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16S rRNA JEP LU MEPER O bp, Bl AL 22 5 3N 1.2% , M (RNA-His 34 T HEE -, A+ T COX2 5
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Abstract: Mitochondrial inheritance mode of some bivalves is different from standard mitochondrial inheritance
(SMI) , which is named doubly uniparental inheritance ( DUI). Hyriopsis schlegelii is a freshwater bivalve, but

whether it shows DUI is not known. The paper researched the complete mitochondrial genome of male H.
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schlegelii using PCR, shot-gun sequencing technology, and analyzed DUI of mitochondrial genome of
H. schlegelii according to the mtDNA characteristics, protein-coding genes, tRNA-His gene and the difference
of non-coding region of male and female H. schlegelii. The results showed that the mitochondrial genome
sequences of male and female contained 15 961 and 15 939 base pairs, respectively. Two mtDNA sequences
contained identical genetic constitution and gene arrangement including 13 protein-coding genes, 22 transfer
RNA genes, 2 ribosomal RNA genes, and 28 non-coding regions ranged from 1 to 393 bp in size. When
comparing the protein-coding genes of two sequences, there was no difference in sequence length, and the ratio
of transition and transversion, and amino acid differences were 1.01% - 7.34% , 0.00% - 0.62% and
0.00% -9.35% , respectively. There was 2. 72% transition and transversion of COX1 and 7.50% of COX2
between the male and female. There was no extra male sequence of a 3’ C-terminus codon extension of COX2.
12S rRNA gene of male contained 5 bp transition and the ratio was only 0. 6% ; 16S rRNA of male was 9 bp
longer than that of female and the transition ratio was 1.2% . The location of tRNA-His was the same between
the male and female, which was encoded on the H strand and was located between COX2 and ND3. There was
no control region in non-coding regions. There were identical potential polypeptides in the non-coding regions
between tRNA-Glu and tRNA-Tyr of the male and female, which were not the male-specific proteins.
Constructing a molecular phylogenetic tree based on COX1 genes using neighbor-joining methods ( MEGA 4.0
software ) , it was showed that H. schlegelii and H. cumingii had the closest relationship than others; male
Pyganodon grandis, Venustaconcha ellipsiformis and Quadrula quadrula, which belonged to DUI species, were
monophyletic, while females were the other monophyletic. In conclusion, there is a little difference between
male and female H. schlegelii, but the difference is much less than in other freshwater shellfish. Therefore,
there is probably no DUI of mitochondrial genome in H. schlegelii.
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o W1 2% ki & DNA ( mitochondrial DNA
mtDNA) — E A J2 ™ 4 B Rt e iy, H
FEXL 58 40 DL 26 v R IAEAE o5 — B R BRI
miDNA 5 fE——% # ¥ @5 & ( doubly
uniparental inheritance, DUI) , X Fp i /% 75 =\
il 5 AR e B9 miDNA HOR B B & (female-
transmitted , F type) , 5 4% (%) B} 7 5t A& AL
7 B Y mtDNA SR [ X%, TR0 P A7 F
B mtDNA, 7£ K5 & i 72 78 & & mtDNA ( male-
transmitted, M type) (Heoh et al. 1991), HFH{
ACTE T DS 30F 3 20 0 DL H 55 145 30 29 45
H AR K D2 E H b &, X s i A B0
POp R BUR TN UES S TR LS Ul SR i e <2
EHE—EMEEZR (Curole et al. 2005) ., KM%
(2012) XF H A7 X g5t AL I R 19 95 9 T
(Lamprotula leai) ¥ I 2 fr 14 Bk X 20 3E 17 42 ¢
N3 A, JF 5 CHRIE R 6 B B A U 5 1L I
ZIR KIS F A LR A L R 21 BEAT T L3

