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ABSTRACT. Ryanodine receptor/calcium release channel is a large
protein that plays an essential role in muscle contraction; mutations
in the ryanodine receptor gene affect sensitivity to stress. As a first
step towards investigating the relationship between the ryanodine
receptor and shrimp cramped muscle syndrome, we cloned, partially
sequenced, and examined single-nucleotide polymorphisms (SNPs) of
the ryanodine receptor gene of the Pacific white shrimp (Litopenaeus
vannamei). The nucleotide sequence of a 15.06-kb L. vannamei
genomic DNA segment containing a partial ryanodine receptor gene
sequence was determined (deposited in GenBank nucleotide database:
HM367069). Direct sequencing of PCR-amplified ryanodine receptor
exons with their intron-flanking regions in 10 cramped muscle
syndrome shrimp and 10 healthy shrimp, revealed seven SNPs. Five
of them (1713A/G, 1749T/C, 1755T/C, 3965G/A, and 8737C/T) are
located in exons; however, they appear to be neutral (synonymous),
since they do not alter the encoded amino acid. The other SNPs
(1553C/T and 13337A/G) are in introns. The SNPs identified in the
ryanodine receptor gene could be useful for association studies aimed
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at determining the physiological role of the ryanodine receptor in
cramped muscle syndrome of shrimp.

Key words: Litopenaeus vannamei; Ryanodine receptor; Cloning;
Single-nucleotide polymorphism

INTRODUCTION

Calcium is an important intracellular signaling molecule, and altered calcium chan-
nel function can cause widespread cellular changes. Genetic mutations in ryanodine receptor/
calcium channels that cause what appear to be trivial alterations of calcium currents in vitro
can result in serious diseases in muscles and the nervous system (Lorenzon and Beam, 2000).

In mammalian (human, mouse, rabbit, pig, etc.), more than 30 missense mutations
that lead to the susceptibility to stress reaction, such as malignant hyperthermia (MH) (Loke
and MacLennan, 1998), were found in the coding sequence (Jurkat-Rott et al., 2000). In hu-
mans, 22 MH mutations have been identified at 20 different amino acid residues in the ryano-
dine receptor-coding regions (Jurkat-Rott et al., 2000). In swines, MH is a pharmacogenetic
disease that affects calcium regulation in muscle and results in sudden death and (or) in PSE
(pale, soft, and exudative) meat (Mitchel and Heffron, 1982). Recently, a C to T transition at
nucleotide 1843 in the coding sequence of skeletal muscle ryanodine receptor was associated
with MH susceptibility (Fujii et al., 1991). Eliminating mutation genotypes of skeletal ryano-
dine receptor has been widely used in the pig breeding (Mitchel and Heffron, 1982).

Ryanodine receptor has been identified in various mammalian and nonmammalian
vertebrate animals. Homologs to vertebrate ryanodine receptor in invertebrates, including
Drosophila melanogaster (Takeshima et al., 1994; Hoskins et al., 2007), Caenorhabditis
elegans (Sakube et al., 1997), and Hemicentrotus pulcherrimus (Shiwa et al., 2002), have
also been cloned and sequenced. The pacific white shrimp, Litopenaeus vannamei (Boone,
1931), has become the leading farm species in the western hemisphere (Valles-Jimenez et
al., 2004). In recent years, cramped muscle syndrome (CMS) (Lightner, 1988) has caused
economic losses to the shrimp industry. CMS of shrimp has also been called “cramped
tail”, “body cramp”, and “bent tail”. Although the complete etiology of CMS has not been
definitively ascertained, it was hypothesized to be a stress reaction in susceptible shrimp,
caused by physiological or nutritional factors that are enhanced by physical or environmen-
tal stressors (John, 1992). Therefore, analysis of the ryanodine receptor gene may be helpful
to understand the cause of shrimp CMS.

