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NERGEAAETE AL RBETELEMNMPCR 50, AR T L WAREARER A . A E
FLA A FHaER S IH (Saccharopolyspora erythraea ) A B4 DNA A ¥ B FH LB LS BBELEH T
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eryK) VAR BE-F permE A B . KA ETH 24 PCR A EcoR V . Not | o Xba | Bgdpis S AR5 A0 FE B F ik
MESHEARRA R EGET R TARAH A, A E T W sh R A B 69 £ 5 H 4R pSET001, pSET002
Fo pSET003, A KB4 H AL B TMME, WS HR A E TR AR DNA KB 8 LT A& R4 s
b3 R il S T4 PCRAR, TRAAMNE Vs AB i HELA S A LA R RO EAH
oA FEEETHGBERET TaAHK,
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Effects of Pingyangmycin on Mutagenesis of Male
and Female Gametes in Triticum aestivum L.

LIU Wen-lin' , ZHANG Hong-ji' , SUN Yan', TANG Jing-quan' ., YANG Shu-ping' . WANG Xiang-yu',
ZHANG Bao-hui®

(1. Crop Resources Institute of Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China;
2. Tenihe Farm of Hulunbuir of Inner Mongolia Autonomous Region, Hulunbuir 021000, China)

Abstract: In order to improve the mutagenic effects ol chemical mutagens, pingyangmycin (20, 40 and
80 pg+mL') were injected into the glume and sheath of two wheat varieties and made a direct effect on wheat
gametes by husk and sheath injection. Agronomic traits of wheat genetic offspring was investigated. The results
showed that in wivo mutagenesis treatment, the emergence rate of the M; of both Longfu 06 K508 and Longfu
06-6798 decreased with the increase of concentration. There was a difference in the lethal dose between the two
varied by glume injection, but the median lethal dose was not achieved by leal sheath injection. The two treat-
ments showed variation in plant height,growth period and awn type of M, and M,. Data analysis showed that
the plant height.ear length,and spikelet number of M, generation was significantly different to CK by glume
injection method. However, the method of leal sheath injection was not significant. Compared with CK.,the ear
length and spikelet number of the M, by leaf sheath injection method changed significantly, while the plant
height and spikelet number of the glume injection method changed significantly and extremely significantly
compared with CK. It indicated that the glume injection method has direct effect on male and female gametes,it
was a good moisturizer and the effect time was long. It could produce abundant variations in mutagenesis proge-
ny and be used in mutation breeding.

Keywords: wheat( Triticum aestivum 1., ); chemical mutagenesis; pingyangmycin; character variation
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A H Y B B B B BRBE 2 A A B DNA
F B L AT YRR A P D) DD 2 AR 32 B R
il AR E AT LRI 5T A A A A
9 11 B PN 1) Bl 7 2 8 2, (B 4K SR O Bk A T
DNA J Bt F Rl PEg ) A2 S 2 IRAY R R, H &
#Eff PCR(Overlap Extension PCR.OE-PCR) %
A B F HI AR i TN 5 9, 4T PCR R
filf PCR 7™ #) A Ui 12 i 8 B i , 76 2 J5 47 1 = I
o 3 ok T S Y R A, AT LOKE R A 5 R AN B
E#y DNA kBt #f 4 — 1> DNA B, E&
FEAR PCR A B B ¢ 5 2 8 B Bo4b 5| ) 1Y iR
7 PCR LW % fFF1 DNA RAEmEE. R
HESEM PCR A BoR M iF 203 HFE R
A AE LA I 7E SE PR fE st B eh = 4 H
M4 R, B B DNA 738 B /0 ol 3 AR 45 5 1
PR BLG L JUIE 2 Y 1Y B AR IR A R n R
o GC &a HAEEEFY, WAL % 4 PCR
B A e R Y L, L ER AR HE DNA i
B, fa gk e

H A B AR 7 38 2 T R
il 14 A ) s T Al 2 A ) Il ) 3 R A
PR TR M A i 3 10 R A 5 AR T IR U
HAMREMEMIET PCR R EMES, @i
i o B g — R, A I A A (R R, O I B A
SRHLT RS 45 G R AT B A AR i
5 32K BE AN [ 1 SR W TP T G 22 D 45 5 {5 D R A R
A fek Y B o U SR FHE & E i PCR 5 XL 1)
SEEMEE S Y E it B EE A5 H
A 2B (A AT E AL T LA R e P R A
HEEAZIER R B EH G, S A T )52
AW A BRI IS .
I R

1.1 ##
1.1.1 X EsAfE AB5ELL pSET152 K

R, BELEEREREF acc(D TV RHitEdRid,
pSET152 & {4 fE i 4 M IR 3 P % & iF A 66 % A
B A, 2 B TR A R A e R A R R R
FHEREE S AR . A7 o oA DG B bk B kL
RERIERLE 1.

