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41 MADI1(mitotic arrest deficient 1), MAD2(mitotic
arrest deficient 2), Bub3(budding uninhibited by ben-
zimidazole 3) Fil Mps1(monopolar spindle 1), 7@
244 G4 L HE B [ B8 11 2(MAD2) B 5 P 45 ) —
A?é%ﬁ%mmﬁrﬁﬁﬁﬁ,bﬁ%fm
W % £ (Saccharomyces cerevisiae) " # iR 51, J&
S 20 L AT 22 3 24 275 e R 2 R 0 ) e
) X (checkpoint) & 12—, & il % 40 il 53 %4
J 910 S 0 R e £ (A O3 s B A A 22 53 35

https://www.china-fishery.cn


https://www.china-fishery.cn

506 KopE o R 45 4

FEr, MAD2 fgfs 5 - I A, i CDC20
(cell division cycle 20), Bub3 F1 MAD3(mitotic arrest
deficient3) FIER—MEAE G MCC (mitotic check-
point complex)™*, BFFERI], (A ¥ Ak % 1% ) bk
Y& 1) 3 ki (unattached kinetochores) RJ L AF hy i i
MAD2 AL i, ATITHE B MCC, i 15 1% fk
f) MAD2 5 CDC20/MAD2 fE % 3" 1 - 1 41 ) 39
{3t & &Y (anaphase promoting complex, APC) i%
P, SRR A9z ZREAE (ubiquitinylation),
AT A i 2k 2 5, B AR G 5 B R AR R
MAD?2 # H By 2R3kt o] i 481 B 57 (4rabidopsis tha-
liana)'""'" . /NFZ (Triticum aestivum)"Fl L K (Zea
mays)" G5 A5 R W) 7E 20 i 43 24 1 NS 0 22 i
PRy 2 I B 58 0, 45 i 20 23 24 3 )
rBURIREAL . SR, EAZAEYIT mad2 FEIH )
FIARERK, 557 HE 2 AR AR R AR AR ™

Y5 255% (Pyropia haitanensis) & #5355 15 3% 1 7
J5 U Vg 1 DX — PP I A TR AL, AR
T S AL 455 AL (1 IR T AR B B (n=5) FIES2 1Y
2R A F R B BE 2n=10)", 15 5L 3R A g 5
REAT A7 1 A B AT Rtk AR B, L SR 1 E T T
AT DIAERR G 92 50T, B R TE A5 (1 5
PEAE A AL AN IR S SEIC 1 AR I 2243 3L
HEAT 20 MG 5, HTE — S R Al B (RO )
o, AT DUHEAT B & 0 3 6 pA A% i 8 L A5 A
OREER o e 1 7 NI = B =1 e R (A A N
KA 2253 2007 AT B IR MY A 22033
7oA AR A0 M S R AN B B AR TR] Y R
I 50 SR PR AR B ok R B e AR B SR, $ROR
R R BE - 1A E 3% 20 LB A 22 3 4 A0 R R
AT AR AL, H AR K AR AL S R
o N T IR S B AR A R R A e
BRI AL, ASBISE SE R IT A0 AT T 35 58
3 Ph-mad2 3£ N ) 4 K cDNA JF51, 3 T HAE
T 58 S R AR B ok B v O[] I Y R G R
fiE, BTEHEYR Ph-mad2 f bz 58 38 sb A 5 R0 gy
Ak A TR E .

