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Sequence analysis of mitochondrial 16S rRNA
in Oreochromis species in China
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Abstract; Mitochondrial 16S rRNA gene sequence variation of Nile tilapia ( Oreochromis niloticus ), blue
tilapia (0. aureus), Mozambique tilapia (0. mossambicus) , hybrid tilapia (0. niloticus @ x O. aureus & )
and red tilapia ( 0. mossambicus X O. niloticus) was investigated-in order to understand the genetic
relationship among them as well as to provide interspecific molecular markers for breeding practice. The partial
sequence of 165 rRNA was 546 bp long for the five species as revealed by directly sequencing the PCR .
products. GC content was 47.4% . Alignment revealed 18 variable sites including 15 parsimony - informative
sites and 3 singletons but no insertion / deletions with transition / transversion ratio of 2. 7. Sequence analysis
indicated that there are five haplotypes: haplotype 1 and 2 (blue tilapias) , haplotype 3 (the hybrid and Nile
tilapias) , haplotype 4 (the red and Mozambique tilapias) and haplotype 5 (red tilapia). Accordingly the five
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species can be divided into three groups. It also suggests that O. mossambicus is the female parent of some red
tilapias. Phylogenetic analysis suggested that the group of O. niloticus and the hybrid O. niloticus x 0. aureus
are closely related with the group of 0. mossambicus and the red tilapia, whereas O. aureus is genetically
distinct from the other four species.
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BT, RE T KAEFEN EBEMEE BB F IE A ( Oreochromis niloticus ) . WA .2 k£ (0.
aureus) BEE B IEA (0. mossambicus) , 28T B AL (0. niloticus @ x 0. aureus & ) ML B 4E
#(0. mossambicus x 0. niloticus) % F =8 R B IEAEFEN 70% U LY, B, PEAER
Hil ARAXFHRKFEESE, AR EEMNZEEER, EFFEAEZTIEN EREBEFEA
4370, FREEMBR T I RIS, n_ A RIZRB/N, BB LEER —EXEE , B H R R KRB F
HIBIEZ RN A T U EHAEZE ZEAC Y, BAXRETERET EANLRIL 16S
rRNA 55 R HFEE XL RN RBTRRE, 16S rRNA EE 3L u AIEREER , TR K, EET
BIEZRENE FREEMESLRNIIE U, AXkREFERELZ IEALRIL 16S tRNA #)57)
FHEFEAT /4T, DRI H M R G R R ARG 2R, AP E A M0 FAniC R B TR A B8

I AR

1.1 semetre- 52 A 4 DNA #32E

BE BAW.BE(EF @ x BF|IES )FL
FRB(RRWE ¥ EF) RARETT AEEX
REFERMG(MESR) ERUAEFERA Tab.1 Species, sample size and GenBank
WBRBRK (R D). EilEELRE, RLNRIFE accession numbers of 16S rRNA sequences

®1 FEBHFERME BERH16S rRNA
F 51 GenBank BRES

BRIRKFS -70 C 4 A, DNA %WE?R%%%[7] of tilapias used in this study
ko . i FEiE GenBank B3R %
1.2 PCR ¥ 3 5H kMK BB 3 DQ426664

Oreochromis niloticus

FiF 16S rRNA EEE |55 K1 . 165AR .5’ -

BATTIERA 3 DQ426663
CGC CTG TTT AHY AAA AAC AT -37;16SBR:5' - 0. aureus DQ838652
CCG GTC TGA ACT CAG MTC AyG -3', PN REFEAQ xBHTFTEHS , DQU26660

0. niloticus @ X 0. aureus &

B S0 pl, HAFEIE 10 x 51 2 wh ik (10
: ERU PN

mmol/L Tris+ HCl, pH 9.0,50 mmol/L KC1,0.001% 0. mossambicus 2 DQ426661
BIBAEE)S wl,25 mmol/L MgCl, 4 pL, 2.5 mmol/L 4Bt , DQ426662
dNTPs 4 nl, 2|47 10 pmol/L & 1 uL, KR 1 ul, 0. mossambicus x 0. niloticus DQ851854
Taqg DNA RAEE 1 U, 4 R BB 4K BELMAEFH 50 pL, _

