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Short Wavelength- sensitive ( SWS) Opsin Gene in Myotis ricketti :
RACE Amplification and Evolutionary Analysis
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Abstract: The gene special primers (GSP) were designed based on the short wavelengtlr sensitive (SWS) Opsin genes
of primates, mice, cow and dog. Rapid amplification of ¢cDNA ends ( RACE) were used for amplifying 5 end and3
end sequences of SWS Opsin gene of Myotis rickeiti . The results show that the gene contains 1 050 bp in the coding
region, encodes 350 ammo acids, and lacks premature stop codons. In comparison with other mammals, the
functionally important severr transmembrane regions of the SWS Opsin gene are highly conserved, suggesting that it is
afunctional gene; and the key functional sites are 52T, 86 F, 93 T, 114 A and 118 S, respectively, implying that
the SWS Opsin of M. rickeiti is sensitive to the ultraviolet (UV) light. Evolutbnary analysis shows that posiive
selection has mposed on SWS Opsin in mammals, and the evolutbnary rates of this gene have significant differences
between M. rickeiti and other mammals inferred by relative ratio test. Our study suggests that the SWS (psin of M.
rickeiti have functional specialization, and thus may play an important role in bat vision in the night.

Key words: Myoiis ricketti; Short wavelengthr sensitive (SWS) Opsin gene; RACE; U kraviolet light

( short wavelengthr sensitive, SWS)

2

985 H
(rods) ( cones) s ) )
* , Email: huabin. zhao@yahoo. com. cn;
(long wavelengtlr sensit ive, ; Email: waoe0. 1@ 163. can

LWS) (middle wavelengthr sensitive, MWS) : 2008 0507, :2008 07 29



0440

Chinese Journal ¢ Zoology 43

(3°42. I'N, 11543.2E,

1+ , 712 m) , ,
,— 0T
) RNA
pMDI19T T4 TaKaRa ;
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Tiangen ;
( Chiroptera) ,
s 1116 ; RACE Clontech SMART RACE
[3]
, 1.2 NCBI
s Primer 5
( Myotis ( Plymouth Marine Laboratories, UK) 5
ricketti) , cDNA 3 RACE ( gene special
(rapid amplification of ¢cDNA ends, RACE) primers, GSP) :MR5 MR3 PCR
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, GSP 27 29
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13 RNA
1.1 , , TaKaRa ~ RNA
1 PCR
Table1l PCR primers and target fragments for SWS Opsin gene of Myotis ricketti
Primer Primer sequence Taet fragments( bp)
MRS S GCTGCCGAAGGGCTTACAGACGACAAT 3 2470
MR3 S TATTGGCGI Cr CCATCCCACCCTITCITTG 3 2565
1 ml RNAiso Regent s 2 min, s
; /5 RNAiso Reagent 2 1] 5x% 1 4]
, , 12 000 /min DTT( 20 mmol/ L) 1 Hl dNTPs (10 mmol/L) 1 Pl
s s Pow erScript , s ,42°C
, 10 min, 12 000 y/min , 90 min, 100 M Tris EDTA
1 ml 75% , 12000 v ,72°C 7 min
min ; , 5 cDNA - 80°C, RT-PCR
min, DEPC RNA
1.4 RACE RNA 15 RACE
c¢DNA :3H  RNA, 1M 5/ (UPM) GSP MR5 MR3
3-CDS primer A, 5H 0.2ml PCR Master Mix: 6.9 M1 PCR
, , ,70°C 2 min, , 1 Bl 10 X Advantage 2 PCR ,0.2 }
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dNTP (10 nmol/L), 0.2 H 50 x Advantage
2 PCR :0.5M5/3
RACE cDNA, 1 Hl 10 x UMP, 0.2 HI GPS

, 8. 3 B1 Master Mix s
PCR :94°C 30 s,72C3 min,

5 ;3 94C 30s,70C 30s,72°C 3 min,
5 3 94C 30s,68C 30s,72C 3 min,
25 nC 10 min

1.6

: , 2470
bp(5 RACE) 2565 bp(3 RACE) ,
TaKaRa Agarose Gel DNA Purification kit 2. 0

4.5 1] ,

pMDI19-T simple vector 0. 5 M, 5 Bl Solution I,
16T 2 h

5H 100 H1 Top10

, o

PCR , ,

Invitrogen
1.7 Blast
( http: // www . ncbi. nlm. nih. gov/ blast/ Blast. cgi)

, ; Clustalx

1.81""  Mega 3.1
1.8 GenBank 19
GenBank :
(Macrgus eugenii ), AY286017;
( Setonix  brachyurus ), AY726545;
(Isoodon obesulus) , AY 726544, ( Lacodonta

dricana) , AY686753; ( Bos taurus ), NM_

174567, (Sus saga), AY091587;
( Pan troglodytes ), NM_ 001009127,

sapiens ) , DQ822478,;

