
Cloning and identification of the genes involved Cloning and identification of the genes involved 
in immune response from scallopin immune response from scallop

Genetic Diversity and Gene Pool Workshop in Yellow Sea

Linsheng Song 

Institute of Oceanology

Chinese Academy of Sciences

Gene pool workshop



Cloning and characterization of the 
genes involved in immune defense.

Genetic diversity of some species in 
yellow sea

ContentContent



Scallop aquaculture in China.
cDNA libraries and EST analysis.
Immune recognition.
Signal modulation and amplification.
Signal transduction.
Transcription activation.
Pathogen elimination.

1. Cloning and characterization 
of the  functional genes



Scallop aquaculture in ChinaScallop aquaculture in China



Scallop aquaculture in China has been growing Scallop aquaculture in China has been growing 
rapidly in the past decades. rapidly in the past decades. 



AquacultureAquaculture production of production of molluscanmolluscan in China in 2000in China in 2000
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The production of molluscan quaculture was 8.60 million tons, accounting 81.8% 

of the total mariculture production in China in 2000.



ChlamysChlamys farrerifarreri and and ArgopectenArgopecten irradiansirradians
are the two major cultured speciesare the two major cultured species

ZhikongZhikong scallopscallop
ChlamysChlamys farrerifarreri Bay scallopBay scallop

ArgopectenArgopecten irradiansirradians

Prof. Fusui Zhang
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Approaches to control diseasesApproaches to control diseases

Environment 
control

New therapeutic 
or treatments

Disease-resistance 
selection

Identification and cloning of genes Identification and cloning of genes 
involved in disease resistanceinvolved in disease resistance

Gene products as 
therapeutic agents

Selection markers 
diseases resistance

Genetic 
Improvement



Invertebrate immunity system is Invertebrate immunity system is 
comprised of two branches:comprised of two branches:

Cellular responseCellular response::

HumoralHumoral responseresponse::

PhagocytosisPhagocytosis

EncapsulationEncapsulation

NodulationNodulation

Antimicrobial peptides.Antimicrobial peptides.
MacrokinesMacrokines..

lectinslectins

Clotting systemClotting system

proPOproPO activating systemactivating system



Immune recognitionImmune recognition

Signal modulation and amplificationSignal modulation and amplification

Signal transductionSignal transduction

Transcription activationTranscription activation

EEliminating liminating invaderinvaderss

The process of The process of humoralhumoral responseresponse



Library construction

DNA sequencing

cDNA synthesismRNA purification

Homology analysis

cDNA library construction and  EST analysis 



Amplification of insertAmplification of insert

Purification of Purification of 
mRNAmRNA
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GPx

TRAF6

Immune Immune 
recognition recognition 

Signal Signal 
transduction transduction 

Transcription Transcription 
activationactivation

PGRP

GBP

LGBP 
PGRP

Cactus

Gene cloning and characterization



(1)  Genes involved in immune recognition(1)  Genes involved in immune recognition

(LGBP, PGRP, (LGBP, PGRP, LectinsLectins, , TLRsTLRs))

Jianguo Su et al., 2004, Aquaculture

Duojiao Ni et al, 2007, Dev. Com. Immuonol

Jianguo Su et al., 2007, Fish & shellfish Immunol

Hao Wang et al, 2007, Mol. Immunol

Limei Qiu et al., 2007, Fish & shellfish Immunol



Charles Charles JanewayJaneway RuslanRuslan MedzhitovMedzhitov

PathogenPathogen--associated molecular pattern, PAMPassociated molecular pattern, PAMP
Pattern recognition receptor, PRRPattern recognition receptor, PRR

Pattern recognitionPattern recognition



Gene nameGene name FunctionFunction FullFull--length/ length/ 
ORF (ORF (bpbp))

Accession Accession 
No.No.

