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Ultrastructural observation on muscle tissues of
Macrobrachium rosenbergii with white-body disease

DU Kai-he*, WANG Wen', RONG Li-wen', WANG Zhao-jin®
{1. Nanjing Normal University, College of Biological Science, Namjing 210097, China;
2. The Breeding Center For Special Type Aquatic Creatures in Nanjing, Nanjing 210039, China)

Abstract: The light microscopy and electron microscopy were used to observe the pathological changes in Mac-
robrachium rosenbergii suffering from white-body disease. The pathogen were not found in the pathological area-
ahdominal muscle or other nonpathological areas such as gill, heart, hepaticopancreas and gonad. The results in-
dicate that the disease is not caused by any pathogen. The histopathological observation shows that there is no
obvious difference between normal and diseased tissues in the early and middle periods of the disease. But the ul-
trapathological observation shows obvious pathological process in the mutochondria and sarcoplasmic reticulum in
abdominal muscle in those periods. The phenomenon of tumescent and disruptive mitochondria sometime with
dense electronic particles and increased sarcoplasmic reticulum with many small bubbles indicate that the muscle
cells are in the conditions of oxygen deficit and Ca>* metabolic disorder, which mayhe due 1o the deterioration of
environment and cultural conditions. Based on the ultrastructural results, the white-body discase of M. rosen-
bergii should be named as ‘Muscle Cell Mitochondria Necrosis” .

Key words: Mucrobrachium rosenbergii ; white-body diseasc; ultrastructure
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1. The ultrastructure of abdominal muscle of the normal oviferous shrimp from Suzhou district, showing its mitochondna ( Mi) , sar-

coplasmic reticulum { 4 ) and filament (F) with normal and distinct structure, %8 000.

2. The ultrastructure of abdominal muscle of the diseased oviferous shritnp from Gaoyou district, showing its vacuolar degeneration

mitochondria{ Mi), sarcoplasmie reticulum ( 4 ) and filament { F) with nermal and distinet strueture, X 8 000.

3. The ultrastructure of abdominal muscle of the diseased shrimp in its flea-like period, showing its «bnormal structure of mitachan-

dria { Mi) with increscent volume and many electron dense particles { $ }, which are also in the sarcoplasmic reticulum {2 ),

X 12 00U,

4. The ultmstrycture of abdominal muscle of the diseased shrimp in its young perind, showing its tumescent mitochondria ( Mi) with

many electron dense particles ( 4 ), > 12 000.

5. The ultrastructure of abdominal rmuscle of the diseased shrimp in its young period, showing its sarcoplasmic reticulum with abnor-

mal structure( 4 ) and residual body (&), %12 000.

6. The ultrastructure of ahdominal muscle of the diseased shomp in its young period, showing its tumescent and disruptive mitochon

dria { Mi} and sarcoplasmic reticulum with many small bubbles { 4 ), < 17 000.
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Sequencing of ribosomal internal transcribed spacer regions

and mitochondrial gene fragments in Crassostrea gigas

KONG Xiao-yut, ZHANG Liu-suo', YU Zi-niu!, LI Ya-jun!, WANG Qing vin®
{1. Key Laboratory of Manculture, Ministry of Education, Ocean University of Qingdao, Qingduo 266003, Ching;
2. Yellow Sca Fisherics Research Tnstitute, Qingdac 266071, China)

Abstract: ‘The ribosomal internal transcribed spacer regions {1TS-1 and 1TS-2} and mirochondrial gene {ragments { 165

rDNA and COI) of Crassostrea gigas were amplified via PCR, and the PCR products were ligated into T-vectors, cloned
and sequenced. The nucleotide sequences of 543,791, 530 and 700 bp from [T3-1, ITS-2, partial 165 rRNA gene and par-
tial CO1 gene: were obiained, respectively. The contents of A, T, G and (C were 23.57%, 20.07%, 29.47% and
26.89% in ITS1, 27.43%, 19.22%, 27.05% and 26.30% in [T32, 29.25%, 29.25% 23.02% and 18.49% mn
165 tDNA, and 22.71%, 39.43%, 20.43% and 17 .43% in COI in tum. The primers of 1TS54 and 1T3-2 proved 10

be very universal in a variety of mollusk species. The potential uses of these four sequences for species identification and

relevant rescarch of several closely related oyster species were discussed.