6

&1 AP A E R A

W/ BB FERAE R
ARG P2 0N OAWHE T AW ARRERE
KIAFFH E. coli DH5a  JEFE FRER 1H AL AR AT
pSET152 LEH LA acc(3 IV ALK ERAF

11,2 XEAHHAGRA 4055 A 442 BOA 5]
R R TR AR A DA B BRI RR & (B A
% [E Omega Bio-Tek 2 &) ; Gelstain DNA k%]
Fil 2 X Power Tag MasterMix (Il B4t 5t 2304 4
W4 A A PR 7)) 5 6 X Loading Buffer fil DNA
Marker (Jb 5 RAR A LB A R A7) 52 X Tag
Plus Master mix (g &% i ME#E 4= ) B 5 B 5 R
SED BIRNE L B AR A R A FD s IR
il 1 A% B8R N V) EcoR V . Not 1T .Xba I (1§ H
New England Biolabs (NEB) 4y &) ; i 8 3 i 1
B a4 L (W B 35 H OXOID 2 5D BRfs # (H
A2 A A R s KRG8 A (bt i)
MEEYHEARERITIEAED  FALH T
i A2 A BRA D .

LB 7R3 1. 0 B %, 0. 5% B B
#,1.0%NaCl,pH AR,

TSBY B538 3. 1.5 %0 8 K, 0. 520 B BE 42
4,0, 5% NaCl,0. 5% KEEHEA M, pH AR,
1.1.3 PCR #3314 1 GenBank 772 $& [}
WA eryK 1 eryG J¥ 5 LA KR 8 F permE
B 454G pSET152 &4k 55 ) 11 5| 9%
AT Primer premier 5. 0 it {5 B FH i) i A
Sl 6B TAY TR RHBARARAE
BT 3 S v 45 5 5 L ER 2, I AR 4R A
BI5 1 aF» LA & B ik 2k A 4] DNA S8k, R 17
PCR ¥ 38 £ 15 permE. eryK (1), eryK (2) Fl
eryG 2[R B, Ho PCR SN 4 28 F o A S g 7
J(20 pl IR R) H:1 L # 4 DNA, 10 pL
2X Trans Tag H Fi PCR Super Mix, iF /% [f] PCR
14 (10 pmols L") 44 0. 4~0. 8 pl, AWK =
20 pl.,

B RiFR T < 3B AR BE AR i 56 B Sk B
TmEXHE.9 CHZM 5 min; 95 C A
30 5;50~72 ‘CiBk 30 s;72 CZEM 1 min(F
A 25 0 AT 30 ~32 NEI); 72 C I Aff
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10 min, [FiE FE 4 C, 47 120 B9 IR B 5 A
W -7 %8 e B8 A H 4+ HE 43 B, AR 6 £ 4 K/,
TEEAMT I BE—1 H K DNA £ F. A

o i O B R O AR R R A B R O [l
Wit (el Wi H R R B 9 A R T el A 0 A

x2 SMFIER

i B AR 5| ¥ & % 514
permE H[H P1-F 5'-TAGATATCGGTACCAGCCCGACCCGAGC-3'
P1-R 5-CGTTTCAGCCTCCTTACCAACCGGCACGAT-3'
eryK (1) 3 K1-F  5-TTGACCACCATCGACGAAG-3'
KI-R  5-AAGGAAAAAAGCGGCCGCGGACCTGGAGACCGCC-3'
eryK(2)#E[A K2-F  5-AAGGAAAAAAGCGGCCGCCACCGCCACCGCGGAAG-3'
K2-R  5-GCTCTAGAGGACCTGGAGACCGCC-3'
eryG 3L K G-F 5'-ATCAGCTGTGCGCAGGTGCTGTTGCCGTC-3'
G-R 5'-GCTCTAGACGCCGACTACCGCGTGCTGC-3'
permEeryK(DEAERFF PKI-F  5-CGGGAACTTCGTCGATGGTGTCAACGTTTCAGCCTC-3'

