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Abstract In this research, the genome DNA of Jerusalem artichoke (Helianthus tuberosus L.) was used to be a template for
establishing a suitable SRAP-PCR reaction system through optimizing the significant parameters in SRAP reaction. The optimizing
methods were single factor test and orthogonal design. The result shows that the optimal PCR (20 pL) mixture contains 10>PCR
buffer, 2.5 mmol/L Mg?*, 0.24 mmol/L dNTPs, 0.25 umol/L forward and reverse primers, 0.8 U Taq DNA polymerase and 80ng
template DNA. After the system stability was tested, the 100 primer combinationswhich have clear, abundant and stable bands, and
the 22 primer combinations which have highly polymorphic bands, were screened out from the total 110 primer combinations
through the optimized system. . This shows the optimized system is stable and reliable, and it can be effectively used for the
germplasm identification and the analysis of genetic diversity in Jerusalem artichoke.

Keywords Jerusalem artichoke (Helianthus tuberosus L.); SRAP-PCR; Reaction system; Optimization; Primer screening
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W52 i A WA IE

FHZR A3 1 % 25 (Sequence-related amplified
polymorphism, SRAP)Z—FBi {2+ PCR [1x
RS, AMEMERE, SHEEMMAAE LS
Quiros f& - 2001 =42 Hi #(Li and Quiros, 2001).
EESTERANE T GC FREFMEHT. NET
AT & & F & MFE s k&5 %X ORFs
(openreading frames)dEf T4 1, HA WM. =
TV A BT HAR R B A, ©
2R T EE R B AR 2R M S5 O T A
F, 193 T BUHEME R (GRR P4, 2011; FHE
&5, 2011). AWtFTiEE X% % SRAP-PCR B &4t
W E SR R AT B R AR AL, HdE
FRE MR, M@ SRR NARR, FENE
SN %5 FARE BRI 4 M iR B s £
P 5 T (RO 7 B4 5 S

1ER 53
1.1 Mg** ¥ EEXT SRAP-PCR I

Mg ik Sk 35 SR %6 SRAP TR 16 208 DL K
VIR AR R, WK 2 52 PCR 37 1 7= &
2 FEA R, W PE I = W 22 FEAIC PCR 4 3G 1R
Stk o ARG E L 5 A Mo® IR RS FE R BLAS A
WRERY G R EREE R, HE 1 AT, 4
Mg® ¥y 1.5 mmol/L It} , 33845 Hi4e58; ik
T KT 3.0 mmol/L i, F 8460 HATES;
B FELE 2.0 mmol/L~2.5 mmol/L Z [alf}, ¥ 14
WELZ, TEATTEW,  EARR S PR AR R 1t 2y
XTECEERT, BRI Mo Uk St N iZ e R T4 T
2.0 mmol/L H./NF 3.0 mmol/L.

1 2 3 45

5000 bp
3000 bp
2000 bp
1 500 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

Bl 1 R[A M < FE 1) SRAP J b 45

7E: M: DNA Marker DS™ 5000; 1~5: Mg?" ¥ & 73 5l 4
1.5 mmol/L. 2.0 mmol/L. 2.5 mmol/L. 3.0 mmol/L. 3.5 mmol/L
Figure 1 Results of SRAP at different Mg?* concentrations
Note: M: DNA Marker DS™ 5000; 1~5: Mg?* concentrations
were 1.5 mmol/L. 2.0 mmol/L. 2.5 mmol/L. 3.0 mmol/L.
3.5 mmol/L respectively

1.2 dNTPs 3R} SRAP-PCR g2

dNTPs 124 SRAP #14 se S JsURl, i35
B A R s tE . B 2 BT, 24 dNTPs
W29 0.1 mmol/L B, 47 38 F= 4 i #0555 24 NTPs
WELE 0.15 mmol/L~0.2 mmol/L I}, 44 i) 4% 58
%, HiEMTWITE; 24 dNTPs 3K E T 0.25 mmol/L
W, IR RO W s, HLBEE W R,
eSS > . Rk dNTPs ¥R B2 3 Bl B 1% 7
0.15 mmol/L~0.25 mmol/L.

