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Genetic Diversity of Major Sugar Beet Varieties from Three Regions of China
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Abstract: Shortage of sugar beet germlasm resources results in the lag in researches of breeding and molecular biology. It is nece-
ssary to analyze the major varieties from three major production regions of China. Eighty-eight primer pairs were used to amplify
the genomic DNA from leaves of four types of sugar beet varieties with different economic traits, which contain high yield type;
high yield, low sugar and Rhizomania resistant type; standard type; medium yield, high sugar and anti-brown spot type, and 33 of
which were obtained to be with availability. Two hundred and forty-one varieties from three major regions of China and nine va-
rieties from abroad were detected with 33 primer pairs of SRAP markers. A total of 719 unambiguous bands were obtained, 459 of
which were polymorphic. The average ratio of polymorphic bands was 63.8%. Compute over-all mean showed that genetic dis-
tance was 0.4165, genetic similarity among varieties was 0.6593, the genetic similarities were 0.7528 among foreign varieties,
0.6945 among monogerm varieties, 0.6816 among polygerm tetraploid varieties, and 0.6612 among polygerm diploid varieties. A
total of 250 varieties were divided into four cluster groups based on cluster analysis by MEGA3.1 (at intercept of 0.2). Each
genepool from three major regions of sugar beet production in China showed high level of genetic diversity, of which the North-
east genepool showed the highest. The varieties from China and abroad were classified into two different groups by POPGEN32.
This indicated definite difference in the genetic background between foreign and native varieties.
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Table 1 Sugar beet varieties used in this study and their ploidy
Code Variety Ploidy Code Variety Ploidy Code Variety Ploidy

1 Ebt-1 2N 85 4N204 4N x75 GO05 2N
2 Ebt-2 2N 86 4N009 4N x76 G06 2N
3 Ebt-3 2N 87 79411 4N x77 G07 2N
4 Ebt-4 2N 88 4N140 4N x78 GO08 2N
5 Ebt-5 2N 89 4N169 4N x79 G09 2N
6 Ebt-6 2N 90 426GEZ 4N x80 G10 2N
7 Ebt-7 2N 91 426EZ 4N x81 Gl11 2N
8 Ebt-8 2N 92 03408F2 4N x82 Gl12 2N
9 Ebt-9 2N 93 03409F2 4N x83 G13 2N
10 Ebt-10 2N 94 03410F2 4N x84 G14 2N
11 Ebt-11 2N x1 (R41-2)-3 2N x85 Gl15 2N
12 Ebt-12 2N x2 Al-9 4N x86 Gl6 2N
13 Ebt-13 2N x3 T8142 4N x87 G17 2N
14 Ebt-14 2N x4 R27-1-8 2N x88 G18 2N
15 Ebt-15 2N x5 02343 2N x89 G19 2N
16 Ebt-16 2N x6 R49-1 2N x90 G20 2N
17 Ebt-17 2N x7 L7-1 2N nl NM-1 2N
18 Ebt-18 2N x8 BK-1-3-4 2N n2 NM-2 2N
19 Ebt-19 2N x9 Y4-2-1 2N n3 NM-3 2N
20 V14 2N x10 R36-8 2N n4 NM-4 2N
21 JV809-3 2N x11 M25-5-2 2N nS NM-5 4N
22 JV9-3 2N x12 N-13-3 4N n6 NM-6 2N
23 JV811-2 2N x13 0710 2N n7 NM-7 2N
24 JV11-3 2N x14 M65-3 2N n8 NM-8 2N
25 JV834-2 2N x15 M36-1 2N n9 NM-9 2N
26 JV34-2 2N x16 2-15 2N nl0 NM-10 2N
27 JV809-2N 2N x17 R31-4 2N nll NM-11 2N
28 JV9-2 2N x18 WO095 2N nl2 NM-12 2N
29 JV819 2N x19 BETA-3-1 2N nl3 NM-13 2N
30 JV2l 2N x20 R43-4 2N nl4 NM-14 2N
31 KWS5075 2N x21 F17 2N nl5 NM-15 4N
32 03208F2 2N x22 2E-6-2 4N nl6 NM-16 4N
33 03209F2 2N x23 M24-15-2 4N nl7 NM-17 2N
34 03210F2 2N x24 M39-8-4 2N nl8 NM-18 2N
35 W044/R03 2N x25 R25-2 2N nl9 NM-19 2N
36 W860/R02 2N x26 M14-13 4N n20 NM-20 2N
37 202xR0O80 2N x27 R1 4N n21 NM-21 2N
38 211-z 2N x28 xnl3-4 4N n22 NM-22 2N
39 217-z 2N x29 YF104-7-2 4N n23 NM-23 2N
40 w412 2N x30 WZ8KC 4N n24 NM-24 2N
41 W441 2N x31 A99-2 2N n25 NM-25 2N
42 W1200 2N x32 R16-3-2 2N n26 NM-26 2N
43 W400 2N x33 R26-4 2N n27 NM-27 2N
44 KWS0143 2N x34 9103R-1 2N n28 NM-28 2N
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45 96079 2N x35 XJD141 2N n29 NM-29 2N
46 KWS5075 2N x36 XJD154 2N n30 NM-30 2N
47 2B035 2N x37 XJ033 2N n31 NM-31 4N
48 2B039 2N x38 XJ055 2N n32 NM-32 2N
49 RIMA 2N x39 XJOO1A 2N n33 NM-33 2N
50 2B009 2N x40 XJ005B 2N n34 NM-34 2N
51 2B019 2N x41 S01 2N n35 NM-35 2N
52 202-A 2N x42 S02 2N n36 NM-36 2N
53 2B029 2N x43 S03 2N n37 NM-37 2N
54 2B042 2N x44 S04 2N n38 NM-38 2N
55 2B050 2N x45 S05 2N n39 NM-39 2N
56 2B023 2N x46 S06 2N n40 NM-40 2N
57 2B051 2N x47 S07 2N n4l NM-41 2N
58 2B027 2N x48 S08 2N n42 NM-42 2N
59 2B049 2N x49 S09 2N n43 NM-43 2N
60 274/427 4N x50 S10 2N n44 NM-44 2N
61 174/97 4N x51 S11 2N n45 NM-45 2N
62 204/97 4N x52 S12 2N n46 NM-46 4N
63 008HN1-2 4N x53 S13 4N n47 NM-47 2N
64 2021 Co4n 4N x54 S14 4N n48 NM-48 2N
65 FA/1-104n 4N x55 S15 4N n49 NM-49 2N
66 83407 4N x56 S16 4N n50 NM-50 2N
67 4N003 4N x57 S17 2N n51 NM-51 2N
68 4N013 4N x58 S18 2N n52 NM-52 2N
69 4N1226 4N x59 S19 2N n53 NM-53 2N
70 4N261 4N x60 S20 2N n54 NM-54 2N
71 4N128 4N x61 Kws2007 2N n55 NM-55 2N
72 4N1242 4N x62 Kws2008 2N n56 NM-56 2N
73 4N047G 4N x63 Kws0023 2N n57 NM-57 2N
74 4N150 4N x64 AVD 8805 2N n58 NM-58 2N
75 4NO016 4N x65 AVDS8801 2N n59 NM-59 2N
76 4N1205 4N x66 AVDO0022 2N n60 NM-60 2N
77 4N1217 4N x67 HI0305 2N n6l NM-61 2N
78 4N189 4N x68 Xt-18 2N n62 NM-62 2N
79 408-A 4N x69 HI0871 2N n63 NM-63 2N
80 4N012 4N x70 HI0732 2N n64 NM-64 2N
81 4N001 4N x71 GO1 2N n65s NM-65 2N
82 4N252 4N x72 G02 2N n66 NM-66 2N
83 4N1221 4N x73 GO03 2N

