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Modified Method for PCR Cloning of Soluble Acid Invertase
Gene in Sorghum bicolor

ZHONG Hai-li ,NIE Yuan-dong, WANG Zhi, DUN Bao-qing, LI Gui-ying
(The National Key Facility for Crop Gene Resources and Genetic Improvement/ Institute of Crop Sciences ,
Chinese Academy of Agricultural Sciences ,Beijing 100081 )

Abstract : Soluble acid invertase (SAI)is a key enzyme in sucrose metabolism which takes a pivotal role in sug-
ar sensing and plant development. It is necessary to find a simple method of cloning soluble acid invertase gene for
genotyping a large quantity of breeding materials or germplasm. Based on known full-length sequence of SAI gene
obtained by 5 segments PCRs and assembled in our lab,in order to further find a simpler one,we tried several strat-
egies,i. e. one time cloning for full-length sequence, nested PCR, two even fragments PCR, and two uneven frag-
ments PCR. And only was success achieved in two uneven fragments PCRs with a set of special PCR parameters. Se-
quence analysis showed bases of GC was strongly unevenly distributed in SAI-1 gene sequence,with a high GC con-
tent(69.6% )in 635 bp PCR product of the first fragment, with highest over 80% in some region of this segment.
Except for high GC content,steep change of GC content may be another factor that affects PCR result. The suitable
strategy for PCR cloning SAI-1 gene is through an approach of two uneven segments PCR with an annealing temper-
ature difference.
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e SR AP R | R T R AL C4
YY), BATAE Ak BRIR G 2R R E TR T
AR X R AR R R
IEBEWNREZ —  ERER MR E B D A E
BRI M5 LA (invertase ) J2 M 5 AY G 4
PEITH ) R KRR |, AR L T A4 i {3 T
LA R4 EE Inv V&I Inv FZHHE Inv ; AR 4 HK
LR A AT Inv FURTEYE Inv P AR oA
& pH A3 R Inv AP/ BRAE Inv B0 —
A U, VR Inv 38 H R R 4R AT T R M i AL
(SAI, soluble acid invertase) , WF5% B, NEVEY)
SAL IR EH AR R, FEF A, dit SAL 1Y
FEHEEA 1A, R TIvIEY fE S e
Inv BURERLA | A4S, PALIT™ | TAERA#
SRS SAT MBERA 2 A, 0 ST A S, fEf
M gt SAL 1S AAT 2 A4, 4000 R AiBfruct3
I AuBfruct4 ™, 7 BRI A (R WF 5% 25 B, 16 i 3R
o gifi SAT LR AT RE KA 1 A4S, SA- 17D
At s b, SAT BE PE 5 FEWE A9 AH DGR & T NI, SPS
i sstel

Bl 5K TR K o FAE 2 I R R, kDR S
B 7 i ROR R 22 B A, 56 PR e e )y vk 3 A i ok S
JE il TIRE ve %, PCR ¥ 3, 2 0o v B, 22 3l 42 58
gk s S 2 Fp Okt T Bl HOR £ SR
) e R R 47 56 DR AL 1) 00, {45 [R) U5 PCR 5 o g
SR — iR | 5 v AR A 3 R 1 vk T e bR
IO R R T BB R A e
PRI 7 23 A Z 1 AL TR PCR e B AR sape T
SAI-1 FE R4y B, Jo 5 v S 5 R A L X &
B, O nbE SAI-1 5N 7 B 2 i th i R — B v o =8
M., ZIEES AR Bt 519, 84 PCR =
B, ol X B 1A B Rl SR ] RT-PCR 52
B T%FER A cDNA &K (Bl Tz R ek
SIS BEE BN Y IS B R, BB T 2
SRR SAI-1 FER X Bl 5 vk AR N B I, TR
B —F 5 T 7 ST R R SAL-1 SE
e RN | Bl = W LN D R U< E 5 N
X HF,