speciesspecies

AiPGRPAiPGRP 1018/615 1018/615 AY437875 AY437875 A. A. irradiansirradians

CfPGRPCfPGRP 1073/759 1073/759 AY987008 AY987008 C. C. farrerifarreri

CfLGBPCfLGBP recognitionrecognition/G/G－－

or Fungior Fungi
1876/13201876/1320 AY259542 AY259542 C. C. farrerifarreri

CfCTLCfCTL--A A 1038/6841038/684 AY676311AY676311 C. C. farrerifarreri

CfCTLCfCTL--11 708/171708/171 DQ209289DQ209289 C. C. farrerifarreri

CfCTLCfCTL--22 1772/2211772/221 DQ209290DQ209290 C. C. farrerifarreri

CfCTLCfCTL--33 2257/5242257/524 DQ209291DQ209291 C. C. farrerifarreri

CfCTLCfCTL--4a4a 2086/6332086/633 DQ209292DQ209292 C. C. farrerifarreri

CfCTLCfCTL--4b4b

RecognitionRecognition
the virus the virus 

carbohydrate/gcarbohydrate/g
lycoproteinlycoprotein

1897/6331897/633 DQ2092893 DQ2092893 C. C. farrerifarreri

TLRTLR--44 recognitionrecognition/G/G－－ 4307/35944307/3594 ---- C. C. farrerifarreri

TLRs(1,5,8)TLRs(1,5,8) recognitionrecognition 10381038--30853085 ---- C. C. farrerifarreri

SRSR recognitionrecognition partial/1439partial/1439 ---- C. C. farrerifarreri

recognitionrecognition/G/G＋＋

The genes involved in immune The genes involved in immune recognitionrecognition (14)(14)



LGBP (LGBP (LipopolysaccharideLipopolysaccharide--and betaand beta--1,31,3--glucanglucan--binding binding 

protein)protein) and PGRP (and PGRP (PeptidoglycanPeptidoglycan recognition protein)recognition protein)

play a crucial role in the innate immune play a crucial role in the innate immune response response as a as a 

pattern recognition protein. pattern recognition protein. 

They can recognize and bind They can recognize and bind lipopolysaccharidelipopolysaccharide in the Gin the G--

bacteria and bacteria and glucanglucan in fungi, or in fungi, or peptidoglycanpeptidoglycan in the Gin the G+

bacteria to bacteria to trigger the responses such as trigger the responses such as phagocytosisphagocytosis, , 

nodule formation, encapsulation, activation of nodule formation, encapsulation, activation of proteinaseproteinase

cascades, and synthesis of antimicrobial peptidescascades, and synthesis of antimicrobial peptides..

Cloning and mRNA expression of LGBP and Cloning and mRNA expression of LGBP and 
PGRPPGRP gene from scallopsgene from scallops



Signal peptide: 1Signal peptide: 1--22 22 AaAa；；
PGRP domain: 83PGRP domain: 83--225225；；
Ami_2 domain: 100Ami_2 domain: 100--231231

The predicated structure of PGRPThe predicated structure of PGRP

Human Scallop



Data plotted are mean + SD of three replicates. Data that are siData plotted are mean + SD of three replicates. Data that are significantly gnificantly 
different are indicated by different letters above the bars(1different are indicated by different letters above the bars(1--way ANOVA, p<0.05) way ANOVA, p<0.05) 

The expression of LGBP in scallop The expression of LGBP in scallop 
challenged by bacteria or yeastchallenged by bacteria or yeast
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C type C type lectinlectin genes cloned from scallop genes cloned from scallop 
ChlamysChlamys farrerifarreri ((5)5)

NameName Full lengthFull length A.aA.a CLECT CLECT 
domainsdomains

CfCTLCfCTL--AA 708708 171171 11

CfCTLCfCTL--BB 17721772 221221 11

CfCTLCfCTL--CC 22572257 524524 33

CfCTLCfCTL--D1D1 20862086 633633 44
CfCTLCfCTL--D2D2 18971897 633633 44

LectinLectin is a family of sugaris a family of sugar--binding proteins of nonbinding proteins of non--immune immune 

origin that agglutinates cells or precipitates origin that agglutinates cells or precipitates glycoconjugatesglycoconjugates..



