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Relationship of Mitochondrial Genes Cox // and atpA with
Cytoplasmic Male Sterility in Ramie
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Abstract: [Objective] This study aimed at probing into the correlation of mitochondrial genes Cox // and atpA with the
cytoplasmic male sterility (CMS) in ramie [Boehmeria nivea (L.) Gaud.]. [Method] The CMS related Cox // and aptA gene
fragments were cloned from the mitochondrial DNA of ramie CMS line and its maintainer and restorer lines (fertile lines) by using
PCR and degenerated primer strategy. The primers were designed according to the reserved sequences in the encoding region of
mitochondrial genes Cox // and atpA of some dicotyledons from GenBank. The complete Cox // and atpA genes were obtained by
means of amplifying the 3’ and 5’ end unknown sequences of these gene fragments using DNA Walking method. Based on the
complete gene sequences and gene expression patterns (RT-PCR), the differences of these two genes between ramie CMS line and
the fertile lines were analyzed. [Result] The amplified Cox // and atpA gene fragments showed 95% and 97% homology with the
analogous genes from some dicotyledons. The complete Cox // and atpA genes each had an intact open reading frame. The Cox //
gene showed no difference between ramie CMS line and fertile lines at the levels of mtDNA sequence, transcription and protein.
However, compared to the fertile lines, atpA gene from CMS line showed obvious difference at the levels of mtDNA, amino acid
sequence and the secondary structure of protein. And an abnormal low expression of atpA gene in CMS line at the budding stage and
late-blooming stage was revealed by RT-PCR analysis. [Conclusion] The correlation of Cox // gene with ramie CMS could be
excluded, but the result suggested a close relationship of ramie CMS with the variation in DNA sequence and / or abnormality in
expression of atpA gene in CMS line.
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Table 1 Primers used in the study

5|4 Primers J¥°%1] Sequence FHi%& Usage

Cox I[-F 5'-CTCCTTGTGATGCAGCGGA-3' Cox // gene sense degenerate primer

CoxI[-R 5"-T(C/T)TCACTGCACTGACCATAG-3' Cox /] gene antisense degenerate primer

atpA-F 5'-GTGT(C/G)TATGTAGCGATTGGAC-3' atpA gene sense degenerate primer

atpA-R 5'-(T/A)GGCAT(T/A)CGATCACAGAATC-3’ atpA gene antisense degenerate primer

Cox I[3'-Tspl
Cox I 3'-Tsp2
Cox I[3'-Tsp3
Cox I 5'-Tspl
Cox I 5'-Tsp2
Cox I 5'-Tsp3

5-GCTTTATGGCATTTCCACT-3'
5-TTCCGATGAACAGTCACTCACT-3’
5-AGAGGTGGACAATAGAGTGGTTG-3'
5-CAGCCCAACTATGAAGTACAT-3'
5-GCTTTGATAGTAATGGCTGGAT-3'
5-GAGCAAATGAGGGTATAGCAATG-3'

atpA3'-Tspl 5-CCCGTCATTGAAACACAAG-3’
atpA3'-Tsp2 5-GCTATGAAACAAGTCTGCGGTAG-3’
atpA3'-Tsp3 5-TTGATGCTGCGACTCAGG-3'
atpAS'-Tspl 5-GGCTTGTGTTTCAATGACG-3'
atpAS5'-Tsp2 5-GTGGTCGGCGTAACAATAATG-3’
atpAS5'-Tsp3 5-GCGGTGGCTGCTACAAGAATAG--3’
Cox I[-RTf 5-CTCCTTGTGATGCAGCGGA-3’

Cox I[-RTr 5-TCTCACTGCACTGACCATAG-3'
atpA-RTf 5-GTGTCTATGTAGCGATTGGAC-3'
atpA-RTr 5-TGGCATTCGATCACAGAATC-3'

Cox II-Tpf 5-AAGTGGATCAAGGCAGTGG-3’