1 #MBE5ERE®
1.1 ##l
MR RE A B 3R A Fl MIN-3466 , A AR A4

A7, 2013 4F 5 H T E RO B2 Be A Pt 2 it
FEITE VIR S gk A, 3 R Y R RR 4

M, BT UkENH R, T - 80 °C HKIR VKA N ARTE
FT 2N 2H DNA BYH 5,

KOD-FX DNA % & J J T TOYOBO 2\ +l,
AxyPrep PCR ¥ i 050 &1 F AXYGEN, i Bl ik
FIEW T QIAGEN 24 W), 75 50 P i i 12 1250 &
DHS5 o KT I 32 25 20 e ) F R AR AE AL B (b
O AR T BRI & Axy Prep™ Plasmid
Miniprep Kit 14 H AXYGEN 2\ &l , FoA 57 £ 4 it
F = A 0], 516 S 0 A S &
HERIE B e A A7 FR A B 58 1
1.2 #HSREEZE DNA HRE

TS S - BE DR ZH DNA 4R B V5 R 1 CTAB
25, R 19 (09 3R WG e v Dk R0 58 A1 43 O BE T
KRB DNA [ i h Fik i
1.3 PCR =PERMEKRESIMHIETT

K B v b (X955 oy B, N Aoy B ) (R
Ry B3 PCR S5 1k, MRS GenBank %
TC Y B TE R RS 3 SAL-1 F£[H ( GenBank accession
no. JX535517 ) Fe H7E vay 3 56 R 41 v (9 4o B 4R 45
SAI-1 R F 5 K KW 751, IEAR 8257 51 % 11 2
P4 K514 SAIL-F SAI1-R 1 SAR2-F SAI2-R, Hrh
5149 SAIL-F SAIL-R JIr 4" 54 1) 7 Befor 75149 SAL2-
F SAR2-R FR4 G0 v Be oy 34 55 00 B B 111 2
Xt |9 B SATF-F SATF-R F1 SAIL-F SAIL-R , #% SAI-
1 B8 2 KBRS B Bedb i r 38 2 M A
Bela) & 168 bp B E S, PRZ [ 153 SAI-1 HEH 4
K, AR B . i B A Iy 2 e i, (B
TSR 9 v, SAL-1 JE M E s — BeR ANy
), eI 2 BEBME a R, AR IZ R HUT 51 WA i 7 571 152
11514 SAIA-F SAIA-R ¥ Bz Fr Bt iR 4% SAI-1 3
751514 SAIP-F  SATP-R 448 1.5 1 i 22 %0
A BE W R BRI A 78 bp S, PHE [ 15 3 SAI-1
KRR, 5IWEBIWE 1, 51 WA H p A &
W,

1.4 ERFERE

1.4.1 SAI-1 EE£KTE JH SALL-F SAI-R 1E5]
Yy, LATH T 3 b MN-3466 LK 20 DNA g REpR b 318
SAI-1 B A4 PCR [N 45 1F:94 °C Fl28 % 2 min;
98 CAE 10,55 CiH 4k 30 s,68 °CHE(H 4 min,30 4>
P ,68 CHEH 10 min, SV AYEMAR 50 pL, Hrh
2 x PCR Buffer for KOD FX 25 wL,dNTPs(2 mmol/L)
10 pL,ddH,0 10 pL, B FHESIH (10 pmol/L) 4%
1.5 pwL,KOD FX 1 wL,DNA #it 1 pL. 1% BflgkE
BE RS L VKR I 3 7=, P a3 2% QIAGEN /Y
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Tablel Information of primers used

LB JiiBzs SIMFESI(57-3")
Primer name Use Primer sequence(5'-3")
SAIl-F Rk CCTCCCATCCTTGATTCTCTT
SAIL-R GAGGGAAGCGAGGATATGAAT
SAI2-F TTGCGGTTTGTTCTTTCA
SAR2-R TATGTAGCCTCTTGTCTTGC
SAIF-F Y80y B il CCTCCCATCCTTGATTCTCTT
SAIF-R AGTCGATGCACTCCCACATCC
SAIL-F ACCCGTCGGACAACACCT
SAIL-R GTAGCAATCAGAAGAAAG
SAIA-F 55y B sk CCTCCCATCCTTGATTCTCTT
SAIA-R TTGGGATCGTTCATCCAGTTC
SAIP-F GTGGAGCAATGCGATGCTGC
SAIP-R CAGCATCAGATGTCCGTGACC
SAI2-F— < SAIR-R
SAIl-F—> < SAII-R
1210 637 1469 2374 3273 3966
SAIF-F—> SAILF > AR = SAIL-R