( Homo
(M acaca mulaita) , XM-

001091869; ( Macaca fasacdaris ),
AF158977, ( Cebus olwaceus ),
AF039424; ( Samirt boliviensis) ,
US3875;  ( Equus caballus) , XM_ 001502735;

( Tarsius  bancanus ), DQ191949 — 53;
( Canis familiaris ), XM 539386; ( Cavia

porcellus) , AY552608;

( Scturus carolinensis) ,

DQ302163; ( Rattus norvegicus ), NM-
031015; ( Mus musculus) ,NM_ 007538
RRTree 1.1
19 (Ks)
(Ka) ;
P
P 0. 05,
( W=
dn/ds)
,0< 1, w=1, o> 1
A PAML
Codeml
B Site specific
e 10 3 Sitespecific
MO ’
; M3
Mla ’
0< Wy < 1, 1;
M2a Mla , s
1; M7
beta ,
1; M8 M7 )
, o> 1
Murphy
[11]
3 : MO vs M3, Mla vs
M2a M7 vs M8
, (d)
w> 1,
2
2.1 RACE 5/3 RACE
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Fig 1 Electrophoretograms of RACE product
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ATCCTCTAGAGAT T TAATACGACTCA TATAGGGC AAGC AGTGGTATC AACGEAGAGTACGC66G3 | 5’ UTR
ATGAGCAAAATGTCAGGGGAGGAGGAGT TTTATCTGT TCAAGAACATCTCCTCCGTGGGACCGTGR
EXON1

ATGGGCCTCAGT ACCACATT GCCCCGGTCTGEGCCTTCCACC TCC AGGC AGCCTICATGGGCTTTGT
CTTCTTTGCAGGGAC ACCACTC ARTGOCACTETGE TGGTGGCCACTCTGOGC TAC AMAAAGCTGAGG
CAGCCCCICAACTATATTTIGGTCAATGTGICCCTGGGGGGCTICCTCTICTGEATCT TCTCTGTCT
TCACTGICTTCAT TG AGT TGOCAGGGAT ACTTCGTCTTTGACGCCACGT TTETGECTTGGAGED
CTTCCTGGGCTCTACAGCAG
GICTGGTAACAGGCTGGTCACTGGCCTTCCTG6CCTTTGAGCGCTACATTGTCGICTGT AAGCCCTT
CGGCAGCITTCGCTTcm;r:rccMGCAEGCETGMAGTGGITCIGGCCAECTGGAJ:CMTGGTAH} EXON2
GECGTCTCCATCCCACCCTICTTCGGCTGGASCES
GTTcATU:CEGAGGGCETG:MTGTTCCTGTGGCCECGAETGGIAEGEEGTGGG:ACEMGTATC(;:}

AGCGAGTACTATACCTGGTICCTCTTCATCTICTGCTTCATTGTGCCTCTCTCCCTCATCTGCTICT ~ EXON3
CCTACTCTCAGT TGCTGGOGGCCCT T AGAGET

GTTGCTGCCCAGCAGCAGGAGT CGGCCTCGACCCAGAAGGC TGAGC GGGAGGTGAGCCGC ATGGTGE
TGGTGATGGTGGGGTCCTTITGCCTCTGTTATGTGCCCTAT GOCGCCCTGGCCATGTATATGGTC A
CAACCGTAACCACGGGCTAGACTTACGGCTTGTCACCATTCCTGCCTTCTTCTCCAAGAGCGCATGD
GICTACAATCCCATCATCTACTGCTTCATGAAT AAGCAG
TTCCGGGCTTGCATGATGGAGAT GGT GT GTGGGAAGTCCAT GAC AGATGAGTCTGAC ATGTCCAGCT
CCCAGAAMACGGAANGTTTCTACTCTTTCTTCT AGCCAAGTGGGCCCCAGCT A
GGCGCCATATTGGACTATTIGCAGC AATTAGGATTTTACATT TAAgGAMGTTCTACTTTCTCTGCT
AAAAACCAAACT ACT AACCATGC AGAAMAC AGATGGGANGGGGC AT GATGACCATTTTGGGGGATOG
ATTTTCOGTTTTCCTATTATTCCCTTCTTCCCTAC AAAGCTACAAT TCCAGCTGGGTCCATCTCGGA
ACACATCAAGCCCTTTGCAGCAACCATGTTTeTACTAGGTGGLAAGAT TCAGAGCACTTGCAGACTC | 3° UTR
ATCTCTACAGAC AAGGCATCTAT AAMNGGAGTGTGGTTGGGTICTCAGT GTATGGST AACAATTACCT
CTCTTTTTAGTAMCATTTICTCCCTTCTGCGATGAT ATATTCTGAGAAAAC ATCTTAGAAATGGGAS
AGACTTAAAAAAAAARAARARRAAAARAAARARARA

EXON4

Jexons

2 mRNA
Fig 2 mRNA nudeotide sequence of SWS Opsin gene from Myotis ricketti
UTR ,EXONI~ 5 5 UTR means uniranslated region; EXON 1- 5 indicate the five exons of this gene.
2 19 (Ka) (Ks) (aa) (P )

