Opheliidae 168
Phyllodocidae 460 Urechidae i 4 Orbiniidae 216
Pontodoridae 1 Bonelliidae 78 Paraonidae 170
Paralacydoniidae 2 Ikedidae iy 2 Scalibregmatidae 72
Antonbruunidae 3 Travisiidae 35
Chrysopetalidae 97 Fabriciidae 85 Chaetopteridae 73
1 , , 3 (
www.marinespecies.org)
2.2 colonia) ,
(Mortimer et al, 2014)
>
Typosyllis antoni (Aguado et al, 2015b; Weidhase et
, al, 2016) ,
s
> 5
, , «
( 2) (Zattara et al, 2016a) ” , ” /
, (Sabella (Juliano et al, 2010)
melanosligma) s (Polydora , « ”
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( 3),
, 1d ,2d ,
, 3d (Licciano et al, 2012; Ozpolat et
, al, 2016)
, (12—
, 36 h) (1—4 d) (2—84d)
(Williams et al, 2016)
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1d , , ,
2d
7d ,
12 d, 3—13 , (Bely, 2014)
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Fig.3 The four representative regeneration stages of polychaete

>

(Miiller
et al, 2003; Paulus et al, 2006)
( Pristina, )
( Cirratulus/Timarete)

E

(Zattara et al, 2011; Weidhase et al, 2014,

2015) (Eurythoe)

(Platynereis)
(Pristina)
(Capitella) ,

(Cirratulus/Timarete)

(Pfeifer et al, 2012; Weidhase
et al, 2014; De Jong et al, 2016)

b

2.3

, (Hill,
1970) ,

>

(Reddien et al, 2004; Alvarado, 2006;
Bosch, 2007);

>

(Satoh et al, 2008; Blum et al, 2015)

(Alitta virens)

(Pristina leidyi), (Capitella
teleta) (Ozpolat et al, 2016)
(Sabella melanosligma) ,
, (Hill,
1970) Potswald
(Potswald,

1969)
(Capitella teleta)

(Bely, 2014)

(Platynereis dumerilii)

E}
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>

(Planques et al, 2019) De Jong

Jong et al, 2018) Zattara

(Zattara et al, 2016b)

Neoblasts i-cells

(De
(Pristina leidyi)

(Pomatoceros lamarckii)

«C )

K2 ZEXBEMEXER

Tab.2 The regeneration related genes in polychaete

(Szabo et al, 2014)

(Pdum-elav)

/
JoxA (Alitta virens),
Jox4 (Platynereis
> dumerilii)
marker ; .
Vasa, Piwi, and nanos (Capitella teleta)
Vasa, PL10, and Piwi (Alitta virens)
Alkaline phosphatases (ALPs) , Pomatoceros lamarckii
(Platynereis
Tcf: Wnt/p-catenin pathway dumerilii),
(Platynereis)
(Alitta virens),
Hox (Platynereis
dumerilii), (Capitella
teleta)
st (Platynereis
dumerilii)
wntl )
wntl (Platynereis
dumerilii)
Wnt j
evx cdx sfipl/2/5 ( (]l)lfty nerets
) dumerilii)
marker j
PO myc (Platynereis
dumerilii)
unx (Platynereis
dumerilii)
ap? (I?I?tynerets
dumerilii)
marker
(Platynereis