PKI-R  5-GGT AAGGAGGCTGAAACGTTGACCACGATCGAC-3'

eryK(2)-eryG EEIFH| KG1-F

K2G-R

5'-CGCAGTAGACGTACTTGCACTGCCCCGGCGTGCGCAGGTGCTGTTGCCGTC-3'
5'-GGGCGCAGGGACGGCAACAGCACCTGCGCACGCCGGGGCAGTGCAAGTACGTCTA-3'

1.2 Hi&

1.2.1 permE-eryK (1D ER R EWMER FH
HBIEM PCR, 5 —% PCR: A. ) [ di %5 FH &Y
permE B[R B, #5494 P1-F/PKI-R ¢~
W permE BH ) BEINS eryK (D B M ESHSM A
Bt permE+, 316 PCR =9yt 17 da yk 4 00 ; B. L)
AW eryK (1) 3 B R B 8 AR A A 51 9 %
PKI1-F/KI-R Y4 eryK (D) FEEH NG5 permE X
HESMH B eryK (1) +,PCR I 1k 2 K M
A [/ eryK (1) Fk R 3 18— #F ., W) #E 0E 4T L ik ke
M58 — 4 PCR: AL 43 B F % e [ g 38 701 & Il g
S5 —%& PCR ™4, I 5 L J3E , 81 4 A i i) R 2
&, L permE+ Fl eryK (1) + B & FEAE A AR,
LA P1-F/KI1-R 24 5 ¥ #1756 — % PCR, & PCR
PR G H H B R B permE-eryK (1) 3 17 i Ji 9]
WAL o G 0 HC e R A R A o R A L
F I5 L2

1.2.2 pSET00l Eam#H eyt O . %
AN permE-eryK (1) R A K B, il 3 B ) 1) %
27 R G PR BT % 8. % A 50 pL B9 UG BT IA
#:EcoR VHl Not 1 WUIEG& 1 pL, 22 Wil
Buffer 5 pL, 2 &5 B 19 5 B 4 ¢ 247 B V) g ol
W B 1 pg AhFEKE 50 pL;37 CAKEEEY) 4~
5 haid 7%, 65 C 20 min {# [ 2 05 , % 5 0 i B

DI e, QEHRER—MR R 10 pl, &
RS b Bz ) BEJR b 1 s 33, L i RL
DNA 50 ng, H# DNA 150 ng,5X T,DNA Bufi-
er 2 uL, T, DNA ¥ 48 1 pL. %0 ddH,0 %
10 ply16 Cl ik, @ fb: # 100 pl 1y
DH5a KM #F T RS2 AR 40 P A 10 pLl 1) 3%
PR AR S) . VK B E 30 mins42 CKIEG60 s,
7K 2 min; filA 890 pL LB AR 34,37 CHt
REEL hs5 000 remin’ ] 48 2 000 794040 L35, &
200 pLHYPURE RS WK A T8 Apr(70 pgeml ')y
LB #5355 10.,37 ‘CHi3E 12~16 h, WL 45 5, i it
PCR 4" 1§ s yk 462300 . %7 20 8 5 PH PR 36 20 4004, ik
i — 21 4 b BH P TR R DT R B AR, R OO 48 it
7 & PR IUTRL DNAZEHE 50 L. 1 XU U] 14 3
F137 CoK v Ik 52 1 U, il U0 7= ) 3347 B i o P K
R, 3541 H 59 2570 KN 5 B S R il L) 48 2 5 Y
WIMRE AR 2 A T A TR ) M R 2 A i
A7 B 2k R R B 90 A o ) I 5 SR S TR s B
(4 7 B R AT L X6 S AR B3R S 100 26, JU 43 B 7 40 2%
P 2R .