MATERIAL AND METHODS

A library was constructed by the L. vannamei DNA size fractionation, clean-up
of the DNAs, and subsequent ligation into a fosmid vector, pCC1FOS™ Vector (Epicen-
tre, USA). The ligation mixture was then packaged into lambda phages using MaxPlax
Lambda Packaging Extracts (Epicentre). The packaged library was transduced into Esche-
richia coli EPI300-T1R, and E. coli transformants were selected on LB agar supplemented
with chloramphenicol. The presence of recombinant plasmids and the polymorphism of
the insert DNA were examined by agarose gel electrophoresis of an Nofl digestion of
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the purified plasmids from randomly selected E. coli transformants. The library clones
were stored in 96-well plates. To isolate the ryanodine receptor gene, the library was
screened by polymerase chain reaction (PCR) analysis. The PCR primer pairs were de-
signed according to the EST (GenBank ID: FE180577) (De-la-Vega et al., 2008) from L.
vannamei and are homologous to ryanodine receptor gene from D. melanogaster (GenBank
ID: NM_057645) (Hoskins et al., 2007): F:5'-GTGAAGAAGAAGGTCCGTGAGAAGT-3";
R:5'-GAAAGGTATCCGATGATGCCCGTTG-3". The PCR amplification mixtures of 25 pL con-
tained the following: 100 ng genomic DNA, primers (0.5 uM each), 1.5 mM MgCl,, 0.2 mM
dNTPs, 1X PCR buffer, and 1 U Taq DNA polymerase (Promega, USA). The cycling conditions
were 5 min denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 57°C for 30 s, 72°C
for 1 min, and a final extension at 72°C for 5 min. The selected unique fosmid clones were
purified, partially digested with Sau3Al to have 1-4-kb size DNA, and ligated into a linearized
pUC118 vector (Promega) to generate the secondary shotgun library. Sequence reactions were
carried out using the M13-M3 and M13-RV primers. Gaps were covered by primer walking.
The sequence data were assembled by CodonCode Aligner V3.0. For the determination of puta-
tive transmembrane regions, the exon and intron were predicted using the GENSCAN server
(http://genes.mit.edu/GENSCAN.html). The deduced amino acid sequence of L. vannamei ry-
anodine receptor was compared with the corresponding region of D. melanogaster ryanodine
receptor (GenBank ID: NM_057645) (Hoskins et al., 2007) using the CLUSTAL W program
(Higgins and Sharp, 1988).

The population of L. vannamei was a specific pathogen-free stock originating
from the High Health Aquaculture (Kona, Hawaii, USA). Ten shrimps with cramped
muscle syndrome and 10 healthy shrimps were collected from the pond. Genomic DNA
was extracted from each shrimp muscle using the Genome DNA Extraction Kit (Pro-
mega). The coding sequences of the ryanodine receptor genomic DNA were amplified
in 20 using 11 pairs of primers (Table 1). The PCR amplification mixtures of 25 pL con-
tained the following: 100 ng genomic DNA, primers (0.5 uM each), 1.5 mM MgCl,, 0.2
mM dNTPs, 1X PCR buffer, and 1 unit Taq DNA polymerase (Promega, USA). The cycling
conditions were 5 min denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 57°C
for 30 s, 72°C for 1 min, and a final extension at 72°C for 5 min. The PCR products were
purified and double strands sequenced by ABI377 automated DNA sequencer (performed by
Tiangen Company, Bejing). DNA comparison were performed using the DNAMAN software
program (Zemann et al., 2006).

Table 1. Primers used for amplification of the ryanodine receptor gene of Lifopenaeus vannamei.

Primers Forward sequence Reverse sequence Position of 5” nucleotide Product size (bp) Exons covered
P1 ctgagatgaaagatagggtcca gaaaacgcaaaatcacataaag 299-723 425 1
P2 atagcaacagaaagacactcg ccectaaaaggaactcaaa 1575-2303 729 2-3
P3 ggtectgttgatcetctaa aagctctttcacgtcctaa 2533-3002 459 4
P4 ggtttgttteetgttectt agtatcctaactgececte 3735-4041 307 5
PS5 taggtttgtttcctgttee atttcccataatcgtgtet 3733-4352 620 5-6
P6 ttagcaaagtcagtagaaagg actcatacagtagataccaaaga 7627-8205 579 7
P7 tggcacatctgtaacteet ttetecttgteteectetg 8555-9268 714 8-9
P8 tgaccaccactcactcca gaaagcagaaactcaaaagac 10378-11161 784 9-10
P9 ccattagtggtgecgtagt aaggcgatgacagtgtage 11254-11683 430 11-12
P10 gtatccagattegttgtee tgtttacggattttgtgag 11912-12699 788 13
P11 ctcacaaaatccgtaaaca caacgaaacttctaacage 12681-13397 717 14-15
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RESULTS

A fosmid genomic library was constructed for L. vannamei. After screening the fos-
mid library, a positive clone was obtained and subjected to shotgun sequencing. A nucleotide
sequence (the sequence has been deposited in GenBank nucleotide database: HM367069) of
a 15.06-kb genomic DNA segment containing partial ryanodine receptor gene has been deter-
mined. The sequence contains 15 exons encoding 1237 amino acids. The deduced amino acid
sequence of the L. vannamei ryanodine receptor is 64.8% identical with the corresponding
region of D. melanogaster ryanodine receptor amino acid sequence (Figure 1). The results in-
dicated that the deduced amino acid sequence of L. vannamei ryanodine receptor is highly similar
to amino-terminal sequences of the D. melanogaster ryanodine receptor.