M1 2 3 435

5000 bp
3 000 bp
2 000 bp
1 500 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

Kl 2 AN[A dNTPs W B SRAP J 45 53

7E: M: DNA Marker DS™ 5000; 1~5: dNTPs ¥ J 73 51 A
0.1 mmol/L.0.15 mmol/L.0.2 mmol/L.0.25 mmol/L.0.3 mmol/L
Figure 2 Results of SRAP at different dNTPs concentrations
Note: M: DNA Marker DS™ 5000; 1~5: dNTPs concentrations
were 0.1 mmol/L. 0.15 mmol/L. 0.2 mmol/L. 0.25 mmol/L.
0.3 mmol/L respectively

1.3 BI¥IIREXT SRAP-PCR KB

51472 PCR RpSt S ML) A, 7EIR KIS S5 A5AR
DNA 454, J5i5) DNA ¥ 1. AR50 KA AR )
NS, S4IEN 0.1 umol/L i, AR
XS A S I N, AR R,
By FMEAKR, FEETL5IMIMHE, %5l
YIRE B EESE A 0.2 pmol/L~0.4 pmol/L. ([ 3)

1.4 Taq DNA & BN SRAP-PCR HIF£HH

TagDNA B4 SRAP 45 [ S ) B B 54
ARAREGH Tag DNA AR BT 45 A K,
T RO — S 4). (ERERN 1.25 U I,
PH KA BONTE TR, HAREABMIING, 75
FEBRAE T o IR N B IR 25 58, w] LR Tag
DNA A HE Bk G 0.5 U~1.25 U,

1.5 R IR EEST SRAP-PCR HIgZMH

AR DNA ¥R FE &I 204 38 7= 8 SR e M — A
NE, R E B R PREy i BT . A
PRI I LA RIRSAR I B X S 285 TR o, 45 51
BoR: TEVEN DNA SRR TEEIP, #REEd 5
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(Z

B (K 5), (B BBGREERIIE N, W IZWNE
WA, SUREERT 80 ng I, T HEEAAHE], K
LI, PATTH FARA E (7 # Jy 40 ng~80 ng.

M 12 3 45

5000 bp
3000 bp
2 000 bp
1 500 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

Bl 3 INEGIR ) SRAP [ R4k F

7E: M: DNA Marker DS™ 5000; 1~5: 5| #)9K )% 4 5l N
0.1 pmol/L. 0.2 pmol/L. 0.3 yumol/L. 0.4 pmol/L. 0.5 pmol/L
Figure 3 Results of SRAP at different primer concentrations

Note: M: DNA Marker DS™ 5000; 1~5: primer concentrations
were 0.1 umol/L+ 0.2 umol/L 0.3 pmol/L- 0.4 pmol/L. 0.5 umol/L
respectively

M1 2 3 45

5000 bp
3000 bp
2 000 bp
1 500 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

El 4 AN[F] Tag DNA REHHR LR SRAP J W43

JE: M: DNA Marker DS™ 5000; 1~5: Taq DNA FA g E 43l
~N05U, 10U, 1.25U, 15U, 20U

Figure 4 Results of SRAP at different Tag DNA polymerase
concentrations

Note: M: DNA Marker DS™ 5000; 1~5: Taq DNA polymerase
concentrations were 0.5 U, 1.0 U, 1.25 U, 1.5 U. 2.0 U repectively

1.6 PCR IEZZRI R THIE M AT

$%3 3 Wit 16 MEHELL me9 Fl eml HA1E
REI, W 1S5 A2 DNA 37 SRAP
B E 6 FIHIKGRATUEH, ARG T
GERAFAE R ZE R, 13, 14, 15 A1 16 AbFRg 4%
D HES, FERMEKATEE, EEA—H, WREHT
XYL L H e a3 Mo® R R = TS 1. 2
SR I %HES, PIRRH TIXPIMA R PCR &
BRI RAIRE B, 4. 5. 6. 8 F1 9 SAbFHy 1
A RIRES, BRMAAFREEMRBEIS, h
PR PR AT B, AT RE R IX SeH & i T IE RS it
FANREHERAR, HREatAs ke, S
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HY A RARE . 3.7 M 10 SAHB AN EE R —
o 11 R 12 5403, ZrEmise, EE 8 2
12 5 Ab B AR B G, T AR A 1% AL E AR T
dNTPs WP KATE. RIS B e ke e 4L
B SEERISREAAE R B R AT LR S VR

