R E AR 223 Acta Tabacaria Sinica  http://ycxb.tobacco.org.cn
doi: 10.16472/j.chinatobacco.2016.130 89

EFHEMFAEE F AR RFA
SSR tRICRI A B EE E B S
GHW, RFEE, RXE, EFE, HEX, 2XKF, 2%
BRSBTS R B S0 %, SRR AR Sl R 650021
OB RS S NI AR S S AL R KRB SSR ARIE, XERT 3 AR . 0 ATt 35 G IF A

PR IRIAT T BE 2 R T, AR 20 X SSR BIWIAE 35 4 HF A A B AL R Hp ALY RIS 176 N2 AT, &% SSR 54w
REM ) 22 A B0N 2~19 4, PN 8.8 4. 35 M R ALE AL A IME R 2L (GS) 7F 0.20~1.00 2 [A], “F¥I8 0.57, KRR

Fob[a] (38 1 ZAEE R

BEEFRRK, RERABT. B3 DLJRE T RAPLE, HEAESGBEMUERBEEET, &

RIS, 35 4 B AR I FE A LA nI IS T b R O 7 28, R 2 MR 28 R 20 SSR FRici& & F T B R (IR 7328, Bif%

3 W ST T -

KR PR, SRR FRF A E RN

SIRARI: W, MRrE, RME, & TR SRR R Ao RS R 2 SSR FRiC il AL 2 FEvE A (0], P

MR, 2016,22 (4)

THELAERLY) 73 K% L )& T % (Solanaceae)
M )& (Nicotiana) , HAEJFET M. KREEM. B
S b S5 BT AR U ARAE R A
VIR ARE. Ok H . Ok aaim, 3
(SR N A W 61 Sl S 24 G S i T =
&, E %3 Goodspeed 4 MH & 43 N AL S W &
(Rustica) B JE (Tabacum) FZELIH JE
(Petunioides) 3 MV J&. 14 M. 60 MR P BE S,
MTXF Goodspeed [ TAEHEAT T K EIRABE T HAL 1
BIESY 78, 1994 45, H A Z ™ bk 202 +E 0t 3
EJE 66 MRHHAT T RG22, 2004 4, Knapp
IRIHELJEA 76 AFh Bl iR e A 2 ANF,
BV B AN B AR L, DR M AR i O > 4
BFEA, R ORI RS 5 E]
AL 1 SOk [F] . B SRRl AR e . v
JH B b o 5 R ok e = 7,

HAE, RIERAAFEREZ, f£9 1K X3
RO M RS, FERKR T
¥ K B £ & 1 (Random Amplified Polymorphic
DNA, RAPD) ™', 3 i Be K 2 A4 (Amplified

Fragment Length Polymorphic, AFLP) """\ & 7

MRy 1 2 &P Frid (Sequence Related Amplified
Polymorphism, SRAP) ' F1 [X [d] f&f # 7 4l & &
(Inter-Simple Sequence Repeats, ISSR) ' 2 qE #F
FPER I ThRC . XEEIRR L 7 T AR LR E
M. 2RI, BAERR, EEMEE. dRi,
HL N Rl AR 52 vy S5 o SSR Bk e v Ik A B ik £
HRER = 0 0 IR A R, EE| 2007 4F, &
gk SSR A ic (1) HL g AR IE B S 4 A A, (AR T
SSR ARG AP BT RIS R R GEAEZ AL (1)
WFFETT AR, AHIX SR Fi 35045 rh AE MR 5L (1) AR 85 i
TSNP SR T e 8 P P A AN 2R R R I DR 2 AR AR )
ARG IR SRR, Pk, a2 K20 SSR
AL ARG AR A SSR dric L B, HE MEIFAE
[ 4 A, T FLE LA AR ) 1 B, gk
Bz B TR IR . R MR R 2
FEVE T S 0400 B2, 84, HE TR AN 2
DK 2H SSR A 10 ek B AR M 5 M 5T 5 U 10 9F 95 A2 [ A 1
W AR WARTE o DRI, ) FH M e P S e 5 DR ZH RN 2
FEDKIZH SSR s i of B AR R M o B YRR AT A% 44T

EHL£WB: PEMELAFTNHE (110201402002, 110201302005) ; FEAFE S AT A AT HH (2014YN04. 2013YN09)
fEEEA: Gl (1977—) , L, FENIHEFMHF, Email: jmzeng@yntsti.com
BIAES: BIRZE (1980—) , {1, FWNFWEFHEEMH AN, Email: 2)861@163.com