L.vannamei K S[EGEEEEEG[H MGGE[HAGGEPLFVIAL NEQELEKQKLLFHQARLSNRGVSEMVLLHVSAARG[eP SDMVE
D.melanogaster [@ T[] 4AAH{e]G SGGEREGGHE[(XeR)S | HEQGEMEKQKLLFHQARLSNRGVAEMVLLH I SASKGHIP S EMVE
L.vannamei NTLYLG IS 1 LRGGNVDVQLYMLNYLKEKKDEYIFF|[HS | AGLMNSCSVLDLDAFERNTKAEGLGVGADG[SARREN
DEACELERESCSMIET LOILG I AT LRGGN I D | QXML NHLKEK K D\EF FIIS | AGLMNSCSVLDLDAFERNTKAEGLGVGS EGLIARRE!]

L.vannamei GEKNMHDAEFTCALFRFIQLTCEGHNLDWQANYLRTQAGNTTTVNVIQICTVDYLLRLQES IMDFYWHY SSKgraly
PRUC LTS U GEKNMHDAEFTCALFRF I QL TEIGIEN L EWGNYLRTQAGNTTTVNVVIICTVDYLLRLGES IMDFYWHY S SK ]

L.vannamei E|l IDPAGKANFFKAI[HVASQVFNTLTEVIQGPC\UENQQULAHSRLWDAVGGFLFLFANMQGDKLSKHS SQVe:y
DECELLIERCIEEE | | DPAGKANFFKAI[SVASQVENTLTEV I QGPCREEANQQ\LAHSRLWDAVGGFLFLFSHMQDKL SKHS S QVER

L.vannamei DLLKDLLNLGKDMVIIMML SMLEGNVVNGT | GKGMV DT LVES ASN YV EREEE 38 328
D.melanogaster IR .q-JW N e Qo] VRYT VIV V1N ] IAAY (R K] eI VADRERY I NS | LKYFDMFLKLADLIESPSFH[RY 348

L.vannamei TNKDBIET| JEFKEKMEQEIKNYTHIEE INFLLECCDYNHDGK | DY\ASFIIERIFHINIPAKE | GFNLAVL L TNL[EE
D.melanogaster [MKN [ADFREKMEGHKNY TIJEEMDF L LINCCERINHEGK | DYRYAFWERIFHIAPSKE | GFNLAVL L TN L E3E]
L.vannamei SEHMPNEPRLARFLETAGSVLNYFEPFLGRIEIMGSSKRIERVYFEIKE|3N I DQWEKPQIKDSKRSFFYAREE:]
DEGLELLIER LGNS EHMPNEPRLARFLETAGSVLNYFEPFLGRIEILGSSKRIERVYFE I KDEIN | EGWEKPQ I RESKRAFFY SR