Key words; {rassostraq gigas; [TS1;1TS2:C00; 165 tDNA; sequencing

CLC number; Q75 Document code: A

For a long time it has heen believed that there
are five ayster species with commercial importance a-
long the nerthern coast of China, which are Zhe oyster
( Crassostrea plicatule ), Pacific oyster { C. gigas),
Suminoe oyster ( C. ariakensis ), Dalianwan oyster
(C. ralienwhanensis) and Monk-hat cyster (C. cu-
cutlata ' 72,

shells, there are argument and confusions on the i-

Because of morphological variation of

dentification and their species status except Suminoe
oyster. Some people believed they were different

[ , but some others argue that Dalianwan oys-

species
ter is a variety of . gigas: monk-hat is synonymous
with Zhe oyster, even Pacilic oyster is also synony-

mous with Zhe oysterlj’”.

By analysing allozyme

Recelved date: 2001 - 101 09.

Foundation item: Financially supported by Key Laboratory for Sustain-
able Utilization of Matine Fisheries Resources, Minisiry of Agriculture
and National Science Fosmdation of China (396001133 and 39620260} .
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Corresponding author: YU Zi-niu, F — mail: carlzyulongd . edu. en

Article ID; 1005 - 8737(2002)04 - 0304 - 05

variation in Zhe oyster C. plicatula and Pacific oys-
ter, we supported that they may be synonymous with
each other; Liu'®! checked several Crassostrea species
with RAPD technique and concluded that Dalianwan
oyster, Zhe ovster and Pacific oyster are sib species
with each other. In view of the above, it is necessary
o figure out the problems with more sensible or pow-
erful DNA techniques for the management, conserva-
tion and reasonable uses of ayster stock resource in
the northern coast of China. Past efforis to investi-
gate and identif\y differences among populations and
species for oysters in northern coast of China using al-
lozyme frequency data® znd RAPD technique[s‘”
have provided useful information, but it is far bevond
enough.

The genes or gene fragments of interest could be
amplified by PCR using universzal primers which tar-
geted highly conserved regions. Ribosomal internal
transcribed spacer regions ( ITS-1 and ITS-2) and
mitochondrial 165 rRNA and COI gene fragments are

among these popular candidates because of their rela-
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tively higher varinbility and easy amplificarion'® ~%).

In this study, the FTS 1 and ITS-2 regions and mito-
chondrial 165 rDINA and COI gene fragments in Pa-
cific oyster are amplified and sequenced for the further
work on species identification, phylogenetic research

and structuring populations of these species.
1 Materials and Methods

The sample oysters were collected from Qingdao
markets. The total DNAs are extracted from mantle
tissue using DNA extraction Kit { Pure Gene, Gen-
ira). ITS-1 and ITS-2 regions are amplified using
two pairs of universal primers ITS-1A/1B and ITS
2A 7 2B ( courtesy of Dr. Patrick Gallney, Universi-
ty of Delaware, USA), respectively. The primer se-
fquences are:

ITS 1A/1B: GGTTCTGTAGGTGAACCTGC/
CTGOGTTCTTCATCGACCC;

ITS2A/2B;  GGGTCGATGAAGAACGCAG/
GCTCTTCCCGUTTCACTOG.

165 RNA and COl gene {ragments are amplified
using two pairs of universal primers 16sar-1./16shr-
H'" and COIL 1490/COIH 2198 in turn.

lésar-1./t6sbr-Fl; GCCTGTTTATCAAAAAC
- AT/CCGGTCTGAACTCAGATCACGT;

COIL1490/COIH2198: GGTCAACAAATCA-
TAAAGATATTGG/ TAAACTTCAGGGTGACCA-
AAAAATCA.

Amplification of the products are performed us-
ing PTC- 108} thermal cycler (M] Research, USA);
25 ulL of amplification reaction solution contains: 2.0
mmol/T, MgCl; 200 umol/l. of each dNTP; 0.2
pmol/L of exch primer; L pL template DNA; 1 unit
Taq polymerase (Sangon, Shanghai) with supplied
buffer. For all amplifications, hot start PCR is initi-
ated by addiiion of polymerase and primers fcllowed
an initial 2 min denaturation at 94 T . The PCR cy-
cling paramoters arer 35 cycles of 94 T /45 sec, 48
T(CON), 50 TITS1 and 168) or 52 T(ITS2)/1
min and 72 T/ 1 min followed by 5 min final exten-
sion at 72 . PCR products are purified using U-
NIQ-5 Column PCR Products Purification Kit{San-
gon, Shanghai) , ligated into pMDI18-T Vector by

following instruction of Takara DNA Ligation Kit
ver. 2 and used to transform competent JM109 E.
coli cells using standard protocols. Recombinant
colonies are identified by blue-white sereen. Inserts of
the correct size are detected via restriction enzyme di-
gestion (EcoRI and Hind 11I). Vector DNA contain-
ing the desired inserts is further purified using Phar-
macia EasyPrep Kit, and the sequencing is performed
for hoth strands of every sample on ABI PRISM
377XL DNA Sequencer using ABI PRISM RigDye™
Terminator Cycle Sequencing Ready Reaction Kit
with AmpliTaqg TINA Polymerase, FS { Perkin
Elmer).

