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Abstract: Cloning of flanking sequences of double-copy gene is a challenge in molecular biology. We developed a method to
solve this problem by combining an optimized inverse PCR (iPCR) with TAIL-PCR. First, Southern blotting analysis was used to
determine a proper restriction enzyme that could obtain proper-length restriction fragments that contained the target gene. Then
optimized iPCR was performed to amplify the restriction fragments that contained the separated copies of the gene. Based on the
obtained sequences, TAIL-PCR was performed to amplify further flanking regions of the gene. With this method, we obtained all
of the EcoR | restriction fragments (2.2-5.1 kb) and Hind III restriction fragments (8.5-11.7 kb) of mitochondrial atpA gene in
cytoplasmic male sterile (CMS) line and maintainer line of Upland cotton. The results showed that this method was an efficient

approach to clone flanking sequences of double-copy gene.

Keywords: inverse PCR, TAIL-PCR, cytoplasmic male sterility, cotton, atpA, double-copy gene, flanking sequences
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Table 1 Primers used in this study

Primer name Primer sequence (5'-3") Size (bp)

AD10 TCTTICGNACITNGGA 20
R1 AGATCCAGTGCGCTTGACAAGATCTCCT 28
R2 TCAACCATTTCCCCAGCTTGAATCTCGT 28
R3 ATAGAGTCGTTAGTTCCGCAGCTCTGGG 28
R4 CTGTGGACCTTTCTTCTCTTACG 23
R5 AGAGAGTCTCAGTCGAGTCACTC 23
R6 ATCCACTTGTGGAGTGCTAGTGG 23
F1 AGAAGACATGGCATGGTACTCGG 21
F2 TCGGCTTCTTCTGTGCTAGACTTGG 23
F3 CACAATAGCCCGTCTCTTTGGCCGACG 28
F4 AGTCTTCCGCTCTGTCGTCTC 21
F5 TCCCTTCGATTCCCATACACAAC 23
F6 ATCTATCT ATTTCCGCCGACAGA 23
SF1 CGTTCGGAAACCTCTAAGTGG 21
SF2 AGGGCGTTAAGGCAGCAGTAAAG 23
SF3 TCACAGCAGGCTGCTAAAGAGGATTTCC 28
P1 ATTTTCAAGTGGATGAGATCGG 22
P2 GTGGTTGTTTCGGTACTTCTG 21
P3 TCAACCATTTCCCCAGCTTGAATCTCGT 28
P4 AGATCCAGTGCGCTTGACAAGATCTCCT 28
P5 TGCTATTAACGTCGGCTTATCTGTCAGT 28
P6 CTGGAATTGGCACAATATCGCGAAGTGG 28
pP7 TTACCAGCTCGGGGATCTAATC 20
P8 CACTCGCTCGCCTTCGGGTGAGG 23
P9 ATCGAGTTAGAGATCGGGTTGCAGG 25
P10 ATGGAAATCCTCTTTAGCAGCCTGC 25
P11 TGCCTGATTGGTCCGCAATCAGTTACTGATGC 32
P12 TGCATCACATCATAGGTAAGGCAAAGCG 28
P13 ACTCCTAAAAACCAGAACGAGGG 23
P14 ATTCCTAAAAAGCGGAACGACGG 23
P15 CGCTTTGCCTTACCTATGATGTGATGCA 28
P16 GCTTTGCTGTACTGGGACTTAGGAG 25
P17 CCGTCGTTCCGCTTTTTAGGAAT 23
P18 CCTTGTCGTCCTAAGTGAGTTAG 23
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%2 TAIL-PCR R &%
Table 2 Cycling conditions of TAIL-PCR

Reaction step  No.