Cox II-Tpr 5-TATCCTAACCGTCTCCTCTG-3'
atpA-Tpf 5-AGTTGGAGATGGGATTGCAC-3’

atpA(MS)-Tpr
atpA(M/R)-Tpr

5-CGCTTGCAGTAATGATGAGTG-3’
5-GGTTCCCCTTTCAGCTACTC-3'

Cox // gene DNA Walking 3’ Tspl primer
Cox // gene DNA Walking 3’ Tsp2 primer
Cox // gene DNA Walking 3’ Tsp3 primer
Cox // gene DNA Walking 5’ Tspl primer
Cox // gene DNA Walking 5’ Tsp2 primer
Cox // gene DNA Walking 5' Tsp3 primer
atpA gene DNA Walking 3’ Tsp1 primer
atpA gene DNA Walking 3’ Tsp2 primer
atpA gene DNA Walking 3'Tsp3 primer
atpA gene DNA Walking 5’ Tsp1 primer
atpA gene DNA Walking 5’ Tsp2 primer
atpA gene DNA Walking 5’ Tsp3 primer
Cox // gene RT-PCR sense primer

Cox /[ gene RT-PCR antisense primer
atpA gene RT-PCR sense primer

atpA gene RT-PCR antisense primer

Cox // gene sense test primer

Cox // gene antisense test primer

atpA gene sense test primer

male sterile line atpA gene antisense test primer

maintainer(restorer) line atpA gene antisense test primer
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M: DL2000 DNA marker; 1: SS370 (male sterile); 2: GS13-X (maintainer); 3: Xiyeqing (restorer); A: Cox // gene fragments; B: atpA gene fragments
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Fig. 1 Ramie Cox // and atpA gene fragments PCR amplified from mtDNA using degenerated primers
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M: DL2000 DNA marker; A: SS370 (male sterile); B: GS13-X, (maintainer); C: Xiyeqing (restorer)
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Fig. 2 DNA walking amplification of Cox // (1, II)and atpA (Ill, V) gene from ramie mtDNA

A9 AR e PRSI 5 9 1 S SR A R 4R Ak
Cox /7 atpA BEPRIRE Stk 414 45417, Cox IR /Ny
1 050 bp, HMEMEART & atpA FEKIK/N A 1499 bp, 1f

bp M 1 2 3 bp

2000 2000

1000 1000
750 750
500 500
250 250
100 100

M: DL2000 DNA Ar#fEsr ¥ 1:

SS370 (HEPEARF &) 5 2: GSI13-X; (RFFHR)

FERFKE R atpA JERI KN A 1490 bp, 5Tl gh
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FIBH L e B BEA T R A1 2 (3~5 ANEED .

3: Xiyeqing (JRER) ;

A: Cox [[FEDH; B: atpA &K

M: DL2000 DNA marker; 1: SS370 (male sterile); 2: GS13-X,; (maintainer); 3: Xiyeqing (restorer); A: Cox // gene; B: atpA gene

3 AR¥E DNA Walking £5 S ITHF AL 5149 PCR 4 BRI ARERLIK Cox /] atpA B H
Fig. 3 Ramie Cox // and atpA gene PCR amplified from mtDNA using specific test primers based on DNA Walking amplification

sequence
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45T DNA Walking 338 55 41 B vHHE S A I 5 |
Y, PR mtDNA 4 541K Cox /771 aptA KK, H
FeA 5 351495 #5751/ DNA Walking 373 /7471
SE4r 8K 4, & 5 (1) Tpf &5 Tpr 51452 181 F41)
UiH] DNA Walking 3" 3 45 5L & 1E i (1) o

4 DNA Walking #™ #4575 EATHHER 4T, i
TR Cox [/ aptA FEH (K 4251
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GenBank &35 : EUI122339, KA 42K 2528 bp,
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EU122338) 4K 2203 bp, L% 933 bp M55 Il Y
EAE, guid 310 MEIER (K 4) o KRR Cox /13
(Cox /I-R, EU122340) 4K 1256 bp, 7% 933 bp
(K53 TP A, 4ihd 310 DL (- 4) . [[
PEPEMTRN],  “=FR" Cox [/FEN gD X A% R e
FMAEAE 2 ML R 2558 B T3S 1 ofE, HE
SHRIERFY L ES (B 4) . BLAST 40 Hr& W,
HEF MR “ =R Cox IIFENAIERFH L5 E N (R