Chakrabarti % (2006) 4% 87 T /h 77 W FF 9
Venustaconcha ellipsiformis, B A 555 bp B9 M4
Fi et COX2 BEPR B 3" 4 ith SE A X, 45 1 BT B
SN R R A g TR S B S U L S|
HAEMEVEPE IR h 3Rk, 2z YA B AT DU 33t
G —A> ML ALK AE . Soroka (2008 ) 43 #7 75
G I ( Anodonta woodiana) COX1 %t [X #5
fiE, € 75 A JC A I EL A SRR LG . it
Wit ( Hyriopsis schlegelii) 1 J@ R /K D1 25 H |
H LRI A W AFTE BRI A LG 7 AR S
K@ PCR ¢ 5%  SHOT-GUN U /¢ | 4 {4 b
FEARAG U b W B 2R R AR I AL 2751, IF
Pt M e G S 5 AT 2H 42 T 91 ( HQ641406)
AT 22 S P B e b, LA g it — 2B A S8R K
B BR e 2R AR PR RSB 35t 4 T R R 5 9 D5
PRA7 2 % Al

1 M5k
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1.1 HFAREMHNEERES DNA HRE
MR B SR 8 VLY A PN T 5 4 b R R
G, SR HORH B0 s, B
T I/ PR R A 2 A O AT M S
HUHT SR S 20 21 50 ~ 100 mg, 2 Ml G4 05 il 42
T AR BUE DNA | IR 17T - 80°C £ 1 .

1.2 ZPELFIHPCRIEREUE &
NCBI 1 £ 4% XL 56 D1 28 48 ki fk 4 )7 51, i o
Clustal W % {4 b X = 1 W 5 ( Hyriopsis
cumingii, FJ529186 ). # & 5 # ( Cristaria
plicata , FJ986302 ) Kz HoAth R B ¥ Fb 11 4% H 1R

JP8) . FEARXT LR SF 9 X, iz ] Oligo 6.0 %k
BT AT LT S T I e 2 A B (] 42 97 1 5
PR 1), BORAHSE PG ¥ Z 18] /Y B S X 7E
100 bp DL 1o ffiFH 17 X519 34 4k K 4
KR4, PCR A £ N 50 pl, & 44 DNA
100 ng, 10 x PCR ZE i S wl, 10 wmol/L B[4
£ 1 wl, 10 mmol/L ANTP Mix 1 pl, rTaq B &
fit] 2 U, KK E 2 50 plo 55 AF K 95C
ASPE 5 min, 94°C 28 30 s, 50 ~ 60°C B &
30 s, 72°C ZEf#H 1 min, 35 MEW, &5 72°C 1T
fi1 10 min, PCR =42 0. 8% HyBIE MR it vk

F1 EHHGESNEEESF Y IEEABY

Table 1 Primers used in the amplification of the complete mitochondrial genome of male Hyriopsis schlegelii
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R, B A SR AT 25 K/NTE 800 ~ 1 600 bp 2
[E] i H R Be, Sk A BE o AR & ali e B i
B, " AN KW A & ( Escherichia coli) DH5a J&X
AU, Tk vE RS R A AW R IR 55
A PR w1

1.3 2F3mHE. omRREX WFsia
15 BLAST #3%& ( Altschul et al. 1997) , #fi € %
F 5 GenBank H1 BT I 5% 1) XL ¢ D 26 AH I X B
A e REEM S, A Clustal X 344 ( Thompson
et al. 1997 ) X fir 15 J5° 51 £ A7 4 48 FHE P LL XS
It M SEAVIEW A T F 3 #E %, &5 1M
DNASTAR X B 153 (¥ BT 47 )3 51 Bt A7 P 2, 15 %
LR H 4 F A, & Sequin 7.9 1T B G iR 32
GenBank (Accession No. HQ641407) ,

1.4 BEgERIRESNEERFIILES T &
JIT AR AT (18 Al P il B e A R TR 42 7 4, 5 M
P il 85 e K A B TR 42 ) 91 ( HQ641406 ) BEAT
FE N AR (R 20 A5 56 ] ORNA-His JE A A G
T IX 22 Sk He A, Lh COXT JE IR R 4R 4 4

HRGEHEACR, 73 B b A 2ok AR G L R TR AT
TE XU AL B ER

2 RS0

2.1 Hs-mtDNA FHIHAEEEQRFBER
WERE Hs-mtDNA J7 510 J37 2of 72 oy ok 0L« £
MA, PCR ¥ K45 W Bt MEME Hs-mtDNA
4K K 15 961 bp, M PE Hs-mtDNA 4 K f
15939 bp (HQ641406) , Mtk ¢ 31 i K Fb
122 bp, HEPZAH B HEAI T 5 M —3, £
513 AN E B A 22 S tRNA (2 /> rRNA 5E
PN 28 S 1 ~393 bp A A5 A IE 4 5 X,
W& ND3 ~ ND5. NDAL . ATP6 . 5% % [f§ ATPS .
COX1 ~ COX3 J% tRNA-D tRNA-H 7£ H 4% 4 15
Ab, HAE R A TE L &E F 4.

