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Abstract

Abstract

Nowadays anthropogenic CO, emissions are acidifying the world’s oceans. A
growing body of researches on calcifying marine invertebrates demonstrate that ocean
acidification can impact survival, growth, development and physiology. However,
limited information was available concerning the impacts of ocean acidification on
Fujian oyster Crassostrea angulata larvae. In laboratory experiments designed to
mimic seawater chemistry in future oceans, we tested the impacts of short-term
exposure to elevated pCO, (1500 ppm and 3000 ppm, compared to control 400 ppm)
on Crassostrea angulate, one of the most important economic aquaculture varieties.
In this study, we use morphology technology and molecular technology to study the
Crassostrea angulata larvae after exposed to ocean acidification. The main results are
as follows:

1.The influence of ocean acidification on shell development of Crassostrea

angulata larvae

We found that 1500 ppm pCO2 exposure had no significant influence on
Crassostrea angulata larvae, while the larvae exposed to 3000 ppm pCO, were
smaller than those cultured in control, and the shell growth was slower. In additional,
the aberration rate of larvae was increased. Further we found that ocean acidification
certainly inhibited the calcium deposition of Crassostrea angulata 4 days D-veligers
using Scanning electron microscope combined with energy disperse spectroscopy
analysis. Furthermore we concluded that Crassostrea angulata larvae can tolerate the
impaction of ocean acidification at 1500 ppm pCO,.

2.The digital gene expression profiles analysis of Crassostrea angulata larvae after

exposed to ocean acidification

Digital gene expression profiles of Crassostrea angulata trochophores, early
D-veligers and 4 days D-veligers after ocean acidification exposure were assessed.
After comparing with controls we respectively got 5317, 74 and 2641 differentially
expressed genes. Gene ontology enrichment analysis and Pathway enrichment

analysis for the differentially expressed genes showed that ocean acidification mainly



Abstract

inhibited the genes and pathways participated in embryonic development, energy
metabolism and calcium ion conduction, thus leading to the delay of larvae growth.
3.The preliminary study on the genes involved in the formation and development of
Crassostrea angulata larvae shell after exposed to ocean acidification

Through the whole mount in situ hybridization (WISH) we found Tyr3, TGF-5
signalling pathway and BMP signalling pathway are involved in the biogenesis of
Crassostrea angulata larvae InCaS. Under ocean acidification, the expression of
genes involved in TGF-£ signalling pathway was restrained, while Tyr3 and genes
participated in BMP signalling pathway upregulated their expression. However, the
results of the morphological study released that larvae shells can still grow in a slower
rate, and the aberration rate was increased. Therefore, we suggested that the
upregulation of Tyr3 and BMP signalling pathway cannot compensate the damage of
ocean acidification.

We use Scanning electron microscope combined with energy disperse spectroscopy
analysis to study the impacts of ocean acidification on the shell elements. The results
released that the calcium deposition was inhibited by ocean acidification. We took
good advantages of RNA-Seq technology to evaluate the influences of ocean
acidification on Crassostrea angulata larvae during early development. We found that
ocean acidification mainly inhibited the function of signalling pathways which
involved in the early embryonic development, energy metabolism and calcium ion
conduction, thus led to the delay in larvae growth. Using the whole mount in situ
hybridization to explore the function of Tyr3 and genes involved in TGF-4 and BMP
signalling pathways. The results showed that these genes were concerned with InCaS
biogenesis and shell development. Further we used gRT-PCR to explore the gene
expression patterns under ocean acidification. We found that the genes involved in the
TGF-p signalling pathway were downregulated their expression, while the expression
of Tyr3 and genes involved in BMP signalling pathway were increased. Considering
the results of morphology researches, we supposed that after exposed to ocean
acidification, the upregulated expression of some genes and signaling pathways
cannot compensate the damage of ocean acidification to larvae, so that the gowth of

4
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larvae shell was decreased and the abnormality was elevated.

Key Words: ocean acidification; Crassostrea angulata; Scanning Electron Microscope;
Digital gene expression profiles; whole mount in situ hybridization; differential

expression



I s

E—F it

SR ARSI 1] (Mollusca) « X4 (Bivalvia) « 2k UL H (Pterioida) .
HLARE (Osteridae) , J&—Fh - EEZ MG AD T FHLRTEESE, HIRMME
B, B U 2 3% PRI AT AR, FrEE, HAMR
TN, SRR S K TR AN G PG ERR ARG, A
1950~2007 4 [a] H Fak G = &2t 20 J7 i 48 439.7 Jylli. 1980 4ELAjS, HE4E
WA B ARG N, JUHORAT 10 ARk b AL A R 3 7 300 UM B, 4y
bt S R 80% (FAO, 2009) o Tk A5 7751 LAAR @ - i 1 A g K, 72
IR R, St P DAAR ARG 4 32 (Cai et al., 2008; B &SR, 2011)