Fit=% (B.vulgaris) (AAKS82658) . %% (Solanum
tuberosum) (ABB43241) 5 22 B X1 H-Hl 4 ki 4
Cox ZIHEEA [R5k =il 93% LA b (2 2)
SRRIETEANE & atpA FEK (atpA-MS, EU122336)
4K 2 136 bp, 5 1 380 bp HI5E TR ELHE, 2
it 459 MR (K 5) o fRFF R atpA JEA (atpA-M,
EU122335) 4K 1576 bp, 7 1374 bp [H5EFEFFIK
BAE, Znid 457 NEIER (K5 .

W R atpA it
sativus ) ( AAB88867) . #LF§ I+ (A. thaliana)
(CAA69761) . jiiz¢ (B. napus) (ABC98879) .

(atpA-R, EU122337) 4K 1502 bp, £ 1374 bp
F 5 3ETF IR SEAE CORF) 5 ZWfid 457 NEIERR (]

CoxITg L,\.TI{. s:.qu:.nu.

T X1e
-TAGI' AGGAGCTGCAA’ITCCATC AACAGC GGMTAAG’I‘ ATC GGMMTCTCCAMC&GCATGGAGGTIDGCTGATCGCICGGMM
AAGAGATACGTCGTACGCATCAGGACCCTGAAACTGCCTTTICTCTGGCGAGGATTCCCTGAATCCAACC AAGTCCGAATCCCTCAGATAGAAGCTTGGG
L CTCTCCAGCGCCATTTTCTICTCTAGTAAAGCTTCCGATCGCCGGGGACCGAGALMGACCATGCGC AGAACTGGAGCGAGCGCGGGAGAGTTCCATCTCCA | 408

ATGHCTTGATCTTCTCTTCCNMMMGMWNMNWWMWMWNWTCCM 510

T TG TCGAT TCTTTTTC TTTCC ARG A TC AGARGAKTATT TC AGARACTOCC TOCTOAC AGCCARAGAGGAC T AAGCTC T TOGAMCTIGAGRCATS | 612
COCTGGRAAAAC ACTTGACAAC TGCGEG0GE A AAG AL A TTGTGT TAGT AACTAGTTACGG AAALG AGC AGG AT TARACTAAGGC AKAGAAACTGGAGCTT | 714

Cox 11 -MS

Cox II-M

Cox II-R

1632

1734

1836

1938

SﬁtbBLT‘PDSY‘kIPkﬁbLBLCbLRLL
ACGTTTTATTGTAACATCTGCTGATGTACTTCATAGTTGGGCTGTACCTICTITAGG

2040

2142

2244

2346

2448

2495
2550

2653

ATAGTAGC &CGG.‘&CTITCT&GGTC ATGCGAAGGGGGGCCAGTC

; COXII-M: GS13-X, J¥41] (ff4F%) ; COXII-R: 4IM-FHF45 (RER) 5 BOKMERRT YT,
T e P IR E R T 51«7 FonMIFME: A7 FoRPHIME

COXII-MS: SS370 J3#41 (HEHEAT F)
RS R B T AZOET . ROFESR R Z R KO R
I “‘m” BRFIIN L

COXII-MS: Sequence from SS370 (male sterile); Cox I -M: Sequence from GS13-X; (maintainer); Cox I -R: Sequence from Xiyeqing (restorer); Long black
frames indicate the primer sequences; Short black frames indicate the start codon or stop codon; Short gray frames indicate the different nucleotides; Gray
shade indicate the ORF deduced amino acid sequence; “-” means the same nucleotides; “A” means the start of nucleotide sequence; “Hl” means the end of
nucleotide sequence