CfCTLCfCTL--CC

.

The predicated structure of scallop CThe predicated structure of scallop C--lectinslectins

CfCTLCfCTL--AA

CfCTLCfCTL--BB

CfCTLCfCTL--D1D1

CfCTLCfCTL--D2D2

http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=METLLGSAIFGVLLVFVEAQSL&DO_BLAST=1
http://smart.embl-heidelberg.de/smart/show_segment.pl?DOMAIN=SIGNAL&START=1&END=17&E_VALUE=N/A&TYPE=INTRINSIC&BLAST=METWKLLLLCFSSAASQ
http://smart.embl-heidelberg.de/smart/show_segment.pl?DOMAIN=SIGNAL&START=1&END=19&E_VALUE=N/A&TYPE=INTRINSIC&BLAST=METLRVFLLLTIIIGVFGD
http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=METEYVSLTMETYLFLAAVSGYQ&DO_BLAST=1
http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=METEYVSLTMETYLFLAAVSGYQ&DO_BLAST=1
http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=METLLGSAIFGVLLVFVEAQSL&DO_BLAST=1


mRNA expression of CFLecmRNA expression of CFLec--1 in different tissues1 in different tissues

(a): Healthy scallop; (b): Scallops challenged by bacteria. 

HE: Haemocytes; HP: hepatopancreas

CFLecCFLec--1 is predominate expressed in 1 is predominate expressed in haemocyteshaemocytes, gills, and gonad., gills, and gonad.



The temporal expression of CFLecThe temporal expression of CFLec--1 after 1 after 
bacteria challengesbacteria challenges
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CTLCTL--11 CTLCTL--22 CTLCTL--33

Recombination and expression of CRecombination and expression of C--LectinsLectins

33 33 kDkD

35 35 kDkD

62 62 kDkD



The bioassay of recombinant The bioassay of recombinant LectinLectin

rCFLecrCFLec--1 (~ 20 1 (~ 20 ugug mLmL--11))

rCFLecrCFLec--1 (~ 80 1 (~ 80 ugug mLmL--11))

BSA (1mg mLBSA (1mg mL--11) ) 

rCFLecrCFLec--1 (~80 1 (~80 umgumg mLmL--11) ) 
in TBSin TBS--EDTAEDTA

The recombinant The recombinant LectinLectin displayed strong activity to agglutinate bacteria. displayed strong activity to agglutinate bacteria. 



TLR is a family of TLR is a family of PRRsPRRs which can recognize and bind different which can recognize and bind different 
PAMPsPAMPs and plays a crucial role in the innate immune  responseand plays a crucial role in the innate immune  response..



The predicated structure of scallop The predicated structure of scallop CfTollCfToll--11

CfToll-1

DmToll

tToll

EsToll

Limei Qiu et al., 2007, Fish & shellfish Immunol
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(2)  Genes involved in Signal modulation, (2)  Genes involved in Signal modulation, 
amplification and transductionamplification and transduction

((MydMyd 88, TRAF6, Cactus, 88, TRAF6, Cactus, SERPINsSERPINs))

Limei Qiu et al., 2007, Fish & shellfish Immunol

Ling zhu et al, 2006,200,7 Fish & shellfish Immunol



Cactus

Toll signaling pathway



Gene nameGene name FunctionFunction FullFull--length/ length/ 
ORF (ORF (bpbp))

Accession Accession 
No.No.

