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Cluster Analysis of Thirty-three Tobacco Germplasms Based on SSR Markers
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GAO Yulong®,JI Guanghai' , XIAO Bingguang®”

(1 Yunnan Agricultural University, Kunming 650201, China; 2 Yunnan Academy of Tobacco Agricultural Sciences, Kunming

653100, China)

Abstract: The phylogenesis of thirty-three tobacco germplasms belonging to different brown spot resistance
analyzed by six SSR markers which linked to the tobacco brown spot resistant genes and twenty-one ran-
dom SSR markers were reported in this study. The results of cluster analysis based on the six tobacco
brown spot resistant linked SSR markers flanking the three tobacco brown spot resistant QTLs showed
that thirty-three tobacco varieties could be clustered into four groups at a relative low level of GS (genetic
similarity coefficient) 0. 44. The tobacco varieties which had the resistant resource to tobacco brown spot
from the Jingyehuang (China) and Beinhart-1000 (USA) were clustered into group | ;the tobaccos which
belong to CV series and are resistant to tobacco brown spot were clustered into group [l ; N. suaveolens be-
longing to wild tobacco was in an unique group [V ; while the left which belong to susceptible varieties such
as Changbohuang, G140, and NC82 were clustered into group [l[. The results of cluster analysis showed
that the SSR markers linked to the tobacco brown spot resistant genes (flanking the resistant QTLs) could
cluster the species into resistant and susceptive while the random SSR makers could not.

Key words: tobaccos; SSR markers; brown spot;cluster analysis
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Table 1 The cultivar name, resistance and origin of materials
G i 44 itk U5
Code Cultivar Resistance Origin
i B PR IR AR 45 £ U L S AR Resistance: Tobac- L T ———

1

Jingyehuang

co Brown Spot; Middle Susceptible; Tobacco Black Shank and Root
Knot Nematode; Susceptible: Tobacco Bacterial wilt

PRI » TP SR IR AR 45 2% o L SR 35 A Resistance; Tobac-

' =N
2 Qi U\Eiz ‘Ij\Io g CO Brown Spot; Middle Resistance: Tobacco Black Shank and Root
mngsheng NO. Knot Nematode; Susceptible: Tobacco Bacterial wilt
3 ThH# L R % 1 TMVMiddle Resistance: Tobacco Brown Spot and
Qianjinhuang T™V
1 EH 15 i &% Al TMVMiddle Resistance: Tobacco Brown Spot and
Xiangying No. 1 ™V
Mo HLR R P TMV, dh & B 2 4%, J& 35 #59% Resistance: Tobacco
5 qu;ﬁ Nﬁi 9 Brown spot; Middle Resistance: TMV; Middle Susceptible: Tobacco
anyu No. 2 Black Shank;Susceptible: Tobacco Bacterial wilt
15 L v B R, TS A AR 4 48 U Middle Resistance;
6 Zhonevan 15 Tobacco Brown Spot and Tobacco Black Shank; Susceptible: Tobac-
gy co Bacterial wilt and Root Knot Nematode
s SUREARUERS. 5 URBIE R B Resisance, To-
7 bacco Brown Spot and Tobacco Black Shank; Middle Resistance; Cli-

Zhongyan 86

mate Type Spot;Susceptible: Root Knot Nematode

ant cultivar from Changbohuang by systemic breeding

i e RS0 F M The brown spot resistant culti-

var from Jingyehuang by systemic breeding

oy e I8 HR 3 7 SRR 8% 1 B The mutant resistant brown
spot cultivar from Jingyehuang by systemic breeding

HFEOCR T L 5
Jingyehuang X Zhongwei No. 1

B X 4 B 6007
Jingyehuang X Jinxing 6007

(I3 X 42 2 6007) X G28
(Jingyehuang X Jinxing 6007) X G28

G28 X ¥} 2
G28 X Jingyehuang
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Continued Table 1

10

11

12

13

14

15

18

19

20

21

0o
0o

26

27

28

30

31

32

33

FrE 90
Zhongyan 90

a5
Xujin No. 4

455
Xujin No. 5

R
Xujin No. 7

Y48 %
Xujin No. 8

Jeir 911
Longjiang 911

1 I %

Panyuanhuang

4 A 6007
Jinxing 6007

&R Z
Shandongduoye

Y&
Tangpeng

9147

CV73

CV78-4

CV85

CV87

CV89

Beinhart-1000

N. suaveolens

Kl e
Changbohuang

Fengchenghuangjin

528

G140

NC82

CV16-2

Mary land609

Mary land872

Tt 2 22995 A6 9 o o B S B o SRR 45 28 1 Al PVY High Re-
sistance; Tobacco Black Spot and TMV; Middle Resistance; Tobacco
Black Shank;Susceptible; Root Knot Nematode and PVY