WEHE Hs-mtDNA 13 A~ 2K [ 5 4 i 5 B
K28 11109 bp, Zifth 3 690 2 HfR , % HE
P 2 ) 35 DR 1 0 4 ) 38— 3, R A A
o B g i S SE TR 1 25 A SR LR 2, AR

R2 HIRHLNE BANEEAREBEABEINRERSERER

Table 2 The nucleotide and amino acids divergence of the protein-coding genes of mitochondrial genome

between male and female Hyriopsis schlegelii
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St e DD B A BB e R O 1.01% ~
7.34% , Hi¥ K} 0.00% ~0.62% , & [ 4 h5 5L
K] 3878 S Ry 2.49% , AE BG4 —10r |,
i o S G e 34 b T AR K OF, AL NDL R ND6
HH B Y A . LR 22 R 0.00% ~
9.35% , A5 SR A I ND2 W, AR
ND3 R

5 Hs-miDNA AH LG, #EPE COX1 BE A
B AL AR SR N 2. 72% , Y PR 37 ANTEE o
5 A AL M (R 2) . COX2 BRI &l L AF 7
RE I, IR T.5% , PR 50 A 7 5
A1 AN EG A A7 o, L A Sl W e COX2 R K
JE—%, 681 bp, HIEMEMEMEREE COX2 1Y
37K Ui A L PR G B A R X
2.2 tRNA-His EELE 5 M it 0% 0 —
B, HEVE AR A 22 4~ (RNA, KEEFE 61 ~
70 bp Z[H], SAHA 1405 bp, GEEEE, AN
34.0% . T J 28.0% .G K 18.6% . C K
19.5% . M Mt 8] tRNA B 3 A8 5 3 (Y
H70.64%

FIFH 7E 28 43 BT B4 tRNA-Scan vetl. 21 X}
O Al A A 4 5 IR 20 J#E A7 tRNA J3 i, M I
Hs-miDNA #4727F tRNA-His 544 , %)% %) 75 M
Hem) RAAE MR ERMZES, 0T HE L,
A F COX2 5 ND3 Z[a], Mk (a1 VA B0y B

1 2% Sk
2.3 rRNA 5 MMM E, e 2RI 128
rRNA JE A & 2R 5 bp (9 Bl 56 5% 6, 22 3¢ RO
0.6% , AbTRIKF-o MEME 16S TRNA B (1) 22
SR RO, MEPE 16S fRNA K K RN
1304 bp, lWHMEMER O bp, BRES &, T N
24.1% . C K 23.5% . A K 36.6% .G K
15.8% o JAILAE 16 A7 57 Az B 5L A e,
£ 699 bp Z 5, MR A 1 4~ T, 1247 bp i
B —A AT, FEMEYE 572 bp J&, A —14
TAAAAAAAAC 551, TR P TAAAAAAAAC
RIRELEFH(E 1),
2.4 FHRBRIFFIXRIFHAEE L
AR DNA SRS X A7 28 4~ 1 ~393 bp 1Y
F B, MR 1341 bp, HGHEEK 12 bp, B
HAaE, AN 38.1%.T K 254% . C K
28.8% G M 7.7% , A+T }63.5%, W& T
WEPEY 62.5% o ARG S X £ F 100 bp 1Y X 35k
A6, WWHEVEZ 1 Ao RS DX ok I 4%
il X

{85 F NCBI v () 50 ) 1352 A 7 208 4 A4 750 U
393 bp MR SRS X, g fih 87 /> 2 H R vk
2K (K 2) o F I AE 2 3K Predict Protein
T FL H o 82 25 K, 38 i NCBI () Blastp )
Rt R, H5EBEAA RN, (B E PR