AFTFAHL, COp 2l 5 S ARHE I T BUAERARRE , 1Mk 2l i CO, L2 fif
XK. Hi5 IPCC T, £ 21 40K, KA CO, & 4xiAFiT 1000 ppm, Af
K pH R BE 0.45 ANRAL: THEERE FORIN=AMIEAL, K COp AN
LR S UK CO, Fr R IA R 2000 ppm, fHHEAE pH R F 0.77 Hifr. &
A 3CHRIR s, IR S S EUREE Y CRFRHEE ST YA RHE DL 5L
TR AR TR, I EI eI Ao R, a4 35 ) e
THAEAE .

HAT, Bk #7 Z2E RAI5em,  EE IRA B r di  HLi FR,
S ] G b s o A 05 97 B3 1h T R AR M /K 3R T T L 35k » 3K 4 56 [ P b 7 A
WA R TANIL B2 (Barton et al., 2012) . #LiEFRAaE . FrEnk
FEAITRHS TR FE AL A BTR R, 1 X b5 50 A e o 7 9 3 R RO 9 A2
PRAF PP A =R e KR IR Stk

1.1 ¥R RS

B ARG, SEOCER =B RA & E R KHZCO,,
X RAR A o i 5 TR ek 2 AR, AFLX AN RN, T (AR AR T A B8 22, HAh
ihs IEAHEREIR AT 30% CO M BT . (Doney et al., 2009). 1)
FAAEIELDE T HICO B A BRARE A B, AT TRl 5 [ 1 eve B 5 iR . 4l
givk, KACOMAERF 1y FE A TV # i iif 11280 ppmd in 31 H i ¥1380 ppm /e
i, BIAAH L AR K 23891 42500-1000 ppm (Meehl et al., 2007; Wise et al., 2009) .
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KR KACO WAL BT, W MpHAE R Tl S i N B 170040, I HL3
21004F, RFVERRALTT REAII R 2K pHE T %0.14~0.35/N 547 (Meehl et al.,
2007; Orretal., 2005) , F22504F < FFRO.7AN A . AR T URARAL, HREIR
AN ARG 8] SR AL 22 Bl AP Al i
(1) COy+H,O0 +—> H,CO3 +—> 2H'+CO5*
(2) COp+H,0+C0O5” «—> 2HCO;

HEER I COL M FLE o R & H S S g, pHAE ARG 53— e R 2 5
T COZFIHCOS TR S o 1E N P (1) 1177 )——COs%, 1EpCOM K 1IN,
LSO () WABE), MIFERCO MK E, Kb, HEEmRIL 2
IR IR R UR, T HL AR S S LT T R )

H5E, WERAAMZEORK pH E RS, RN 25 52 ma i A= ) 21 20 pH
{E, SRR ASTAE I A2 A0 T I PR 5 R A0 A pH AL R BRI s ) BARIR 2 42 4)
H&—EMBWIATRE ), (R RS MEE, K TR IRE, #
WA AR BT RIS AE Ik R, DU 0 8 L6 5 BEFE IR RF TR AN S AN A2 )
KEW WERAAR S PSR ), Silomi e SR, Vo S gk
B J—FE, WAEPERAKKE TS, R RINRE . BB T
J DL BT AR s AR B . W A8 (Haliotis discus hannaid ik
TR, RS T B IG EACEIR , W E TR A R R SR T
F% (Lietal, 2013). Talmage % A\l X pHFHXL5E L2 (Mercenaria mercenaria
F Argopecten irradians) 7E TME#Fiavar. BLERRK (21 tHal Al 22 tHed) CO;,
WEETR (439024 250 ppm. 390 ppm Al 1500 ppm) KA KAAFEHI 5T KB, T
WA AT AT AR K IS AR I A KR AR ARG R ARG TR R R L
TN COLIRIE T AAFIAAR, If H U176 I S AR eI i AR RIS T A
KGRI DL SE i T M HA R ko X6 45 R W] 7 3k 2 A T 20 % A= 1)
MRALTT RE ] T VIRAIMA A A R A KR T, BARE— 28X 5 VISR Ak
FhEFIR4k (Talmage et al., 2010). 5[ LiveScience MutidRiE, Frirt 5t KN,
31| 2300 FEHEVE R AL 3 BRI (1) R AR R 35, XA R T
SV, BB E RGP LRI & 1 sh Wi o™ i 5 . B
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