4 ERRGRIK Cox I BRZHBLFY R HE ORF AR REBL T

Fig. 4 Nucleotide sequence of Cox // gene from ramie mtDNA and the amino acid sequence encoded by ORF
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cbﬁn@: ATOSATACCATATTARACCAARARTARATCAACTCA) 510
......... 'i'"i"“'il"é“' N 'i“il"é'
AATTAGTTCAAATTCTTTCAGAAGCGAATG 612
714
AATAS'DP UL I S e O G'EYFRDHG H:.'LI
CATCTATGATGATC‘I“TAGTMACA.GG03GTOGCATATCGACMATGTCAT]‘A'ITGTTACGG)GAO:AO:AGGCCGTG&GGCTﬂCCCAGGOGATGTTTTCTA 816
918
1020
1122
1224
1326
1428
CCA .t.t.m.ﬂ"" - Ism
. TE7. BTl - -E0--B i1 [C0. £ . (X STAGCTG ARAG nll C). CTAACCA. . CTTACTATD). B &
atpA-R AL [TAT] 5G] -1, » Al 160G, DG LY T GAAAGH ACK
f] L K AtpAM/R)y-Tpr
atpA-MS [TCACTATLOAL CCOARCTAGATC ARG AGAAG CEACCAT I CCACAICAGATTTGACCCCAATGTCAAG TCAAACAGGOCAAAGGCTCAGAATGAGAC | 1632
atpA-M _ETEARTL TG RCL [TC1L CCTCTCOGCCAGACL, , TGTOCATL. . . CACH
(o CCOAGCAAGAARGACK ACGCAGCATTTCAGGTCGGAAAACTCTATAAGCGTGTCATCAAGTT  |1734
AGG'l'l'aGGOC.‘MOCTOGGMCI'AGATGTGG"ICACC'l'l'l'CTGﬁTCT&&GaOSAC&GG03ATGC—CCAGGG&TCATCC’[CTCMT&GG&CAG&MG&AGGTCCT& 1836
atpA-MSK|GGAAGAACCTAGACGGTTTCTGGAAGCACCCTTTACTTTGTTGTTCACAGT AGCAGCTTGOCAAGTGGGAGAATGAGGACCGTCGGATCGAGGGCATGAAGG (1938
ATAACATAGAGTTGGAGGCCTTATTTCTGGGACATCCAGAAAAGCCATCCCATTCAAGAAGCOCCTACT TATACCCCOGCTCCCTTCTATCCTTGATGGA 2040
[TCAATTCAACAACT TTACAGATTTATATTCAATTOCCAACCGCTATACAAGCGAACGACTTGATOGCCAACTATAGTCTTTGTT TCTTCGACTGA 2136

atpA-MS: SS370 J74) (MEEARER) ;5 atpA-M: GS13-X, )74 (fRFFFR) ; atpA-R: MM-FHTFH] UKEFR) ; BOKHRRSIWFPS; RO

TRRBN TR IE T KOTSRS 2 IR R R R K BTR

1k

Fs E TR B R IE R 51; 7 FRORMIFIEE;  “m” Ron o4

atpA-MS: Sequence from SS370 (male sterile); atpA-M: Sequence from GS13-X; (maintainer); atpA-R: Sequence from Xiyeqing (restorer); Long black frames
indicate the primer sequences; Short black frames indicate the start codon or stop codon; Short gray frames indicate the different nucleotides and amino acids;
Gray shade indicate the ORF deduced amino acid sequence; “-”” means the same nucleotides; “Hl” means the end of nucleotide sequence

5 EERREERIIR atpd BEZEERFY R H ORF HAGHWEEELFT

Fig. 5 Nucleotide sequence of atpA gene from ramie mtDNA and the amino acid sequence encoded by ORF
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F2 WESHIEREHIR Cox [EFRERRFISHEEMERIK Cox [ERREBFFIEIREMELE (%)
Table 2 Alignment (%) of the deduced amino acid sequence of mtDNA Cox // gene from ramie and other plants (%)