2 Results and Discussion

Clear PCR products of ITS-1, ITS-2, 165 and
COI are amplified, and the sequencing indicated that
their sizes are 543, 791, 530 and 700 bp, respectively
{Figs 1 and 2). Their base composition proportion of
A, T, G and C are showed in Table 1.

Table 1 Base composition of ITS- 1, ITS- 2, 168 and COM se-

quences in Pacific oyster

£1 KEFHFITS-1.ITS - 2,165 1 col FRMEE

izl o %
A T G C A+ T Total/bp
' I'rs-1 23,57 2007 29.47 26.89 43.64 543
ITs2 27,43 19.22 27.05 26.30  4K.65 791
168 29.2%  29.25 23.02 18.49 38 50 530
ool 22.71 39.43  20.43 17.43  62.14 il

We have tried to amplify the [TS-1 and ITS-2 in
other mollusk such as oysters (C. sikamea ), scallops
{ Patinopecten yessoensis, Argopecten irradians| un-

02y fussels

pul. data ] and Chlamys forrer
( Dreissena polymorpha, Quagga mussel Dreissena
Sp., Mytilus }, surf

{ Spisuta ), horseshoe crab ( Limulus ), shipworm

Ischadium recurvum, clam
( Bankia setacea, Escarpia laminata) and abalone
( Haliotis rufescens ) etc {unpul. data). The amplifi-
cations were successful in most of these species after
optimizing, although the- product size varied from

species to species{unpubl. data). It is indicated that
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the targeted sequence is highly conserved, so the
primers are very universal in mollusk that they can be
used n species identification and further phylogenetic
reconstruction.

The internal transcribed spacer regions of riboso-
mal RNA genes are known to evalve faster than the
coding region, therefore, they are vanable at subspe-

cific and population levels with various species. King

logeography of bivalve species Lasmigona subviridis,
indicating it was a good fragmenit for the work. The
similar work in rodent and Xenopus species also indi-
cats that TS regions are suitable to be employed in
species identification and phylogenetic analysis! 14
Therefore it is believed that these two fragments can
be goed candidates used in the studies of genetie vari-

ation and phylogenetic research in mollusk.

(unpubl. data) used 1TS-1 sequence to examine phy-

ITS-1  GenBank Accesion No: AF280608

I GOTTTCTGTA GGTGAACCTG CGGAAGGATC ATTAACAARA CAAAATCGGG GCTCGTTGGC AGAGCGACCG AGAGGCTAAC
41 GCAAARACAC AGCCGAGGGT TGTTGTTAAA GTCGGATCGA CCTCGAACGC CGAGCGACCA GGTCGCTAGG CCGAGGGATC
161 CAGGCGAACT CGCTGGGGGG GTTTATTTCC TCTCAGCGCC TTGGGCCGTC GAAGCCITCC TGCTCCGTCG CCTTAAGTAC
241 AGACGAGCTC GACCGCGACC CCGGGCTTCC GGAACGGTGG GTCGCTAAAA CAAAACAAAA AGCACTCGGC ATCGTCGGGG
321 TGGAAACCTC GACGTTATAA GCACCOGAGT ATGTACTTTC TCACGTATAC CAACAGATTT CTTACACAAA ACCCGGGAAG
401 GEGGAGTCGG CAAGGCTCTT GCCTTTTTTC GGGGGTUGGC CGGCGTACCT OGTTGCGOGC CGCGACCGAC CGAATTGGCA
481 TCATACTATT TTGACAACTC TAAGTGGTGG ATCACTCGGC TCGGGGGTCG ATGAAGAACG CAG