1210 637 1469 2374 3273 3966

SAIP-F—
SAIA-F> —=SAIA-R ~SAIP-R
1210 637 1469 2374 3273 3966

bR R A B b T AN B
HikFTRIMNL T HARRNE T
The upper:full-length clone, The middle:two even fragments PCR,
The under:two uneven fragments PCR,Solid arrows denote exons,and

the lines between them represent introns
B1 AEEERESIMLE

Fig.1 Sites that primers located in different clone strategies

QIAEX ® Gel Extraction Kit UdPH45, [ =45 70
GRS T A KIGAT R DHS o JERSZ S Hifl
S RMRFET sl AR G U 45, 5 Amp
(60 wg/mL) [ LB Bifig P A I Fest b 7%, wivk
PCR %7€ 4% 3 DIV T 400 T WA LB (Amp:
60 pg/mL) FEFEHE I SR SRR

1.4.2 HEXTE SAI-1 EE  F SAR-F . SAR-R
YEG 14, LATHTE 3 MN-3466 FE[H 4] DNA i 31
SAI-1 K 42K, PCR ¥ ¥4 27 94 °C HIAE 12 min;
98 C7EM:10 5,51 CiE 2k 30 5,68 CZEMH S min,30 4~
MR ,68 CHEMH 10 min, FFH AxyPrep PCR J& 15
&6 PCR Pttt alifl, LI4EAL)S i PCR P91k H
Bk, PSS 1 XK 51 ED SATL-F SAIL-R #47
% PCR §"34 PCR ¥ W4FE /¥ \PCR ¥ 4K R =9 [l

W K FERE TS 1.4.1 v SAL- 1 BRI A KTk
1.4.3 HESERETRESAI-T EE /5L SATF-
F SAIF-R il SAIL-F SAIL-R {E51 4, LA#i i % MN-
3466 HEKIZ1 DNA SRR 4 1S SAI-1 B A B X
Jet B, B PCR & SRR .94 °C 128 7% 2 min;
98 CASE 10 5,64 CiB 2k 30 5,68 C ZEAH 2 min,30
AMEER,68 CHEM 10 min, 5B PCR ¥ 18R F 5
HIE B, PCR 54K 5 |7 4 11 i K e o Ty
%% SAI-1 FEH KM ik,

1.4.4 AHESETE SAI-1 EE ] SAIA-F,
SAIA-R YES 14, LA = 5% MN-3466 3£ [K 2] DNA h
TS 4 184 5L DR 40 v R R A B AR T
94 CTHAEME 2 min;98 C7ZEME 10 5,61 CiE Kk 30 s,
68 CIHEfH30 5,30 MEHF,68 °CLEMH 10 min, §31
KRS 4.1, 7 1% B JIE A e e e TR
PP S % AXYGEN 4 AxyPrep PCR i i i 57
18 45, JH SAIP-F, SAIP-R 1E5| %9, I & %
MN-3466 J£[HZH DNA S 4 4 55 0 2 v oK 1 R
BiZ R BF P AR 94 °C FAE T 2 min;98 C
AR 10 5,60 °CiE 2k 30 5,68 °C ZEH13 min30 s,30 4>
PEHR,68 °CZEMH 10 min, , P~ 012 % QIAGEN Ay
QIAEX® | Gel Extraction Kit JI 45, Tl k2
% SAI- 1 FEH 2K,