1.2.3 pSET002 4 & Aey#hE FIH Not 1
1 Xba 1 BV % 1% 8 4 2 & pSET001 5 H 1
R Bt eryK(2), ¥4 3 3k 15 T 4 £ & pSET002, i
Brad B 1. 2.2 foR,
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1.2.4 X B KA K permE-eryK (1)-eryK (2)-
eryG 89 3K BL  [AAER A EE & 4k PCR, 43 J| LA
Ak pSET002 Jfiki DNA FIZKG 1Y eryG FE[H
R AL, R 5 X PLI-F/K2G-R #1 5] ¥ %
KG1-F/G-R #4745 — 4% PCR, 3f KL% —# PCR
PYN SR R 51 0 AR UL PLE/GR i
BlYIX . AT 4 PCR 4E 35, A 315 3%
R R Bt permE-eryK (1)-eryK (2) -eryG , B &1
et S 1. 2.1 M.

1.2.5 pSET003 Fa & heg#E  FIH EcoR V
Ml Xba T WUEEY) 3% # pSET152 #fk 5HE K A

1 2 3 R

Bt B permE-eryK (1) -eryK (2)-eryG . #8) # 3K
5 4144k pSET003, XKt 1. 2. 2,
2 RS0
2.1 permE.eryK (1), ervK(2) R eryG EEHF
B HIFREX
LALT € 0% 2 900 5 4 S N 41 DNA SR . 47
eryG K/NA 1 455 bp; permE K /NH 284 bp;
eryK (1) K/ 1 233 bps ervK (2) K/ H
1 657 bpf 4 3L [A R B, e & 50 B 4K A5 15 ok
PL R 2 FE 1Y eryG, permE  eryK (1), eryK (2)
HH R B(E 1FE 2.

1~8:eryK(DRH F B (1 233 bp)39:100~5 000 bp DNA Ladder; 10~17; permE 3£ J B (284 bp)
Bl 1 permE F eryK (1) % E kel 45 R

1 2 3 4 5 6 7 8 g 10 J1y 123 13

U L ) V) ) ) L L) L) ) )

K 1~d:eryG #H K B (1 455 bp);5: 500~4 000 bp
DNA Ladder; 6~13; eryK(2) 3 H B (1 657 bp)
B2 eryK(2)H0 eryG B KGN 2 R
2.2 permEeryK (1) ERARK BRI
R FAE M PCR B 07 L& T permE Fi
ervK (1) 18 8| permE-eryK (1) R H H B H
1517 bp(E 3).,

Wil 1~2: permE-eryK ()M FBH(1 517 bp) ;
3:500~4 000 bp DNA Ladder
B 3 permFEeryK(1)EREBXRENLER
2.3 pSET001 EAFHEMHE
1 permE-eryK (1) 3 H B 44k [ Y )5

EcoRV #l Not 1 41 5 Xt permE-eryK (1) Fl
pSET152 {4 it 17 X U , 206 4k 151 0 |5 U 1 Bt
I [E1 e DNA B2 F AT N . Y

8

AL 2R BAFRE S, A2 LB [ 455 I
37 CHi#% 12~16 h J5 PRI SE R4 W i PCR
IOAE . 25 B 4 s A H A& BRI
KB SR BUTRL DNA 547 XS 36 0F , 6 91 2
W (9 T 20 3R PR R A 2 4E T Al iy, I P 45 R
#:31 SnapGene 45 Genbank J& 54 b 3. L
X 45 H R g 99. 9270 B AR 8L 10 B 2+
pSET001 T 2H Zh {4 .

ki 1:100~5 000 bp DNA Ladder; 2~6: permE-eryK (1)
FEH L 517 bp)
B: SHESFERPCRETHKBRNLESR
2.4 pSET002 EAH MR
PR E A &k pSET001, 2 B Hi
DNA, ] Xba I #1 EcoR 'V 43 5 %F 4l 4k 0] 45 5 /4
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eryK (2) B (5 F B #1821 i3 b pSET001 # 47 X
i), 8] Wi 2 fb Al U0 e B, A I (8] e DNA ¥ 3 JF:
HATERER N .. EETYEAZERBFRET. R
fZE LB EAEFRIF 37 CHi3F 12~16 h 58k
PR o [ 64T B PCR B3 A B &4
VR4 K B 9%, 42 UKL DNA 17 PCR 97 1§
eryK(2) 3N, F#f F Xba 1 Fl EcoR V BUEEYI 5
IEFE A AL pSET002, 85 R 4n& 5 Frw . ¥ 4 25
W P TR LR AR R R R A T, W P s R &
SnapGene # {f 5 Genbank J§i FF 4 K /N H
3 174 bphy permE-eryK (1)-eryK (2) #7487 b
Xt o LTS SR SR R 99. 94 26 (¥ AH ALY , 156 B B2
f9 g pSET002 i 4H # fk