MR T GenBank H I EAHYIIN G 55 Accessions of other plants in GenBank

Accessions of ramie ABC98879 AAB88867 AAKR82658 ABB43241 CAA37047 CAA69761
EU122339 9% 9% 93 94 9% 93
EU122338 96 96 93 94 96 93
EU122340 96 96 93 94 96 93
GenBank % 3% EU122339: SS370 (PERREEVEANT £); EU122338: GSI13-X, CERRRFFR); EU122340: A1 CERMKE R 5 ABC98879: il

3 AABS8867: % b; AAKS82658: Til3; CAA37047: Bit; ABB43241: S, CAA69761: fURITF
GenBank accession number EU122339: SS370 (male sterile, ramie); EU122338: GS13-X, (maintainer, ramie); EU122340: Xiyeqing (restorer, ramie);
ABC98879: Brassica napus; AAB88867: Raphanus sativus; AAK82658: Beta vulgaris; CAA37047: Pisum sativum; ABB43241: Solanum tuberosum;

CAA69761: Arabidopsis thaliana

5) o [FETESHTRM, REFRSIKE R atpA K%
XKL R P HIAFAE L MR 225 T30 711
i, MEFMEERTFIIE R (8 5) o HEE
ANE R atpA FEH G X A% TR 741 5 IR FE R AR
RAAEZ MR ZE S, [FUEYER 94.6%, HESZ
FERFIJENE N 93.7% (1 5) o BLAST 40Hr& M, #E

FIMRR “ =R” atpA LN ZILRITFH H5BiT (P.
sativum) (CAA28964) . #IFEIF C(A. thaliana)
(NP_178788) . ¥ (Nicotiana tabacum) (P05495) .
WZE (B.napus) (BAC98904) . % | (D. carota)
(AF301602) 252 FXU§HAHIZRLE atpA FEA A
PR FIE 90% L B (R 3)

R 3 HSHERERIK atod BRREBFT S HCTEYENIK atod REEREBRFFIRRMELRE (%)
Table 3 Alignment (%) of the deduced amino acid sequence of mtDNA atpA gene from ramie and other plants (%)

MR GenBank H I EAHYIIN S 55 Accessions of other plants in GenBank

Accessions of ramie CAA28964 AF301602 P05495 CAAT8407 BAC98904 NP_178788
EU122336 96 95 94 95 93 92
EU122335 94 92 93 94 91 90
EU122337 94 92 93 94 91 90

GenBank %35 EU122336: SS370 (MSBRHEVEATT Z); EU122335: GSI13-X; CUBR{RFER): EUI22337: 4175 CSRRIKER)

CAA28964: Wi

H; AF301602: W% b; P05495: MHE, CAA78407: Ki; BAC98904: JHi3KE; NP _178788: iLEiJF
GenBank accession number EU122336: SS370 (male sterile, ramie); EU122335: GS13-X, (maintainer, ramie); EU122337: Xiyeqing (restorer, ramie);
CAA28964: Pisum sativum; AF301602: Daucus carota; P05495: Nicotiana tabacum; CAA78407: Glycine max; BAC98904: Brassica napus; NP_178788:

Arabidopsis thaliana

HTHHEATRETER REERMIKER) 1
atpA FERIFE R FUR— 45k (A BERTA)D  FAEAE
PR ZE S, HE— 0 R DNASIS b 8 1 5
CREEKHAT AT, ORI FAR R A R R
FICH T FAFE LG I B 2 5, HEVEAN B & atpA 5t
KRR PR RO ET 28 Da-lBlE (helix) , 21
A B-#12 (sheet) , 29 A B-%f (turn) , 9 M5l
(coil) &5te); LREFRMKE F atpA FE K )i — 2
Hikyseh—8, WS T 28 Mo-igiE, 23 4 B-IE,
30 4N B, T AVEME (Bl 6) o EEAFIMYIGE
LA G AT B OB R, e e A
ZI atpA FER L AR RE R A2 T B0
2.5 ERRERIR Cox . atpABERAFRIEIER