1 MRS T7E

L1 SKIEMB RIEF A

AR5 R B 32 55 Bk i R O A AT B Z
TG A MEPE R R, TR NIRIRSDERIF T,
LA A 22RO 200 %00 RORAF RS =1 4
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58 PR-HMC., %N N TALZGZ 5 & i D158 224K
A, K H B R 57 T LED H AT E T HE
F%, KSR FMTEN, HEHEFHR 5045,
gLl VNI RN L VBB R G 2 S BE/E S P < S
. JRJE 24 °C, SRR FE 40 pmol/(m’s), G JH
1101 : 14D, #hF 30, R MES 832",
B S R 1 RIS IR

1.2 S|MIRHEFS

S 5 R Ph-mad? 2R B9 RACE §7 44 F1
PHE: SR i e T FH 5 1 9 S P 9 UL 36 1, 519
S AE T AW TR (i) B A R |l A R
1.3 IZZ3E 5 RNA 12H

WS B SR A A Y 3 SRRk 0.1 g, H
VAU TR MK A5, 200 A S I # IR TRi-
zol” J7 % (Life technologies, Carlsbad) & Bz 45 3¢
A RNA, £ HUAY 32 558 IR 1R B RNA 28 2% 1Y
Ty JR B R e FL Uk R I L 5 4 M, 9 Nanodrop”
ND-1000 43 (Lab Tech, Holliston)iliiE OD, g,/
OD,g9 F10D15/OD,30 HUAH, AT O0D,450/OD,g0 SH1.9~
2.1, OD,g/ODy30 KT 2.0 B RNA FEA AT H T
JA 2L PCR SL5

1.4 cDNA RimlRIEH 1% (RACE)

AR S0 22 R A A 4 2R 3R e R B I B SR
2 0 i (GenBank %% 5% %5 :  SRP222358) 1 fifi i
B — 45 TR mad2 W Bt (Unigene ¢111431_
gl)o FFIZIT HIE N 35 3% Ph-mad2 F5 X v B 1)
Ko F%), ¥t 3'RACE #il 5’RACE #9405 vk
1Y) K H Y 514 (1), 218 3'RACE kit 1
5'RACE kit(Jbmt & 28 s A P H AR A BR 2 Al i
TEW AR, 20047 45 538 Ph-mad2 3£ 14 1 37 F1
S'RACE ¥# . ¥ & HAYLH H By PCR =44l
1k W 5, 78 B F pEASY-T1-Cloning Vector #
i At 2N AEYHARA AR 1, etk Trans1-
T1EZ A db st &N YHEARE R F),
LB IR P i R, @HMRIEE % 24
TAY TR (L) B A R w ST IT
1.5 Ph-mad2 EEREMEEZSH

B34S 1Y Ph-mad2 3£ 3 5% 3
DNAMAN #4347 Bf 4, Fl H NCBI %24 72 11
BLAST(https://blast.ncbi.nlm.nih.gov/Blast.cgi) 7E £&
A A TR AN SR 7 91 R USRS, R
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Tab.1 Primers and sequences

514 75 (5'-3") g

primers sequence(5'-3") purpose
3'RACE GSP5 GTCAACTCGGTGCTCTT RACE
CCAGCG
3'RACE AAAAAAAAAAAAAAAA
ADAPTOR AGTACTAGTCGACGCGT
AAATCACTGCTGGA
5'mad2 GSP1-F ~ CTCTGGCGATACGGGTT
GTTG
5" mad2 GSP2-F  CCTTTCTGGTGCCACGT
CTGC
5" mad2 GSP3-F  CATGGCCACCGCTACG
GC
5" mad2 GSP4-R  CCGGATGATGGCCTGG
ATCTC
5" mad2 GSP5-R TCGCTTCCACATCAAAC
ACC
5" mad2 GSP6-R  TGGTGACGAGCATAGT
CAGC
mad2 RT AACAGAAAACTAAGCA
AC
MI3F CGCCAGGGTTTTCCCAG  FH 7 B i i
TCACGAC validate positive
MI3R GAGCGGATAACAATTT  clone
CACACAGG
mad2-F1 CGGGCTGACTATGCTCG qPCR
TCACC
mad2-R1 AACACCCACCGCTCCAC
CAC
actin-F CGAGCTGGACAAGGTC WS4
AACA internal reference
actin-R ATGAGGGCGAGGAAAC
GA

ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/)
PRI 73 FriZ e K B T B B2 4E (ORF), Tl
FIT b 1Y) 2 2 88 1 91 ; F1] FH ProtParam Tool %44
oA A AP, R H TMHMM Serverv 2.0
Ao O @ HE R 5 I 45 F 3K, >R ] TargetP1.1
Server 8K {1 HE 4T & KL WL 7 51 IR 20 B, R
SignalP 4.0 Server 34 T I &5 (1 A 15 5 Bk, FIH
Motif Scan % 73 #r & 1 5t Dy REZ5 Ay 35 (i ]
NPSA (https://npsa-prabi.ibcp.fi/cgi-bin/secpred _sopma.
pl) 1 SWISS-MODEL (http://swissmodel.expasy.org/)
HAFor 5 % PAMAD2 £ 9 245 1 Ml = e 454
HEATIO 5 R AT Clustal R 4 #E 47 2 312 2 8 )7 4
FEXS, IR MEGA 4.0 #4444 117 53¢ PhMAD2
EARGIER, BEE 1000 IR Boots traps, A
SR TR A E

1.6 Ph-mad2 EF mRNA ZEIZ 8 M4 7
NEI % BRTERMRIE SR

XiF 3RAF B Ph-mad2 3 K ¥ 515 1T 98 6 52 =
PCR 5| ¥ il N = 3 A 5] ¥ (3% 1), 7E NikonTS

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

100 18] B 2 i 4% (Nikon, Japan) T W% 40 51 3k
BUZ S R B bR 5 D ARTRN & B I A REAS
BERE: E IR0 ) VPS(AN A 28 A R B R AN
JL) . A B 40 A K T 3] RDS (4 25 75 2 51 it A
RJF AR, B F & F U PDSHIAEZE AL
BRA ), FRPEIE T ARE B PRS(ZH M 25
IR T F AR R A K ] PGS4I i 2 Y
hy 2 AR B LR ) B BEARREAS (I SR A
e 348 7 1 1) 5 AR AR D &y B R AR B BT E, S
SE % AT R R RE A B AN M R B, ARIK
SO K . BT A AR AR O BT
WA RAE, JHT M RNA 3B, R A
RNA $ PO 7 & [ KRR AR dba) AR
A JHREC S DAEA B RNA, SERF 2% 6 & & PCR
(qQRT-PCR) S #A& R 1% & A 10 uL Fast Start Universal
SYBR Master (Roche), 2 uL 5|#)H1 8 uL [ #% 5 5=
Y. ¥HEER N 95 °C WiAE M 10 min; 95 °C A
PE15s, 72°C 1l 255, 440 MEH, KR
7 1% B B M X R R O AR AR X R RS OV IR 3
ANEE, TEHEFRIG M 65 °C 18 THE = 95 °C,
2 M fi it 28 . qRT-PCR 7E BIO-RAD CFX96 £
SEI ¢ 2 B PCR X (BIO-RAD, £[H) Fikfy,
HR & 272 3T BRI H Aw 3 DA AR G 6 3k P
FE PRAH X % 35 8 O B E bR 1 22 ok Fow, il
FH SPSS 19.0 #4147 5. [ T 22 40 #1 (One-Way
ANOVA), P<0.05 FRERDE,

2 4k

2.1 Ph-mad2 E£EH) RACE ¥ & X F5 534

5T 3’RACE FI 5RACE §'14, 35—
FAKJEY) 678 bp 1Y 3'- K/ F A (K] 1-a) FI— 25K
241 600 bp 1 5" K w741 (E 1-b). M4 W4T 1Y
HEEIX, KH DNAMAN #9817 4K 7 51 19 F
e, PIG—5KJE R 1086 bp LK S, 4 ORF
Finder #4434, ZF 51005 14> 672 bp I 5E %
ORF. 70bp A 3'UTR X, 17bp K polyA 4% 328
bp 1 5'UTR (GenBank % 3¢5 ;. MN586850), J¥
1) 1) S B %% S - ATG 37 T 5% 328~330 /i1, 1k
7 TGA(K 2), Zmit 223 IR