2 ER5HMH

2.1 HERHHEESE DNA FIRE

FH 1% 1 B¢ i B 358 e v Kk A 0 22 B0 56 9] 241
DNA, 45 5% Wiy B i oe B | 58404366 BE TR
W R BT R VR FE T 300 ng/ L, 0D,/ 0D,
e 1.8 Zifa.
2.2 SAI-1 EFEKREE

fdi FH A K WE RS [ SATL-F SAT1-R X LR 2 v
SAI-1 BERHATY 3G 25 R LI PCR Fa i PE# 2, M
Y AR TP SRR AIME T 25 1% SRR BEEERS R
TRAE T o H AR SRS (& 2) e Tl i 3 4%
AV )R VRS AR, 2 JE BT T L
XF 5| W HEAT e AT A RS P v
2.3 HE3X PCR =[Z SAI-1 EE LK

JH SAI2-F  SAR-R A5 9, DL 3 B X 21
DNA Az 4T PCR 973, 7“1 4: PCR ;=¥ 4lifk
Je PR AR, FHS 19 SATL-F SAIL-R #E4T PCR ¥~
W BDRE SAL-1 BERI#EAT LA PCR 74, 1% BiJIR
WHEE IS LUK 7R 51 1) SAR-F SAR-R A ¥ 14 548
(B 3)  LLgtifb ity =9y kit , 514 SAIL-F SAIl-
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R XY WORRE = A Hbr 4y, 850 PCR R RE Y
1,514 SAI2-F F1 SAI2-R 9" 84 14 7= 4y ] fig A 12
SAI-1 FE A R B
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M:DL8000 #ic;1 ~2: SAI-1 JEPHPY 1 4717
M: DL8000 marker, 1-2:Amplified product of SAI-1 gene
B2 SAI-I EEEKYIEER
Fig.2 PCR profile with full-length clone primers
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M DL8000 #5ict ;1 :SAIR2-F SAI2-R 5| ¥ 14 &7
M :DL8000 marker, 1 ; Amplified product with primers
SAI2-F,SAI2-R
B3 F35|4 SAR-F.SAR-R #1& SAI-1 £
Fig.3 Profile of PCR amplification with primers
SAI2-F and SAI2-R

2.4 HESEZE SAI-LI EF

51 SAIF-F SAIF-R F1 SAIL-F SAIL-R #i*f
519, LI 5 MN-3466 (320 DNA iy #5 4i F
17 PCR 788, P=W 28 1% Sl M I Fi K ARG 0 35 7
RAFH I B — VG W 1 257l (1 4) {HXS T SATF-F |
SAIF-R ¥ 38 7= 94T PCR 729 JB2 (a3 45 7= 49 Al
e ARE R R S AR B P R (K’ 5) . B&
Z BTG B | 0 FLE AT Sl Y52 B v B Al
i, SAIL-F SAIL-R 4" 3™ Wit 47 e [l -4 7 4
A v B2 A 2 e B I mT LAAS B B se i (K 6)
PRI P B 7 3k A G 7, S BUBOREL , 3K T Y, 42 )7 471
FoXT SRR S8 BARE 1

2027 bp

(bp)
8000
5000
3000

3000 2288 bp

1000
750
500

250
100

M:DL8000 Ric; 1 :SAI-1 BBt 4 ;2. SAI- 1 J5 2 BLd 1
M:DIL8000 marker,1:Amplified product of the first half segment,
2 . Amplified product of the second half segment
B4 SAI-1 EEHERYTE
Fig.4 PCR profile of the two halves of

SAI-1 gene sequence

M:DL8000 #Rict; 1 ~10:SAI-1 1B 4 e P 1 47t
M:DL8000 marker,1-10 ;The amplified product of the first half
of SAI-1 gene
BEl5 SAI-1 BT$REEERE
Fig.5 Profile of PCR of the first half of SAI-1 gene
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M:DL8000 Ric ;1 ~10:SAI-1 J5 B v e
M:DL 8000 marker,1-10; Amplified product of the

second half segment

Bl6 SAI-l1 E¥REELEE
Fig. 6 PCR profile of the second half
segment of SAI-1 gene
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2.5 AL RBESEIISH