Igfs HEE: 2016-04-07



920

A [ R FE 24 Acta Tabacaria Sinica 2016 Vol.22 No.4

TEARE M B N &I AL O A R e F2 08 FR)
PR B A R O R 2R DR L 0 B8 SO B s ol o )3 A
FERb ST Tk A3 e )R

AR S FH AR S 56 5 17 52 A7 140 AR 0 400 2 3 T
41 SSR #ric P, RT3 MHEJE. 9 ML 35
O3 BF A R R R SR 6 R BHTHE AL, BE M
I3 F K b B A R B B R A AT ) 2 e
WA

1 #REFE

L1 ##

TR BT FH ) 35 43 BT AR M R R 9505 B 2
BN R B PR E R (R )
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Tab.1 Classification information of 35 materials in genus Nicotiana

e fif e gt A% H 2n #H A
= Code . .
Species Chromosome numbers Section Subgenus
WOl N.cordifolia 2n=24
W02 N.paniculata 2n=24 Paniculata Rustica
Wo03 N.glauca 2n=24 [53] E J0H 2 20] AL
W04 N.benavidesii 2n=24
W05 N.tomentosa 2n=24
W06 N.tomentosiformis 2n=24
Wo07 N.otophora 2n=24 Tomentosae Tabaccum
WO08 N.kawakamii 2n=24 SRSy (R o 368 I
W09 N.glutinosa 2n=24
W10 N.setchellii 2n=24
. B Trigonophyllae
Wil N.trigonophylla 2n=24 VY B 2
Undulatae

w12 N.undulata 2n=24 T E 2]
W13 N.sylvestris 2n=24
W14 N.forgetiana 2n=18
W15 N.longiflora 2n=20 Alatae

o _ TEMR AL
W16 N.plumbaginifolia 2n=20
w17 N.alata 2n=18
W18 N.repanda 2n=48
W19 N.stocktonii 2n=48 ?ggdé‘fa
W20 N.nesophila 2n=48 -
W21 N.petunioides 2n=24 Noctiflorae Petunioides
W22 N.noctiflora 2n=24 RAENR w2 1A I

. Nudicaules G

W23 N.benthamiana 2n=38 A 2
W24 N.excelsior 2n=38
W25 N.africana 2n=46
W26 N.velutina 2n=32
W27 N.fragrans 2n=48
W28 N.ingulba 2n=40
W29 N.goodspeedii 2n=40 Suaveolentes
W30 N.rotundifolia 2n=44 B A
W31 N.gossei 2n=36
W32 N.debneyi 2n=48
W33 N.suaveolens 2n=32
W34 N.occidentalis 2n=42
W35 N.exigua 2n=32
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JHHEEE R ZH DNA 2t
35 o B A MR B AR AT 41 DNA J 32 H, 2
P AIHRE 2 IR 5L 5 ) 1 CTAB K EVAIR TR AZ 2
Horfrfg 65 CoKIIS RIS 2 60 min, K 55005 4
5 %5 12000 rpm, LA i M 51 5 (K1 41 DNA F1 75 % il

1.2.1

1.2.2 RIS AA S DR 2 AN 2R br R ZE TR 41 SSR 514

TE % SI2 56 =5 11 1A A 16 M R 441 i 2% = R 4H SSR
Sl BY, R ELRERS BTG kA TR N . AR A HL
TR AR R B b B 2 25 PR SSR 51945 10 X,
SIYTVEAE LR 2.

R 2 MEMFAERBIZEHARREA SSR 5| HFIER

Tab. 2 Information of SSR primer pairs in chloroplast genome and mitochondria genome of Nicotiana