H R G PR 45 42 U TMV, B R 5 Middle Resist-
ance; Tobacco Brown Spot; Middle Susceptible: Root Knot Nema-
tode and TMV ; Susceptible: Tobacco Black Shank

T ol g PR 45 2 g oh ORI L T A R Miiddle Resist-
ance; Tobacco Brown Spot and Root Knot Nematode; Middle Sus-
ceptible; Tobacco Black Shank; Susceptible; Tobacco Bacterial wilt
PR M BIRRE, b TMV, J& 3 #55 Resistance; Tobacco
Brown Spot and Tobacco Black Shank; Middle Resistance; TMV;
Susceptible: Tobacco Bacterial Wilt

gL R G il TMVMiddle Resistance: Tobacco Brown Spot and
T™MV

PR L BRI MR 45 4 B fl PYYMiddle Resistance: To-
bacco Brown Spot; Middle Resistance: Tobacco Black Shank, Root
Knot Nematode and PVY

R R B R R . R R4 U F TMVMddle Re-
sistance; Tobacco Brown Spot; Resistance; Tobacco Black Shank;
Middle Susceptible; Southern Root Knot Nematode and TMV

BRI A AR 2 2 U S BB 0 Miiddle Resist-
ance; Tobacco Brown Spot, Tobacco Black Shank, Root Knot Nema-
tode and Climate Type Spot

LR R R 2 % Al TMVMiddle Resistance: Tobacco Brown
Spot; Middle Susceptible: Tobacco Black Shank and TMV

AR L A MV Jak SRR 995 5 A e B8R A B Middle Resist-
ance: Tobacco Brown Spot and TMV; Susceptible: Tobacco Black Shank
and Tobacco Bacterial Wilt; High Susceptible: Tobacco Bushy Top

i AR B % Middle Resistance; Tobacco Brown Spot

PUR B . R B 2 J% Resistance: Tobacco Brown Spot; Susceptible:
Tobacco Black Shank

PR R TMV, f1 R B8 5% Middle Resistance: Tobacco Brown
Spot and TMV; Middle Susceptible: Tobacco Black Shank

PO B BB 295 Middle Resistance: Tobacco Brown Spot; Sus-
ceptible; Tobacco Black Shank

BLR R - BB IR 9% Al PV YResistance; Tobacco Brown Spot; Sus-
ceptible: Tobacco Black Shank and PVY

BRI B A9 Resistance; Tobacco Brown Spot; Susceptible:
Tobacco Black Shank

U LG 1 B IR % Resistance: Tobacco Brown Spot and Tobacco
Black Shank

PO I K0 PVY L% R Al TMV Resistance:: To-
bacco Brown Spot, Tobacco Wild Fire, PVY, Downy Mildew, Pow-
dery Mildew and TMV

B R A AR 45 48 U Susceptible: Tobacco
Brown Spot, Tobacco Black Shank, Tobacco Bacterial Wilt and Root
Knot Nematode

R R B9, th i TMV Susceptible: Tobacco Brown Spot and
Tobacco Black Shank;Middle Resistance: TMV

RGN PVY 0B IRHR R4 2k % R 5 M9 Susceptible: To-

bacco Brown Spot and PVY ; Resistance ; Tobacco Black Shank, Root
Knot Nematode and Tobacco Bacterial Wilt

SRR B FIAR 45 2% U0 0 B 2 995 8 A6 . Susceptible: Tobac-
co Brown Spot and Root Knot Nematode; Middle Resistance: Tobac-
co Black Shank and Tobacco Bacterial Wilt

TR TR AR A5 2R 1O R 0 L SRR IR Susceptible; To-
bacco Brown Spot, Tobacco Bacterial Wilt, Root Knot Nematode and
Virus disease; Resistance: Tobacco Black Shank

R B B2, 1 TMV Middle Susceptible: Tobacco Brown
Spot and Tobacco Black Shank; Resistance; TMV
SRR A R A5 2 U TMVY 5 B B 9% Susceptible: To-

bacco Brown Spot, Tobacco Bacterial Wilt, Root Knot Nematode and
TMV ; Resistance: Tobacco Black Shank

SRR R T R R 45 4 Ui, B R R TMV Susceptible:
Tobacco Brown Spot, Tobacco Bacterial Wilt and Root Knot Nema-
tode; Resistance; Tobacco Black Shank and TMV

(B 25 XG28) X (G28 X i M-#)
(Danyu No. 2 X G28) X (G28 X Jingyehuang)

A EX 15
Jingyehuang X Zhongwei No. 1

Vet 3D AR
Jingyehuang X Beilayan

HIF R T L 5
Jingyehuang X Zhongwei No. 1

Qe 3 X IL 1 5) X ] 2
(Jingyehuang X Zhongwei No. 1) X Jingyehuang

BT 851 X CV91
Longjiang 851 X CV91

hiF4 2 5 2% F 1M B The tobacco brown spot middle
resistant cultivar from Xujin No. 2 by systemic breeding