DAFEHL ) RNA Ak, LAHT RT-PCR Al
)5 34T % i PCR 9748, Ry 3G 7=, UL

PEOLAI AL RNA JC DNA V5%,

KH RT-PCR £ ARKMA2 R Cox [+ atpA FE 7
ATHAKIH 4 AN BE GERTI. LA, e, JF
PRI MIZRIBNE DL, 25 AR IR L DR A4 IR )
AR RIA, R RIS . AR Marker Frbros
FIVREE, 2 DL2000 H1 1) 750 bp 4577 (1165 B A k3
HEMREE (50.00 ng) , ATRAS [RI B B R S R 2 IR EA T
AT HT. Cox IBERAEM R “ = R” AWML
INEIEARTEE, BN S, (HAE RIS &R
R, atpA JERE “ =R” Pl T Rk &
MZESE, DRRF R FRAE A I S 11 05 B4 S I
HAT-ILRE - AR 3 I, AR & B B AR
B, MEENAE REMEHRILEH BMWE (&7,
x4, EETHERN “=2"7 atpA FEK Rk EHS
ARAR, 75 U0 B LI atpA JE PR 0 4 P 3R Je v B
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atpA gene protein secondary structure

- ile: atpd-IS =" ile: atphel =" Hile: atphR — LI
! S 450 aa e Size: 457 a8 e — Sizer 47
i) Seq: 1- 4% roig e Seq: 1- & g v Seq: 1- &
— Runction: (hou and Fasaan | Sossumcms Panction: Chou nd Fasman | e omcoms Ruction: Chou and Fasnan .
TEL e = = = e 011

A: SS370 (HEHEARER) 5 B: GSI3-X; (REFFR) : C: 4t (KEH)
A: SS370 (male sterile); B: GS13-X, (maintainer); C: Xiyeqing (restorer)

6 KRR atoA EEERR _REM LR
Fig. 6 The secondary structure of protein deduced from ramie mtDNA atpA gene

bp
2000

1000
750
500

M 1 2 3 4
= |
bp M 1 2 3 4
2000
— —  — Il
c

M 1 2 3 4

M 1 2 3 4
M: DL2000 DNA brifesrT&; 1. BRI 2. BLEE; 3. el 4. JHEE W A: SS370 (HEPEARF KD 5 B: GSI13-X, (RFFHR) 5 C: 41
HE (KRR

M: DL2000 DNA marker; 1: Before budding; 2: Budding stage; 3: Full-bloom stage; 4: Late-bloom stage; A: SS370 (male sterile); B: GS13-X; (maintainer); C:
Xiyeqing (restorer)

T ERRERILIK Cox /] (1) . atpA (11D EFEHY RT-PCR RiXIFR
Fig. 7 Expression patterns of Cox // ( I ) and atpA (II) genes from ramie mtDNA detected by RT-PCR

F 4 ERREERIK Cox Il atpA BREHEEKAREMEEFETABEERNRAS LR
Table 4 Expression of Cox // and atpA genes from ramie mtDNA based on the band optical density at different stages during
reproductive growth

SRR R Cox [[3EF )35 Expression of Cox // gene (ng) || ™K=& atpA JE[H 13K 1A Expression of atpA gene (ng)
Ramie lines M 1 2 3 4 Ramie three lines M 1 2 3 4
HEEARE R(A) 50.00 24235  241.51 29748  178.82 ||HEMEAH R(A) 50.00 20658  90.74 27532  39.41
Male sterile line (A) Male sterile line (A)

TRFFZR(B) 50.00 165.56 12580  290.62  169.49 ||fREFR(B) 50.00 186.85 28421 298.36  98.25
Maintainer line (B) Maintainer line (B)

W F(C) 50.00 14838 14542  301.29 158.21 EF(C) 50.00 189.58  269.14  287.68 85.40
Restorer line (C) Restorer line (C)

