Wy WA i VA ol [ Jlo /sl oalS oMol asliing,

o b oy Sl ool ol
s alS ool askiagy

(Nicotiana tabacumL.) B B y9ig 43 £y Olho DLyl Jbadids

£ . . EYER . s 'R EN . .
‘;lcuodl&-\qoég EJM u&w‘c bb‘)wg)b LAP)‘ Jb)l.gw?),o‘)ﬁ

drog )l oSl syl ol 8 g iyl oawlids )8 (ggomiiily =¥ 5 )
(r.darvishzadeh@uIrmia.ac.ir : Jggus oy 5i) dsog)l olSulsly eoliawl -
aélyo o8l )boluwl —F
AYNE 2 b ks g, AFEIY il ok

LXVLTS
&Y )0 pre Ol w1 andllie (Cuwl Gmino 9 (659WS (W355] U Y game 31 (S (Nicotiana tabacum L.) ;oS g5
(oS Olho aslls @lites Slabsy ol 53 ol s e Jolss 1 £ yie il 5 S50 J S (oS Cunle >
3950 ] 815t gy 231,15 Ao 31 DNA JySgo (510,50 9 (igid M 31 3ol el a3 U | s
4830 3 515 93 b e x Ve odbe 5k QB 3 (Bpb PP i) Ve g 2yl (oS ol 5D !
U ;9 dlasi (SD) adlw yad (PH) aigy gl ) Jolii o£l,5 Blidee Olho 8,5 oloil duog,l (o797 Olidod 35 w0 o liiiod
S 13,5068 g (FLYP) &) 15 5 & 5 3,54as (LW) S 3 15,8 (LL) Sy Jgb «(LN) S 2 3lsal (DSOF) (235 a0y 0+
ST Cha YT ool U cuigii Yoo 3l Cuigii A 6 BCWSl Wawd gpSejlwl (DLYP) )8 5 Suid
5 4w 4 1) byl Structure 3800 5 1 odliuw! b adlllo 5,90 (Ll )5 Caror LAl ow,p 8,5 ool 0yl5ak 3,
SN3le s 5 ol b addlas 3y90 Glio 5 S WS o B, wjad 9 (J) (Kwgw SIS GlaBE 355 madi dcgecme
Sl eleveey gmrt Qi o ol i G5 (Siwem Jolai ladd s adli @ baipe gl .o elowil TASSEL 2.1
31 oWl b ol 0391 ¢/YEY (uiko b Y I #/¢4T0 u D7 Jladle cuiod g +/+TY Ll R SSho b +/YTY
Jelse U Jfagine bS,l o 1335 glolid 5 ol Ve 5 1T cad i MLM 5 GLM Jso wlasly2 (bl ) s
Mo yd 00 U 5oy dlani g digy gliT ) (S y dlaad Olo L PT30159 |5 Lid asllae (] )3 aiiily (£l Olho ouiiS ) S
0oy 00 U ey 3lani g dllw yhd Wlho L PT30292 JS0WG g ddlw yhad § Sy Jogb Wlieo b PT30046 ;5L 9 205

Wil oo ge (AU (93154 )3 (e (S8 S0LE 392 g . uidgy (yIRep g ALSID (Niwgw (AT

8 lgale sy SO ¢ £ly5 Olao (50 Jalas (4188 (93 g5 (bl g 350 1 salS s ojlg

Slao b Lo J5Sg0 (sla, SOl clio (5ol 5 (S5
GRS F 4 slaofan 53 g o390 (glulid 1) (S
Pl 1, S35 SaS L1, 3yi5 Jlo 3 cglacipmes 3 L3l
slo,Silis DNA (la,Silis cilisen glyl o 51 b
YL ol Jebdas o3k )5 JIg5) SSR L o lgales,
o 3 iler Sl g peiy > (Bolal @i Sdan
Wb (S5 e sly b SSlis o alezel LB 4
(A)
b by Jise la)Slis glulis bty 5l
(QTL mapping) QTL sbads & ylgie o5 Slaw
Fo Jed Al Cores drwy Aol &S 5,8 o)Ll
il (RILS) o 5y oyl slognY b g ol S
Pl (pbadd gy (o5 Clao adllas sl S0 i)
a4 w3l gl a8 cuwl (Association mapping)
SAY) b9 00 odlawl alS slacures ;5 03yuS ob
01iS JyiS gloy) 2ol 35k odlsl sl ey !
dcgormo gy (pl 50 sl 0 oolawl ludl ) ba g low
5 038 Gglaen (Solai yob & Cumer S 3081 Sl (S5
) 235 o plos) (bt (Siwgey Jobs 295 bl
Cumoz )3 290 g9 | okl b9y cnl sblje dlex

EVXER)
#¥ Jolis Solanaceae «olgls I Nicotiana s
olS Gyt A pl Gl paw & Cwl &S
oy V) Wedie S (ERj g b
ol b @Yeame IS (Nicotiana tabacum L.)
@lop 5 of dilisee Lulud )3 & sl ixkio g g)5liS
0FF Olnl 03 (V) 2980 S 1> )9S Ao Sl i
O O Gl 5 s g 039 (Gxio LS (n Pere 2

