0L G3PFSTam 9 Siele b @

VFe) Gliwal cpg0 o louds o Jlw U,
gy Al

3k Sl )lg e Bawo og195 <8l 5 (35 sl ) A Lo
3w 9 o5 Juad 9o 40 Pinctada persica

FOF oy g g dozmo < (0 3wl Seol ST 3,1 U Jadllgrl L 309 aebld

VFeo jpoigbpds )l \f".}‘dlm:&élg.)oé.g’)b

oS
5 05bes r hab Sl U ey ity Siluane duld Lo 4z LB a4z L
3 Sl 6902 Gl ls e Gladas 15 (S SiluSune Syt pas (Gharg; 8L (5 ole 95!
CHIT PEARL PRISM SHEMS5 KRMP ASP) _tus; sluboxs 55 & olo g5 canllian oy
£S5 Jwab 9o ,o Pinctada persica jluasls e Bows igs, <éb o (NACREIN 3 MRNP34 PIF
55 (o gsy 23] Gl Sl eolinul b ohyg; <8l 5L CDNA 28,5 15 s 9550 0
5 Ol o oams L @ls 2855 )18 (homiw 9,00 GPCR gy 0 0 Ol Oliee 5 08 sl
T Sy B ls las |y i Ol e S Jad )0 (PIF) i aY a bogsjo (05 Su 59 o Joid
OSTs 50 (6 Tt LI Sdlons 3 Y (sla g g a8l talS 5L sles jo s (g5le Some cdlsd
655 gy il e cilis gl 1) oatady,l Sledbl walllas ol ansl ansls lad ol 4
03,5 wl8 yly e 5 gy (65 IS 55 Sge JsSse Sl anme Jole 36 5 P persica

D ps Juab o,5 [ad PINCLAOE PEISICA o jisg, bl o i) jlu Sdre slo ;i goudS 5 5lg

Ol b i ol a0 oSS s le 3 338 5 psle oIS (3T sz 5 ST 555 )
Rl el ot (B 50 30 olils ((2l)s (958 g pele 0uSLiils WM 098 JLuiils Y

Ol 3l Gl RS (55,5LaS 0aSails i Lo 5 (omnl milie (pwiige 05,5 JLoliwl Y
ol b i olS e oSS 1 a3 338 5 psle oIS o B 0,5 Lot ¥
Ol qeitd 052 o )b s (g5l ; SHb Lutils -0

sharif.ranjbar@hormozgan.ac.ir : Jsiws sdi s *



mailto:sharif.ranjbar@hormozgan.ac.ir

VO OV 0L T (8595555 5 S35 s

OLes 5 s [VYY]

2 €02 5puSlss S Wi 5 (apee
b ohglr o See p il auglSl
b oad (Sl oSlee ghls Slogzse o
5,138 o 36 (Calcifying) oo lopends
by Slog>ge 4o (Doney et al., 2009)
S Wiied God Sal o ,Sles gl a5
. (Biomineralization) oi.; ;e
pedS 55 sl oS (Sagsls st an
ood ol (Lietal, 2016) el lo,S
ob e85 4 (Goffredo et al.,, 2014)
5! (Yao and Somero, 2014) la_.sL3l
9y (a3 il T ks S8
Silosane 9y p hoas Jelss cnl SIS
ol slacdl olds 5 Slos Jds & s
Gely (2by GapiagwsST jo 0nd
(Lietal., 2016) s ls Ss355551 9 50,5os
Jelse 556 0,0 385 5 (22 adllas (nl b
o 9 s Shgane wul e
i g 3,5k Jyie oS o L
Sbeds)ly e slacdas ;o Jnsy Gilwsone
sl 59,0 (Gardner et al., 2011) ¢l
p ko b ey adlas ol 5l Gos

S8l 53 (Fmj sl gdne 05 (55 Ol 555!

doddo
as 3wl (Mantle) igg, cél
Jabbour-Zahab et al.,) s04 Boo slo
s Skee 4 (1992; Fougerouse et al., 2008
Slp OleyS medS o5 (28l nl ool
ol LT A e g dtwgy (slovasS LSiis
JoSis p ogdle jluay g e slacdas jo (Jg
cely a5 (Nacre) ;. oole el )0 sy
DiX,) ols (i 53 wgdioe dy)lgye oy
1972; Jabbour-Zahab et al., 1992,
oe s aws .(Fougerouse et al., 2008
Y cwl Y g blo IS b«
i &Y g S (Prismatic) Sslews
Foses jsb 4 Y 5o 0 az 51 b
ST ol wops V-0 5 SloS epds
VW W W
Gervis and Sims, 1992; Addadi et al.,)

peedS Sl g JSG Yeene Ll (2006
sldas o cwl Gglite oyl o wlo,S

(Organic  Matrix)