11 SACFRYIEIEW L . AR . HAeR R
AR S 14 2% of LU B R, DRI T DK e et
A, HY 20 ub e itk &4 10X PCR T G 224K »
2.5 mmol/L Mg®, 0.24 mmol/L dNTPs, 0.25 umol/L

1E%5197,0.8 U TagDNA AT A1 80 ng £ DNA.

M1 2 3 4 5

5000 bp
3000 bp
2000 bp
1 500 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

KI5 AR DNA MKEER] SRAP J W45 R

7E: M: DNA Marker DS™ 5000; 1~5: DNA ¥ J 43 54 20 ng,
40 ng, 60 ng, 80 ng, 100 ng

Figure 5 Results of SRAP at different DNA concentrations

Note: M: DNA Marker DS™ 5000; 1~5: DNA concentrations were
20 ng, 40 ng, 60 ng, 80 ng, 100 ng repectively

17 R Al

R EIRARI R AR, LL me9/eml 5
Yo UL & X A TR % B B R A A DNA AT
SRAP-PCR 91, 4535&H], 10 Fi4g AR REY 1Y
i SIS (A 7). A, UET 15
%971 DNA JBARBEN LIS 10 > SRAP 521 & 14T
I, MR TR RTRSUAE (K 8). MR,
PRAGHE RI5T SRAP-PCR 1A R A RE 55 B
VEbf . ZTERGREERT /L WA TR R BRI 7
TR AN TSR I

1.8 SRAP 3| ¥fik

DEF LS. HFE25LEFE3ISHEDNAN
AR, FIFIORAL B SN 206 26 2 it TS SRAP
ST . S5 RI]: 110 XF 5| WA S REY 14
A&y, b 100 X3 RS RS b AR e BEE
It i ELZ A 90.91%, 5] SRAP 43 THRic A 1R 31
T ARIRIGIEDL 3 4N DNA IEHRES ik
22 3t EA ZEEREIA S, 2F N 20%, M
Xt 2 At R Hod, S S A AP IS R LA 9.
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M1 1 2 2 3 3 4 4 5 5 6 6 77 8 8 9 9 101011 11 12 12 13 13 14 14 15 15 16 16

5 000 bp
3 000 bp § -
2 000 bp

1500 bp ' ‘Y i ‘ 4 b b
oo CUTTTREEEL CEERLEL L L LT
750 bp

500 bp :
250 bp o . ’ v . -l - - e -
100 bp

Kl 6 IEZC it SRAP-PCR [ A R 3 145 i)

7%: M: DNA Marker DS™ 5000; 1~16: 4B 45 (% 3)

Figure 6 Results of SRAP-PCR by orthogonal design on amplification

Note: M: DNA Marker DS™ 5000; 1~16 are the treatment nunmbers, treatments as that showed in table 3

M1 23456728910 SRAP-PCR = WAk R FIAHF 78 K 24T K F R 3R
5000 bp R, TERTZREERE, dSEEIHEA
;888513 e 2 % K R 1A EAEFH (R4, 2010; 22X
1500b§ MEE, 2007). N T Mo nEm i, IF HI3RASE
1000 bp Wy FeoE tEAF. EAE VSR SRAP-PCR i, A
Zgng’ IO SR R R 7R e S I R IR FEVE L, B
250 I BN IR BERHR SO 45 BRI, TR 1EA2 8
100 bp I, X% SRAP-PCR e Sifk 2 M Mg?* .
dNTPs. 5%, Taq DNA EA LA 5 FhKRLE
B 7 514 me9/eml %f 10 AMBIET DNA frI4 1 45 5 4 NI LT, 330 PR A R R TR EAE AL
7E: M: DNA Marker DS™ 5000; 1~10: R4 51K W12, RHEE R T, MR e (ks R
W13, W16, W42, W43, W50, W54, W72, S150, S138 1452 SRAP R RALAL MR, &9 Mg?*