1T6-2 GenBank Accesion No: AF280610

1 GGOTCGATGA AGAACGCAGC CAGCTGCGTG AATTAATGTG AATTGCAGGA CACATTGAAC ATCGACATCT TGAACGCACA
81 TOOCGOCCTC GGGTAACTCC CGAGGCCACG TCTGTCTGAG GGTCGGTGAA ACTATCAATC GACTAAAATT TCATTATYCT
161 AGTCGOCTTG GGCOGTCGAA GCCTCTCACG GCTCCGTCGC CTTAAATGCA GACCGATGAC CAAAGAAACG GCTCTATTGG
241 TGACTCGGTG CCTCGGCGGG ACGAAACACG TCTCGACTTC CACTCTTTTC GCTAAACTCT TATCCCGAAC GGCTGCTCGG
321 TCOGACGGCG AAGGAGGACG CGGGGTGCGA GGGUGCAGAA AAAGACGGCA ACGCGGTCTG GCCACATACG CGAAGCTCCG
401 GCTATAGCGG CGGGTCTCGA CCATCAAAAG CGTGOCCGAA AGTGATGCAA ACTCGCAACA AACTTCCCCG GACTCTCCAT
481 COCTTTGROC TTGCCTGGCC TTAGTACGGA TAACAAAGGC GGTTAAAGAA GGAGATCGTT TCGCTGCAGA GTCCTGCCAT
561 TCAAAAAGGG GCTGAAGAGT CAACAGGGGC TCAAGGGCAT CGCGAGGGAT CCGCGTTTTA AGAAAAAAAG CGCGGACCTC
641 GATAARACCA AAAACGGGAC AACCAATTTT TTTTCAATCA CTCCGACCTC AGATCAGGCG ACACTACGCC CTGAACTTAA
721 GCATATCACT AAGGGCAGGA AAAGAAACTA ACTAGGATTC CCCTAGTAAC GGCGAGTGAA GCGGGAAGAG C

Fig.1 Nucleotide sequences of ITS-1 and ITS-2 in Pacific oyster C. gipas
B KFHHG Ts- 1 s - 2 EREY

Ovysters are among the most common, extensive-
ly-studied and morphologically-variable of all marine
invertebrate taxa. However, the knowledge of ayster
phylogeny and systematics is seldom known. There
had been over 100 recorded species of oysters until
1970s, but two-thirds of them were synonymous with

each other according to Harry' s estimation' 1. 1

n
China, Zhe oyster (€. plicatula ), Pacific oyster
(C. gigas), Suminoe oyster ( C. rivularis ),
Datianwan oyster (C. talienwhanensis } and Monk-
hat Dystef {C. cucullata) have been five major eco-

nomic species in the northern coast. Because they (

except Suminoe oyster) all occur along the coast with
greatly variable morphology, it is difficult to distin-
guish them, which made much trouble in their brood-
stock management and aquaculture practice. The
common concerns in mollusk aguaculture in the
northern coast of China is that if they arc genetically
distinct species, subspecies or different populations.
Similar situations also happened in several closely re-
sikamea

lated oysters: C. wirginica, C. gigas, C.

and C. ariakensis in the United States!™ %1,
Banks et all™ discriminated closely related oys-

ter species C. gigas and C. sikamea via PCR/
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RFLPs of mitochondrial 165 rRNA gene. O
Foighil® succeeded in distinguishing C. virginica
trom two closely related oysters €. gigas and C.
ariakensis, and C. gigas from C. ariakensis by
employing sequencing and mitochondrial RFLPs of
partial 165 rRNA gene {443 bp). Sequence data re-
vealed that the latter 1wo species showed higher levels
of similarity to each other {95%} than tc C. wir
ginica (84%-86% ). Besides, COI and ITS-1 also
had been used to diagnese C. gigas vs. C. ariaken-
sis via PCR/RFLP ( Gaffney, unpul. data). O’
Foighil''”! made a comparison of 579 nucleotide frag-
ments of COI among Portuguese oysterrr C. angula-
ta and several Japanese oysters and indicated that
Portuguese oyster haplotypes clustered robustly with-

in a clade of Asian origin for Portuguesee oyster. As

can be identified by mcans of DNA markers based on
the glue gene responsible for the polyphenclic pro-
tein.

Molecular genetic markers have become indis-
pensahle tools in the study of species identification as
well as wild populations, and this is more important
for marine organisms where direct observation of be-
havior, breeding structure and migration patterns are
more difficult than those for most terrestrial organ-
isms'™®. The conclusion is that ITS-1, ITS- 2, 168
rRNA and COL gene fragments would be four nice
candidates of specics identification and related re-
search for Zhe oyster (€. plicatula ), Pacific oyster
rivularis },

(C. gigas), Suminoe oyster { C.