% 5 L5 (5710 37) NIEIITH (571037 HEHF  BKRE/C K bp
code Forward sequence Reverse sequence motifs Temp/C Product size/bp
Tep034 AACCCAATCAAAAGGGAAGA ATCCTATGTCGCCAAAATGC (AT),, 58 164
Tep067 TGGAGCATTCCAAAAACTTG CCGGATAAAGAACGAACAAGA (AT), 60 178
Tep071  CGTTCCGCCTTAGAGAGAAG  GATCTTAGGCCCTGACTCACC  (AQ)y; 60 226
Tep085  CAGCCTCGGTAAAGTCCATC  TTGTTTTTGGGAGGTTGGAA (ATT), 60 203
Tep089 TCCGCCCCCTATATATTTGA TTGGTGGGATAAGAGGATTAGC (AAT),, 60 166
Tep097 TGGTTGTTGCGAATAGCGTA ATCAAGAGGGCGTACCACTG (CTA), 55 148
Tepl0l  TGCACGGTTTTGAATGAGAG  TGCCATTCGTTTGATGAGAA (AATC), 58 176
Tepl23  ACATCTGCCCTTTCTCAACG CAGAAGGGAAGAACTTGCATC (ACCTA), 60 218
Tepl29 TCTGATGGGTCCAACAAACA TGAAGCGCATAATTGGTTGA (CAATCG); 60 234
Tepl33 CCATTCATGAACATCACAGCA CCTTTTCCTTGGGATTGGTT (CTATGA); 60 206
Tmp006 GCGACGAAATGGAAGTTTCT CGGCAACTGGTGGTTTTT (TA),, 60 162
Tmp032 TCAATTGGCACAAAGCTCAA  AATGCCCAGGGTTTTCTTG (TA) ;5 60 180
Tmp037 GAAAGCGATCAAATGGGTGT GCCACCCTCAATGTTCTTGT (AT), 60 200
Tmp056 CACCTCCTCCACACAAAACC GTTCGCACGATTCAGTTCAA (ATA), 55 179
Tmp059 TAGAGGCGTTGGCTCTCACT  AGGATTGGTATTGCGTGAGG (AAT), 55 210
Tmp095 TCAATTGGCACAAAGCTCAA AATGCCCAGGGTTTTCTTG (ACT), 57 118
Tmpl03 TCGTACAAGGCTCACAGGAA  TTCACTAGCAGATTCGACGTTC (AAAC); 60 135
Tmpl04 GTTAAATCCGCCCAACAAAA TCAGCATAGGTGATCATGTCG (CAGGA), 60 186
Tmpl07 GGATTTGCTCTTGCCACTTC GGCAAAGCTCTCAACACCTC (GCAAGA); 60 146
Tmplll  AGAGGCTGATCTTTGCAGGA  CACCTCCAAGGTGATGGTCT (CAACGQG), 55 176

1.2.3 PCR ¥ #5471

0F] L I 45 A 5 R 4 R 28 47 44 356 TR 4H SSR 51 41 1)
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SR 52 PO 59, X PCR ¥ 48 72 4 i A
M s RBEAT A B HRAE Nei 2 PP 24 A K
THE 35 4 B A S SR A] (1) 3845 FHAL R 20 (Genetic
similarity coefficient , GS) , H] H] NTSYSpc Version
211 BRAE P AT R AMT, FE R THHME R G
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300 bp

200 bp
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1 5|49 Tep067 7 35 HEFEHE P BRIk LR
Fig. 1 PCR products of SSR primer Tcp067 on non-denaturing PAGE by silver staining in 35 wild Nicotiana species
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FHABE: RECRAK, 4 0.20.
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2.3 35 BEFEREMBRIRES

M UPGMA VLSBT R (K 2) Fifh, ki 35
Py AR R B TR IR e AR IR A M = AN e (BT
MV & (Rustica)  EIEMHI)E (Tabaccum) F 3
KJHNEJE (Petunioides) AT, BIFESrF/KF L,
TVEAH 2 1) 35 4 B AR M A RHE I I & 3
Frl@ g, HEMNAFRIA (section) EIHEELF 1)

X7 IF. FEAALIE RE 0.50 &b, WREET AL TR
I BT A0 N.africana (W25) S5FIAR M 34 AR
Iy, TR AR AR 34 43 APREE I8 24 1Y) 38 A% AR BL1E 2R 4L
A, TBEARIE M SN 10 A4, {5 3 A& ] ) 5t
BRANASHIR . ISR PTIRAGH 10 MHE AT, R
WAL (Suaveolentes) 4k, i 7 AH5ESEH
A E

N L

_'—| N.sect.Noctiflorae
N.noctiflora
 N.tri N.sect. Tvi;
N.repanda
N.nesophila

Nisect Repandae

 N._setchellni

N glutinosa
_EMM“ Nisect. Tomentosae
N tomentosiform
N kawakami
:Mnmphnm
Nexcelsior
N.

N gossei

N.sect.Suaveolentes

N suaveolens
N.occidentalis
Nexigua

o "
N.ingulba
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_| . .
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N.sylvestris
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. ! N.sect Suaveolentes

L N
Nandulata

N.sect Undulatae

N glauca

N_paniculata
E}lbmvidsii

N.sect Paniculatae

N.cordifolia

N.africana  N.sect.Suaveolentes
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Genetic Similarity Coefficient
235 REFEMEM BRI RESTRHRE

Fig.2 Dendrogram derived from UPGMA cluster analysis of 35 wild tobacco materials
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SSR A e % M B 5T ) W LR GE 46 T 2007 4, )5
RLRTZ, Wi U R 1Y S R AT
R PL BORE IR X 7 P, (HAZFE R4 SSR bR
TELAE R o ) 1 1T ARG U