Cud S g SSlews pp Y Glesy e

sloY iS5 JSs Gy CadS (gl
Lowenstam and Weiner, 1989;) ..l

Jabbour-Zahab et al., 1992; Samata et
.@l., 1999

5 Sl g cadS glosl cll> tals



DYFIVFN OV 0L 5T (655555 50 5 S5 0s05

ool Sl e Bl Jhs s, ik 05 Ok ¢S

KY) oS o0 adsi 1) (s 550 5 555, 20)lg5e
cdly aalllas ol 4o il «et al., 2019
a5 b 85 8 a0 )90 (i iy,
P. persica 45 o,b,0 Sledbl 0405 @
5 455 (nl Cumer 1ol (golaill Coeal
sl g ol Gl b oyl s j0 (28,5 )13
aalp p b 8l ey )
@allas (pl Sl pe 495 (nl (5ol
@ Sdboe (AE 03ly0 1) (gaied)l Sledlb]
Sy g £S5 Jad 50 () sluSane slags
SRSSE )3 2550 Joge slapasilis
2° e (25 45 OIS (oo ol B 0yl e g dussy

el CalST L lg e B9, S

L s, g Sl

&> paiges

65 5l Baw sae # adlhae ol plbxl sl
i - oS o3lil L Pinctada persica
Dorsal Ventral Measurement:) ai.g
il slls e s Vee-VYe (DVM
Logsed 2lsh o5 Jad o (Sde g,
Jad jo0ae ¥ g (ol F il ax 0 VY glos
(o3 il az 0 VY sloo b aianl 2lgl) o s
oriz 3l LgSal) JoueS b (oolse alows &
26°53.385' N Ll a> olae b S,y

455 «(Ranjbar et al., 2016) persica
Loy g )5 Jad 99 o ()l el (on
Real) PCR oS LosSae (ungig, 5l oolaiul
SHEMS5 ASP 5 > .ol (Time PCR
&Y csls 4 Lg,e PRISM 5 KRMP
2004;)

Tsukamoto et al., 2004; Yano et al.,
2006; Zhang et al., 2006; Suzuki and

«(Nagasawa, 2007; Marie et al., 2012b
MRNP34 , CHIT .PEARL PIF sla;

Samata et al.,) ,& 4Y LSi5 0 S
1999; Kono et al., 2000; Suzuki et al.,
2009; Montagnani et al., 2011; Marie
o5 9 et al., 2012a,b; Feng et al., 2017

Suzuki et al.,, Soilows 5

B 4Y g e el e a5 NACREIN
Miyamoto et al., 1996; Yano et ) u,ls
b A S 18wy 9,50 «@l., 2006
olee s Pinctada persica aiss waisds
Pinctada margaritifera var. persica
05950l Lol cas oo a5 (Linnaeus, 1758)
S se a8 S Sl )0 wazr s S plsie @
51 S «isS owl (Ranjbar et al., 2016)
WS ady 1 Oler slasloe (e
455 ol 0 gy, <L (Bowen, 1951)
ol ()l g (S () s sl
(S wigid o (Parvizi et al., 2018)



VO N e 0Ll S5 s S5 50

OLes 5 s [VYY]

i ol 4 b plal el <88 Lol
O ged Sl an S8L oS (e B0 jlade oS
B Jonly e V oo o mle il o
s Sen Yoo ke aigds ¥ 5l any 5 085
Hettich) 5e.8 sl 0l aBlol 54,15
a0 F sloo jo aiBs ;o g0 VYoo e (L]
RNA 58 5 &0 5 5lulos gl ol Kol
b 00ls gy 3y Joilig ponl SeSL el
ool lwg RNA  psls 5 jlade
5 (5.l Thermo Fisher Scientific)
35T J5 55999 58U 5l ool b ladiges coiS

X P U RESIIEITCRWINY

s g b 6 5l par 56° 21.061'E
P bagi lbdas (ad (hee g adyl (e
b oz gy 8L (i po 0 5T S
Slr S Gy <8l 5l sladlaie aslllas ()l s
odliinl (o559 W l9 0 Slgs Sz Ngy oo
slazeil 51y o (VUSS) ol ools oy 098 o0
Sl azys -As R e mle Sl e

A (6l

RNA ! 5wl
oS 5l eolazwl b sl RNA z! el

25 b (i 05 GeneAlD syl 5

SS9 slod (W .axfllan (o] 35 o oy PiNctada persica o)l jLway g o Bowo ) S

R | oa.&ua:';&n&)o)j u.qh:»b“jayg) wb&,‘_}mem ‘519"0‘5&3 (o .buwo



YOI VE N N+ w0l (8555550 5 50558

ool Sl e Bl Jhs s, ik 05 Ok ¢S

O3 g w8,S LB sy 050 JyS 03
S Slaised e ells s 4 1857
b, 55T g5 o soliinl sles 25Ty sl
ol 0als 00,61V Jga 40 45 2 4 bgsye
Real Time olfws jo 1855 aigy oldes
Applied Biosystem StepOne)PCR

el s Sen Ve ol o b (]
16 CDNA (p,59b Yoo) il Sen )
FelsySee 0 e golaist 55T o 5l Vgog S
Ampligon) SYBR Green Mix 2X
e 50 adgl el puly oleo 4ok g (S lasls
Sl yuolg gl VY Do 4y ol )5 il ax o
@il Yo o 4 ol 5 il ax 0 AT o
aSB Y. o a0l 5 sile ax 0 0A jo Jlasl
Yo Soe 4ol ole a0 VY o e
ol jo B Dyae 4> T 0 sl
Y G pled ot b gd bl (905
S5 g0y b iiSTy aee ol 1>l glas o
@ Ll 0550 slays Ct ol ol e
b o3 2 ely abl b gilodly Jlis
StepOne Software ,58ls 5 51 oolaxul
4 (K ,.! ThermoFisher Scientific)
Microsoft) ST Ll & ge a0 g sl s