speciesspecies

CfMyd88CfMyd88 1564 /1101 1564 /1101 DQ249918 DQ249918 C. C. farrerifarreri

TRAF6TRAF6 2510 /19652510 /1965 ---- C. C. farrerifarreri

CactusCactus transductiontransduction 2488/8272488/827 C. C. farrerifarreri

CfSPCfSP--11 1121/10621121/1062 DQ186670DQ186670 C. C. farrerifarreri

CfSPCfSP--22 1119/10081119/1008 ---- C. C. farrerifarreri

CfSPCfSP--33 922/798922/798 ---- C. C. farrerifarreri

AiSERPINAiSERPIN --22 714 /897714 /897 QD236241QD236241 A. A. irradiansirradians

CfSERPINCfSERPIN --11 1841 /15241841 /1524 QD236243QD236243 C. C. farrerifarreri

CfSERPINCfSERPIN --22 1358 /10411358 /1041 QD236244QD236244 C. C. farrerifarreri

CfSERPINCfSERPIN --33 1187 /10921187 /1092 C. C. farrerifarreri
PPO and PPO and 

PO cascadePO cascade
CfSERPINCfSERPIN --44 1064 1064 /969/969 C. C. farrerifarreri

CfSERPINCfSERPIN --55 632 /279632 /279 ---- C. C. farrerifarreri

AiSERPINAiSERPIN --11 1020 /8341020 /834 AY830445AY830445 A. A. irradiansirradians

AiSERPINAiSERPIN --33 642 /459642 /459 QD236242QD236242 A. A. irradiansirradians

Adaptor andAdaptor and
transductiontransduction

The genes involved in immune signal  The genes involved in immune signal  modulation, modulation, 
amplification andamplification and transduction (13)transduction (13)



Cloning and expression of  Cloning and expression of  Myeloid differentiation  Myeloid differentiation  
factor 88factor 88 (Myd88) from Myd88) from ChlamysChlamys farrerifarreri

Cactus



The structure of The structure of ChlamysChlamys farrerifarreri MydMyd 8888

Full length:1554bp;  Full length:1554bp;  

Protein: 367AaProtein: 367Aa

death domain (DD); death domain (DD); 

TIR domainTIR domain
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TNFRTNFR--associated factor 6 (TRAF6)associated factor 6 (TRAF6)

Cactus
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Cactus

Cactus

CfCatus

DmCactus

HmIκB

CgIκB

http://smart.embl-heidelberg.de/smart/show_segment.pl?DOMAIN=SEG&START=5&END=26&E_VALUE=N/A&TYPE=INTRINSIC&BLAST=TKAAEAATKATATSDCSCSAAS
http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=LQNSRQSPATGGRLR&DO_BLAST=1
http://smart.embl-heidelberg.de/smart/show_info.pl?SEQUENCE=MSNRDFARHQNLDEDDLVEDCAPFGGPTEYLKKSAHHFSSDKCDSVCDSGVDLRSVESCYSSYAGSLPVVAEKSPDTQTIEEKLEGLTLGSQNYPSTEETKCSLDDGYISYDRKEVSCELSHDPTPQISPEVFQLYSQDN&DO_BLAST=1


The cascade of The cascade of Myd88-TRAF6-Cactus
in different tissuein different tissue
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cDNA characteristics of scallop serine 
proteinase inhibitor (SERPIN) genes 

Gene NameGene Name CfSERPINCfSERPIN－－11 CfSERPINCfSERPIN－－22 AiAiSERPINSERPIN－－11 AiAiSERPINSERPIN－－22

907907 980 980 

3939

144144

834834

278278

30.1730.17

5454

141141

711711

237237

25.8725.87

Full Length Full Length 
((bpbp))

10701070 11931193

55’’--UTR (UTR (bpbp)) 8080 8080

33’’--UTR (UTR (bpbp)) 4242 3939

ORF (ORF (bpbp)) 948948 10711071

AaAa codedcoded 316316 357357

MW (MW (KdKd)) 30.04 30.04 38.0438.04



The expression patterns of bay scallop SERIPThe expression patterns of bay scallop SERIP--1 gene1 gene

mRNA expression of scallop mRNA expression of scallop AISPIAISPI--1 1 
at different time point after bacterial at different time point after bacterial 
challenge challenge 

mRNA expression of scallop mRNA expression of scallop AISPIAISPI--11
at different time point after adductor at different time point after adductor 
muscle injury muscle injury 
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(3) Immune effecter genes(3) Immune effecter genes

((LysozymeLysozyme, , defensindefensin))

Jianmin Zhao et al., 2007, Mol. Immunol

Jianmin Zhao et al., 2007, Mol. Immunol



Lysozymes are characterized by their ability to 

hydrolyze preferentially the β-1,4 glucosidic

linkages between N-acetylmuramic acid and N-

acetylglucosamine which occur in the mucopeptide

cell wall structure of certain microorganisms. 