dix en pax6 neurogenin

dumerilii)
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, (Ribeiro et al, 2019),
Wnt
( , )
: Hox twist  (Takeo et al, 2010; Pfeifer et al, R
2013; De Jong et al, 2016) s S S
Hox CRISPR/Cas9
, Hox2  Hox3 s
, (Pfeifer et al, 2012)
, engrailed  wntl (He et al, 2018) s
(Prud'homme et al, 2003),
Hes/Hey Hox , (Ambystoma
(Gazave et al, 2014) , mexicanum), ,
piwi  vasa nanos PLI0 2018
(Christen et al, 2003), , , pax3 s
:twist  foxA dix pax3
en pax6 neurogenin runx
2(Prud'homme et al, 2003; De pax7 pax3 ,
Rosa et al, 2005; Janssen et al, 2010; Giani et al, 2011; (Nowoshilow et al, 2018)
Pfeifer et al, 2012; Novikova et al, 2013; Pfeifer et al, ,
2013; P{uitt et al, 2014; Szabo et al, 2014; Kozin et al, 2014 | (Anolis carolinensis)
2015; Ozpolat et al, 2015; De Jong et al, 2016;
Novikova et al, 2016; Dannenberg et al, 2018; De Jong )
et al, 2018; Kostyuchenko et al, 2019; Planques et al, 326
2019; Andreatta et al, 2020) (Hutchins ef al, 2014) 2019
2.5 Hofstenia
miamia R s
’ ——EGR,
, EGR ,
s (Gehrke et al, 2019)
(Hentschel et al, 2006; ,
Freitas et al, 2016; Pires et al, 2016)
( ) , ;
- (PCNA) (Niwa et al,
(Grimmel et al, 2016); (phalloidin)  2013) 5- -2’ (EdU)
F (Schulze et al, 2009) (BrdU) S

(Seaver et al, 2005; Szabd et al, 2014; Planques et al,
2019) s

(planarian) ,
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(pluripotent stem cells, PSCs) (lincage R
progenitors) 2018
RNA , ,
PSCs s (Syllid procerastera),
, (Hyman, 1940)
, (Hyman, 1940)
(Zeng et al, 2018) , ) >
, (Hofmann, 1974)
, (Chaetopterus
, variopedatu) 13 s
RNAI «“ ,
» , ; 13 )
«“ ” , (Hill, 1972)
(Scimone et al, 2020) , (Hofmann, 1975) (Autolytus
edwarsi) 6
, , 5 6
2016, , , 6 5
(Okada, 1938)
, 12 13 , )
(stem 14 (Okada, 1929) (Diopatra
cells/progenitor cells) s neapolitana) 15 ,
; ; 25 ,
, (Pires et al,
, 2012) , ,
(Tanaka et al, 2016) (Syllids miay) ,
(Hyman, 1940)
3 , (sabellids) (serpulids)
(Hyman, 1940) ,
, (Protodrilidae)  Astomus fnenwides
s (Jouin, 1979) (Diopatra cuprea)
3.1 (Colbath, 1987)
3 ( ; , ,
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(Frobisch et al, 2014) S. hystrix 4771
3.2 57 8. gracilis
1771 54
,
(Ribeiro et al,
(DuBuc et al, 2014), 2019) S. hystrix rUP  JNK
(Bely et al, 2010b) ; S. gracilis ELAV  Slit

B

, Zattara

, 18
, 5,
(Zattara et al, 2016a)
, 167
, 31
(Zattara et al, 2016a) 100
, 23 31,
16 ; 6 ,
(Dinophilidae) (Eunicidae)
(Opheliidae) I (Urchidae) i
(Bonelliidae) (Ampharetidae), 30
11
L,
(
), (Bely, 2010)
33

B b

Sphaerosyllis hystrix  Syllis gracilis

> >

Hox p-catenin

Bely, 2014),

De Jong et al, 2018)

34

2009)

, 2001)

,2001;

>

B

(Bely, 2010)

PL10 (Weidhase et al, 2016)

>

(Boilly, 1965, 1968, 1969;

(Myohara, 2012;
(Pristina leidyi)

B

(Zattara et al, 2016b)

>

, 2006)

(Lahti et al,
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( ) (Mihaljevi¢ et al, 2017)
R (Keyse et al, 2014)
4.1
R (Ocean
Biogeographic Information System, OBIS),
(Bely, 2010)
4 . (
4) 1300 ,
69 300 ,
(Indo-Pacific Convergence Region) , (40—60°N,
, 10°W—10°E), 200—300
(Erpenbeck ) 1000—
et al, 2017), (Coral 2000,
Triangle, CT) , 200000—300000,
CT
, “ (Syllidae)
” (Matias et al, 2018) (Nereididae) (Spionidae)
2 R (polynoidae) (Eunicidae)
, (Terebellidae) (Serpulidae)
(Sigalionidae) (Capitellidae)
(Sabellidae), 3
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Fig.4 The distribution of polychaetes in the Indo-Pacific Convergence Region
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Tab.3 The summary of some polychaete identified in the Indo-Pacific Convergence Region