FEY HE{Y (8 Bio-metra) bR, ¥ SN 94 CHIAHE 2 min, 335 94 C 45 5,50 C;B K 1 min,
72°C ZEAH 1 min, 31817 35 MEIF; K5 72 CHEM S min, EIRRIITEA SR DNA B B3 37
WY 1.5% FHRKERRE IR (1 x TBE,5 V/em fEJE) ,IBALZ 2R 6, BER AR RV FIFA IR,

1.3 FEEE s34

PCR =4 4iifL 535 FISBCS B EREE RA B BT EENF . BT K FF| SR X 7E GenBank %%
3% B o #EAT E X ( Blastn) 43475, A Clustral X i #E1T S E T 47, Fi MEGA3 #4438 S50
AR5 BALE , GRS BB BRI 4 / B LL 3R (Ts / 'Tv ratios ) , 4R 3E Kimura XS R 3
EWEIE R (D), FIH &R 60 28 i & M 45 £ ( Lepidiolamprologus elongatus) 16S rRNA J¥ 5]
(AF215464) fE4MEE, Bt MEGA 3 % {4:#)3E UPGMA .NJ . ME 1 MP & 4%, F Bootstrapl1000 (R E B ¥
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BoAr T RAME AR EE.
2 HR

2.1 yHERSFIESR

5 F B A RIS MEIRIEK 546 bp MERFHI, B MAETRERFFIYEFE CenBank ¥
FEREEM, HFFISE 1, Kb, e8P Ea 3 MR FFIMER, KIS 1~ 8RE8, BRPIEAR
HRURFEEE 2 NDMEHRHRE | NRFER, 2T EAMBFTLE 6L 3 M ERGHRE2 18
R, AR Z B A ERAHR 6 M 1A, Kb, EFFEAaMERD & BERAFIIHR,
HRWRPEASAPFEAR 1 HBAERNFIER. FAGRFIINMAERLE L. HKES
1% 546 MR, HAH 18 MERM A (E 1) 845 15 MEAFERALRT 3 MRRET, B/ B
2.7,

111222222 22333333
8669023445 56027899
9789482035 63138901

BT P @ X MAW FIEM & ( Oreochromis niloticus® X0. aureusd ) ACATACGGTG GTACTACA
BEFHEf (0. niloticusd) e e
B P A REAL (0 aureus haplotype 1) .IT.G.AAC. C.C.C.T.
HA W P A{ERI2 ( 0. aureus haplotype 2) GIT.G.AAC. C.C.C.T.
EEH TP EM (0. mossambicus) ...CGT...ACC..... C
A BEMm B ERL ( 0. mossambicus X 0.niloticus haplotype 1) ...CGT...ACC..... C
4T B e BA4E T2 ( 0. mossambicus X 0.niloticus haplotype 2) ...CGG.... C..T.G.T

1 S#PIEMARY 16S rRNA BAARFFIERNM A
Fig.1 Variable sites in haplotypes of 165 rRNA sequences in the five Oreochromis species

2.2 WEHBRARIEES
TR 5 MR RREARENAR A (FE2) ,FHH T:23.2% ,C:24.7% ,A:29.4% ,G:22.7% ,G +
CEHEEBRNAT.4% KT AT & &,

F2 SFFIEM 16S rRNA EERS FIINEELART GC SR
Tab.2 Base composition and GC content of 16S rRNA partial sequence in the five Oreochromis species %

BEHAL

GC
LS T C A G ai
EEEHE.@' . 23.3 24.4 29.5 22.9 47.3
Oreochromis niloticus
RALF A& 23.3 24.7 29.6 22.4 47.1
0. aureus
R tbﬁg;’.i;ﬁ 23.1 24.9 29.3 22.7 47. 6
0. mossambicus
gyjkﬁ g 23.2 24.7 : 29.2 22.9 47.6
0. mossambicus X 0. niloticus
RRT IR
0. niloticas 9 x 0. aureus & 23.3 24.4 29.5 22.9 47.3
S 23.2 24.6 29.4 22.8 47.4

Y& Kimura WSHRBBANEZ F I EMERD FAREHEEN 0, R D FAMAT I
HFREEEN 0.0041, RATT BN H SERL AT FAMAET 6 pREHER R, &N
0.0277,
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F3 SHFIEEHN Kimura WSHBEER (HNAHLTH ) RAGERE (MRLLS)
Tab.3 Pairwise genetic distance based on Kimura 2-parameter model ( below diagonal )
and the standard errors ( above diagonal)