N4 R R % F M B The tobacco brown spot middle

resistant cultivar from Jinxing by systemic breeding

7 402 241 E 1M The tobacco brown spot middle

resistant cultivar from Special 402 by systemic breeding
75 i Ff Native variety

M K326 978 5 b bt 7

The mutant resistant cultivar from K326

CV58 X (G-28 X NC82)

CV58 X (G-28 X NC82)F,

CV58 X (G-28 X NC82)

CV58 X (G-28 X NC82)

CV58 X (G-28 X NC82)

Vi T 2 [ Originated from USA

38R ATV < 7 9 95 98 L IX. Originated from the coastal

area of southeast Austrilia

i J7 i Fh Native variety

)7 i Fh Native variety

(Corker139 X Oxford1-181) X NC95

Speight G-7 X Speight G-3

6129 X Coker319

A% Unknown

MD Robinson X Florida301

MD609 X Wilson




10 9 7%

AT SSRARICHT 33 13 A H A1 RE A B 23 M 1975

F2 SSRE|¥MFEFER

Table 2 The information of the SSR primer pairs

519 Fiif( 5'—>3") T (5'=>3") AL ¥ K
Primer Forward sequence Reverse sequence Tm/C Motifs Product size/bp
TM10737 CTGTCCAATTGGTTTAGCAACA CGCCAAACAAGCCATTAGTT 60 AT 172
TME0534 TTTGCCTGTGTATCGGTGTG ACACACACAGGGAGGGAGAC 57 TC 193
TM10589 ATCCGTCCATGCACACAGTA CTGAGTGAGAGGCTTCGTGA 60 CT 206
TM10216 TCTCCATCTCGTTCAGGTACATT CACATATCTCCTCTTCCTGACCA 60 AAT 200
TM10443 CACACAACCCACACCAACAT AACGTGCAACACGCATAGAC 60 TAG 218
PT60669 AAGGAAACATTTGATCGTACACA CCATCAAATTCAATAGTCTGACCTT 57 AT 211
TM10003 AGGGTCGGGTACCTCTGTTT TTGTGAATTCTCGAGCTCATGT 57 TA 198
TM10026 TGGAGGTGTTTGGAGATGGT CCAAGATCAAATCTCACCCATT 60 ATA 220
TM10030 ATTGCGTCGCTACAACAACA AAGCAGCCCATGACATTCTC 62 AAT 213
TM10107 TGGGACCAGTTCTCTCAGCTA ACTAACATACCGCCCTGCTG 62 AT 198
TM10130 TGGAATCATCCTTTAGCTTGC CACGCACACTCTCCCAAGT 57 TAT 201
TM10254 GGGAAGGGGTGTTTGTCATA GCATATGCGCTATTTTGAAGG 60 AC 189
TM10379 GGCGGCGAAGATGTATTTAG TTTTGAGGGGTTTGGTGAAG 60 CT 192
TM10562 CGGATGACCTTTCCACTCTC CACGCAAACACACACACAAC 60 CA 194
TM10710 AAGGCCAGTGTATCTGGGAGT TCGATTAGCAGTCACCTCCTC 60 AC 200
TM10901 TGAGATTTCACAGCACACACC GTGCAACATTCTTCACATTGC 60 AT 260
TM11091 GTCAGAGGAAATCGGCCATA GCCCAACTCTCAATCCCTTT 60 ACT 260
TM11359 CGAACGCTACGGTCAGATTT CATATTTCCCTCCCCAGACC 60 CTT 259
TME0024 TCTGCTCCATCTTTTGACGA GCATTGCTTCACTCCATCAA 60 AT 188
TME0605 GCAGACTCCCAATTCCAAAA CCCCCTTTTAGCCTCTGTTC 60 GAA 203
TME2075 TCTCCCAATCCAGAAGAGGA GTATGGTAGGAGCCCCGTTT 60 AT 192
TMES5137 CAAATGGAGGCTGAGGTGAG CCTCCCCTGAAATGTTCAAT 60 TC 191
PT50227 AGCTCCGCCACTGACTATGT CCAAGAAGTCAATGGGTGTCA 55 TA 200
PT53955 CCAAGCATGCAAGACAAGAA TTGCCATAATATCTTTCAACCAAA 55 CA 209
PT60405 GCTGAACTTAGCATGAACAAGG GGGTCCCTACAGAAATGCAA 57 CA 210
PT61393 TTTCTGCAAGTGCTCCTTCTT CCAACAAGTATTCCAGCGGT 57 GA 192
PT61573 AACATGGGAGGAACAATCAAA TTAGTGGGCCAGTTGCTTTC 55 TA 188

