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Cloning and sequence analysis of the specific mitochondrial DNA
fragment related to cytoplasmic male sterility in pepper
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Abstract: [Objective] Three different types of cytoplasmic male sterile mechanism in pepper were in-
vestigated to find out the DNA fragment related to cytoplasmic male sterility. [Method) Pepper mitochon-
drial DNA (mt DNA) was extracted from green leaves of cytoplasmic male sterile line and its maintainer
line based on high salt-proteinase K method. The specific fragments at around 330 bp were amplified by
PCR using special primers designed on the basic of pepper cytoplasmic male sterility associated gene-or f456
in three kinds of cytoplasmic male sterile lines. [Result) Further sequences analysis showed that these
three fragments are identical and termed CMS330 of 99 % homology with or f456. [Conclusion]) It reflected
that they have the similar male sterile mechanism.
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Fig. 1 Result of electrophoresis on agrose gel of
mtDNA isolated from cytoplasmic male sterile line

amaitainer line in pepper

1,3,5. mtDNA of 3A,4A,5A;2,4,6. mtDNA of 3B,4B,5B
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3B.4B.5B ) PCR ;=% ; M. DNA #5 #E 43 T £ DL2000
Fig. 2 Result of electrophoresis on agrose gel of PCR
products related to cytoplasmic male sterility in pepper
1.3.5.3A.4A.5A PCR product respectively;2.4.,6.
3B,4B,5B PCR product respectively; M. DL2000 marker
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51 I 7E PCR 79 s M. DNA 5 #E 45 54 DL2000
Fig. 3 Result of bacterial colony PCR of recombinant
plasmid related to cytoplasmic male sterility in pepper
1,3.5.7.9. Bacterial colony PCR by specific primer;2,4,6.8.10.

Bacterial colony PCR by universal primer; M. DL2000 marker
2.3 HHARREELAEHEHXENEERREBRF
5 M E 5 4 4

J7- 90 00 2 235 5 CIET 4) W, 3 ol BRUABU A0 L o e
TEARE MR 3 R BP9 58 & — B0 P AR R
F Bt K /N 330 bp. fim 44 i CMS330, 42 NCBI K&
DNAssist2. 2 #4F 43 B b %t & B, 5 B i i B
20 L R S T A S R o 456 B R UELY L A% R
FEORA 1 AR, W orf456 55 159 7 T 5
CMS330 55 89 fii C Y25 5 s #E CMS330 7] LA Zhi



5% 2

Ly 25K S 25 < BB ML 5 P A A O St A e T B Y e B B 91 A 127

108 IR, 5 or f456 B W 28 1415 91 5 4 —

CMS330: — ————————————— —— —— —— —— — —

B R R R AR S

40 50 60 7
__________________________ 1
0rf456: ATGCCCAAAAGTCCCATGTATTTCTGGTTAAACAAACCAGCAATTTCCGACAAGTCTTTCTTCATTGG 71

o

80 90 100 110 120 3 140
(OUREEIH AGCAAGAAGCGGAACTACAACATTTACATGCAATTTCACCATGAATTTTATTGATTATGGCACATTGTTTA 72

IFERIM AGCAAGAAGCGGAACTACAACATTTACATGCAATTTCACCATGAATTTATTGATTATGGCATTGTTARPY)

150 160 170

180 190 200 210

(SRR CTTTTCTTTTTATCT(@GGTATTTCAATCGGCATTTTTTGCGGGCCGGTTTTTTGAGCGAAGTGAAGTTTTA REX]

AR XA T TTTTCTTTTTATCTRNGGTATTTCAATCGGCATTTTTGCGGGCCGGTTTTTTGAGCGAAGTGAAGTTTTARAK]

220 230 240

250 260 270 280

eV ek CAGGAATTGGAGAACTTCCAGCTAGAAAAAATAAAACTGAAAACGGAAGCAGAACTGCAATTTCTTTGTAGAR!

PYS2e I CAGGAATTGGAGAACTTCCAGCTAGAAAAAATAAAACTGAAAACGGAAGCAGAACTGCAATTTCTTTGTAG [pk¥l

290 300 310

320 330 340 350

[QVEREIGY A GAGCACTTGAGAATGAATGAAGAATTACAATTACCTGTTCCAGATGGAACGAGTATGCACATCTCCGACT AN
PYIZEIH AGAGCACTTGAGAATGAAGTAAGAATTACAATTACCTGTTCCAGATGGAACGAGTATGCACATCTCCGA CTIRRN