115 40 22 15
94 35 22 14
71 34 21 14
59 27 20 13
53 25 19 13
53 22 18 12
51 22 18 12
40 22 16 11
4.2 28 (9, 10
, (2)
(3) (3) (2) (1)
(1) (1) Bk (D (1)
, (D (1) (1) 28
, 3 , 1 )
1 ,
, , 1 1 ,
) 1 , ,
; , 4
, 50—100 m

10°

10°S

2
H
3
§
..

100° 120° 140° 160°E
BES: GS(2016)1611 S

5

Fig.5 The distribution of polychaetes that are capable of regeneration in the Indo-Pacific Convergence Region
: /

s
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Tab.4 Summary of polychaetes that are capable of regeneration in the Indo-Pacific Convergence Region
Polyophthalmus pictus , Opheliidae
Dipolydora armata , Spionidae
Polydora cornuta , Spionidae
Bispira melanostigma , Sabellidae
Branchiomma nigromaculatum , Sabellidae
Timarete punctata , Cirratulidae
Eulalia viridis , Phyllodocidae
Nereis pelagica , Nereididae
Perinereis cultrifera , Nereididae
Perinereis nuntia , Nereididae
Syllidia armata , Hesionidae
Harmothoe imbricata , Polynoidae
Haplosyllis spongicola , Syllidae
Opisthosyllis brunnea , Syllidae
Proceraea picta , Syllidae
Syllis armillaris , Syllidae
Syllis gracilis , Syllidae
Syllis hyalina , Syllidae
Syllis prolifera , Syllidae
Syllis variegata , Syllidae
Trypanosyllis zebra , Syllidae
Eunice afra , Eunicidae
Lysidice ninetta , Eunicidae
Diopatra maculata , Onuphidae
Diopatra neapolitana , Onuphidae
Hermodice carunculata , Amphinomidae
Chaetopterus variopedatus I , Chaetopteridae
Owenia fusiformis , Oweniidae
Pk
, 1000 :
R , Polydora cornuta R
, Alcyonosyllis  Paraopisthosyllis Polyophthalmus pictus (Zajac,
Megasyllis (Aguado et al, 2015a) 1995) ,
(OBIS) (120°E), ( 24°N , 10°N
s , ) (Eulalia viridis)
(Syllidia armata) (Syllis armillaris) s Eunice afra s

(Syllis gracilis) (Syllis hyalina)

(Harmothoe imbricata)

i b

(Daly, 1973)

(Hofmann, 1969; Bely, 2006)

>

(Polyophthalmus pictus)

(Hyman, 1940) OBIS
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1200—1250 m ,

b

(Aguado ef al, 2015a)

4.3
DNA ,
; pH
pH ;
(Diopatra neapolitana)
pH, 1) (42)
, 24°C (Pires
et al, 2015) (Polydora

colonia) (24°0C)

, (14°0C)
(David et al, 2012)

113 tE)

(Wang et al, 2001)
28°C ,

Science
125

CRISPR/Cas9
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Abstract Regeneration, the ability to re-grow and repair lost tissues or organs, is one of the essential issues of
biological sciences. Regeneration is widely distributed in animals but varies dramatically within or among animal phyla.
Recent findings have identified key cellular and molecular principles underlying animal regeneration. However, the genetic
mechanism driving the formation of species regeneration diversity is still unknown. Due to their diversity of regeneration
ability, rapid gain and loss on phylogeny, and relatively simple segmented body plan, marine polychaete has been
recognized as one of the excellent models to study the evolution of regeneration. We first summarize here recent advances
in the regeneration evolution of marine polychaete in the context of ecology and evolution biology. We further review the
cellular and molecular basis of regeneration, as well as the diversity of regeneration characteristics. In addition, we analyze
the characteristics of marine polychaete regeneration traits in the Indo-Pacific Convergence Region, the potential driving
effects of multi-circle factors on regeneration traits, and put forward suggestions on future trends.
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