Thus it was suggested that these enzymes play a 

role in the body defense against infection.

The The functions of functions of LysozymeLysozyme



LysozymeLysozyme is of widespread distribution in animals is of widespread distribution in animals 

and plants. and plants. 

Several types of Several types of lysozymeslysozymes have been described: have been described: 

c (chicken); c (chicken); 

g (goose); g (goose); 

i (invertebrate) ;i (invertebrate) ;

phage, bacteria;phage, bacteria;

plant.plant.

LysozymeLysozyme categoriescategories



GG--LysozymeLysozyme from scallopfrom scallop

Gene NameGene Name CfLyzCfLyz--gg AiLyzAiLyz--gg

Full Length (Full Length (bpbp)) 829829 659659

1818

4141

600600

200200

21.99 21.99 

55’’--UTR (UTR (bpbp)) 2121

33’’--UTR (UTR (bpbp)) 218218

ORF (ORF (bpbp)) 588588

AaAa codedcoded 196196

MW (MW (KdKd)) 22.39 22.39 



pi
g

co
mmon

-g
ibb

onrabbit
cow

flounder

Fugu-rubripes

Tetraodon-nigroviridis
turbot

silkw
orm

fru
it-

fly

fru
it-f

ly2

mosquito Suberite
s-d

omuncula

Pacifi
c-o

yst
er

Chlamys-islandica

Bathymodiolus-thermophilus

starfish
echinoid

phage

Zhikong-scallopBay-scallop
Oikopleura-dioica

flounderGgrouper

perch

hum
an

mouse

Fugu-rubripesG

chicken
black-

sw
an

0.2

I 型

G 型

C 型

pi
g

co
mmon

-g
ibb

onrabbit
cow

flounder

Fugu-rubripes

Tetraodon-nigroviridis
turbot

silkw
orm

fru
it-

fly

fru
it-f

ly2

mosquito Suberite
s-d

omuncula

Pacifi
c-o

yst
er

Chlamys-islandica

Bathymodiolus-thermophilus

starfish
echinoid

phage

Zhikong-scallopBay-scallop
Oikopleura-dioica

flounderGgrouper

perch

hum
an

mouse

Fugu-rubripesG

chicken
black-

sw
an

0.2

I 型

G 型

C 型

The phylogenic tree constructed based on amino acid sequences ofThe phylogenic tree constructed based on amino acid sequences of lysozymelysozyme



116.0K
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66.2K

35.0K
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18.4K

14.4K

21K

Recombinant expression and bioassay of Recombinant expression and bioassay of AiLyzAiLyz--gg

Bioassay of reBioassay of re--lysozymelysozyme

rrAiLyzAiLyz--gg against Gagainst G++ bacteriabacteria

rrAiLyzAiLyz--gg against Gagainst G-- bacteriabacteria



A family of potent antibiotics made within the body by A family of potent antibiotics made within the body by 

neutrophilsneutrophils and and macrophagesmacrophages. They are small . They are small peptidespeptides

unusually rich in the unusually rich in the amino acidamino acid cysteinecysteine ((CysCys).).

The The defensinsdefensins play important roles against invading play important roles against invading 

microbes. They act against bacteria, fungi and viruses by microbes. They act against bacteria, fungi and viruses by 

binding to their binding to their membranesmembranes and increasing membrane and increasing membrane 

permeability. permeability. 