A o3-S (Excel 2019

CDNA 3w g DNase Lo
B> (sl p wgei 2 5l )55 Se 1 jlade
Lyl anlgo,lg DNA & st Sogll
-Thermo Fisher Scientificy DNase
Al s Ses Vg DNase o3l y2ds S
a0 Y gles jo dado Ve e 4 g adlsl
Wgad o d Culpd Ho .ol ool 18 ol 5 il
Nyashoe b EDTA Jglne iy S )
lod ;o dado Vo Sue 4 bdiged g ol adlal
350 Wdiges .aid 3 )18 ol 5 il ax 0 Ve
JLs a5 a5 )13 Olhogl saze L)
55 Sen S gl 5 btises il o
Sheolatul b egy ol 51 o plosl CDNA s
&b (et SMOBI0) cDNA ;. oS
RNA g, oxijle o8 b Joadl jgiws

05 ol i
G bl g Gas (5 4 asdllas ol o
Sl ) il sl 0 by
Elongation Factor 1 Alpha .5 aw a0
18S 4 (B-actin) Beta Actin «(EF-al)
Slye 4 (18SrRNA) Ribosomal RNA



VO OV 0L T (8595555 5 S35 s OLes 5 s [VY7]

Pinctada persica g5 yo 55 ke 95 (ow )y 5o ooliimwl 350 (b ,53ET g o5 wly s ) Jgu

. Jyaxe Job Vot T e o
e o)lad T T 0Skes (5'-3) 55l JIg OF Tey o3 el
AB685319.1 . P F-TCACAATGAAGGGGATAGCC  Aspein Shell ASP
R-TACGCCTGATGACCCTAGTT Matrix Protein
KC494058.1 ¢y P F-GCCTTCACCACAGAAGGAAG  Lysine (K)-Rich  KRMP
R-GCCGAATTTCTTCAGACACC ~ Mantle Protein
HE610376.1  \as P F-TTTGTGTCAGGGTTGTGGAG Shematrin 5 SHEMS5
R-TGGCTATCATCATCGTTGCA
HE610393.1  yys P F-AGGATTCTACAGATTTGGCGA  Prismalin 14 PRISM
R-TAACAATTGGAGAGGCACGT (Prism
Uncharacterized
Shell Protein)
HE610401.1 vy N  F-AGATTGAGGGCATAGCATGG  Pifl77-Like PIF
R-TGAGGCCGACTTTCTTGGC Protein
DO665305.3  \vy N  F-TAACCATGACGTGCACACTT  Perline Matrix ~ PEARL
R-CTATGTCATACGGCAGCCAA Protein
AB290881.1 .y N  F-CCTTGTGGGATGTCTCCTGAA  Chitin Synthase CHIT
R-GCACTAGCTTGCAAAATCGGA
HOB25028.1 a5 N F-GGATACTGTGCTTAGCCGTT  Methionine-Rich  MRNP34
R-TAGACTTTTGTGGCACTGCA  INacre Protein 34
HOB54772.1 ¢\ P,N F-CAATGAGACCGTCCTTTGGG Nacrein B4  NACREIN
R-TTTCTCTGTGTGGGACGTCT
MK687414.1 sy R FETTAGTTGGTGGAGCGATTT 18S Ribosomal 185 rRNA
R-TAGCGACGGGCGGTGTG RNA
KP737375.1 110 R  F-CCACGAGTCCTTACCAGAGG  Elongation Facto- EF-1a
R-TGGATCACTTTTGCTGTCTCC 1 Alpha
XM- \ar R F-CCTCACCCTCAAGTACCCCAT Beta actin B-ACT
011446513.3

R-TTGGCCTTTGGGTTGAGTG



https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=358640268
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=452883239
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=371782175
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=371782209
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=371782225
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=259016484
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=152205943
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=315364832
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=329755386
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1836290936
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=941507850
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1843020455
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1843020455

DYVIVEN OOV 0L 5l (55855 5 5 (855050 300

ool Sl e Bl Jhs s, ik 05 Ok ¢S

Sigma Plot-v11 l3sle 5 5l oolaxwl b o5 o
<l o o5 2 ole oS ol jo .l v,

9 s 998 Sy 9 o5 b 90 o g,

L858 anlie

Uisig, 3l oad gl il GRNA Coas

J3 oy p o 505 Jad g0 0 0 (S

el 0o o0ls LES Y S 50 w0 ) 5,1

¥ RNA o4 00l g0 ¥ S 4 4z 5 b

3, p33502, 288 5185 (lizme slaozls
97 oy RNA CaS ouiiS ol

B4 T2 B3T2

B2T2

A bl s bos ok sl a4 axg L

slogisly o bS5l LLIS «(slaisS o
LinRegPCR Version 11 ,I58ls 5 ,» PCR
sl (Ramakers et al., 2003) o acwlxe
Ban slagy (o Gl dvosls Jolod g 4525
Livak and ) ai aculxe Y240 alal,
Jbey 3l olewebs! 41, (Schmittgen, 2001
4 osls il ,lg (6 plp i g osls o4
5 Shapiro-Wilk  slasee;l 51 o5
Juloss g 320 .0l oolazwl Leven’s Test
sdel Cews 4 slacols wglas o lo sae
O9o3) Sl eslinal b wilide Jab g0 o

@ by o sl loges g 0 alowl T-teSt Jiiuws

M

5087 J5 9y Pinctada persica (igrgy <l 51 ooy gl yscuwl RNA I o baiges cains ¥ 5o

31 ouls Zlyziwl RNA :B1T2-BAT2 wiloasis (6515 paige o yw Juad 10 T2 coode b sladigai .uoyo )
& 3 owds zlysicwl RNA jo a5 288 Wil canslls Jdo 4 .(5d) S5k :M 0 pws uad Sio o929, F
.04 o0 18S I s ouds 153 Wil add 0 Fy o j0