JH SATA-F i1 SATA-R 1E5| 4, DL = 58 &
MN-3466 520 DNA MR #17T PCR 9715, 4 1%
TR 5 L ARG ] LA A5 3 A ok B — 1 2 (TR
7) 5 FE Y R AT PCR e alifk Rk, I 5 ok
AAME R el S8 (8, PREUPH M v B o V5 i
W%, S WO AT )T, R SAIP-F | SAIP-R
K514, LA S 5L AP MN-3466 HE[R 4 DNA S
WRUEAT PCR 948, 28 1% B M 68 i v TR AG I, T LA
HAFIERG RN 2570 B A 244 (|1 9) , P73
YA T VIR O 5 re e SR i B Ak % (]
10) , BRICPH 14 o Bt B 5 e R 355 7%, 2 BB s 2 4
Feo W 45 20 /0 R 51 L IR IE, T R AS R R
SAI-1 FEHFH

M 1 2 3

(bp)
5000

3000
2000

1000
750

500

635 bp

250
100

M:DL5000 #RiE ;1 ~3: SAI-1 HijBed 1
M:DL5000 marker,1-3:Amplified product of anterior
segment of SAI-1 gene
&7 F SAIA-F #A SAIA-R 5|33 SAI-1
EERTER Y 1E
Fig.7 PCR profile of upstream segment of SAI-1 gene

(bp)
5000

3000
2000

1000
750

500

250
100

M:DL5000 #RiC ;1 ~3 : SAI-1 Aij B 5o 2 5
M:DL5000 marker,1-3; Amplified product of the anterior
segment of SAI-1 gene
8 SAI-1 BERTREELEE
Fig.8 PCR profile of anterior segment of SAI-1 gene

M 1 2 3

(bp)
5000

3000
2000

~———3409 bp

1000
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500

50
100

M:DL5000 #ic ;1 ~3;SAI-1 J5 Bt %
M:DL5000 marker,1-3;Amplified product of posterior
segment of SAI-1 gene

B9 SAI-I By 1E
Fig.9 Profile of posterior segment of SAI-1 gene
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5000

3000
2000

1000
750

500
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M:DL5000 #Ric; 1 ~3:SAI-1 J5BEra ke 4 e
M:DL5000 marker,1-3;Amplified product of posterior
segment of the SAI-1 gene

E10 SAI-1 GEREELE

Fig.10  Profile of posterior segment of SAI-1 gene

5149 SAIA-F SATA-R ¥ 34 SAI-1 B K riS 21y
A B EEZ) R 635 bp, 50K /IN—34, i 5 sapE 4k
Wik HeAbfs S LI 300 bp A4, #k 3 4>
PRTEEATHE I SRR, 45 S8, HEA T
RERTE N T 18 R AL Bl 5 R T

2L FE, 514 SATA-F  SATA-R 474 v [ A4 i
Bt A 635 bp, H SAIP-F SAIP-R 14 5o Y J
BIFAIK 3408 bp, HTELY 1751 635 bp (AARFEA
BCA L BRIERS A 13.86% , SIERS G 32.28% , M iR mEHE
T 16.54% ,JEMERE C 37.32% ,A + T 30.39% ,C +G
69.61% ,JET& & GC F B, JaBy ¥4 Bt 3408 bp
HITRELZH M A 22. 68% , G 23.36% ,T 24.79% , C
29.17% ,GC A1 52.52% , =i 3eSAI- 1R 751 4
3965 bp, H Bk K& 41 8 R A 21.19% , G 24. 69% ,
T 23.63% ,C 30.49% , H:HC + G55.18% ,,