1.3 SSR R L7

JHRLEE R ZH DNA By 42 BCR A CTAB K 2,
PRI b KA 77 1 2 B De Riek 5557 3G Y
B,

PCR Jx W& & K 20 pL, Hip 20 ~50 ng/pL
DNA #h 1.5 4L .10 X PCR reaction Buffer(Mg*"
plus)2 xL.25 mmol/L dNTPs 1.5 pL.10 pmol/L
ER G 1.5 pL.rTaq 0. 75 U, i J5 H ddH, O
A EZE 20 uL, PCR ¥ 3 7E Eppendor] Master cy-
cler pro S Fiif7, W AR PN 94 CHA M 5 min;
94 CHAZME 30 s, 1B K GB i B Bl 5 | 4 04 A () T 2
AR, 2R 2)30 5,30 MEER,72 CHEH 30 s, i )5 72 °C
FEfH 5~7 min,4 CL-AE,

PCR " 4 7 ¥y b 1/6 A BUAY 6 X Loading
Buffer SR J5HL 2. 0~2.5 pL EAE.FIFH 6 %0 R AR
P 5 A W T T R I AE DY Y-12 B e Bk A (b 52 s —
7 B TS B (220 V,3 h) L B G S IR 400

SFUS I R AT AR YA
1.4 HEHH

P 1G4 R — B B B SR TR A DR R
A GE R 1D GE 2l 0 Mk Ge ol 2) #1758
. S0 2 0y M ORHRE] Y382 AL R B (GS)
Nei Z1 198 L iF & . Fl A NTSYSpe Version
2. TUERAER Hig B 2OF 393 (UPGMA) 3147 5 2 43
BT K 2 T il R

2 AR5

2.1 SSRIRIBHIS ML

A A 24 4> & iU B3Rt 27 X5 SSR 5]
W X} 33 A H AT A [] s AL s 0 1 %) R o e o U
17 PCR ¢ 3, 434 7 Wy 4 43 + B X 05 & #UH B A5
(100~300 bp) (K] 1~3), 27 X} SSR 5|#¥# 33 1y
THRERA R 3 3G 159 > 2280k 400 (RIAE 27 4>
SSR v 5 LRI 3 159 ASZE LD L A X SSR
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Ao Hob i E 3 4N E BURE B HL 50 5 R LR BT
PEFEDIAY 6 XF SSR BIWIAE 33 3 i 5 44 kL L 1
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3 BOR HARR
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T 6 %) 5 0 R O PR 7 BTSSR Rl
Or AT AR I 33 i S SR R ] A5 A4 A 1L AR

o 30, b R ] Y a8 4 AR BOFE 0. 09 ~
1. 002 [A] . SF-242h 0. 55, v J@ T HF A= I o ) 7 i
HHE (N, suaveolens) 5 At 32 43 A4 B} 8] (9 35 1% 41
L R KA 2 2 0. 095 1 B AT e 8 Rk B HT
PR RME 2 50 R 1 SO e TS 2K
g T CV 25 HEAHREWFHAERN CV737,
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TR A 21 AE B L FEYLIEEU 21 4 SSR
PRAC A A 45 30, 7158 33 0y 2R M0 B b R [A] B 38 1% AR
oL 2R B (3 3) L3R Rk 18] 1 33k 1% HH AL 52 BK7E 0. 04
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1 23 45 6 7 8 910111213 1415 1617 18 19 20 21 2223 24 25 26 2728 2930313233 M

300bp

200 bp

100 bp

BI1 BT 0B AR BP0 % Bl bR e TM10589 1941 45 1
M. 100 bp DNA ladder;1~33. [ 3 15 2.3 [A]

Fig. 1 Results of PCR amplification based on the tobacco brown spot resistant linked primer TM10589
M. 100 bp DNA ladder;1~33. The same as Table 1; The same as below

1 23 45 6 7 8 910111213 14 1516 17 1819 20 21 22 23 2425 26 27 282930313233 M

300 bp

200 bp

100 bp

& 2 FEF U0 R B B E BiARIE PT60669 4 1Y 245 2%
Fig. 2 Results of PCR amplification based on the tobacco brown spot resistant linked primer PT60669

1 2 3 456 7 8 9101112131415 16171819 20 2122 23 242526 272829 30 313233 M

400 bp
300 bp

200 bp

100 bp

B3 BEHLEIY TM11359 pyd 4k
Fig. 3 Results of PCR amplification by primer TM11359
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Fig. 4 Dendrogram derived from UPGMA cluster analysis based on SSR analysis of 33 tobacco cultivars

a. The dendrogram derived from the brown spot resistant linked SSR markers;b. The dendrogram derived from the random

SSR primers; The 33 varieties codes were as the same as the Table 1
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