370 380

390 400 410 420

MS330- B8O M
B TTTTAGGGAAAGCCTTTTTGGTCGACGAGACTGTGAGGGAA CG A Al 330

orf456: pyuWVNclelcy.V.V.XcToloh i W NeTcy Nolc YN cV.NcT.Noh Ke YN cTNCeIe[cY-VNHCTVNTATTAGGGCTGACTCAAATTTATATG 423

oms3zo: B0 S . SR

orf456: GATCTAAAAAACAATGGAGCAACCGAGTAA456

Bl 4 CMS330 5AFMKILN or (456 1Y [H] J5 1 L3
Fig. 4 Homologic Comparison of CMS330 and Orf456 Related to Male Sterility
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Study on the extraction technology of anthocyanins from
the grape pomace

WANG Hua®,JIAN Zhen*,GUO Yao-ong®

(a. College of Enology ;b. College of Food Science and Engineering , Northwest A & F University ,Yangling ,Shaanxi 712100, China)

Abstract:[Objective] The study is to improve the condition for the extraction of anthocyanins from

grape pomace. [Mehtod] Single-factor and orthogonal experiments were adopted to establish the optimal

conditions for the extraction of anthocyanins, with the yield of extraction as index. [Result] The results

showed that:with 0. 1% HCI (V/V) MeOH as extractant assisted by ultrasonic extraction at 40 °C ,the ex-

traction time is 50 min,the ratio of grape pomace and extraction being 1 : 7 and twice-time extraction the

best. The sequence of actors that worked on the yield of anthocyanins were as below:extraction number>

extraction vol. > extracted time>> extraction temperature. [Conclusion] We obtainted the condition for the

extraction of anthocyanins from grape pomace,yiefd of extraction is 73.10%.

Key words: grape pomace;anthocyanins;optimal extraction technology
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121 HARAREZHRRIZHERFXE
(DA BOR £, FRICH %5 52 5. 00 g 3 & T

AR T A A Y S AR R A B 10 Eh R 1 R

B O BERSE, B 12 10 O & H AR R R

[F]) 30 “C K ¥ i P I faff By $2 ML, A %8 24 kHz, 2

HUEE] 2 30 min, FEEEHR 3 UKL A I 48 O B AL FE

A 3 W, ME AL AR & &, IR T3 45 b 21 48

R D B O R X R AR SR B S

()R B A FE . FRIUCHE 45 % 5. 00 g 5 fy

BEE AR, o n A SR 8 0. 1%,
0.5%,1%,2% 5% Fh W 1 W B, BRR LA 1 ¢ 10,
30 “CoK I R 75 Ik il B B2 B, R 24 kHz, 32 Bt
[ 24 30 min, FHEHL 3 K, FIF K . B H
3. M R o i, I H R A L S A 4 UK

) FR UL % £ . PRI 45 % 5. 00 g 5
B AR T IS R B 0. 100 BRI 1 H
B R R 1 10,43 9T 20,30,40,50,60 °C 7K
T T 7S I B B I %R 24 kHz, R ] S 30
min, 4RI 3 K, G IR IOR . A ER 3 W,
SEAE O F AT S R A A B $R IR

(4) BRI LL By 2 £, FRICH %9 K2 5. 00 g 10 iy
B AR T A S R A B 0. 100 ER R Y
B RL A3 1 s 2,1+ 3,15 4,1:5,1:6,1¢
7,1:8,1:9,1:10H 1 11,F 40 ‘CARBPEHE
Wl B AR L, A5 R 24 kHz, 32 EUET (A28 30 min, 248
B3 WA REBOR . A ER 3, MEfnE
HE L IR R A AL R SRR

(5) FEHLET e HE, S0 FREUAT 4 FZ 5. 00 g
10 £ B F = f B b i A & B 5 0. 1% b g
B H LR LR 1t 7,40 °C oKV o8 75 ik %l Bl 2
I, A% 24 kHz, $2ICH ] 4331 2 10,20,30,40,50,
60.70,80,90 F1 100 min, L4 3 W, A I H2 BUR
R 3 K, WE AT & R R R A AL
B $E IO

(6) $E IR AL WL #5 . FRICH %5 J 5. 00 g 5 iy
B AR T A S R B 0. 100 ER R Y
P CBIB L R 15 7,40 C oK I R S I il B R B, A
2 24 kHz, 48 BUBFHE] 2 50 min, 42 BOR £ 509018 1,
2,3, 4 M5 WL BRI, T AL PR AT 3 U, I E
AR &8 IF A S B PRI,
1.2.2 REREABEEFRR LAY ER KL
RAE 1. 2.1 P R0 25 51 S PR 48 ORLEE R
P AR R[] B OB 4 MR R A& 3 KPR kT
Ly (3D IERIKE (E D,

X1 FEREUHGEHRNIZ LOGHEXTRBMEERKTE
Table 1 Factor levels list for extraction technology of anthocyanins from the grape pomace
K2 Factor
K A B C D
level UL/ C I ] /min FHR L B
Extracted temperature Extracted time Extracted vol Extracted number