DefensinDefensin



The predicated structure of bay scallop defensin



mRNA expression of scallop mRNA expression of scallop defensindefensin after bacteria challengeafter bacteria challenge
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The recombinant expression of The recombinant expression of 
scallop scallop defensindefensin in yeastin yeast

Bioassay of reBioassay of re--defensindefensin
116.0K116.0K

45.0K45.0K

66.2K66.2K

35.0K35.0K

25.0K25.0K

18.4K18.4K

14.4K14.4K

A: G+ bacteria
B: G－bacteria 



(4) The genes involved in the (4) The genes involved in the 
oxidation/reductionoxidation/reduction

(CAT, (CAT, PrxsPrxs, SOD, , SOD, GPxGPx, GST , , GST , TrxTrx，，SeBPSeBP))

Huibin Zou et al., 2006, Dev. Com. Immunol

Duojiao Ni et al., 2007, Fish & shellfish Immunol



NameName FunctionFunction FullFull--length/ length/ 
ORF (ORF (bpbp))

Accession No.Accession No. speciesspecies

CfSeBPCfSeBP AntiAnti--oxidationoxidation 1664  /14401664  /1440 AY835660 AY835660 C. C. farrerifarreri
CfGPXCfGPX--11 1194 /6511194 /651 ---- C. C. farrerifarreri

CfGPXCfGPX--22 1290/7051290/705 ---- C. C. farrerifarreri
CfSODCfSOD AntiAnti--oxidationoxidation 1022/459 1022/459 DQ400349 C. C. farrerifarreri

CfGSTCfGST--11 1483 /7171483 /717 ---- C. C. farrerifarreri

GlutathioneGlutathione--
necessary necessary 

CfGSTCfGST--22 954 /672954 /672 ---- C. C. farrerifarreri
CfGSTCfGST--33 1135/6091135/609 ---- C. C. farrerifarreri
CfGSTCfGST--44 1387/6151387/615 ---- C. C. farrerifarreri

CAT CAT HH22OO2 2 reducereduce 3144 3144 /975/975 DQ862859 C. C. farrerifarreri

AntiAnti--oxidationoxidation

ThioredoxinThioredoxin, , 
TrxTrx

OxidationOxidation
/reduction/reduction

1494 /3241494 /324 ---- C. C. farrerifarreri

tyrosinasetyrosinase, , 
TYR TYR 

POPO--likelike 1711 /14581711 /1458 ---- C. C. farrerifarreri

The genes involved in oxidation/reductionThe genes involved in oxidation/reduction



The alignment of CfCAT with selected CATs from other species



Temporal expression of the CfCAT transcript in haemocytes
after Vibrio anguilarum infection 



namename founctionfounction FullFull--length/ length/ 
ORF (ORF (bpbp))

Accession No.Accession No. speciesspecies

CfHSP90 CfHSP90 2710 /21812710 /2181 AY362761AY362761 C. C. farrerifarreri

CfHSP70CfHSP70 2573 /19682573 /1968 AY206871AY206871 C. C. farrerifarreri

CfHSP22CfHSP22 849 /576849 /576 AY362760AY362760 C. C. farrerifarreri

AiHSP70AiHSP70 2651 /19802651 /1980 AY485261AY485261 A. A. irradiansirradians

MyHSP70MyHSP70 2641 /19742641 /1974 AY485262AY485262 M. M. yessoensisyessoensis

AiMTAiMT--1 1 787 /438787 /438 ---- A. A. irradiansirradians
Heavy metal Heavy metal 
binding, antibinding, anti--

oxidationoxidation
AiMTAiMT--22 664/ 333664/ 333 ---- A. A. irradiansirradians

AiMTAiMT--33 582 /273582 /273 ---- A. A. irradiansirradians

Molecular Molecular 
chaperon;chaperon;

Stress response;Stress response;
Heavy metal, Heavy metal, 
ROS binding ROS binding 

and clearance;and clearance;
Infection.Infection.