2.2 IEE3E Ph-mad2 EREBEA DT

ExPASy ProtParam & ¥ — &5 04, 4558
TR LK Ph-mad2 FE R 4% 1) 8 A R 223 4>
RAERAN, 571U Hh Cios7H 677N2510331S5, 77
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508 Ko

% W 45

25 pym

ElhR IEEEMR FAETRMEERL T
TE%XBERANAEESRE

LBC T RE R AL S (VPS), E SR E RRERE: 2.4
B R B #1 (RDS), AUt R A 2R BOR R ik, 3.4
T KB (PDS), KRB TERMBLG, GRMEPRAED,
4. SR T TR OE B (PES), A IS i AR 1 1) 28 S 90 T A R A
5.V TR ARG (PGS), B IR K

Plate Morphogenesis of cells during different

developmental stages of parthenogenesis in
female gametophyte of P. haitanensis

1. vegetative cell proliferation stage (VPS), showing vegetative cell with
multiple stellate chromatophores; 2. reproductive cell development stage
(RDS), showing carpogonium-like cells or protoplasts with dispersed
chromatophores; 3. parthenospore development stage (PDS), exhibiting
brownish red carpospore-like cells with dispersed chromatophores sim-
ilar to carpospores; 4. parthenosporphyte formation stage (PFS), exhibit-
ing carpospore-like cells became unipolar and germinated to form car-
pospore-like germlings; 5. parthenosporphyte growth stage (PGS), exhib-

iting filamentous parthenosporophytes underwent vegetative growth

T2 23.8 ku, HUSSEH &R 4.77, Hd AT
LR BRI (Asp+Glu) SVECH 28, 1F H faf 2 S iR ik
H (Arg+Lys) BB 17, AE&ERECH 50.05, R
Wi R ECH 94.17, BOFHEIKEN 0172, v
25 PAIMAD2 Rl AN ER E , A5 ¥ T /K. Sig-
nalP 4.0 #5470 Hr & ] PAMAD2 A& 155 k41
TMHMM X {4 530 PAMAD2 AN 7775 5 155 45 44 388
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El 1 3523 Ph-mad2 EF RACE ¥ 18 ™= ¥ 8 ik [E
(a) Ph-mad2 5 3' RACE #3724, (b) Ph-mad2 3 F 5'RACE
F A4, M1. DL2000 DNA Marker, M2. DL2000 DNA Marker

Fig. 1 Agarose electrophoresis of RACE of
Ph-mad2 gene in P. haitanensis

(a) 3'RACE products of Ph-mad2, (b) 5'RACE products of Ph-
mad2; M1. DL2000 DNA Marker, M2. DL2000 DNA Marker

TargetP 1.1 Server #K {4 il #ill % 2R . 7, PhMAD2
BEHSAH-BK N AMEERNEZEAD ., 5%
3 Ph-mad2 5 X 9 11 28 3 1R Fr 1) 41 % HORMA
domain, J&F HORMA domain & J% (] 4 Hoplp,
Rev7p il MAD2), i % | %5 Prabi 1) HNN 72
J 0T 4 i 2R HEAT AR A b, SRR
PEE PR R o-BRE (H) . R 2 (B) S HLN &
il (C) my 2 5 R A% Ak o B R 1Y L B g3 i
46.64%. 20.18% #133.18%, FIHIFELAR I SWISS-
MODEL H 3l [/ #f g #55 X, %F PhAMAD2 5 [ f)
SREEFHATION , WoRIZ A A R 3 AR 7
MR ZH R (5 3).

ZIF IR R, 35558 Ph-mad2 FE A
il (1) 24 FERR T 91 5 A1 (Volvox carteri f.nagarien-
sis) FIBE P ACHE (Chlamydomonas reinhardtii) MAD2
HAMEIERTI, #A IS ) HORMAZS 1
SRR AT 19 22 S R 15 5 PR BR AL AL A5, (I8 4).