VEN DYV 0Ll (50 5SS 5 S5

OLes 5 s [VYA]

o5 PIF &5 darys ol O Ll (VS
Sy &y S 05 Juad )3 e Y )3 Johane
(¥ IS P<40) 09 g im ol lyls
L ol ol anlllas 590 slagy; 4l
&l e (Y S P>/ 0) sl ylas
o Y90 o csle 0 a5 NACREIN 5
lacdly ;o b 30 Cyms (6l sine B ol
ol pogde (Y S P>+ /4 0) wis sanline
Sisisy <l > CHIT s PEARL o5 50 oo
p5 Jad 2 PRISM (5 L 5 Jab 55 50 50

Slae p 150550 5 (e Gl liee

Sl JpuS 05 olsre 4 1881 o5 ol
Jad g0 o P.persica a5 S gy,
(F J52) <85 518 anglie 9)90 0y 9 )5
sl L;)LJ NCE odal Cawd 4 =l
59 0 g BB 0429 pac by 9529 (o)
O3 ¥ daid o had 9o yo lagys Gle ol
oSl o a5 PIF  SHEMS .KRMP ASP
Solosire WS lo s SClawg Y
Caad S s b 40 a5 (5,0 4y S0y las |

fP<'/’a) “\';‘)9‘- (S o UL"" 6‘)‘.) [“)f 4

&l <
a A% , [ xame
.
P 3
§ 0 'g * %
g - R 5
- s
e € s
8 b m 8 ”
= -
Black-Summer Black-Winter Black-Summer Black-Winter Black-Summer Black-Winter
Season Season
& &
% i o
PIF MRNP34 NACREIN
22y & 5
6 //
v
§ §* §
g H H
£ ¥ ] g -
g+ g g
3 g g .
2 -
§ 1. §
"
™
o P
E ¥
Black-Summer Black-Winter Black-Summer Black-Winter Black-Summer Black-Winter
Season Season Season

Sy g o5 s ad 4o Pinctada persica 4igS
o5 (& PIF 45 (& SHEMS5 43 (¢ KRMP
P<efe

Sino 9919y 30 035 Ol Slamr loged ¥ S
o5 (@ ASP 5 (Al .Glxe Byl £ uKilo)
oy s P<o/+0 i NACREIN 45 (z MRNP34




DYATVFN OV 0L T (655555 50 5 S5 0s05

ool Sl e Bl Jhs s, ik 05 Ok ¢S

ol slyls 8y Jas 0 SHEMS ¢ KRMP
el Y 4y by e slagyy g Wog (i
b srie ol 5 Jad o PIF o5 L
osiane sl ams oo lad mls ol lis
Gy Ol p,5 had & S 0 fad o
ol ellab 5 ol talS o5 Juad s g izl
e & alS saimolis aS ols &, lapys
2 olply ol )8 Jad ps () sl
&5 ) L cwl S PLpersica aigs
sl b ol s 36 Co Sl Sane slo
e o Sl p Y @ by e slagys
sl asls Jlad ol s 4y STy jo 65
ol sl 0f ole s pSejlul

cold bl lr el 2l S
Pinctada 455 0 ciw) &lwsore
shae Ol bl o margaritifera
bl wlalas .(Joubert et al., 2014) el
2 Sy sl game oy gl 0,l)0 end
P55 Od sl aile) (e Jalge plp
) ol e slasSll (lagesldl s
Liuetal., 2012; Moya et) &los )5 5,155
al., 2012; Joubert et al., 2014; Li et al.,
o gl 5o oy ol e 4251 (2016
o Ol Folie jsb alos g anacul Rl
35Sl (Sl STy o3l Lol g

Sad a8l So 03 Ole s el

L b Js¥se lapasille plulid
Jelos @ od losylse Sas STy
(Li et al., 2016) cul Joe gl5 5
chos  Jelse 4 09290 Szl
eobite degere Jold laro 5 (Soelg et
ok o Olss ales 5l beolayg,
eeoetisn el ol JLis a5 by
ale cdlBs v9zse (5,55 o &S cul
» =y JB 5 Lo (Staib et al., 2007)
Yao and) ol i) il Sore 913
b wyp oplple (Somero, 2014
tedlyre sodas o Sles  Jad ol s
Jotme &5 Ghgrgy <l 5o 03 ol 655! g
o IS Oygp8 il (s Sile Sone
45,0 (Transcriptome) pgis Sl
&lw game a5 ols las Pinctada fucata
65l ol adlas 4o (Li et al., 2016)
Vg5 Sde gy <Bb o o ole
Sye g pS Jad 9o ,0 Pinctada persica
so¥dlsls las gl 5 <855 )13 ow)p 090
oy 5ol Osline Jad g0 e ) Ol
ASP slacyy hais Sslomn p Y b b p



VEN DYV 0Ll (50 5SS 5 S5

OLes 5 s VY]

gl (Rl g Cel Sl si b S92 ge )55l
5 LalS L il oSes NACREIN oL,
(Liuetal.,2014) il ol ot 059 SIgulin
9 o 0 NACREIN 5 ol adlas o
slegs g ol plas 1y g ls g BB ad
i e Sy b 3 ASP 4 SHEMS
o2l Ssline J5Sge aunilSo 5 551 a8 azsls
Silogane anlp Sy (Souzy 5 by
P. WS (S Shsy 4O (S
g LiU aalllas 3.b om0 o oylis |, persica
@ arg b @l o ogles (YY) o, Ken
Jodo 4 cul (Sen by p0 Dol pae
s 4 4555 Sy (55 ksl e
el o a5 ail 2lse 5 of Luls
Liu) ol &glate w00 ynd oLl a a555 L
o)l el S &y ka5 ol (et al., 2012
Goo o pol> aalllas 3l sael Caws @ ol
Ly
oS Wl gy lSlan, JSas