1 it i 2 2 4 £ 16S rRNA REFSIHE £ R
Fig.1 The nucleobase divergence of the 16S rRNA genes between female

and male mitochondrial genome of Hyriopsis schlegelii
FoOMErE; ML HEPE; « FORBEEME; - FoREREEER; O FoRBRE LT,

F. Female; M. Male; “ % ” The same nucleobase; “

— 7 There is no nucleobase here; “3” Tandem repetitive sequence.
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B2 Uit R 2 R (K (RNA-Glu 5 (RNA-Tyr 2 [8 i 3F 4 73 X # i i) 2 B 5 51

Fig.2 Amino acid sequences of the potential peptides encoded by unassigned region in female

and male mtDNA of Hyriopsis schlegelii

FoOMEVEs M. OMEVE s s« BORARERRTF M ¢

PR [ PR B R AR 5 . 7 B AN [ Al Y AR IR

F. Female; M. Male; “ % 7 The same amino acid; “:” The same properties of amino acid; “.” Not the same properties

of amino acid.

B3 ETFCox1 EEMSEENDFRFEURNEE

Fig. 3 Molecular phylogenetic tree based on COX1 genes was constructed

by neighbor-joining method
H BB R R AR IS RS o F. O MEYE s M. HEYE s Hyriopsis schlegelii. Y8 Hyriopsis cumingii. = ML
Quadrula quadrula. /NITTEUEIE Y P 5 Lampsilis ornata. St AN EEREE 5 Venustaconcha ellipsiformis. /)NJ7 i W R4
filt; Pyganodon grandis. Joi5EEJ@ ¥Rl ; Cristaria plicata. FELLEME 3 Mytilus edulis. 2411,

Value in every branch means genetic distance in clade. F. Female; M. Male.

Ko FEDCIR, O Afl b B A 3 A 2 B R T
B %5,

2.5 WtEwhitsE coX1 EERG#HWL L
COX1 H:[H g7 Ml Hs-mtDNACOX1 & 4833k fk
B, Sl I e R A L R R R, T A R
P PG B9 /N T IR V. ellipsiformis | /)N
TIBEEJE Q. quadrula 2 To 15 B J& 1 P.
grandis HEPER) COX1 FeR & h— X,

3o

FE TR DL DUJE v B XM s 44 1)
Frep, F 5 MOBLZRORE AR (8] 352 14 A8 5 R A 2% ~
200 Z A, TfEHok WK B BREER, F b5 M
2 E A T 33t 15 AR S R AR 28% ~ 34% Z i)
(Soroka 2008 ) , Doucet-Beaupré % (2010) 1A Ky
28% ~34% W AR RRAE, fE/N T BEE R}
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B V. ellipsiformis /N TR BY Q. quadrula .
TR P, grandis FT 5 4 49 H A (L #
HER U (Inversidens japanensis) W, & MK H %
it B A0 72 S5 300 ) Ol 41% (42% (43% K
43% , ARSLEGEE W BN, M ME Hs-mtDNA 2 [
YRS I R AR S R AN 2. 49% , ik T 2 A W
B 354 PG AR 7K DL 2K BR RO AR 1] 33t 4%
8 S A L

