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Abstract Lycium ruthenicum is an undershrub belonging to Lycium genus and Solanaceae family. Its fruit is pur-
ple-black and globose berry with rather high medicinal, nutritive, ecological and economic values. In this study,
wild L. ruthenicum from Qinghai province was chosen as the research object, and the L 4(4°) orthogonal test of the
five factors affecting the ISSR-PCR reaction of L. ruthenicum was carried out to establish the optimal ISSR-PCR
reaction system of L. ruthenicum and the system obtained was verified. Based on this, suitable ISSR primers were
screened out, and the optimal annealing temperature of selected primers were optimized by gradient method. The
results showed that 20 pL ISSR-PCR reaction system contained 0.02 U/20 wL Tag DNA polymerase, 1.65 mmol/L
Mg*, 0.15 mmol/L dNTP, 0.6 pmol/L primer and 50 ng template DNA. 16 optimum primers were selected from
100 ISSR primers screened, and the suitable annealing temperature of each primer was 44 °‘C ~54.5°C . The appro-
priate program of ISSR-PCR for L. ruthenicum was as follows: an initial step of 5 min at 94°C, followed by 38 cy-
cles of denaturing at 94°C for 20 s, annealing at appropriate annealing temperature 44 °C~54.5°C for 1 min and ex-
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tending at 72°C for 80 s, ending with a final extension of 6 min at 72°C, and preserving at 4°C. Clear and rich poly-
morphism bands were obtained in different individuals of L. ruthenicum by this reaction system, which was benefi-
cial to the germplasm resources screening and genetic diversity analysis of L. ruthenicum in Qinghai province.
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1 ISSR-PCR Li(4°)

Table 1 L,,(4°) orthogonal design for the factor levels of ISSR-PCR reaction

No. Factors Results

Tag DNA Mg* dNTP Primer DNA Repeat 1 Repeat 2 Repeat 3

polymerase (U/20 pL) (mmol/L) (mmol/L) (pmol/L) (ng)
1 0.02 1.20 0.075 0.30 20 2 3 4
2 0.02 1.35 0.100 0.40 30 9 9 9
3 0.02 1.50 0.125 0.50 40 15 10 11
4 0.02 1.65 0.150 0.60 50 16 16 16
5 0.03 1.20 0.100 0.50 50 12 12 15
6 0.03 1.35 0.075 0.60 40 11 11
7 0.03 1.50 0.150 0.30 30 8 6 7
8 0.03 1.65 0.125 0.40 20 7 8 10
9 0.04 1.20 0.125 0.60 30 14 15 12
10 0.04 1.35 0.150 0.50 20 13 14 13
11 0.04 1.50 0.075 0.40 50 10 13 14
12 0.04 1.65 0.100 0.30 40 3 1 1
13 0.05 1.20 0.150 0.40 40 1 5 6
14 0.05 1.35 0.125 0.30 50 4 4 2
15 0.05 1.50 0.100 0.60 20 6 7 5
16 0.05 1.65 0.075 0.50 30 5 2 4

DNA .1.50 mmol/L Mg*.0.15 mmol/L dNTP.
X\ R( 2) R 0.60 pmol/L 50 ng DNA °
ISSR-PCR 5
ISSR-PCR 4 °
>Tag DNA >DNA >dINTP > ( 3 F

Mg* X ISSR-PCR
dNTP, DNA 4 Taqg DNA >Taqg DNA

Mg* 3 0.04 U720 pL Tag >DNA>dINTP>Mg* o

2
Table 2 Intuitive analysis of orthogonal design
Tag DNA dNTP DNA
Result Taq DNA polymerase Mg Primer Template DNA
Tl 120.000 101.000 87.000 45.000 92.000
T2 115.000 107.000 89.000 101.000 100.000
T3 123.000 112.000 112.000 126.000 83.000
T4 51.000 89.000 121.000 137.000 134.000
X1 10.000 8.417 7.250 3.750 7.667
X2 9.583 8.917 7.417 8.417 8.333
X3 10.250 9.333 9.333 10.500 6.917
X4 4.250 7.417 10.083 11.417 11.167
R 6.000 1.917 2.833 7.667 4.250
: T1~T4: s X1~X4: ;R:

Note: T1~T4: Sum of every factor under the same level; X1~X4: Mean of every factor under the same level; R: Range
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Table 3 Variance analysis of the factors of ISSR-PCR reaction