(5) The (5) The acute phase protein genesacute phase protein genes

Qiang Gao et al., 2007, CPB

Linsheng Song et al., 2006, Fish & shellfish Immunol

吴龙涛等，2003，高技术通讯

刘维青等，2006， 海洋与湖沼007



Heat shock protein 70Heat shock protein 70
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The The MetallothioneinMetallothionein genes cloned from bay scallopgenes cloned from bay scallop

Gene nameGene name AiMTAiMT--11 AiMTAiMT--22 AiMTAiMT--33

cDNAcDNA full lengthfull length 787 787 664664 582582

9090

2828

22

CC--XX--CC 88 88 1010

CC--XX--XX--CC 66 66 22

CC--XX--XX--XX--CC 55 55 66

11

AaAa 145145 110110

CysCys 4040 2828

CC--CC 22 22

CKCXXXCXCX CKCXXXCXCX 11 11
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cyclophilincyclophilin A A (AY362759), (AY362759), 

C1q

Serine proteinase ，，

TNF receptorTNF receptor，，

Defender Against Defender Against ApopototicApopototic Cell Death 1 (DAD1)Cell Death 1 (DAD1)

…………

Other genes Other genes 



•• Over 10,000 scallop Over 10,000 scallop ESTsESTs were submitted to were submitted to GenBankGenBank..
•• Over 100 genes involved in immune response were Over 100 genes involved in immune response were 

cloned from scallop. cloned from scallop. 
•• The expression patterns of some genes under the The expression patterns of some genes under the 

challenges of microorganisms or stress were  challenges of microorganisms or stress were  
examined.examined.

•• Myd88 dependent signaling pathway in scallop.Myd88 dependent signaling pathway in scallop.
•• GG--lysozymelysozyme in invertebrate.in invertebrate.
•• DefensinDefensin, , lysozymelysozyme and and lectinlectin were expressed in were expressed in E. E. 

colicoli and yeast.and yeast.

SUMMARYSUMMARY



2. Genetic diversity of some species in yellow sea



Genetic differentiation occurred between the Genetic differentiation occurred between the 
different geographic populations of different geographic populations of C. C. farrerifarreri..

The  The  heterosisheterosis (growth performance, immunity) (growth performance, immunity) 
existed in the different population of existed in the different population of C. C. farrerifarreri. . 

The The heterosisheterosis may be related to the genetic may be related to the genetic 
differentiation of parents.differentiation of parents.

The genetic diversity and heterosis
in scallop C. C. farrerifarreri

Honglei Li et al., 2001



Comparison of the growth performance index 
among three F1 progeny populations
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•• An important penaeid species in fisheries and An important penaeid species in fisheries and 

aquaculture in China and Koreaaquaculture in China and Korea..

•• Distributed in Distributed in BohaiBohai Sea and Yellow Sea Sea and Yellow Sea 

Assessment of genetic diversity in the shrimp Assessment of genetic diversity in the shrimp PenaeusPenaeus
chinensischinensis using the using the complete complete mitochondrial control regionmitochondrial control region

Cui et al., 2005



0.00%0.00%

0.04%0.04%

Higher!Higher!

16SrRNA: 0.00% nucleotide diversity 
COI: 0.04% nucleotide diversity 

Between Bohai Sea and Yellow Sea 
population of China and west coast of Korea 
population (Quan et al., 2001).

Method
*Direct sequencing
*Restriction Fragment   Length Polymorphism (RFLP)

Mitochondrial DNAMitochondrial DNA

control region (CR)
High evolutionary rate

High resolution in DNA variation



Sampling locationSampling location

DalianDalian (DL)(DL)٭٭

QingdaoQingdao (QD)(QD)

NarodoNarodo IsIs.. (KN)(KN)

٭ ٭ 
TianjinTianjin (TJ)(TJ)

٭٭

٭٭
ChinaChina

HeuksandoHeuksando Is.Is. (KH)(KH)

٭٭

Culture FCulture F22 (CC)(CC)