Table 2 Pairwise nonsynonymous ( Ka) and synonymous (Ks) substitutions and amino add ( aa)
variation between Myofis ricketti and other 19 species of mammals ( P value)

Species compared pairwisely Ka differences Ks differences aa differences
Pan troglodytes 0.05% 0243 0. 075
Hano sapiens 0.05% 0 301 0. 075
Macaica mulatta 0.013 0 48 0. 035
M. fascialaris 0.010 0315 0. 24
Cebus olivaceus 0.016 Q0 758 0. 004
Samiri boliviensis 0.040 0 %5 0. 028
Equus aballus 0.019 0 570 0. 011
Tarsius bancanus 0. 061 0 134 0. 017
Sus scrgfa 0. 005 0 385 0. 009
Myotis ridketti Bos taurus 0. 091 0 838 0. 249
Canis f amiliaris 0.573 0 740 0. 620
Loxadonta Africana 0.252 0 475 0. 083
Cavia porcellus 0. 003 0 487 0. 002
Sciurus aarolinensis 0.135 0 768 0. 173
Rattus norwegiaus 0. 067 0 597 0. 058
Mus musculus 0.274 0332 0. 193
Maa@us eugenii 0. 001 0 000 0. 004
Setonix lradvyurus 0. 001 0 000 0. 004
Isoadon obesulus 0. 000 0 000 0. 000




* 48 - Chinese Journal ¢ Zoology

43

Cow rod @ @
Caw
Bat
Human

Cow_ro
'J‘\J-
Bat
Human

Cow_tod : ECEEVET ;
Cow
Eat
Human

33 ( )
Fig 3 Multiple alignment of SWS opsin amino acids sequences of three species of mammals
(Human, Cow and My atis ricketti)
Cow_ 1od s , GenBank NM_ 001014890; Bat
; Cov Human ;TM1~ TM7 7 ;
s ;¥ 5

Cow_ rod denotes the thodopsin amino acids sequence of cow, showing the amino acids positions of SWS opsins, GenBank accession no. & NM_

001014890; Bat refers to the sequence of Myotis ricketti examined I this sudy; Cov and Hunan indicate the amino acid sequences of cow and

human, respectively. Seven transmembrane functional regions are shown by black bars; Identical sites are shaded in dak, while similar sites are

shaded in gray; Five functionally important stes are indicated by aderisks

, 2 95%
:431 9IN; M7 M8
2.3.2 Site specific , (P=
(LRT) 3 4 M2a 0. 0) , ,M8
' 3
Mla ,
P 0. 056, 3.1 RACE RACE 1988
(M3) , 9% , PCR )
® 1. 16, 11 : cDNA s 3
431 49M 78L 84P 88A OIN 105G 110V 214T , PCR ( one sided PCR)
316T 32IT, ( Bayesian  PCR( anchored PCR)""” cDNA
posterior probability) 95% ; cDNA ,
,M3 MO (P< ,
0.001), M3 , RACE
M8 2% ¢DNA
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Table 3 Likelihood values and parameter estimates for the SWS Opsin genes

Likelil N r of
Model ikelihood umber o Estimate of parameters Positive selection sites
value parameter
MO - 6227640 ©=0.15
Mla - 6054 (9 41 Py= 0.83 P,= 0.17), w,= 0.06, ®,= 1.00
=0.83, P,=0.16 =001); =006,
M2 - 605120 43 P iy (P2 )5 %
W= 100 (=3 6)
=061 P= 0.30(P,=0.09); 3 ©LI8LT L P, AT, OINT
M3 - 6032 49 44 Po P (P ) 4307, M, TS LB, SSAT, OIN
W=001, =027 (w,=116) 105G* , 110V*, 2141" , 316 T, RIT
M7 - 6037 74 41 p=019, ¢=0.84
M8 - 6031 40 43 Po=0.%, p=0.22, g= 1 16, P1= 0 12, w=2.2] 431", 9IN*
* B% , ** 99%

* Means the PS site with posterior probability greater than 95% , ** Means the PS site with posterior probability greater than 99%.

4 (LRT)
Table 4 Likelihood ratio test statistics
for the SWS (psin gene

P [18] [19]
LRI 241 & P-value (20]
M3vs. MO 380. 54 4 < 0001 ’
M2wvs. M1 5.77 2 0 056
M7vs. M8 12. 69 2 0 002 , Winter ' ,
: RACE : s ; (
RACE “ ” , Glossophaga soricina)
, ¢DNA ,
RACE-PCR , ,
e RACE
c¢DNA ,
[22, 3]
? Wang ,
3.2 Wang ,
( Haplonyceris ) i
Sischert Pteropus dasymallus) , 1 000 , Wang
( M. velifer) , 3 , ,
. 3 ) )
o , Wang " , 6 400 =
, 1
2 3 4

., 795 bp
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