Carter,) 5,5 1,3 oo Joloe 50
1980; Kennish, 1980; Lutz and Clark,
Lo b o)lys ke ollls (1984
ol plxil dlwgy Al g ol CwlRo p
Pouvreau and Prasil, 2001;) <ol

cwls (Kanazawa and Sato, 2008

bl ol g (Lietal, 2016) wias o lis
Ol as cal ouls a0 ol adlas o
5 03 Ol Om oz bl SGeanms LA
b Cod Sl e g Gl 1 as Jelge
Condge wile (gl alRe alse
S s @l olse ws)9d (2l
sl s ase Jalse
S (YY) oK g LiU andllas o
2 PH ol 5 s o s o8 5ol
ASP NACREIN CALM 5 ol 55
s, P. fucata ,s HSP70 4 SHE7-F-10
SlapslSo ol 550 saly (sl b o
9 aldenl 528, Vb ply o by Jlie
5 anlllas cpl jo 0 ol 8160 of sles
Lo wl,F il ax,s Yo B YY o sles
il ok o & 5l S e ol R
ol Ko 4 Liu (Liu et al., 2012) cusls
Lys of les iall a5 wols olas (Y41 )
05 Ol ¥l o s JB e 4 e
NACREIN) ;o s amnds a5 bgsye sl
ol 5 95500 (HSP70 5 IRR N19 N16
Slos @ o e slod b anslie o Loy
ok o5 le ax 0 VY asle 5YL
(Sl Sed ol am o) ole ye e woe
2 Sz ol SlopanlSe aims s



VYT VE) QN 0L 5T 535555 5 5 5350

ool Sl e Bl Jhs s, ik 05 Ok ¢S

4o (Suzuki et al., 2007) s3les 1, atwg
Jad g0 ;0 CHIT 5 olo pol> aslllas
Sy Juad ;0 L5 PRISM (5 g s0uis sanliw
alie ol 558l g b3l azs )5 5 00 o
A EB 5 9 (e
Sl glalasms 3 (lip 5 slaaing,
b s 5 552 om dihie g ,pbcd Of alex
Olpss 5l plbaslas Jols Ljs el
S5 SiSlen, 0 (Sislnd 9 e
S oY (Nishida et al., 2012) ww
sdds (5,3lae> Geukensia demissa 45
l, had ol (Jlo dilize slagle; 5o
Lutz and) ols \lis atwg bbby, jo
» elleyn, olss (Clark, 1984
slesl ,o a5 Conchocele bisecta glaas’ss
ol oal 5158 50 S o (S5 by
B sl o Jame Lyll ax S
o5k & Bao cpl bl el o5 loel 51 5 Ik
wiwgy yo |y 053 Slaylislag Sl piasu (Lab
wllas (Nishida et al., 2011) ols s
Scapharca broughtonii 455 ,o 5451
LY Cwlbs Wl Cawd a5 Cewl ool las
5 Jad e b lS iz Opge 4 (Sopm

Nishida ) wS o yuss S9290 o, Jopo

Lo (had Olposs b atwg slo,lslos,
b sy sl 5 oead Sl
Nishida) sgs co peses lawal ;o YU sles
2 Sl sleatud ool et al, 2012
Slhcysgime pgane Yiixl 6 e
Joubertetal.,) wine laisS pl So356065]
4sS o Cewl ooy las wldlas (2014
Olee e ol L P. margaritifera
Pouvreau et al.,) wb oo iol58l yudi Cgu,
sl ol 40 .(2000; Joubert et al., 2014
2 (PIF 0552 ) s a¥ by slo
a5 woly i 1) gyl gime ol 0,5 Jab
G i Cwoles walis oy fuad ;o Yl
By eeoly> oS Jad 4 cod ay
sls Sl 5 gy ConlS Sy o
O,lo 3529 weSas alal) laglasS ey Lo
=l & a4 L (Lowenstam, 1954a,b)
4 by slags 5l (Fp b ol adlllas
S 0,8 hos 8y Jad j0 Silowns  4Y
SO e e ol aS Wl CondS )5
slagid ghlo Seilems . aY lagy;
Al o Oglite 668l 5 093 4 ogate
Tl it oS mh 5 5 (sile Sane
Jate oUlg Prismalin-14 54, a5

L oS Gl S wylo 1) S byl



VO OV 0L T (8595555 5 S35 s

O 5 s [\YY]

055! haid Sl (San ol asdllas 4
Comlas Ghls pw) logae sl
9 Wil (had Dlyess g Los 4 e (5 5t
P G G Sl n aY sl
Sl )53 BByl Jad Ol s 4 STy
aslllas pl 10 09290 slaasss a5l Lo @
Gl e eilos (5 ysTaor srmsbs Lases ;|
wdpnl o598 Aoz 51 (6,500 e Jelge
el cpl atdly g log) olo )2 0
Omimed o PLpersica g8 iy e s gl
sfbee o Jelse 536 e 5
Coxio jd Clbye Cqz (e Siludune
Slore ddgs 5 slesy)lsye slocdas )9
RGN IRCOU S IPFRWR LI S ES
S5 Sh9295 50 0F Ol Gl cggaze 5o
dgr Dsliie oy g )5 Jab e P. persica
Lo ) Sl giane slays 5l (> i
4 by pe slagys 5l wiog: (had Dl yeis 53U
5 KRMP ASP (slas Laid Silows 5y 40
g 2oy (6 ydan lo 8w Juad .0 SHEMS
2 PIF (5 haid i ¥ 4 gy e sl
slag ol Glad | i ol o5 Joad
P St G Siloms Y 4 by
£y Jad o anils Jlad ol s 4y STy
3> 25 slegane slagy colld 5 olo S

anlllas g Slalllas opl 4 a5 L (et al., 2012
Sl alal gl asS e el (S
Lwg C«AGL‘éau\.&}) 6‘;} djwjuajm
Jad (YN F) o)) S g KY adllas 5.1