KMKM٭٭



Neighbor-Joining tree
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Neighbor-Joining tree
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Gene diversityGene diversity
HH^̂

Mean number Mean number 
of of pairwisepairwise
differercesdiffererces

ππ^̂

QDQD 0.136±0.085 0.276 ±0.307

DLDL 0.392 ±0.133 0.784 ±0.597

TJTJ 0.318 ±0.164 0.333 ±0.356

KHKH 0.242 0.242 ±0.1350.135 0.250 0.250 ±0.3000.300

KNKN 0.439 0.439 ±0.1580.158 0.470 0.470 ±0.4390.439

CCCC 0.625 
±0.054

0.732 
±0.563

HeuksandoHeuksando Is.Is.
NarodoNarodo Is.Is.

ANALYSES AT INTRA-POPULATION LEVEL



F-statistics of haplotype frequency –

Average number of pairwise differences between populations

QDQD DLDL TJTJ KHKH

DLDL 0.2720.272

TJTJ 0.2240.224 0.3430.343

KHKH 0.1830.183 0.3190.319 0.2710.271

KNKN 0.2990.299 0.3980.398 0.3610.361 0.3390.339

DLDLTJTJ

QDQD
KHKH

KNKN??



SummarySummary

Populations of Populations of P. P. chinensischinensis are genetically homogeneous are genetically homogeneous 
in in BohaiBohai Sea and Yellow Sea of China and Korea. Sea and Yellow Sea of China and Korea. 

The The NarodoNarodo Is. population appears to be genetically distinct Is. population appears to be genetically distinct 
from the from the HeuksandoHeuksando Is. Population in Korea.Is. Population in Korea.

Culture stockCulture stock

There is no loss in genetic There is no loss in genetic 
diversity in the F2 culture stock diversity in the F2 culture stock 
in China. Interestingly, some in China. Interestingly, some 
haplotypeshaplotypes found in this stock found in this stock 
are not found in the wild are not found in the wild 
populations. populations. 



Takifugu rubripes Takifugu pseudommus

Takifugu xanthopterus Takifugu vermicularis

Takifugu niphobles
(Linsheng Song, 1999)

Phylogeny and species identification of puffer fish





NJ distance tree for the 16S rDNA sequence data of pufferfish. 
The numbers on the tree correspond to the percentage of bootstrap 

replicates where the particular clade was found.  



The electrophoresis patterns of RAPD amplified with primers UBC-110. 
A: T. rubripes-TRJ population (left 20 lanes) and T. rubripes-TRC 

population (right 20 lanes).  B: T. pseudommus population

Population genetics and genetic differentiation of 
T. rubripes and T. pseudommus



Analysis of RAPD markers in the four populations 

Population Population TRCTRC TRJTRJ TRCJTRCJ T. T. pseudommuspseudommus

Total bandsTotal bands 120120 120120 120120 120120

Polymorphic bandsPolymorphic bands 3838 4040 4242 4747

% polymorphism% polymorphism 31.731.7 33.333.3 35.035.0 39.239.2

Expected Expected hetrozygosityhetrozygosity 0.1160.116 0.1250.125 0.1260.126 0.1590.159

a)TRC: T. rubripes population collected from China coast; TRJ: T. rubripes
population collected from Japan coast; TRCJ: T. rubripes population including 
TRC and TRJ; T. pseudommus: T. pseudommus population.

Estimates for T. pseudommus and T. rubripes of Fst and θ (or Nm) 
WrightWright’’s s FFstst//NmNm θθ/Nm/Nm Lynch & MilliganLynch & Milligan’’s s FFstst//NmNm

T. T. rubripesrubripes (China +Japan)      0.020/12.0        0.019/13.0            0.01(China +Japan)      0.020/12.0        0.019/13.0            0.016/15.56/15.5

T. T. rubripesrubripes +T. +T. pseudommuspseudommus 0.024/10.2      0.022/11.1           0.017/14.70.024/10.2      0.022/11.1           0.017/14.7

Genetic diversity information among the populations
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