Thermal cycling condition

Cycle number

Primary 1 94 °C, 1 min, 98 °C, 1 min

2 94 °C, 30 s, 60 °C, 1 min, 72 °C, 2 min

1
5

94 °C,30 s, 25 °C, 2 min, 72 °C, 2 min, 94 °C, 30 s, 60 °C, 1 min, 72 °C, 2 min,
94 °C, 30 s, 60 °C, 1 min, 72 °C, 2 min, 94 °C, 30's, 44 °C, 1 min, 72 °C, 2 min

4 72 °C, 10 min
Secondary 1 94 °C, 1min

15

1
1

94 °C, 30 s, 60 °C, 1 min, 72 °C, 2 min, 94 °C, 30 s,60 °C, 1 min, 72 °C, 2 min,

94 °C, 30 s, 44 °C,1 min,72 °C, 2 min

3 72 °C, 10 min
Tertiary 1 94 °C, 1min

15

94 °C, 30 s, 60 °C, 1 min, 72 °C, 2 min, 94 °C, 30 s,60 °C, 1 min, 72 °C, 2 min,

94 °C, 30 s, 44 °C, 1 min, 72 °C, 2 min

3 72 °C, 10 min

15
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1 atpA R AR Southern blotting Z¥ 32 45 &
Fig. 1 Southern blotting analysis of total DNA from
CMS line P30A (1), maintainer line P30B (2) and hybrid
cultivar  “Yinmian 2” (3) hybridized with atpA probe.

Polymorphic bands between the fertile cytoplasm (2)
and sterile cytoplasm (1, 3) are indicated by arrows.
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A B

kb S N kb MS NS N
- s

3.3— -

23— . .22

Southern blotting P4+P5 P3+P6 P3+P6 P3+P6
st iPCR 2nd iP CR Ist iPCR 1st iPCR
Condition of self-ligation: 16°C, 16 h 37°C,2h 16 °C, 24 h
Template of Ist iPCR: 100 ng 500 ng 500 ng

2 atpA EE#Y Southern blotting (EcoR I &51J]) & /& [6 PCR &%

Fig. 2 Southern blotting and iPCR results of atpA gene. (A) Southern blotting analysis of atpA probe (EcoR |
digested). (B, C, D) Results of iPCR with atpA-specific primer pairs. M: DNA marker; S: P30A; N: P30B; asterisks (*)
indicate the bands resulted from star activity of EcoR I.

atpA coding region

EcoR 1 . EcoR
Pl <« 705 bp —>
N-1(2 225 bp) By T P
-— . — —
i P3 P4 P5P6
ECE RI BamH 1
EcoR 1
I « 674bp—
S-1(2 194 bp) 1520 bp 2 ]
P7 “p8
EcoR 1 EcoR 1
<515 bpal< 3220 bp N
N-2(5083bp) | 1348 bp PN NN
* TAATTC* “P9
EcoR 1 EcoR 1
| <555 bprje——1410bp—»
S-2(3297bp) | 1332 bp BesesssszezeN
* GAATTC
-
P10

3 [EitiR A ERERFNAE MR atpA EE EcoR I IR F B REE

Fig. 3 Schematic structures of all EcoR I restriction fragments of atpA in fertile and sterile cytoplasm. The atpA
coding sequences are indicated by gray boxes. The 3’ identical noncoding regions in N-1 and S-1 are represented by
open bars. The deletion of the sequences at the SSR loci located downstream of the full-length atpA gene in S-1 is
shown in hatched bars. The truncated regions of N-2 and S-2 are indicated by different cross-hatched bars. The 3’
identical regions in N-2 and S-2 following the truncated regions are represented by hatched bars. P1 and P2 indicate the
primers used for amplifying the core sequence of atpA for Southern blotting. P3-P6 indicate the primers used for inverse
PCR. P7-P10 indicate the primer used for amplifying the EcoR I restriction fragments of atpA. Pentagrams indicate the
sites that show star activity of ECOR I .
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4 WERBHPCRERE

Fig. 4 Ildentification of the cloning fragments by PCR.
M: generuler 0331 marker; four primer pairs (P7/P8,
P7/P8, P7/P10, and P7/P9) were used to amplify
fragments of S-1, N-1, S-2, and N-2, respectively.
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M 123 M1 23 kb
IO'D ]0.0
3.0— 3.0
1.0
0.5 1.0
I I