1&4 Mk, AR ) FH O B S A i R 4H FH 2 bt
PR FE TR 2H SSR bR ic o) B A A0 i B YR AT B AR 2

FEVE AT O 9T ASHIE SR 10 A0 B - 4 4k 5 [A]
ZH SSR Fr i Al 10 AN HH B 2 R A4 i [K 2 SSR #Ricts
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A 59 A1 117 2B, A SSR Anid Al
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N 5.9 F11.7 4y, H 20 4~ SSR FRic 7 35 A~ B A 4K
FRh ] 5 BE AT G XL PCR 1. 9 R 4 g 2% 5 [
ZH SSR #RicfE 35 M A HE RN ZEE (28R
SSR #RiCEH / & SSR britZH X100) KEAZE
PE SSR Frich A I 1) 22 75 1 2% s B0 2 R,
LA SR H SSR Arid B A H SR, 2EEY
R SEARFEDR 4 SSR FRic P fiF . BRI SRR RN LR
KRN E & — B AR T 4% B B A F X LT



WS TR S DR AN Ao PR IR TR 4 SSR i RO A i AR A0 88 A% 22 A 42 3 M7 95

WAV, A aEDh RE R T, HaR ik REeE
4 ¥ B B AR TN RE [T 2 8L P ot ABRFI 8% 11 07
BUF IR Tk, PEZRRi AR & [ i PR~ 1 S o HH
BRI, P S5k R ZH R 2 A ik TR AL AR P FR o )
(B35 B A RS O sr e, AN 8 Fh R B = 8 st
& ZFEVE, X0 PP 40 o 85 25 R 2H SSR bric i b 41
123 K40 SSR b i A B 5 (1 F g 28 FH 14, TR
T ff 25 L DR 41 SSR A 1 7 B 18] B =y 43 2R 4 ) b
X B 15 A% B A AU It 2 FT AT I
32 EFHEENFEEFEEMEPAEELZL SSR iR
IR EF I E R IR 2R AT

FE K b, XTHHELE A 66 S Fh IR R ik
WREG KA RMIBECHRL . W Aoki &5 ) F
FH MR B 204K marK B PR B1AIE 2 1 0 B A0 S Fl e ¢
PRI n=12, HEJE TR M. Chase % Fl H
T HE 7k DNA # 5R R X (ITS) I 45 4 58 6 41 5 A
R (GISH) Jrik, XHEJRA 66 MEAT RS K
B BN A A PR IE T 7T . Clarkson %5 Y | F AR %
W& T trnLy 18181 trnLl-F F1 trnS-G . FE[A ndIF Fl
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RUONEERR I RS RAAAE €M, [F— L8 ¥
SRR AR R I, MR —H (BRAE D
100 5 A 0 R ORL 0 R AE I 4 1 s AL AL R BT I
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2 U BL T B A% FE R 21 SSR AR ic IHIF 7T 45 R — 3%,
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Genetic diversity analysis of genus Nicotiana based on SSR markers in chloroplast genome
and mitochondria genome

ZENG Jianmin, CHEN Xuejun, WU Xingfu, JIAO Fangchan, XIAO Bingguang, LI Yongping, TONG Zhijun
Yunnan Academy of Tobacco Agricultural Sciences, Key Laboratory of Tobacco Biotechnological Breeding, National

Tobacco Genetic Engineering Research Center, Kunming 650021, China

Abstract: Based on SSR markers in chloroplast genome and mitochondrial genome of tobacco, genetic diversity of 35 wild tobacco
germplasm belonging to 3 subgenus and 9 sections was first analyzed in this study. 20 primer pairs were selected from 764 tobacco
organelle genomic SSR markers which were previously developed by lab. A total of 176 polymorphic bands were amplified in 35 wild
Nicotiana species using 20 SSR primers, and the number of polymorphic bands detected by each SSR primer ranged from 2 to 19, with an
average of 8.8 polymorphic bands per marker. Genetic similarity coefficient (GS) among the 35 wild Nicotiana species ranged from 0.20
to 1.00, with an average of 0.57, which indicated the genetic variation of the 35 wild Nicotiana species was quite large and the genetic
diversity was much abundant in Nicotiana genus. Except for Suaveolentes section, the 35 wild Nicotiana species were clustered into 7
categories by an appropriate genetic similarity coefficient, while the boundary of three subgenus was not obvious. Results indicated that
two kinds of tobacco organelle genomic SSR markers in this study are suitable for the evolution, classification, and genetic analysis among
different tobacco species.

Keywords: wild tobacco; genetic diversity; simple sequence repeat (SSR) markers
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