Figure 7 Amplification results of the 10 templates by me9/em1 - R o NN
Note: M: DNA Marker DS™ 5000; 1~10: DNA were W12, dNTPs Jtb DNA iR FE 2 B35 520 SRAP ¥ H44%

W13, W16, W42, W43, W50, W54, W72, S150, S138 i, 1fij 5| W03 Al Taq DNA B84 vk B 47 46 TG 12

respectively BRI, AL AT DL R 57 R 2 R R e 6

G idAdBds 58 M (RIVRFE o (B AR B HR A 2o T 4% 240 f10 P B S 3 1
5000 bp (PH#liRss, 2010), J5 5 (MESCUAE, 2010). 2R (XST
3000 bp 7255 2006) AP I A AN, X AT AR T
2000 bp AN VR0 3T FE Sk 700 7 M S 5 DR A RN AR R 8. 3
e LA AL, AR R 7 T 45 SRAP-PCR HttE
750 bp iR Z, B 20 uL R Sifk &9 & 10X PCR #3
;gggg 22, 2.5 mmol/L Mg?*, 0.24 mmol/L dNTPs,

0.25 umol/L 1E/ 5|4, 0.8 U TagDNA % & Al
80 ng AR DNA, 1% RIE &2 F R EAIA F 151
I 8 10 4~ SRAP 5|41 &t 4 MAHA IR R fsoett. EEEAFEED
7E: M: DNA Marker DS™ 5000; 1~10: 5I#14H &4 5N 2. R, R ZARE— D00 g B — s Y
me5-em1, me5-em8, me6-em3, me7-em6, me7-em8, me9-em5, T M. FaE o H E S M IF A SRAP 5%, FH

100 bp

me9-em6, me9-em1l, mel0-eml, mel0-em5 ZAAAR R85 £ % 3 SRAP-PCR $ 3 [ 2Lk,
Figure 8 Application results of the ten random primers N BE SR I (O AT IS s . HRT, ACURSiZe

Note: M: DNA Marker DS™ 5000; 1~10: primer pairs were ~ MO e ’
me5-em1, me5-em8, me6-em3, me7-em6, me7—-em8, me9-em>, TEAEA P 2 28 0T o 2 5 b o BERISA% 22 BT 1)

me9-em6, me9-em1l, mel0-eml, mel0-em> respectively WL, CERE TR TR
)i 3B
B SRAP s RN B AT IRE, ARpE  S1MR
(0 SSESEAT S AR TR, [RIE, RLF SRAP FRic i AR MBI FF 157 FTF 257,

ZOE e R Bk R AT . BN AR “HF 35T T LMK TR, AETE
1083
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A B C D E F

G

H

M

5000 bp
3000 bp
2 000 bp
1 500 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

B9 HornlmA Ly e R

¥E: M: DNA Marker DS™ 5000; 1~3: B/ HIAEE 15,
mel-em8, mel-em10, me2-em1, me2-em2

Figure 9 Amplification results of part primer combinations

123123123123123123123123

25, FHE 3 5; A~H: mel-em3, mel-em4, mel-em5, mel-em7,

Note: M: DNA Marker DS™ 5000; 1~3: DNA were Qingyul, Qingyu2, Qingyu3; A~H: primer pairs were mel-em3, mel-em4,
mel-em5, mel-em7, mel-em8, mel-em10, me2—-eml, me2—-em2 respectively

WA AR B e Z A IR . RS R o
WP 1.