5 AEHR atpA ZEMEFF TAIL-PCR 4

Fig. 5 TAIL-PCR results of flanking sequences of atpA in CMS line. (A) TAIL-PCR results of 5’ flanking sequences
of atpA in CMS line. (B) TAIL-PCR results of 3’ flanking sequences of intact atpA gene in CMS line. (C) TAIL-PCR
results of 3'flanking sequences of truncated atpA gene in CMS line. M: generuler 0331 marker; 1, 2, and 3 indicate the
primary, secondary and tertiary reaction of TAIL-PCR (Table 2); | and Il indicate the first and second round of
TAIL-PCR.

poeeap A e
N-1 fe———4351bp — 705 bpaje— S109bp
(11 689 bp) [ Il S o 524 bp — — |
> - - - e e > > -
pll R6R5R4 R3R2R1 P15 FIF2F3 F4F5F6 P16
2 E H
S-1 4351 bp ——> <674 bpyle—— 5109bp
(11 658 bp) Ll Sy 1. TS24 bp ] 11 |
P12
H E H E
N-2  le—— 4351 bp ——> 505 bpe__2010bp __»; | 237bR]
(8501 bp) [T rrml S T | 352 B L PR N 7
i P13
; o e f
S2 4351 bp | 555 bple— 2 016 bp__ D
(9 139 bp) [l Bms - -] 1 336bp ANNNNNNNNNNNNNY
P14 SPISEISES P18
P17

6 tHRIETABRRIAFBERESD atpA EE Hind MRHFBRTEE

Fig. 6 Schematic structures of all Hind III restriction fragments of atpA in fertile and sterile cytoplasm of cotton. The
5’ identical regions in N-1, N-2, S-1 and S-2 are represented by dotted bars. The 3’ identical regions in N-1 and S-1
following the atpA coding regions are represented by open bars. The differential sequences near 3’ Hind III sites in N-2
and S-2 are indicated by different hatched bars. F1-F6, R1-R6, SF1-SF3 indicate the primers used for TAIL-PCR.
P11-P14 indicate the primers used for amplifying 5’ flanking and coding regions of atpA; P15-P18 indicate the primers
used for amplifying 3’ flanking regions of atpA.
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(51, BATIFRAT T i oA vT B M RIAS 75
atpA F:H A Y EcoR T BRI A BOF Hind TIER
il B, BRI PY 2 A8 DL T T IR X 4y
W T3 RFLP Z28MEM)F 5, 16 mA 5 b
KRS TR 20 kb MYZRiR DNA JF51], kit
JPH A B TR AL CMS LB TIF A CMS
FHIATFHRic.

3 Wik

WL HY iPCR Fil TAIL-PCR M&5 & 7
W, FRATHAT T T AR AT R BRI R 2
PRNFE DL atpA JEIRB1N 48 D145 F I 751
UEBT AT & ML RS F L A A — A 2K N
Al—A> 3B IIFE DL, H 3 WAL E A, o
Br&®L, 1€ atpA il XAFLE—1 BamH T {7 s
(& 3), X fi B T A7 BamH T BVI =4 atpA
s 4 KA A BRI R SR
(25 AT LA L B, TLIRC TR atpA
M3 F5))E T 3 REE I, iPCR ik AR
R, AT Ry H A&, [Fntb
Pt EcoR T M 25T = A 4t . K
MIIHEXT atpA JE£ K 4T Southern blotting 5256 i 72
TR BE, WAREFD) ) BRI, AR S
P—segg sz . Wt iPCR J7 ¥ HAg T x4t
55 428 A N DI S T AR BT

PLLiPCR AR AT LA SR 48 5134~ B (5] Southern
blotting (A58 75 HhIRLL 2 B P51, RLL 2k
L,