Vg Sllee bl glp olio by 30k
e Jad yo il jlgye adgi (gl 2l
Olezor 5 ol oS sl & e T sloo
Gl sly g55 e 5l eolatul L
3 65l 2gmeS Lulpd 4 e oS ganl
L .(Ky et al., 2014) ol wsi oo lip s
SipleS Jad yo pol> aallae @l & 4z
iy Sl gz sl ys Cudled B o (6 5eS
Sy Gy oloy Sy Jead Yl g 058 o
B ool wylye oy glp (6 IS
sldas g ,e5 o - 05..\.3.,...») Jad
&S Cowl p,5 Jad 4o P.persica jluaslg e
ey glacollad Cuos 4 (g5l 55 508
500 Gleo Sloe Gy (5,568 (555 5 a8,
4,0 Y L§L°° S| L)S.odo Cpeied ‘35"‘“6"
5 ook P.opersica 48 lp a5 sles
4D 50 9058 Gl glaclled B0 65 5]

4295 b oo)8 oo (i 15U 5 Ol 55 2



DYYTVEY O 220U 5T 59550 50 5 65850508 ok Sl e G iy 3L 05 0l 5

S ..jéju@mt)sumlfomo()uﬁaf
w‘ la)fJ.‘aé)é



VO OV 0L T (8595555 5 S35 s

OLes 5 s [VYY]

Addadi L., Joester D., Nudelman F.
and Weiner S. 2006. Mollusk shell

formation: a source of new
concepts  for understanding
biomineralization processes.

Chemistry- A European Journal,
12(4): 980-987.

Bowen R.L. 1951. The pearl fisheries
of the Persian Gulf .Middle East
Journal, 5(2): 161-180.

Carter J.G. 1980. Environmental and
biological controls of bivalve shell
mineralogy and microstructure. P:
69-113. In: Rhoads D.C. and Lutz
R.A. (Eds.). Skeletal Growth of
Aquatic Organisms: Biological
Records of Environmental Change
(Topics in Geobiology). Plenum
Publishing Corp, USA.

Dix T. 1972. Histochemistry of mantle
and pearl sac secretory cells in
Pinctada maxima
(Lamellibranchia). Australian
Journal of Zoology, 20(4): 359-
368.

Doney S.C., Fabry V.J,, Feely R.A.
and Kleypas J.A. 2009. Ocean
acidification: The other CO;
problem. Annual Review of
Marine Science, 1; 169-192.

Feng D., Li Q., Yu H., Kong L. and
Du S. 2017. Identification of
conserved proteins from diverse
shell ~ matrix  proteome in
Crassostrea gigas:
Characterization of genetic bases

&l

regulating shell formation.
Scientific Reports, 7(1): 1-12.

Fougerouse A., Rousseau M. and
Lucas J.S. 2008. Soft tissue
anatomy, shell structure and
biomineralization. P: 77-102. In:
Southgate P.C. and Lucas J.S.
(Eds.). The Pearl Oyster. Elsevier,
The Netherlands.

Gardner L.D., Mills D., Wiegand A.,
Leavesley D. and Elizur A. 2011.
Spatial analysis of
biomineralization associated gene
expression from the mantle organ
of the pearl oyster Pinctada
maxima. BMC Genomics, 12(1):
1-16.

Gervis M.H. and Sims N.A. 1992.
The biology and culture of pearl
oysters  (Bivalvia:  Pteriidae).
WorldFish, Overseas Development
Administration and International
Center for Living Aquatic
Resources Management, England.
49P.

Goffredo S., Prada F., Caroselli E.,
Capaccioni B., Zaccanti F.,
Pasquini L., Fantazzini P.,
Fermani S., Reggi M. and Levy
O. 2014. Biomineralization control
related to population density under
ocean acidification. Nature Climate
Change, 4(7): 593-597.

Jabbour-Zahab R., Chagot D.,
Blanc F. and Grizel H. 1992.
Mantle histology, histochemistry



DO VEY (O v 20U 5T (659555 50 5 65850508

ool Sl e Bl Jhs s, ik 05 Ok ¢S

and ultrastructure of the pearl
oyster Pinctada margaritifera (L.).
Aguatic Living Resources, 5(4):
287-298.

Joubert C., Linard C., Le Moullac

G., Soyez C., Saulnier D.,
Teaniniuraitemoana V., Ky C.L.
and Gueguen . 2014.
Temperature and food influence
shell growth and mantle gene
expression of shell matrix proteins
in the pearl oyster Pinctada
margaritifera. PloS One, 9(8): 1-9
(€103944).

Kanazawa T. and Sato S.l. 2008.

Environmental and physiological
controls on shell microgrowth
pattern of Ruditapes philippinarum
(Bivalvia: Veneridae) from Japan.
Journal of Molluscan Studies,
74(1): 89-95.