3.2 &

110 X} SRAP 5#12% Li S48 U JE N ¥ it&
B, BARFPHINLER 2, HE iR A R
Arl A . Tag DNA EEHE KL ANTPs I B b4
REEMHEARBIRAT, DNA Marker IHE M %
REAEIRHE A RA A

3.3 DNA #H

TERHEE IV SR RI/DVF PVP TR
B 30 mg FEATHRIZ M, RIEBARA T
65°C Fil# ) 700 uL 2X CTAB #EUA (100 mmol/L
Tris-HCI PH8.0, 20 mmol/L EDTA, 1.4 mol/L NaCl,
2% CTAB, fliHRETIA 0.5% B -3k Z8%)M 1.5 ml

1 HEulA s BRI 44 B SRR

Table 1 List of varieties and origin of Jerusalem artichoke

s AW K s AR R
Number Name Origin Number Name Origin
1 HT19 dex 8 W43 i
Qingyu 1 Beijing Henan
2 HrE25 AR 9 W50 i
Qingyu 2  Shandong Hunan
3 HE3S Hilg 10 W54 gk
Qingyu 3 Qinghai Canada
4 w12 Jexg 11 W72 i
Beijing liaoning
5 w13 Jbx 12 S150 FHifF
Beijing Qinghai
6 W16 Rl 13 S138 FHilf
Heilongjiang Qinghai
7 w42 e}
Henan

1084

BT, FEMRAIET 65 C/KIRIR 30 min, R
R B0 FEREIRRAT . B HEIE SR, IS KA
(IS5 K (24:1), H{FEES] 10 min, &P
AL, 10 000 r/min, &0 10 min B EIEHENH
1) 1.5 ml FELET, FBOOIMASEARRR & 57
Pt — U B IS NN 213 AR TIA 1 (-20°C) 57 A
F-20°CHIvKAE ik & 30 min Bid 7. 13 000 r/min,
B0 10 min JE{EH_FIEBRIRERDTIE, I 75%1 2,
Fi% 500 pL iE¥EDTHE, 10 000 r/min, 250 6 min, g
EYE, FEMEEE —BEBEIETERTH
SRIF, BN 100 uL ) TE 22K (10 mmol/L,
Tris-HCI, pH 8.0, 1.0 mmol/L EDTA) % fi# DNA,
2 uL RNaseA T 37°C{xif 30 min, 153 DNA
0.8%35 btz vk, LA X DNAHindITDARHE, 46
T3 DNA [T, &, aifE RoeBE, 1ER
B 4°CE-20 CIRAE%H

3.4 SRAP-PCR #HA g MR R & & NAEFF

20 pL PCR R MR RELHE: 10X 9 1Y &2 il
2 uL; MgC1, (25mmol/L) 2 puL; dNTPs (2.5 mmol/L)
2.0 pL; 514)(10 umol/L) 0.6 L, Fikx DNA (50 ng/pL)
1 uL; DNA 42,5 U/L) 0.5 uL; A ddH,0 #b
FF 20 pl. RBFEF: 94°CTIASTE 5 min; #EA 5
MBI, 94°CAE 1 min, 35°CHEYE 1 min, 72°CLE
i1 min; FFEA 35 MEIR, 94°CAE: 1 min, 50°C
H 11 min, 72°CIE 1 mins 4R )5 72°C ZE{# 10 min,
ACIRAF .

3.5 SRAP-PCR R Nifk #4R4L
3.5.1 HEFRMM

FESEA I SR 2 2r BIE Mg®* . ANTPs. 3]
Y. Tag DNA ZE5 1 S A5 DNA 25 81K BEAE a0
NEE. Mg®tHRE S B 1.5 mmol/L. 2.0 mmol/L.
2.5 mmol/L. 3.0 mmol/L F1 3.5 mmol/L; dNTPs %4>
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(2

511250.1 mmol/L.0.15 mmol/L.0.2 mmol/L.0.25 mmol/L
H110.3 mmol/L; 51#IFH &34 0.1 pmol/L.. 0.2 umol/L
0.3 umol/L. 0.4 pmol/L #1 0.5 umol/L; Tag DNA &
&8 05U, 1.0U, 1.25U., 15U F12.0 U;
FH DNA F&:474 20 ng+ 40 ng. 60 ng. 80 ng Al
100 ng, MTfIREAT LR -2 /KRG