Dalianwan oyster ( (. talienwhanensis ) and Monk-

hat oyster (C. cucullata}.

for nuclear marker, in Mytifus, a couple of species

168 rONA  GenBank Accesion No: AF280811

CCGGTCTGAA CTCAGATCAC GTAGGGTATT AAAGGTCGAA CAGACCTACT TTCAAAGCCT CTACGCCTTG AAGCTATTAT
81 CCCTGATTCA ACATCGAGGT GCCAATCCCT TTAGCCAATA CGAACTCTAC TAAAGGATTA GUCIGTTATC CCCGGCGTAA
161 CTTCTCCTAT GATCGAATAT AATCGGGTCA AATCCGGAAA GAGTTAGTTA TTCAGAAAGG TTACACTTGC TTTCTAGGCG
241 CCUCACCTAA AAATCTTITA CTCCTGAATA AAGTTAATTT TCAAAGTTGC ACGGGGTCTT TTTGTCTAAC TTTTAAATGA
321 AGGTATCTTC ACCTTCAGTA CAATTTCAAT AAAAAATTTA GAGACAGTCA AACCCTCGTT AAACCATTCA TGCAGGCCCA
401 CAATCAAMAG GCAAGGAATT TCGCTACCTT AGCACCCTCA CGCTAGGGCG GCCGTTTACA GTAATATTTC GCACTGGGCS
481 GGTATTGCTA AAAGTCTTTA TCTTCTAGTG ATGTTTTTGA TAAACAGGCG

—_

COT  GenBank Accesion No: AFZ80608

TAAMCTTCAG GGTGACCAAA AAATCAAAAC AAATGCTGAA ATAAGACAGG GTCCCCCUCT CCGACAGGGT CAAAAAAAGA
81 GOTATTAAA TGACGATCAG TCAAAAGTAT AGTAAGACCT CCAGCTAACA CTGGGAGAGT AGTCAAAAGE AAGAATGAAG
161 TAACCTTAAT AGATCAAGGG AATAGTGCTA GTAAATGGCC CCCAACAGAT CGCATATTTC TAATCGTTAC TATGAAATTA
241 ATTGACCTGA AAATAGAGCT AATACCAGCA AGGTGAAGGC TTAGAATTGC AAGGTCTATA CAAACTCCAT GATAAGAGTA
321 AGTTGATAAA GGAGGGTAAA TTGTTCACCC TGCCCCAACT CCATTTTCTA CAATGTTAGA CATAAGCATA ACATAAAGAG
401 ACCCTGGCAA AACTCAAAAT CTAAATGCAT TTAATCSAGG AAATTGCATG TCTGCTACTA GAAGCATCAA AGGGATAAGC
481 CAGTTACCAA ACCCCCCAAT TATTACAGGT ATAACAAAGA AAAAAATCAT AACCAACGCA TGCCTAGTTA CAACTGCATT
361 ATAAGTCACG GGGTCTAAAA ACTTAGCTCC AGGGTTATAA AGTCTCCAAC GAATAAGAGA CCTAAACCTA GTTCCCGCAA
641 GAACAGUTCA AAATCCAAAT ACTATATAAA ACCTTCCAAT ATCTTTATGA TTTGTTGACC

Fig.2 Nucleotide sequences of partial 165 TRNA and COI genes in Pacific oyster C. gigas
B2 REFHEGANEERZRAFD
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KT FH R DNA #3518 B30
S EE R EFIE
LBAL, KEH, RFEL A TE, Eo

(1. FGHERT BT HERFRELEES, L& F 8 266003,
2. FPRIKAHFHER HEK AT, LE F5% 266071)

WE. LN T2 PCR I T R BPEPE MR Crussostrea gigas ) FIE B R R R 18] K IR(ITS 1 F1ITS2) RER R {E 165 -DNA 10
COLEAR B, PCR ~HE T-HIEEER 4T AN F, 5B E R 543,791,530 # 700 bp HETRFFL 4
DNA AR AT.GH CEBEFESHH 25 57% .20, 07% .29, 47% A 26, 89% (IT51).27.43%.19.22%.27. 05% 0
26.30%(ITS2),29.25% ,29.25% .23.02% 1 18.49% (165 rDNA), 22. 71 % .39.43% .20, 43% 1 17.43% (COL) . T {F8}
ITS- 1 1TS 2 31407 NI GE Y BIF. XTRMNE T 4 BRI E Lm0 3% 5] B8 CH s h .

KR KNG ITS 1 ITS-2 s CO 168 fMNA; B H F7I
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