1 20 40 1:6 2

2 30 50 1:7 3

3 40 60 1:8 4

1.2.3 #ezF4ITHuNs HOEHFSENN
FE % FH I B R G €0k R AT

1.3 HUIEAIE
K DUNCAN & % 2 32 63k 6 5040 R 4707
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BT B 100 8k R i TP AR Sy 412 IR L 4R OO 5
P AR B 100 Fh R 1 T L DY IR AR S 4 O] 22
SRE MRS E LR RS SR

2.1 HEAREUEGRHFRINIZHBEERARER HWINHRONBZEZERARE, Bt w5y
2.1 REBA e AREEPOGUXTAE R L U0 R Y T B R R G

ORI RBORI IR 2. £ 2 R R T E
F2 TARDAMAHREECEFRIROHM

Table 2 Comparison of extraction capacity of different extractants

) JEHR /% Yield of extraction
Extactant H#HH 1 Repeatl HH 2 Repeat 2 H A 3 Repeat 3 S Average
i MeOH 47. 54 48. 05 50. 56 48.72 a
4.1 Ethanol 30. 32 31.52 31.75 31.20 b
Pl Acetone 24. 45 26.39 24.97 25.27b

T - 5 50 B0 U5 bR (] 7 B R 22 5 A B 35 (P> 0. 05) B AN ) 71 3 3 7R 28 57t i 3% (P<<0. 05)

TER,

Note: The same word means the otherness was little (P=>0. 05),

same.

2.1.2 #mAEekAE AR pH EM LR
A S A5 AR S . A WA B O RO IR

OGO B8 206 19 ¥ £ 3 B - Jo 8 iy WY B AR
BRI 2 H- ) A T 25 ¥ 22 18] A7 A5 4 A . Gl R /R pH
(EAERM B AR TR R W R a2, BEE pH
EMI R AR T RI O R BT 6 725 pH E
B A5 B 56 0 B 50 . Bt xR R TR] pH {4
BOR) B AE (BT IR 5 oF pHL BT 2 AH [R] K,

x3

Table 3

contrarily means the otherness was big (P<C0. 05). The following table is

PEATHEEL .

3 AT ) R B AE (0 3 Y 4 R Bl 4R B
R0 v TR AR R 23 B T O . AN [ AR R
BOEh IR S WO i $ BOR BEAT J5 22 0 M7 AR R W] L 4%
Kb PR 22 5 AN . U Revilla S50 438 L 42 BUH)
TRt 2 B R 1R IR (0 R 2 S WAL Y 4B
ERAFAIT orf. BLG R & R BUAr% 0. 100 3
1 114 Y AR S B HGH] o

FTRABRAEMNFEREEEETRNENZM

Comparison of extraction capacity of different HCI content

HhmmE/% PHUE /% Yield of extraction

HCI content T 1 Repeat 1 4 2 Repeat 2 H4Z 3 Repeat 3 SE-Y{E Average
0.1 43.97 45.77 48. 37 46.04 a
0.5 44,77 46. 57 48.97 46.74 a
1 48. 47 51.17 49, 37 49.67 a
2 48. 77 51.97 48. 32 49.69 a
5 51.97 48. 37 49. 25 49. 86 a

2.1.3 RECGBREMAF RFEIRBOREXHA R RO T RBORAT L 4,

x4

Table 4 Comparison of extraction ca

TRRNEBEMAGREECRHRRENZMN

pacity of different extracted temperature

PRIRGE JE /°C LR /% Yield of extraction
Extracted temperature Hisd 1 Repeat 1 HFi4Z 2 Repeat 2 Hi 4 3 Repeat 3 FEH{E Average
20 72.44 67.56 67. 24 69.08 a
30 71.18 67.16 69.76 69.37 a
40 71.18 68. 66 70.00 69.95 a
50 56. 36 53. 38 57.32 55.69 b
60 49. 68 49.76 52.28 50.57 ¢

1 4 AT DL, 48 (8 2K A9 4R BOR B 4 BOGR JE 1)
Thism SR T B H LR OR B 40 C i B
o o RS UL S B L 2 4R HUR E 0 B O 50 Al
60 °C . 4B R H AR BOR P B A @ R VTRE . H
H B A9 R 64~65 °CLAER BGEE O 60 °C I $i

W SRR, ITESPE R £, 20,30,40 C
b BR] 2% SR B2 L1 50 A1 60 CALBE Y 20,30,40
Chbaz R W2, SR RBURE N 40 C,

2.1.4 AHrkrkeyirdE RS AT, CYREME L
12 2~1 ¢ 7 B, B A B2 R R B A 15 42 B 1
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ZE 5 3 s Z ) BEA SR BOGA AR B 38 T » 32 BUR B A
FRMELENEFEREECETRRIENZ MW

Table 5 Comparison of extraction capacity of different extractant vol.