Z S5SNI ESEEF AT 5 (GenBank Ac-
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cession NC_012873. 1) FbXf & B, FE K 4H v pir e 2 A9 52
Frfr BE < 450 bp, i F /&5 5 MN-3466 SAI-1 HE[H (1)
545 ~994 bp ZJal, H: C + G Hufi 43. 1% Il Kms A
BUPHIPHE 5 5] SAI-1 FEH 4K 353965 bp, 5
B4 T e SAI-1 £ K JF 51 ( GenBank Accession
JX535516. 1) MM 99. 3% , WERAZ E S IE/, 2
Jo , AR PRZH F N 1 45 E B XT 136 493 i S A4 R
SAI-1 FEHFPEAT T vl , i — A UE 2 T 17,

kB T R SRR SAL-1 KL GC A3 AR W
100 bp DNA J#HI) GC & E#IT4H(E 1), H
FIRT L, SAI-1 3£ GC By 43 A ANSEA7, A1 8 e 41
GC 7t i 5 5 , e i Ab AT ik 80% LA L TN & 1
X, GC & &t ¥ AR, Fe ik 30% LT, —L2EIX B
GC &2k sh, e hn 301 ~ 1100 bp, GC &+ M
301 ~ 600 bp HJ 73% ~ 81% , = Jl [% % 601 ~
1100 bp) 37% ~44% o XFh GC & 5 Ji ZL ik sl ]
REAE B B RERY IR 2 —

GC&E (%) GC content
B
(=]

S AN RIS D
S "»,Q (,)Q N qQ \\Q \,,JB\;)Q \(\Q \QQ W\Q q,:)Q qrjh ({'\Q "95’5\“’5%5’56“ ,{\Q,\)QB

WEEA B Position

il -— S
S'UTR Exonl  Intronl Exon2 Intron 2

11 SAI-1 EEFS GC 22 HE
Fig.11 Distribution of GC content of

Exon3

SAI-1 gene sequence
3 iies%®

BEE o 1R AL o MR B S R
1) 2 Ji | B IR o e 1) i R R A | SR IR s R
RANNSERE,  H AT AR A v £ I TR
ARV Bl S K- AR FH K, TR 41K
SV v B A BRI pa R B VR TR AT | TR T
G BT L S 4] KT i 5w I vk R A Uk 2
22 .mRNA 2253 /R % | 36T 26 1 FOK S A9 5 e 7
AUIBErilE BERE RIS RS, SR SERE T 1A
AN W ARE LA SRR A S e ik, H
HITEL s P AR ) ] VA M R R e AL B S I 2 R L T
SRR TR, SR G M L, A SCR ) R
SRAR ARAERT A AR

B AP 1 v e R A ST R DI RE AR iC T &

F—ZRINRAEE L, BARLSFIEA PCR HER
A A 2 17 S EAT K SSORA ] L 7 S i v 2 308 300
DIY 109 DNA HARFH, LAY FIEE GC & i
DNA F3IT &, & GC 7 & DNA ¥4/ PCR ¥ 1
BRI AE XA S50 43 3 IR AR I Y
GNP AT N T R 2 B, L B AT 0 00 5080
HEASBEDE AL TE 2 SAI- 1 FEHF A, 645 1 A2 T/
553 AhE T IXIEE GC X ARRESEIEI T

28 B HE LY 1 U 9T 2 R AT
SRR, TG, 8 SO R A AR T i
2, RS> (AR RIFST B, R R ) T
HEIR T BRI A

ARWFFER SAI-1 FEH GC 3t A 4] A B IX
BE GC S HEIL80% LI b, MiAMIXE GC & &H
AE]30% , BEEBEITEARBIRA , & GC 751 1) 5
B 26 N B e 0 RHE (9 <4, T 7 L e R A4t
XF GC & i PCR W& MM &, A58, SAI-1
FERHTBL 635 bp, GC it ik 69. 6% , H A &3/
A BEGC HEE 5k 80% L b (g3 25k,
PCR ¥ 34 AR 15 FL A fi o1

31X 25 B B O 2 AR R GC
iR AL PCR RIMER) RN Z — {5 GC 4r
A E R P sh E P BE AR R M PCR S B E AN &,
ISR, 43 B PCR ¥ 44 W] g J2: e 3 B AR A9 3k
¥, iR AR PCR P75 S, A0 v [ e 3
SAI-1 FEPREAE B J7 i AL 2 X517 AN
P40y BEY 16 e [, R BE PCR 1B KR E 35 Be s
1 C, 306 HADF RN R A 25 5%

S 3k
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