IPCR 7E 3 RN 3 5 57 75 1e A A0 34t 2

‘BRI LL#E > PCR SO0 [l 414 4 571 34
FFH, IFH e PUE—A SN 431 ) 2245 DL
SEPH A3 IR DA X 43, 3 Hofh e k2
R I AR 1) o AZ5EHY iIPCR 5 2% 22t 47
—5 PCR i, RATTH— PCR iy # i fE S
ARSI 25 , IR 2 22 — R K iPCR K2V I
AR B , A S 30 BT A B 3t/ 500 ng LA |
F ORI IPCR I RGN R , i TiEHeA R
HZEK DNA W BEANRE R 5, 3R s s i
B, TRESE MK BERR, TR
], FATFHALRY iPCR J7¥kid n 2 Te e 2
LR atp9. nad6. nad7 JEH M T3] Ok
RF), R EREREERL . FIHFRER2E
SFH, FATT AR AL AT MRS I 2 ]
f) RFLP #Rric#41k i SCAR HI SSR Aric , Ui i%
TR FARC I R B B AR KRR T) .

MIE 2 AIEH, HALIS 1 iPCR AT A
Prug  HAY AT, T AT DU RS M 5 e AR
() Bel 3 ok . 76 P30A H, L T 3
alis ££ P30B 1, LG T 4 i, X ULH
HUEE D) = AR M Fr BE R BN R MR b
HHKEARESK (@it 5 kb), §aT LA EHR L
IR ALY . UL, PRAkJE Y iPCR Jiik
AT DA 5 B A D1 PR g 38 5], i HL A ]
DAY $6 248 DU R 1 3R e 51

iPCR X T B H RO B K &, R —
AR BARK , SRR RGEHI . — i
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R, FEHEAT IPCR RN Z AT, S5 21T Southern
blotting 4, LABfE —FhREIRIS A IE K458
B aY BRI ME 9 YIS A AL atpA/EcoR T BRI Bt
IR/ 2.2~5.1 kb, KB A A o {2 Hind T
BRI A Bel ik 11.7 kb, T E) TAIL-PCR J5
:o TAIL-PCR J7 kA2 BRI R BEA BE I g
HEps il Iy m), e B ] LLJCHR A3y
Y G IEAR , FEHEAT TAIL-PCR SEE0 R, FRAIME
M7 LA-Taq i, ZMEARMSRAY GRS, &
113647 T 2% TAIL-PCR J i, HA I &4#56E
Fefs 2~3 kb 1Y H 5574
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2011 € T 77

CHEY TR ) AR AR FR AR ETE G2 N - h 2007 4F9 0.799 JH2 2011 4FKY 1.145), HiZe o FIA (L d
Hii L FAEBRAUEA T2 AR KRB R AT T 80553 O 1T IS R 2T R T4, il A 4R 0T 46,
R L F A LR R R . BRI TSRS IR, HERERT 20 AL SO BTN A TR AR AL T
WLR"s Jioh, O TS A R UG TR RO RrB e, BRAFTTIE N 2~3 24 AW TR R AL T 4 sk S e

IRBEL GRARIGIZE WU AUESS ,  [R]EFE ) AS FI RS e ol 252 — e UL L. FUER AR TP A LB i T X B 4
HISCE, 1) 75 T —4F R B2 s 2) 76 F —4FRE R eSO fe ke k.

UL FEEMIRFRMAFTHEBER"RLBE (REBHFHF)

& A LI Bofir
BEE AR | PEAMFRABSAFENFHLN | KEA AR | FFEFHF A O E SN
HORR Ht PEARMAE S EEKXF R LR | P B S B W AT
WA R | EFEFAF A TR ) B | oF B S R AR A BT R
e AR | P ER LA F RS RIEL E R AR s BRI KA A R
BARE H¥ | ARRFHIAFEIRZ FhE FAR | PEREAF B RS E LA
FEH AR | b BRI AT TR AR | P EAF R TR
FAnfE AER | B E A R B AT T RER #dt | RAEFEXFAESHFFR
F R R | P EHFREAEDFTA KAEF LR | 7 ERABTAG IS P m &P
F K BRR | LT R M BT A AR | P EHF RS
Lokt MAR | EFEFHFR LN TR Ak BRAR | P EAE RS AR A
011 FEENTEZMAFTHEREREZE (REBHEHF)
" % P
Xt #HoOH# A K 5 B T
MALF AR b A BB 2k 4 B 5 R
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