84 4N249 4N x74 G04 2N

X n ; x61 x63 x65 x66 x67 x69

x and n represent the varieties from Xinjiang and Inner Mongolia, respectively. x61, x62, x63, x64, x65, x66, x67, x69, and x70 are

foreign varieties.
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Table 2 Sequences of SRAP primers used in this study

Forward primer

Sequence (5-3")

Reverse primer

Sequence (5-3")

mel
me2
me3
me4
me5
me6
me7

me8

TGAGTCCAAACCGGATA

TGAGTCCAAACCGGAGC
TGAGTCCAAACCGGAAT
TGAGTCCAAACCGGACC
TGAGTCCAAACCGGAAG
TGAGTCCAAACCGGTAA
TGAGTCCAAACCGGTCC

TGAGTCCAAACCGGTGC

eml
em2
em3
em4
em5
em6
em7
em8
em9
eml0

emll

GACTGCGTACGAATTAAT

GACTGCGTACGAATTTGC
GACTGCGTACGAATTGAC
GACTGCGTACGAATTTGA
GACTGCGTACGAATTAAC
GACTGCGTACGAATTGCA
GACTGCGTACGAATTCAA
GACTGCGTACGAATTCTG
GACTGCGTACGAATTCGA
GACTGCGTACGAATTCAG
GACTGCGTACGAATTCCA

#*3 SRAPII¥HEE. HETHRETHETE

Table 3 Number of total and polymorphic fragments per SRAP primer combination

Code Primer combination No. of fragments No. of polymorphic fragments Percentage of polymorphic fragments (%)
1 mel/emll 23 13 56.5
2 me2/em2 23 15 65.2
3 me2/em4 20 11 55.0
4 me2/em8 19 12 63.2
5 me2/eml1 17 13 76.5
6 me3em2 19 11 57.9
7 me3/em5 17 10 58.8
8 me3/em8 21 14 66.7
9 me3/em9 22 15 68.2
10 me4/em2 25 15 60.0
11 me4/em3 21 13 61.9
12 me4/em4 21 14 66.7
13 me4/em7 22 13 59.1
14 me4/em9 18 14 77.8
15 meS/eml 23 17 73.9
16 meS/em2 18 12 66.7
17 me5/em6 27 15 55.6
18 me5/em7 19 12 52.6
19 me5/em9 18 11 52.9
20 meS/em11 19 12 63.2
21 me6/em4 24 17 70.8
22 me6/em5 28 18 64.3
23 me6/em6 27 15 55.6
24 me6/em8 21 14 66.7
25 me7/em3 24 15 62.5
26 me7/em6 23 14 60.9
27 me7/em9 26 15 57.7
28 me8/eml 29 21 72.4
29 me8/em2 20 14 70.0
30 me8/em3 24 15 62.5
31 me8/em7 20 13 65.0
32 me8/em8 21 14 66.7
33 me8/em9 20 12 60.0
Total 719 459
Mean 21.8 13.9 63.8
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Fig. 1 UPGMA dendrogram of 250 sugar beet varieties based on SRAP data
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Table 4 Indices for genetic diversity of sugar beets in this study
Ne H |
Code Taxon
Popl Northeast China 1.4629 0.2882 0.4482
Pop2 Northwest China 1.4502 0.2816 0.4450
Pop3 North China 1.4499 0.2809 0.4443
Pop4 Foreign 1.4310 0.2580 0.3931
Ne: ; H: Nei ; I: Shannon
Ne: effective number of alleles; H: Nei’s gene diversity; |: Shannon’s information index.
b
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Fig. 2 Dendrogram of sugar beet based on UPGMA cluster , SRAP
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