M: DL2000 DNA brifisr 78k 1 BUEFRTH; 2: BUEEH: 3. BB 4. JHERH: A: SS370 CHEMEAT R); B: GSI3-X, (fRFFF); C: 4int
W ERERD

M: DL2000 DNA marker; 1: Before budding stage; 2: Budding stage; 3: Full-bloom stage; 4: Late-bloom stage; A: SS370 (male sterile); B: GS13-X;
(maintainer); C: Xiyeqing (restorer)
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3 itig

i I 51 S B b — 8 1 2 R SR H MR 2 ) TR
G, P A — A BB R 2. e
DR SRAS I — > 0k PRI S (B B 51, s SR A )
Pl R JEHE R, h T H AT 28k CMS A
LAY By, OB LR R A T ik 2 2%
LEH M5 GenBank i (1) X 1~ M RE A £ R A& Cox /711
atpA LG IX (<7 IR RI9E5 14, it PCR
FORMAZRR “ =27 mtDNA 434 A SCIR H AR
FrBt. BLAST 73#r 1], XL H 1) BUF 41 5 ik,
JHEL, FURG I8 2 PRI Rk Cox /7. atpA JE[Al
[R5 23 s 95% K1 97% LA L, UL WA 34 7= 4 1)
JEME RS Cox Z/AT atpA LA B .

DNA Walking PR+ A MR CUA1 DNA 751K
AAFIEA h 5 2 AHAB AR AN 3 DNA 41 i) —
fa 158 A7 2% (1) J7 32 2927 http://www.see-gene.com/
new_seegene/site_renewal/products/manual.html) . A&
RIAERIIES19) PCR 93845 R HEAl I, ik izd,
R B N22 R mtDNA 1 5[ T Cox [/ Al atpA
AIEHF A (B 4, B 5) o BLAST 4r#i &,
HESHIPRRE “ =R Cox [[F1 atpA KN E IR 7415
T ML B AR AT AR kLA Cox /7
atpA FE A [RYEME 7351 ik 93% 1 90% L | (%2, #F
3.

VFZ I MR Z Rk CMS FIBFFTUR I,
7t: mtDNA K- B AR PR K, DSk iA
e A UK A R A A
FAI0 MR« = 27 Cox [/FENAE mtDNA /K-
ez (B 4) , (HE A R—%gity (] L
W LL B RMEERIFRZOK (B 7, &4 8
JozEse ks IR LAERR Cox 7728 A 5 30 BRI 1 A
H & SS370 HEVEAF AT RerE, (HiZEER 2R S e
MRAE RIEEEAE A R M — 2P0 5T, 2R
PEAE % atpA B L5 (R EF R AR R A LE, 725X
PAFLERT T AL 22 e Fiok (B 5) , IXPp &y
ARG R A] e 24K CMS #P)AH DG . RT-PCR &
LT R, ANE R atpA JERTEILE AT L5 IHE
AR BRI (B 7, R4, MIkh atpA FERIIE
WRIE R MU TR E R OREE . A UK L,
HEVEANH & atpA BEPRIFER AT — R 4iiy (AR
S (5 o AR E SRR RAWKE RAELL
B ez (Be) , HEMHIhRe N 25, Kt

N, atpA B I8P 41 22 57 5 RS 16 7 00 1) 22 5 L
DS ks m) 7 A e AR, A R AR TA
REIEH AT, M SEHEEAE

4 i

AR USRI I RREEEAN T R RFER A
WHR (R “=&” ) mtDNA H il T Cox //F1
atpA FE P, BT P AR BE R I8 (RT-PCR
) T TN “=R” MM ER. “=&R”
1] Cox Z/FEHTE mtDNA /K. HK P EAFUK
TR E 2 AE R atpA FEAIE mtDNA /K-
ZIEIR P AN 1 5T R4 B E RAELE LR
G2, T HAE R atpA JE KAEHUE AT 5 15
MREEHEBMETTE R. HIIAK, Cox /RN
MERR CMS FIRETC R, TAE & atpA FERI 42 5
/el s Tk 522K CMS R E ).
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