Kennish M.J. 1980. Shell

microgrowth analysis Mercenaria
mercenaria as a type example for
research in population dynamics.
P: 255-294. In: Rhoads D.C. and
Lutz R.A. (Eds.). Skeletal Growth
of Aquatic Organisms: Biological
Records of Environmental Change
(Topics in Geobiology). Plenum
Publishing Corp, USA.

Kono M., Hayashi N. and Samata T.

2000. Molecular mechanism of the
nacreous layer formation in
Pinctada maxima. Biochemical
and Biophysical Research
Communications, 269(1): 213-
218.

Ky C.L., Blay C., Broustal F., Koua
M.S. and Planes S. 20109.
Relationship of the orange tissue
morphotype with shell and pearl
colouration in the mollusc
Pinctada margaritifera. Scientific
Reports, 9(1): 1-9.

Ky C.L., Molinari N., Moe E. and
Pommier S. 2014. Impact of
season and grafter skill on nucleus
retention and pearl oyster mortality
rate in Pinctada margaritifera
aquaculture. Aguaculture
International, 22(5): 1689-1701.

S., Liu C., Huang J., Liu Y.,
Zhang S., Zheng G., Xie L. and
Zhang R. 2016. Transcriptome and
biomineralization responses of the
pearl oyster Pinctada fucata to
elevated CO. and temperature.
Scientific Reports, 6(1): 1-10.

Liu W., Huang X., Lin J. and He M.
2012. Seawater acidification and
elevated temperature affect gene
expression patterns of the pearl
oyster Pinctada fucata .PLoS One,
7(3): 1-7 (e33679).

Liu W., Huang X., Lin J. and He M.
2014. Effect of temperature on
gene expression in the pearl oyster
Pinctada fucata. Journal of Ocean
University of China, 13(3): 509-
515.

Livak K.J. and Schmittgen T.D.
2001. Analysis of relative gene
expression data using real-time
quantitative PCR and the 244¢T
method. Methods, 25(4): 402-408.

Li



VO OV 0L T (8595555 5 S35 s

OLes 5 s [VY7]

Lowenstam H.A. 1954a.
Environmental relations of
modification  compositions  of
certain carbonate secreting marine
invertebrates. Proceedings of the
National Academy of Sciences of
the United States of America,
40(1): 39-48.

Lowenstam H.A. 1954b. Factors
affecting the aragonite: Calcite
ratios in  carbonate-secreting
marine organisms. The Journal of
Geology, 62(3): 284-322.

Lowenstam H.A. and Weiner S.
1989. On  Biomineralization.
Oxford University Press, UK.
334P.

Lutz R.A. and Clark G.R. 1984.
Seasonal and geographic variation
in the shell microstructure of a salt-
marsh bivalve (Geukensia demissa
(Dillwyn)). Journal of Marine
Research, 42(4): 943-956.

Marie B., Joubert C., Belliard C.,
Tayale A., Zanella-Cleon 1.,
Marin F., Gueguen Y. and
Montagnani C. 2012a.
Characterization of MRNP34, a
novel methionine-rich  nacre
protein from the pearl oysters.
Amino Acids, 42(5): 2009-2017.

Marie B., Joubert C., Tayale A,
Zanella-Cleon 1., Belliard C.,
Piquemal D., Cochennec
Laureau N., Marin F., Gueguen
Y. and Montagnani C. 2012b.
Different secretory repertoires
control  the  biomineralization

processes of prism and nacre
deposition of the pearl oyster shell.
Proceedings of the National
Academy of Sciences, 109(51):
20986-20991.

Miyamoto H., Miyashita T,

Okushima M., Nakano S., Morita
T. and Matsushiro A. 1996. A
carbonic anhydrase from the
nacreous layer in oyster pearls.
Proceedings of the National
Academy of Sciences, 93(18):
9657-9660.

Montagnani C., Marie B., Marin F.,

Belliard C., Riquet F., Tayale A.,
Zanella-Cleon 1., Fleury E.,
Gueguen Y. and Piquemal D.
2011. Pmarg-pearlin is a matrix
protein  involved in  nacre
framework formation in the pearl
oyster Pinctada margaritifera.
ChemBioChem, 12(13): 2033-
2043.

Moya A., Huisman L., Ball E,

Hayward D., Grasso L., Chua C.,
Woo H., Gattuso J.P., Foret S.
and Miller D.J. 2012. Whole
transcriptome analysis of the coral
Acropora  millepora  reveals
complex responses to COp-driven
acidification during the initiation of
calcification. Molecular Ecology,
21(10): 2440-2454.

Nishida K., Ishimura T., Suzuki A.

and Sasaki T. 2012. Seasonal
changes in the shell microstructure
of the bloody clam, Scapharca
broughtonii (Mollusca: Bivalvia:
Arcidae). Palaeogeography,



DYVIVEY N0 5T 659555 50 5 65850508

ool Sl e Bl Jhs s, ik 05 Ok ¢S

Palaeoclimatology, Palaeoecology,
363: 99-108.

Nishida K., Nakashima R., Majima
R. and Hikida Y. 2011
Ontogenetic changes in  shell
microstructures in the cold seep-
associated bivalve, Conchocele
bisecta (Bivalvia: Thyasiridae).
Paleontological Research, 15(4):
193-212.

Parvizi F., Monsefi M., Noori A. and
Ranjbar M.S. 2018. Mantle
histology and histochemistry of
three pearl oysters: Pinctada
persica, Pinctada radiata and
Pteria penguin. Molluscan
Research, 38(1): 11-20.