2.3 IZ43E PAMAD2 EAM RS IH L O

) FH 15 % 5% PAMAD2 7 14 ¥ %1 5 NCBI %k
8 2 S SR i 0t 16 SR 4 =5 R] TR ) MAD2
EOPHIME T RS (& 5). d5RER,
X 48 MAD2 £ [ #1 R G o 4 4K
M50 32, MY . FE . SR O RSk B )
A —ARRE, B PAIMAD2 EEH S5 F 4
K% (Saprolegnia diclina VS20 XP_008605595.1) Fil
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SRS 224y B BB 2R 11 2 SE T (Ph-mad2) (V) 58 B B FCTE B A A AR rh (1 26 3K
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541
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841
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1021
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GCACGCGCCCCACCCAAATGGCACTGCATCCGGCCAGTCCGCCGACCTGTGCTGCACCAC
CGTCACGACTTCCCTCTGGATGCGCGTCCTGCGTCTTGCGTCGAGCGTCGTCGGTGCACA
CGOGCTGACGGAGCTGGAGCTCGCTCGCGGCGCACAGTCTGAGCCTCAATACGTTGTGTT
GCTCGTCCTTATTGCTCTGGCGATACGGGTTGT TGACACTGCGCGCTCCGTCTTTCCTGE
CCGACCTCGCTCCCACCACTTCCTCCATTCCOCTTTCTGGTGCCACGTCTGCCTCCCCCC

TCCCCCCCCTCCCTTTTTCCCGCCACCATGGCCACCGCTACGGCACTAGCTTCCTCTCGC
M AT ATALAS SR
CTGGCGACCACCTCTCCCGCCACGACCATCACGCTCAAAGGCTCCACCGCCCTCGTCACC
L TTSPATTITLIEKGSTATLVT
GAGTTTTTCCACTACGCGGTCAACTCGGTGCTCTTCCAGCGGGGCATCTACCCCCCCGAG
EFFHYAVNSVYVLFQRGTIVYPTPE
ACGTTTACGCGGGTGGCCAAGTACGGGCTGACTATGCTCGTCACCACCGAGGCCGCCCTG
T FTRVAKYGLTMLVTTEAAL
ACCGACTACCTGTCCGCCACGCTOGGCCAGGTTGCGGAGTGGCTCGGCCGCGGGGAGCTC
T DY LSATLGRVAEWLGRGEL
CAGGCGCTCGTCCTGGCCATCGCGTCGGTGGAGACGGGEGCGGTGGTGGAGCOGTGGGTG
Q ALV LAITASVETGAVVERWY
TTTGATGTGGAAGCGAGCGAGGACGGGGAGGAGGGGGAGGCGGCGGECGCCGETCGCGGE
FDVEASEDGEETGEAAAAGREG
GGOGGCATCAAGGCGCCCAAGGAGGAAAAGGOGGTGACGGCCGAGATCCAGGCCATCATC
GG 1 KAPKEEZEKAVTAETLTQQATLL
CGGCAGATCACGGCGAGCATCACGTTCCTCCOGCTCCTCGAGGACGCCTGCACGTTTGAC
R I TASITTFLPLLETDACTTFD
CTCATCTTTTACGTCTCTGCCGCGGCCGCCACCCCCGAGGAGTGTGAGGAGAGCGGCGGG
LT FYVSsSAAAATPEET CEESGOG
CGETGCGTCGTCAATGCGCAGCAGGTGCGGCTGCGGAGCTTTCACACGGGCGTCCACCGG
RCVVNAQQVRILRSFDTGVHR
GTGCACACGCTGGTGGCGTACGCGCGGCCGEAGGAGTGAGG TAGTGOGGCGGAGGGGTGE
VHTLVYVAYARPEE =*
GTTGATTTGTACGTTTGTGCACAGACACCGCGTTGCTTAGTTTTCTGTTAAAAAAAAAAA