4 Taq DNA
Figure 4 Relationship between the concentration of Tag DNA
polymerase and mean score

Taqg DNA
DNA 50 ng (95
1.2.3 4
DNA 50 ng,
dNTP PCR
( 2). Duncan
1 2. 3 4
1.2 3.4 o dNTP
dNTP
0.15 mmol/L ( 6
4 dNTP °
5 DNA

Figure 5 Relationship between the concentration of template
DNA and mean score

F P

Sources SS df MS Fvalue P value
Tag DNA polymerase 294.562 5 3 98.187 50 42.080 4 0.000 1™
Mg* 245625 3 8.187 50 3.5089 0.026 3"
dNTP 71.2292 3 23.743 10 10.175 6 0.000 1™
Primer 420.895 8 3 140.298 60 60.128 0 0.000 1™
DNA 124.062 5 3 41.354 20 17.723 2 0.000 1™

74.666 7 32 2.333 30 - -
Deviation

D *¥%:0.01 3 *¥:0.05

Note: **: Significant difference at 0.01 level; *: Significant difference at 0.05 level
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6 ANTP
Figure 6 Relationship between the concentration of dNTP and 7 Mg*
mean score Figure 7 Relationship between the concentration of Mg* and
mean score
Mg* ISSR-PCR °
1.2.3 4 2.3
1
C 7. Mg
1.65 mmol/L.
ISSR-PCR
4 20 pL 0.02 U/20 pL
Tag DNA 1.65 mmol/L Mg* 0.15 mmol/L
dNTP 0.60 wmol/L 50 ng DNA. oo Upe o
1 1~8 45°C,45.6C,46.8°C, 48.5C,
1.3 50.7°C, 52.5°C, 53.5°C, 54°C; M1: 100 bp DNA ladder; M2: 200
UBCS12 bp DNA ladder
Figure 8 Annealing temperature experiment of primer UBC812
(% ISSR Note: Annealing temperatures of lane 1~8 were 45°C, 45.6°C,
°© 46.8°C, 48.5°C, 50.7°C, 52.5°C, 53.5°C, 54°C, respectively; M1:
o 50.7°C 1200 bp 100 bp DNA ladder; M2: 200 bp DNA ladder
52.5C
53.5°C 1.4 ISSR-PCR
600 bp UBCS812
o 52.5C UBC812 ISSR-PCR
o 16 (9
C 5
4 ISSR-PCR Duncan
Table 4 Duncan multiple comparison of factors at different levels of ISSR-PCR
Tag DNA Mg* dNTP Primer DNA
polymerase  Average (mmol/L)  Average (mmol/L)  Average (wmol/L)  Average (ng) Average
(U720 pL)
0.04 10250 0a  1.50 93333a 0.150 10.0833a 0.6 11.4167a 50 11.1667 a
0.02 10.0000a  1.35 89167a 0.125 93333a 05 10.5000a 30 833330
0.03 9.5833a 1.20 8.4167ab  0.100 74167b 04 84167b 20 7.666 7 be
0.05 42500b  1.65 741670 0.075 72500b 03 37500c 40 69167 ¢

(p<0.05)
Note: Different letters meant significant difference (p<0.05)
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Table 5 Sequences and optimum annealing temperatures of selected primers
(5'-3) ()

Primer Sequences (5'-3") Annealing temperature ('C)
807 AGAGAGAGAGAG GAGT 48.0
808 AGAGAGAGAGAGAGAGC 50.0
810 GAGAGAGAGAGAGAGAT 50.8
812 GAGAGAGAGAGAGAGAA 52.5
813 CTCTCTCTCTCTCTCTT 45.0
818 CACACACACACACACAG 50.0
830 TGTGTGTGTGTGTGTGG 55.0
834 AGAGAGAGAGAGAGAGYT 49.6
841 GAGAGAGAGAGAGAGAYC 47.0
856 ACACACACACACACACYA 48.0
857 ACACACACACACACACYG 54.5
868 GAAGAAGAAGAAGAAGAA 46.5
873 GACAGACAGACAGACA 46.5
876 GATAGATAGACAGACA 44.0
884 HBHAGAGAGAGAGAGAG 51.0
887 DVDTCTCTCTCTCTCTC 51.0

1 Y=(C, T); B=(C, G, T); D=(A, G, T); H=(A, C, T); V=(A, C, G)
Note: Y=(C, T); B=(C, G, T); D=(A, G, T); H=(A, C, T); V=(A, C, G)

9 UBC812 ISSR-PCR

: M1: 100 bp DNA ladder; M2: 200 bp DNA ladder
Figure 9 The ISSR-PCR amplification results of L. ruthenicum by UBC812
Note: M1: 100 bp DNA ladder; M2: 200 bp DNA ladder
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