Soroka (2008 ) A A 77 7 XU M 33t 4 B4 1Y
X5E W2 COXT A3 R 1Y 22 5 5 Beagley %%
(1997) FEREFE I G D1 (M. californianus ) i) AL
B g A% I A LG ME AP IR 2RI 1 COXT )y
Bz |28 5 30 21 1% , A 118 45 (2009 ) 1A
o 35 24 B UL (Perna viridis ) WEREVE IR COXT J
A B8 SR AU A 0. 31% , AN AFEAE XLEAE 8t 4%
M4, MEHE Hs-mtDNA COX1 J Bt 2 ] 7% 5 %4
BAK, LA 2.72% , i i T om M R DL,
Curole 75 (2002 ) 7EAF 57 2 2R BER} W) Tl BCEAE 152
B R WS A B, MERE B AT R S5 7Y COX2 Sk A
(M-COX2) , FAERK I T 200 bp (94 H IR
Feo o HAT BB gt A% B4 B0 AR I o 3¢ iR
(Musculista senhousia ) HEPE mtDNA HF 2 4~
COX2 3 (M-COX2a, M-COX2b) , F4%H M-
COX2b K & & 123 bp ( Passamonti et al.
2011) o JUGE MfE A b R i COX2 BEH () 4% 17 1R
FEAET. 5% WK 2 5, H & JF B A L%
TR A B BT R 4 K R 22 5. Curole 5%
(2002) K] COX2 R # dE R e HEALAY , e R
HAT S35 45 LG DU MV SR — 52, M
PER NI Hh— 3o ABFFELL COXT JE R # 2 &
GEE AN, e vl B R SR AE RS, T A A B
PR LR Y R T B R P, grandis /N5 B
SR V. ellipsiformis F1/N TR TE Q. quadrula
UHEPE SRy —32, MEPER N —3Z, 5 Curole %
(2002) Z5 52 8h, Ik, W COX1 I COX2 K&
DR i 2 e 1 M W ) R G B AL R, Tt
U 2L AT REAS A7 AR RURME IR AL LA

XU 5 4% A0 DL 2ok (AR, tRNA-
His & R AA 04 BOR A AL 'S AR 5 o MEVE BR R
Yo b B AE g 5 DT 8B 32 4E 2 T tRNA-D &

NDAL Z [a], M 1 I ik Be) B2 AE 52 T (RNA-E &5
tRNA-W 2 [d] ( Breton et al. 2009 ), Doucet-
Beaupré % (2010) #F 52 i J& P. grandis . H
A WH HREEF/NITIE R Q. quadrula 2k
P 354 LA B & B, tRNA-His 75 B PE 28
K& A>T ND5 5 ND1 22 (8], 16 WPk 28 ks 44
o AL B A T ND2 5 ND3 2 [H] .t S o
MEME 26 RL A& (RNA-His 2 T H # -, H4F
COX2 5 ND3 Z ], i3 3 B it S5 e of e £
t IRNA-His 347 307 8 19 22 0k, AN H %
XA TG DL RO AR AE o A7 DUBRL R 35t 1
IR IK DLZE/NJT R V. ellipsiformis . H A%
I HBREE W R P grandis Ko/NJT B B
J& Q. quadrula WiER] 16S rRNA (A KEZE R
A, Bk 3k 2 5 P ¥ 5 (Doucet-Beaupré et al.
2010) o ASHIF 5T H R A b 0 Oef 2R {AX 16S rRNA
AHZE 9 bp, Xl 2 S S iy TR 1t A A T
—ANEILJFH, Rawson 45 (1995 ) BIF 58 B 4 %
ZE MG I (P canaliculus ) M HE 4> K 89 16S
rRNA B B, HAESFHR/NT 1%, R U
PR IS . Wi 128 rRNA B % 25 7 34T
H0.6% , 16S rRNA FERAF R R K 1.2% ,
A S AR/, PRI AT RE LA A TR U 5 4R
WA

Breton 4 (2009 ) #F 5 /v J7 # W BL V.
ellipsiformis I & B, TELEALIA DNA rfv 3R 4 i X
PRI M R M A R S 0 T ) S A, O i
B BN IR 0TI, 78 BEAE I X R0 S Y
I3 FE IR T MEMEPE B b o % IR Fickett (1982)
BRI, X vt A e S 2 1 DX Y e ) AT T
W, A& RNA-Glu 5 tRNA-Tyr 2Z [8] 1 - 4 i1
XAGEABENIIRE, oHrRUZEA 6
AT 5 IR 2 i) D RE , (R I fE e ) LA 4
PEFRIE 0 KL W )y 51, WX i 7T H) W, Hs-
mtDNA 7] BEAAETE R PE B AL LA

L5 TR R e 0 e R A A A — R Y
22 Sk, B H: 2% S5 L H Al 5 A OURL P 5 1 R
RPN 2, Ho it 3 I 2 7 K 7 R
AAFTE R R AE A
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