2k 1 2 3 4 5
Ori;c%fnlf ?wfjigi;m - 0.0016 0. 0051 0. 0051 0. 0072
0. mss;@ffjkbﬁ%niloticm 0. 0041 - 0. 0048 0. 0048 0. 0070
0. nilj;c f‘gﬁfjﬁaﬁem 5 0.0144 0.0144 - 0. 0000 0. 0064

4. O{E‘flfijziﬁ 0.0144 0.0144 0. 0000 - 0. 0064

> %ﬂfgfﬁjkﬁ 0.0277 0.0277 0.0214 0.0214 -
2.3 RERFEIIT ™

REASHEBIM 5 Fh B JE 411 UPGMA, NJ, Bln1a
ME MP 2 G4 i 3H AN HIHIR] 3% L 43 Y UPGMA : 83 sy
REM(E2), BBPFAS5BRTFARR— ——— 2
X AP BRBSERLFB ARy — X, BT ) ot
FiraMml—%. BERRSMERTEX S 4 99 N1
(Z) R H3NE, B EE - RRFEad 54 l_gg;
B -EEN R EAEAREXARRE, 5 BT oL AL
B e 1 LA AHBE BT o & 333
3 BHE 0.020 _ 0.015__0.010 _ 0.006 _ 0.000

EIRT, K TLE A X B4 165 RNA FEI#IIHR B2 5HZIER UPGMA REH
i, T E A B 75 32 B 35 48 )& ( Oreochromis ) B 4k Fig.2 An UPGMA tree for the five Oreochromis species
£ 165 fRNA FEFIEGBES, Sparks!" $53 T 2 Jf MO B5 H 7B d s MN - AL B3 £ NA . R B 3
- ° - NI. BB BdE6a ; AU. R R W B I
Tilapia sp. ] 16S rRNA J£%1, Farias % 21 RBE T B LE. KR A1 .2,3 Aok M aE

B BIE)FF, Sparks ' PRIE T HR L EF A
SRR O i85 I & Oreochromis esculentus (Singida tilapia) B)7 5], A X E R HE T RA LT IE A X
FMERTIEEFLIFTEAR 16S trRNA 75, F AT EAR MM RLER BIELSHEENS FHEETR
RALER TR

ZIF e 3 N MER 2 N EBAER . RIIREAEZE 6 4, TTRFAEZ AN 2 N EfER N3 1 N,
RPL B AR MEZARERBER BEEESHEERR, MEFFIEAG MR MERKEFIE
B2 MME)HRAE 1 DTREE L R\ MEZ R BREEF AT 2 MED, BRF EARNLERIE
HFRETEARE T A, TUBRPEAHLY TS FEE, AF 2 BRAZEANBRAEF 1 M
528, H 5% F A AR Fo AR, LR EHY TS5 NP B EaMMERA 1 N agR %
B Z B Ik i % SRR, WTRE RS I MU B R B ARER/DERL , B AR 5| F ok IR L3
FHEERRA, BEOTRARFT BTG SHA 4 B EANESEXRBIT, FHHMHEERKA, B
1EHIE S35 0.0214 ~0.0277 , K FX 4 P EAZHMER, RRZ -5 ML EEZER
FIA %, BFEBIEAMEYAEZE ZW(#)/ ZZ(#) ™) TTHE 4 #2550 A1 6k E Y
XX(HE)/ XY(#) 7, MR IB L R TR E XM AR BEER, B TAZI PR
mERD MR E SRR A R,
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(TFaABEANER, HER—"Y, KEUNMAFTFEaHBEZRL T EaNBOARE/5IER
REHBHNTEES BEPEARERS BT EAZRTMAE ', Lo HFANEGBAT A EH
FAMBEEEa S0 AER L R BEAZRTRT HRNEZTH  BHERRX BARILIRE, 16S
tRNA ZF LR BI & DNA, B A E R fE, H LA FZkiik DNA SREEHEARXR, EARLLES, K
—%4I B 4Ef 16S 1RNA BERFF| SHE N T AT LB, KU A F AN BRI NER L
B IR, FR R B A R B SE R E 20,
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