L.vannamei IVTEGRDKEKLEAFVNFCEDA | FEMEHATELIL M[33 DAMSK[4SNIAD GHKARSI A 4T GM[] L SKHGG 537
DRALELLLESCIEN | VTEGEDKEKLEAFVNFCEDA | FEMIHA S[¢L MLNY GGGNV[4RPBITAY S SYQIEIAAAAIA ARDIP RTHITA 558
L.vannamei VKD[EM[EMIG LEV[FAPSNLK[Y K E| (QME]S TIARAISCINNY L IIMMERIAGGV VY (ARK AV QAIRYIG N Telef 4P 607
D.melanogaster VAQAG[HK F{eg%H (¥ I LLRRAH G V| LLSSIRYE LIIVGFFK | | FAg1ZY Y T{EYEGIeV VR | F{elEL LITTL MR G P LY
L.vannamei A[S4A| --— KA[S- - - YL ASRAVHALPE | PEEDAAPPA[SE[MKKPEGEQLEILEALDIRTEIEERVK|[Y | L{ef 671
D.melanogaster P[AeE| PV V]| [ TFERAL[YPINANEE[PGTVQAF(ELD INKE[SN[EMYKVVVHEEIPANE]ISJUE[SGGES S[JED[ef\ 698
L.vannamei LEAD - - [RK[SD | T A A AAKIBA - - - - - - - - - - A4 Q3V[STLYALVAYIE - - [V V| -EAASPIYP\YA[CNI L 726
D.melanogaster ALYS GE[RV[3GEPH] P I VDIRLGGEAAKKAAQ[F(eIA[K LY ELVINAS | [AK SEP QAT [HANH[CRIDIF 768
L.vannamei GAN K ARSI N UL 4 IR QALY NG CIR RN S ANV VE | [SE[SEGEDTPRINNPFAFGSGD|MNeRIeIDE 796
D.melanogaster [EYREIRAVSFLARNFYNLKYWMALVLAFSIINFML L FYKWTEIZRESERIDERFAE [SE L B [N ep-yels - 827
L.vannamei AVLGDDALDIE L[eRIeNF T L{3D DD EPIE(ID|AAE - RAGAAANS CHRNINI TTTEERRFARC VINNA A4 1N 865
D.melanogaster - - - - GGGLYY | T{eEYe]F GG S[eJ3]GG S G[3G| EDEJLNYE|(S DIFFYMEHVLR I LYNHARHS L VS LEWML | AY YH L 5]
L.vannamei KIPLWI FKREKDVARRLEFDGIYVAEQPEDDDIKAHWDKLVISAKSFPINYWDKFVKKKVREKYSETY DFEES
DRCELLIEC K VP LEY | FKREKE | ARRLEFEGLF | AEGPEDDD[ZKSHWDKLV I SAKSFPIUNYWDKFVKKKVRQKYSETYD FEEE
L.vannamei DA SNLLGMEQITYEIZY AT G | IEeY LERIVDWKYQ IWKAGVTHITDNEFLYILWY|RTFS L LGNIINMF FF AR
D.melanogaster PEREIINNIIAKEITFAA| BISSTG | [FQY | FH] | DWRYQVWKAGVTITDNEIF L YSILWY|JS FS VMGNIINNIF F F ARRles
L.vannamei AHLLDVAVEREYSLKT I LQSVTHNGKQL ILTEMLLTI IVY[EYTVIAFNFFRKFYVH {JVDQKCHDML Tgalas)
DECELTHEC I SAHL LDVAVIEIIQTLRT | LASVTHNGKQLVLTEMLLT I I VYIIYTVI AFNFFRKFY | (el [SVDKK CHDML T RE[3
L.vannamei CFVFHLYKGVRAGGG I GDE | |HAPDGDEYE@YRIVFDITFFFFI IVILLAI1QGLI IDAFGELRDQLESVKERIES)
DRCELLHEC I CFVFHLYKGVRAGGG I GDE I {(DIPDGDDYEWMYR I IFDITFFFEVI I ILLAI IQGGL I IDAFGELRDQGLES VKEREFE]
L.vannamei ENLESNCFICGIGQIDYFDRWWVPHGFDYHIQGKEHNLANYMFFLMHL INKBETEYTGQETY VWNMY QE R{&WD F gRF3L]
DO EULLECCISIDNMESNCF | CGMGADFFDIIVPHGFDIIHMGKEHNLANYMFFLMHL I NKIGDTEYTGQETY VWNMY QQREWD F IRFZE]
L.vannamei FPVGDCFRKQYEEEL S GGLEX IRy
D.melanogaster [JAAe i I Qe GP]JRAAIGGGG 1265
Figure 1. Alignment of the amino acid sequence of ryanodine receptor. The two amino acid sequences, in single
letter codes, were deduced from their respective coding sequences. The amino acid sequences of the Litopenaeus
vannamei ryanodine receptor gene (upper line) was aligned to that from Drosophila melanogaster ryanodine

receptor gene (lower line) (GenBank: NM_057645). Identical amino acid residues among species are presented
with a black background.
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Direct sequencing of PCR-amplified (Figure 2) ryanodine receptor exons with their
intron-flanking regions from 20 DNA samples, revealed the presence of 7 single-nucleotide
polymorphisms (SNPs). Five of them (1713A/G, 1749T/C, 1755T/C, 3965G/A, and 8737C/T)
are localized in exons, and appear to be neutral (synonymous) since they do not modify the
encoded amino acid. The other SNPs (1553C/T and 13337A/G) are in introns.

m 1 2 3 4 5 6 7 8 9 10 M

Figure 2. PCR amplification products of the ryanodine receptor genomic DNA using 11 pairs of primers,
respectively. M = a 100-bp DNA ladder marker; lanes 1-11 = the No. of the primers.

DISCUSSION

In this study, we had cloned partial ryanodine receptor gene sequence of L. vanna-
mei. To our knowledge, this is the first report to clone the ryanodine receptor of L. vannamei.
However, the size of ryanodine receptor gene is very large (e.g., the genomic DNA of D.
melanogaster ryanodine receptor is ~25 kb), and the genomic DNA sequence of L. vannamei
ryanodine receptor is still incomplete. Anyway, this is very helpful in the future cloning of full
length sequences of ryanodine receptor gene.

The shrimps with cramped muscle syndrome for SNP detection were characterized by
an ante-mortem ventral flexure of the abdomen, which is so rigid that it cannot be straightened
without tearing the abdominal muscle tissue. The syndrome was very similar to the cramped
muscle syndrome previously reported (Lightner, 1988). However, we had not found the non-
synonymous mutation that may led to the shrimp sensitivity to stress, suggesting that the non-
synonymous mutations (if they exist) may be localized in the remaining regions, which have
not been identified in the present study. The SNP identification in ryanodine receptor reported
here would be useful in future association studies aimed at determining the physiologic role of
ryanodine receptor in stress-sensitivity of shrimp.
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