1 2 3 4 5

5 715 bp|
5000 bp

Ad74bp 3000 bp

2 000 hp
1500 bp

Wi 1~ 3: EcoR V fl Xba 1 % AEY) % iE 5 4 8%
pSET002; 4: eryK(2):H iy Bt (1 657 bp);5:100~5 000
bp DNA Ladder
5 pSET002 B F#s PCR K 3B ] 38 iF B ik
i &5 R
2.5 BEE XK K permE-eryK (1)-ervK (2)-
eryG B3R EL
A FAE & GEH PCR 9738 AR IRAG KA K 2y
MR 4 615 bp By permE-eryK (1)-eryK (2)-
eryG JER K R B, W E 6 Frs, [IE S T4 & K
R B i, el S e AL e R A A,
PEAT S L J5 1 RE S A A AR AT MU B T R
.
2.6 pSET003 EHRFHEHHE
P K B 9F 41 # K pSET002, 2 HU 5 KL
DNA, f EcoR V #il Xba T 43 5% 2 4k 54 5
permE-eryK (1) -eryK (2)-eryGG & H F Bt Fll i
MR ER pSET152 k47 XU I, (9] e 2 1k i U0 A
Bt |1 e DNA #e B2 JF R 47 e il v . 1 4%
PRI AL R I FE T P L A R LB R 8 3R I
H 37 CHEiFR 12~16 h J5 Pk ECH 50 [ U517 B
PCR 30l K A7 H 09 2270 09 B MR 8 37 2 L
Bt DNA #47 PCR 44 A1) 46 ik . B D) 25 R

W 7 B 0 2 0 B A R A A R AR T
R W 45 R 22t SnapGene B fF 5 Genbank
JERFEH] permE-eryK (1)-eryK (2)-eryG #f { #E
FE Xt BT &5 5 8w R 99, 90 Y0 A AR AL L 58 B
it pSET003 HAH .

4615 bp

il 1.3, 4: permE-eryK (1)-eryK (2)-eryG Ft A K
(4 615 bp):2:250~10 000 bp DNA Ladder
B 6 permEeryK(1)-eryK (2)-eryG BEEX R BB%
WilgE R

1 2 3 4 5

5715 bp
4 615 bp

Wit 1~2 1 4~5, EcoR V 1 Xba T 355 50 3iF 5 26 2% fk
PSET003, 44351 5 715 bp W I 44 42 HE A1 4 615 bp Y
permE-eryK (1)-eryK (2)-eryG H: [ K H B 3. 250 ~
10 000 bp DNA Ladder
B 7 pSET003 EHEHAEEIIEIEBKKENER
3 giwhite
BEMERS FAEWERTE AN TFRZ
—  TEBE A HA Al T AR P AT AT — R S AR
A Ay et 7k A T R AT G i S A e L A
il 168 0] R 124 A At 10 B DR 2 A8 AR it T AR 4 S 5
SR e PR IE HY v R U7 I B R A ] A A
HERA. BT RETE—MRBHA R H2
P52 458 TE— B AME ] REA ROk B4 2k
AR SCEE ST Y T A PCR-BE VI 42 8k A TR
W) 4 5 R B T PCR P43 48 55, s IR T BR
] B U 6 a0 52 PR T RS R B B 1 4 1Y )
R TE AR Ao A o 3 i S PCR KB4~ H I BL
B B3RS permE-eryK (1) b B, Bl 1 738 9
B 5 M H EcoR V fil Not T XUE§Y] il 1 T,
9
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DNA % 827 i K 3815 1 permE-eryK (1) B [H Fe kB A B B0, M 25,2016, 28(2) :249-251,
F R Bt 5 pSETI152 # (k4 &, #5158 & 41 & & (2] oYL, AHLRE . T4, %, XUN B0 A R 35 3 41 5 ok i g pMIR-
pSET001 KK ¥ ervK (2) Fl eryG 5 pSET152 reporter Z e (9 bt & (). o [ 7 B A 4 2 Ak &5, 2015,
ﬁwL:}% f‘ %1‘% PSFTOOZ iﬁ] PSFTOOS Eéﬂ 10(6):495-499.
AU BB T 3 A o T TR R ERER SRR EAE
4 Jr B M 6 (08 WA L, L B Eﬁ;ﬁ’ijmwmm HRESEe
%;égiiﬁ?iﬁiiiiiﬁgﬁigii 4] ZEME3E, 4, T BT, %. F I8 B SOE-PCR 4§ A & %
: AF TuMVC4-VPg 3 FE[T]. # [ #3,2017(10) 1 39-44.