Pouvreau S. and Prasil V. 2001.
Growth of the black-lip pearl
oyster, Pinctada margaritifera, at
nine culture sites of French
Polynesia: Synthesis of several
sampling  designs  conducted
between 1994 and 1999. Aquatic
Living Resources, 14(3): 155-163.

Pouvreau S., Bacher C. and Heral
M. 2000. Ecophysiological model
of growth and reproduction of the
black pearl oyster, Pinctada
margaritifera: Potential
applications for pearl farming in
French Polynesia. Aquaculture,
186(1-2): 117-144.

Ramakers C., Ruijter J.M. Lekanne
Deprez R.H. and Moorman A.F.
2003. Assumption-free analysis of
guantitative real-time polymerase
chain reaction (PCR) data.

Neuroscience Letters, 339(1): 62—
66.

Ranjbar M.S., Zolgharnien H.,

Yavari V., Archangi B., Salari
M.A., Arnaud-Haond S. and
Cunha R.L. 2016. Rising the
Persian Gulf black-lip pearl oyster
to the species level: Fragmented
habitat and chaotic genetic
patchiness in Pinctada persica.
Evolutionary Biology, 43(1): 131-
143.

Samata T., Hayashi N., Kono M.,

Hasegawa K., Horita C. and
Akera S. 1999. A new matrix
protein family related to the
nacreous layer formation of
Pinctada fucata. FEBS Letters,
462(1-2): 225-229.

Staib J.L., Quindry J.C., French

J.P., Criswell D.S. and Powers
S.K. 2007. Increased temperature,
not cardiac load, activates heat
shock transcription factor 1 and
heat shock protein 72 expression in
the heart. American Journal of
Physiology-Regulatory,
Integrative and  Comparative
Physiology, 292(1): 432—4309.

Suzuki M. and Nagasawa H. 2007.

The structure-function relationship
analysis of Prismalin-14 from the
prismatic layer of the Japanese
pearl oyster, Pinctada fucata. The
FEBS Journal, 274(19): 5158-
5166.

Suzuki M., Murayama E., Inoue H.,

Ozaki N., Tohse H., Kogure T.



VO OV 0L T (8595555 5 S35 s

OLes 5 s [VYA]

and Nagasawa H. 2004.
Characterization of Prismalin-14, a
novel matrix protein from the
prismatic layer of the Japanese
pearl oyster (Pinctada fucata).
Biochemical Journal, 382(1): 205-
213.

Suzuki M., Sakuda S. and Nagasawa

H. 2007. Identification of chitin in
the prismatic layer of the shell and
a chitin synthase gene from the
Japanese pearl oyster, Pinctada
fucata. Bioscience, Biotechnology,
and Biochemistry, 71(7): 1735-
1744,

Suzuki M., Saruwatari K., Kogure

T., Yamamoto Y., Nishimura T.,
Kato T. and Nagasawa H. 20009.
An acidic matrix protein, Pif, is a
key macromolecule for nacre
formation. Science, 325(5946):
1388-1390.

Tsukamoto D., Sarashina |. and

Endo K. 2004. Structure and
expression of an unusually acidic
matrix protein of pearl oyster

shells. Biochemical and
Biophysical Research
Communications, 320(4): 1175-
1180.

Yano M., Nagai K., Morimoto K.

and Miyamoto H.  2006.
Shematrin: A family of glycine-
rich structural proteins in the shell
of the pearl oyster Pinctada fucata.
Comparative Biochemistry and
Physiology (B), 144(2): 254-262.

Yao C.L. and Somero G.N. 2014,

The impact of ocean warming on
marine organisms. Chinese Science
Bulletin, 59(5): 468-479.

Zhang C., Xie L., Huang J., Liu X.

and Zhang R. 2006. A novel
matrix protein family participating
in the prismatic layer framework
formation of pearl oyster, Pinctada
fucata. Biochemical and
Biophysical Research
Communications, 344(3): 735—
740.



@%@ Agquatic Physiology and Biotechnology @

st Vol. 10, No. 2, Summer 2022 e,

Research Paper

Comparison of gene expression of mantle tissue in Pinctada
persica between warm and cold seasons

Fatemeh Parvizi!, Abolfazl Naji?, Arash Akbarzadeh?, Ahmad Farhadi?,
Mohammad Sharif Ranjbar*%*

Received: August 2021 Accepted: October 2021

Abstract

Regarding the significant effect of temperature on biomineralization process, the
study of the seasonal changes impacts on the functions and patterns of gene
expression in mantle tissue as an important organ responsible for biomineralization
in pearl oysters, is necessary. In this study, the gene expression patterns of 9
biomineralization genes (ASP, KRMP, SHEMS5, PRISM, PEARL, CHIT, PIF,
MRNP34, NACREIN) were investigated in the mantle tissue of Pinctada persica
between warm and cold seasons. The cDNA was constructed using reverse
transcriptase enzyme and then the expression of genes were quantified in gPCR. The
results showed difference in seasonal pattern. Three genes of prismatic layer (ASP,
KRMP and SHEMb) had high expression in cold season and PIF which involved in
nacre layer formation, showed high level of expression in warm season. It is likely,
the biomineralization rate reduce in higher temperature and the prismatic related
genes play more important role in response to seasonal changes. This study has
provided valuable information about mantle tissue traits of P. persica and influence
of environmental factors in molecular mechanisms involved in the formation of shell
and pearl.

Key words: Biomineralization Genes, Mantle Tissue, Pinctada persica, Warm
Season, Cold Season.
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