x5

A, HIL LB E R 1 7,

B PEHLER /% Yield of extraction
Extractant vol. H 4 1 Repeat 1 H 42 2 Repeat 2 H 4 3 Repeat 3 XM Average
1:2 44,38 46. 14 49. 38 46.63 e
1:3 57.32 51.12 55.16 54.54 d
1:4 59.95 54.01 56. 27 56. 74 cd
1:5 55.74 58. 83 55.13 56.57 cd
1:6 63.04 57.68 59.56 60.09 bc
1:7 69.53 68. 15 63.93 67.20 a
1:8 70.53 64.93 64.93 66. 80 a
1:9 63.42 68. 00 63.98 65.13 ab
1:10 67.06 62. 46 64.06 64.53 ab
1:11 65.53 61.67 67.79 65.00 ab

2.1.5 RIEaFEegRF R 6 AL, Bl 4R O (]
PRSI s A8 £ 3R 170 2 38 5 A1 15 KU sl /s 1 s
Hr B ] S 50 min BFERECE R K. HERE 8
AT A AR U ) L 4 v 4 O R L H AR — S A
FEZIE A EHEREEEETRNENEN

Table 6 Comparison of extraction capacity of different extractant time

*x6

DR IR SR NG e il 5 TR B 1 T8
TEHAR 24 kHz i 4 i (] f) i 75 9 b 21K 5 B
ORI M. P 5 SR BURHE] 24 50 min,

BB ] /min RBCR/ % Yield of extraction

Extractant time & 1 Repeat 1 4 2 Repeat 2 H 4 3 Repeat 3 Y Average
10 29.08 27.90 28.32 28.43 ¢
20 34.96 35. 04 32.52 34.17 b
30 34.12 35. 88 33. 84 34.61 b
40 37.90 40. 92 31.68 36.83 b
50 53.02 58. 98 54. 36 55.46 a
60 37.48 36. 30 35. 46 36.41 b
70 33.22 38. 82 37.14 36.40 b
80 36. 64 37.56 32.94 35.71 b
90 36. 64 37.98 32.52 35.71 b
100 37.06 37.50 32.52 35.69 b

2.1.6 RIRHMLEHF

BAE R IRBORA W IR 7. R 7 ol W, 78
0 2 B9 4 B B fe BB H g 1 KL E 2 4
FRRBAHMEAHREEBETRNENZM

Table 7 Comparison of extraction capacity of different extracted number

*x7

AR BORBOS AR HOROBON 2 3 W FRBCREEAR A . . AT 24

AR AR B2 A E R ORI 3 K.

RO R LR /% Yield of extraction
Extracted number T 1 Repeat 1 T 2 Repeat 2 4 3 Repeat 3 SF-Y{E Average
1 29. 66 30. 68 26.96 29.10 ¢
2 50. 08 54, 88 54.12 53.03 b
3 63.78 63. 54 58. 34 61.89 a
4 59.00 63.76 62. 40 61.72 a
5 61. 60 61. 80 60. 80 61.40 a

2.2 HERRRBEEERBMIZHESHBER
AR Fh 781 25 2R Bz AE (0 3R R T 2 N R 4
ALV Ly (3 IESTI IR 45 R W3R 8.
8 MR A PR Z AR (0 R B ORI B2 i A

JEMUK Ay = 3 BOUE = Lk L = & Bt 1] = 2 B
JE 256 i, ASB2C2D1 y e AR R R F . TR i
FETZT RRE AR P EARE . EL 3 K,
SR ECGR R 73.10%
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Table 8 Orthogonal experiment for extraction technology of anthocyanins from the grape pomace
e A B C D y
A BRI/ C B /min FhHCIL BN g R
Extracted temperature Extracted time Extracted vol. Extracted number
1 1(20) 1(40) 1(1:6) 1(2) 45. 43
2 1(20) 2(50) 2(1:7) 2(3) 73.10
3 1(20) 3(60) 3(1:8) 3(4) 20. 79
4 2(30) 1¢40) 2(1+7) 3(H) 28.59
5 2(30) 2(50) 3(1+:8) 1(2) 50. 43
6 2(30) 3(60) 11+ 6) 2(3) 36. 37
7 3(40) 140) 3(1+:8) 2(3) 45.24
8 3(40) 2(50) 1(1:6) 3(4) 34.32
9 3(40) 3(60) 201+ 7) 1(2) 66. 69
K, 417.95 357.76 348. 37 487. 66
K, 346.17 473.56 505.11 464.11
K; 438.75 371.54 349. 39 251.10
ki 139. 32 119. 25 116.12 162.55
ks 115. 39 157.85 168. 37 154.70
ks 146. 25 123. 85 116. 46 83. 70
R 30. 86 38. 60 52. 25 78. 86
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