AAAAAA

B2 RE¥E Ph-mad2 EERBHZERFIIRTNNEBFT
H& ATG Fl TGA 73 IR KRR IG H1 F &L ILZ 7, *REEABIFRLER, FTRLXEARK Ph-mad2 () HORMA domain

Fig.2 Nucleotide and deduced amino acid sequence of Ph-mad2 gene of P. haitanensis

The start and stop codons are shown in bold, * represents the end of the protein translation, HORMA domain is underlined

B3 IRZ3E PhMAD2 ERA M = H 45T
Fig.3 Three-dimensional structure of
deduced PhMAD?2 protein of P. haitanensis

215K %5 (S. parasitica CBS 223.65 XP_012201068.1)

RN — o EBERY DL ICE, 5%

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

maﬂ‘

PhMAD2 # H 5 i /R 41 3 (Galdieria sulphuraria)
MAD2 H H RGO R EIT, -5 ALY R &
GRRBIL,

24 Ph-mad2 EIZERBEMEETRE X B R
HARYRIK T 4R

43 SR 42 58 S fE I R R AR B A R v S
AR R F B 0 BEARFEAR AT T Ph-mad2 3 A
B IR R (] 6)o  H T e T 1R 78 77 4l i3 o A
22y ST A, HERGA B LR e, D)
IR M 3 5 1 (VPS) 1 A X BR 1T qRT-PCR,
GEIR IR, Ph-mad2 FETH ) mRNA 23k & 78 /5l
Y e % B 9 (RDS) FpPEA 1 & & 3 (PDS) T i
B, H7EREAS Bk F O R ok AN B Y
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510 Ko

45 %

sk Coreinhardtii. L iieeeeas MGC 1 31

ZiFo V. carteri f. nagariensis « ... .« MSLQC! = 33

I=%3% P haitanensis MATATALASSRL ] 40
Consensus

spixiE  C. reinhardtii JERQRR IMLI SSDB 71

[ 3 V. carteri f. nagariensis RQKK IHI. SNDE ; 73

Jru P, haitanensis TRVA TTEARMT 80
Consensus ; qrg vpef v 1

Setiki  C. reinhardtii E :ﬁg nﬁ] THG. . 109

[Zipia V. carteri f. nagariensis TNQ.. 111

J=43% P haitanensis : ASEDG 120
Consensus wl gl 1lvl i t verw fd e

sEpixE  C. reinhardtii 142

[ 7 V. carteri f. nagariensis .+ « » 144

IR P. haitanensis 160
Consensus

swixm  C. reinhardtii DTReSI ILWTONVDE 182

[#]5 V. carteri f. nagariensis DTReSIBILVWTDHIDE 184

o P, haitanensis ED@TEPRLIFMVSAARA 200
Consensus t pees

spix  C. reinhardtii RAEEV 205

EiF V. carteri f. nagariensis RAEDM 207

Jra P. haitanensis HARPEE 223
Consensus

4 IREFE PhMAD2 S EEFIIMN B ELLER
P SRR IR A0 R 4y i R s — BUME R AV S IR Tk 4 s 7 41 N B = TR ARRAR T I 2 R B MR AL AL s P (0 SEERME R {R ~F

7 E R B (A7 A5 T X 383 7R HORMA domain

Fig. 4 Multi-alignment of amino acid sequence of MAD2 in P. haitanensis

Identical and conserved amino acid residues denoted with black and gray backgrounds respectively; serine phosphorylation site in the sequence is boxed

with black triangle; phosphorylation sites of threonine are presented by solid line; the I region is HORMA domain