T B R A [5] Hilgarth R S,Lanigan T M. Optimization of overlap exten-

AT IR eryK 2l eryG 2 2 sion PCR for efficient transgene construction[]]. Method-
21 (08 2 100 7R P 2155 3R B RO 56 A PR A 5% B PR ik X 50507 106759,
ApE N, Ay I SR AL ery K RN eryG NI (67 goah. T00A 203 %, SOt 9 5 J7 BB A8 4 ) PCR
Feik, LASE BB 2 Bk S AR, )RE B HE— 20 e b VESEP 0 e (1], b [ A 4 T 4 5, 2019, 39(8) ;
e fR R = i B SRAESEM PCR & 52-58.
EcoR V \Not T fil Xba T BV 5 4025 5 1) 3% 2 (7] ZHE UAEBEMPCRENEB IRATEAR
FIEMESA 2 HE R B4 % W 4 KA R, {KIDI. W« WA A, 2013
.l T T A AR LA M FE R R [8] ZEak HRILH.BRz . 45 T4l Tolb o (o b 2 F i f fh 21 28
pSET001,pSET002 Fil pSET003, e & 3515 5 A ZREEW A S]] H E b4 E J &, 2009, 34 (3) : 152-
ZNEFMEHERE., TR EHENEHR 155,180,

[9] Chen Y,Deng W, Wu ] Qyet al. Genetic modulation of the

& pSET001,pSET002 #1 pSET003 i i3 J& (6] £
EHRBHRAZLABEZMAET  WELTR AL
W E G R AR RS AR AR,
S 3LHk:

(1] RS#, R AR5 M BTN NEER

overexpression of tailoring genes eryK and ervG leading to
the improvement of erythromycin a purity and production in
Saccharopolyspora erythraea fermentation [ ] |. Appllied

and Environmental Microbiology,2008.74(6) ;1820-182.

Construction of Streptomyces Expression Vector by
Overlap Extension PCR-Enzyme Ligation

TIAN Ping-ya,LYU Miao-maio, YANG Guang-yao, MA Ci-lang,NIU Chun.ZHANG Ping

(Ningxia Tairui Pharmaceutical Company Limited, Yinchuan 750101 ,China)

Abstract; In the era of functional genomics.a large number of vectors constructed were invoved. Therefore, in

order to establish a multi-copy tandem expression of exogenous genes in Sireptomyces.the study use a combi-

nation method of overlap extension PCR and double enzyme digestion to construct the expression vector of

Streptomyces. Genomic DNA of Saccharopolyspora ervthraea was used as a template to amplify synthesis-re-

lated methylase genes of erythromycin O-methyltransferase (ery() and C-12 hydroxylase (eryK) ,and with the

promoter ( permE) ,a combination of overlap extension PCR and EcoR V ,Not | and Xba | restriction sites

use to construct a expression vector in Streptomyces with multiple gene fragments, Expression vectors

pSETO001,pSET002 and pSET003 which carry with exogenous genes were successfully constructed, and ob-

tained recombinant plasmids containing multiple genes, When constructing a double digestion vector, the availa-

ble restriction sites on the vector or DNA fragments are limited. By combining overlap extension PCR technolo-

gv,it is possible to quickly construct recombinant vector containing multiple genes useing less restriction endo-

nuclease, provided a recombinant vector for the transformation of erythromycin- producing bacteria.

Keywords : overlap extension PCR; pSET152 Vector; restriction enzymes; ligation
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