3.5.2 IERRRB Wit

K Lig (8°)1IE22 RGBT, IR 3 17 20k
Mg® k. dNTP WKk, SI9KE . TagDNA B4
P B2 DL S DNA BRI T IEAZ H A

%% 2 SRAP 151 ¥4
Table 2 Primers sequence used in SRAP analysis

HRHEF 3 F 20 uL BARFR ) PCR [N &,
MEREPMZURRINEEH 2 ul 10XPCR
buffer, H4H ddH,O0 *M&E 20 ul, FEALFEEE 2 IKE
2. PCR MNEEHIGE, FWI7E 2.0%35 A ke b
YK, & EB Jeth)m, BERBUE RGHATH T,

3.6 353 SRAP-PCR X Fifhk Z 5 5 MEAG I

FIRRALIIR R, LL me9/eml Jy5|#iEEL 10
%5 DNA BRI BEAT Y4, JFBL “FH ¥ 1
%7 DNA NI FEHLEFE 10 Fl SRAP 514, AT

%57 SRAP-PCR S WA Z A € AN o

1E/ 514 e A5 il
Forward primers Sequence Reverse primers Sequence
mel 5-TGAGTCCAAACCGGATA-3' eml 5'-GACTGCGTACGAATTAAT-3'
me2 5-TGAGTCCAAACCGGAGC-3' em2 5'-GACTGCGTACGAATTTGC-3'
me3 5-TGAGTCCAAACCGGAAT-3' em3 5'-GACTGCGTACGAATTGAC-3'
me4 5-TGAGTCCAAACCGGACC-3' emé4 5'-GACTGCGTACGAATTTGA-3'
me5 5-TGAGTCCAAACCGGAAG-3' em5 5'-GACTGCGTACGAATTAAC-3'
me6 5-TGAGTCCAAACCGGTAA-3 em6 5'-GACTGCGTACGAATTGCA-3'
me7 5-TGAGTCCAAACCGGTCC-3' em7 5'-GACTGCGTACGAATTCAA-3'
me8 5-TGAGTCCAAACCGGTGC-3' ems8 5'-GACTGCGTACGAATTCTG-3'
me9 5'-TAGGTCCAAACCGGTAG-3' em9 5'-GACTGCGTACGAATTCGA-3'
mel0 5-TAGGTCCAAACCGGTGT-3' em10 5'-GACTGCGTACGAATTCAG-3'
emil 5-GACTGCGTACGAATTCCA-3'

& 3 SRAP-PCR Jx V& £ B 1IEAZ iR 58 B i

Table 3 Factors in L (4°) orthogonal design and levels of SRAP-PCR amplification system

VOBLIEIERSS K&
Treatment Factors
Mg? (mmol/L)  dNTPs (mmol/L) 3|#(umol/L) fitE(U/20 uL) #(ng)
Primer (umol/L)  Tag DNA polymerase (U/20 uL) Template (ng)

1 2.0 0.16 0.25 0.6 50

2 2.0 0.2 0.3 0.8 60

3 2.0 0.24 0.35 1.0 70

4 2.0 0.28 0.4 12 80

5 2.25 0.16 0.3 1.0 80

6 2.25 0.2 0.25 12 70

7 2.25 0.24 0.4 0.6 60

8 2.25 0.28 0.35 0.8 50

9 25 0.16 0.35 12 60

10 25 0.2 0.4 1.0 50

11 25 0.24 0.25 0.8 80

12 25 0.28 0.3 0.6 70

13 2.75 0.16 0.4 0.8 70

14 2.75 0.2 0.35 0.6 80

15 2.75 0.24 0.3 12 50

16 2.75 0.28 0.25 1.0 60

1085
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Y TR

A B R AR AT SR T A
SIS WF I AT N5 B B8l R S I 5 B 23 A
WXHIRIGE; FHRS5Rh i, RBSRr,
Tk HERIHKMMEE LIS, BT9mR
it BEENT, WICEES BN AR IR A R
ISR

B

AHITE [ 5O R B3 7 AR AR 2 76 T 5 il Bl
Ui H (CARS-25-G-49) 7t By, 1R B e 1 A MR B 5
PRI A AL A S I R AR R ) B

RPN

Huang GF., Wang L.H., Fang Y.H., and Li L., 2011, Effects of
drought stress on protective enzyme activity and
membrane lipid peroxidation of leaf in Helianthus
tuberosus L. seedling, Xinan Nongye Xuebao (Southwest
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