FIR BB (P<0.05); 4%k & E MM T IRE
B (PFS) i, k& [ FH 3 5%} 4] VPS M

7K (P>0.05), H R H 2 B 1k A4 K )
(PGS) i, HFKiL&E T & (P<0.05),

3 TR

I L3 B R A IR A . KR B B
AAEMIG, XA AR R o A0 i R ok SE
o A 2257 Z4BH Hif S B 2 11 2 (MAD2) 2 21 Al FL
Wi e W) 22 5y 54 205 i 1R 21 2 G 56 0 B — > D) g
FwEPM, A5 R RACE ¥ 3 HR i D 3145
T — 4 g% 35 2 3% MAD2 (% ORF J$51, fx%H
Ph-mad2, % cDNA J¥ 51 672 bp, %4 i 223 4>
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R, WWEA ST EN 238 ku, HEHK/ND
SRS M EEEE . Bk NE MBI
MAD2 7 F 8 AR 20 A, ISR
PhMAD?2 %4 HORMA %% #4138, (HORMA domain),
B 185 AR IR LA AL, & Z AT
JF¥ (motif) A JERR R SL . MISCHFTE R, A4
43 54 9 B R 41 5 K6 56 05 (SAC) 4 14 (U MAD2
4 HORMA 25 ¥4 3k , 45 #4) 5¢ % 1 & MAD2
1S58 (C-MAD2) F1IF ik (O-MAD2) 14 %
AT I, NTRES S HHOCHY o BRIE (a-helices)
S B 2 (B-sheets) FTE AU, Jf- 845 Ge (2 )5
(A FZEFICY, Rk, PhMAD2 P22 &R (Ser)
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Fig. 6 Expression profiles of Ph-mad2 mRNA
during different developmental stages of
parthenogenesis in P. haitanensis

1. vegetative cell proliferation stage (VPS), 2. reproductive cell develop-
ment stage (RDS), 3. parthenospore development stage (PDS), 4. parth-
enosporphyte formation stage (PFS), 5. parthenosporphyte growth stage
(PGS); different letters indicate significant differences (P<0.05)
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.5 Phylogenetic analysis of the PhMAD2 amino aicd sequence of P. haitanensis and other MAD2 proteins
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(1 2 SR A 7R I 22 43 2407 2347 40 i 3 5 1
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Cloning and characterization of homologue of mitotic arrest deficient 2 from
Pyropia haitanensis and its expression analysis during parthenogenesis

ZHONG Chenhui ?,  HUAN Zhongyan®, TANG Longchen', LU Zhen?, LINQi’, YAN Xinghong "

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province,
Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: To investigate the role and molecular mechanism of diploidization of cells during the parthenogenetic
development of female gametophyte in Pyropia haitanensis, a cDNA sequence of homologue of mad2 was isolated
and its expression profile at different developmental stages of parthenogenesis was characterized. In this study, the
cDNA of Ph-mad?2 spans 672 bp that encodes a protein of 223 amino acids (aa) with a predicted molecular weight
of 23.8 ku. The deduced protein sequence of PAMAD? has a typical HORMA domain and conservative serine and
threonine phosphorylation sites. Phylogenetic analysis revealed that evolutionary status of P. haitanensis was
extremely related to the fungi from Phycomycetes, such as Saprolegnia diclina and S. parasitica. Quantitative real-
time PCR (qRT-PCR) analysis showed that the expressions of Ph-mad2 at reproductive cell development stage
(RDS) and parthenospore development stage (PDS) with diploid carpogonium-like cells and carpospore-like cells
were significantly down-regulated compared with that at vegetative cell proliferation stage (VPS) with haploid
vegetative cells, while its expression profiles were up-regulated in the later stages of parthenosporophyte forma-
tion stage (PFS) and parthenosporophyte growth stage (PGS), in which the diploid carpospore-like germlings and
parthenosporophytes underwent normal mitosis. These results suggested that Pi-mad?2 reduction potentially pre-
vented the formation of spindle assembly checkpoint (SAC) at mitotic cells during the early stages of parthenogen-
esis, and triggered their development of diploidization. These results provide important information for revealing
the mechanism of spontaneous chromosome doubling in the parthenogenesis of P. haitanensis.
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