Ol o3 4 S3p ol Ve g LS Sl i
(amg)) Oy Clads 35y b pased OllSe) Ml
St ol glaan)ly oS o (S8 slaggy
Sass Gy b Jod I Slhe il & il e
0351 i Ibog,S 1503 51 L Jlac 5 oo 393 cip > il
(V0] 3bb e o) B poy3 0kl Lol (il 5l
s 4 i (&S Gjas 4 ol pre Olas el
g 5l Slao &5l 2L de il 5 o5 Sk
0392 9 419y LAl b ojlgen (oo Clio i« Jame
Jo25 DNA JoUse (sla)S olis dawgs b (VF) col
odel 3939 4 bl Mol KM claybg,y 1 Sy
oy 5 oozl b lsie opde bl Mol 45 sl



WO

RO sl VA o)lass pzin Jlo /isly; olakS Mol asliings,

g, 9 3lge
isid glaols 5 LS slse

2 (Y Js2) Brd 058 gy Ve el cnl
acyio 0 LSS 90 b Ve x Ve ool LusY b LB
AR il 290 deg)l (Fy Cliis S pe Slidos
Dy yie gy Jsb 4 by Jold (el 08 pu i) S
Ve ) gay p ais ol 5 e le 5O gkt alols
A (e )3 g Jlpn et g o8T5) a5l
Fr sbaoy b @l (o) Ollee a5 a5 w35
Jold (o)) il Slio )8 plxl (58 sy
1oy3 O+ 5 jgy dlass (SD) bl s (PH) wyy glis))
5 (LL) Sy Jsb dNL) S slass (C50F) _auls
I hlas G gy Sbl b 5l (LW) Sy e
A5 Aol an s )5 p p eaSeul, slals
Sid Sy g (FLYP) 5 Sy oySlas 50d (g,50jl)

xSl anils 5l Bis b Liiloj] sy a 45 (DLYP)

SW ) Jols clacures b aulio )3 9 adb o b
395 B s 290 SO0 uS (ST g5 s lg 93
bl giame sdlugy plod 5l 15 cusl a8y ilye
(V5) Bled oo oolitwl olS  LolSS azese )b Jobo 55 00
5hoolaiwl b pre las b lagye glo ) Slis oo
59 o)) 4y dlox 5l (BLS 5 (pair > byl 4o
pAS (YFAAY) 9> (YA) @3 () s, Sl (YY)
ool 55 sl (VF) 05555 5 (Y0) 3555 oY) AighljSn
i oslizl b () ghlSen 5 Lipar gy 5
S 3 S geo Co b dtwgy SSR Sl G b))
B e QBT Sty 09)5 )3 &S g0l plulis
AFLP Sl & (1) oh)Kea 5 (b picren il
ly Suidlon sbogiss ) (£ phe o Can b by
Comor Hlile Ll Lol adlae 5 udge lolis
9 or SSR sl SOl i edlal b (3,3 sl
5 b Lo o S (o5 bt o 5] e

LA )8 olels ely; Slas 0aiS S g
o s )90 (S 59 slocdp) -V Jgi
Table 1. Studied oriental-type tobacco genotypes

Genotype name Code Genotype name Code Genotype name Code
SPT 403 G63 Pobeda 1 G31 Kharmanli 163 G01
SPT 405 G64 Pobeda 2 G32 Nevrokop G02
SPT 406 G65 Rustica G33 Trabozan G03
SPT 408 G66 Samsun 959 G35 Krumovgraid G04
SPT 409 G67 Samsun dere G36 Basma S. 31 G05
SPT 410 G68 OR-205 G38 Triumph G06
SPT 412 G69 OR-345 G39 Xanthi G07
Esfahani5 G70 OR-379 G40 Matianus G08
SPT 420 G71 C.H.T.209.12e G41 Immni 3000 G09
SPT 430 G72 C.H.T.209.12exF.K.40-1 G42 Melkin 261 G10
SPT 432 G73 C.H.T.266-6 G43 Tyk-Kula G11
SPT 433 G74 C.H.T.283-8 G44 Ss-289-2 G12
SPT 434 G75 C.H.T.273-38 G45 Ohdaruma G13
SPT 436 G76 Basma 12-2 G46 Ploudive 58 G14
SPT 439 G77 Basma 16-10 G47 Line 20 G15
SPT 441 G78 Basma 104-1 G48 T-B-22 G16
Esfahani2 G79 Basma 181-8 G49 Ts8 G17
SPT 413 G80 Zichna G50 Alborz23 G18
Esfahani G81 I1zmir G51 F.K.40-1 G19
Jahrom14 G82 P.D.324 G52 Pz17 G20
Borazjan G83 P.D.325 G53 K.P.Ha G2l
L 16 G84 P.D.406 G54 K.B G22
Balouch G85 P.D.328 G55 G.D.165 G23
Lengeh G86 P.D.329 G56 H.T.1 G24
Saderati G87 P.D.336 G57 Kramograd N.H.H. 659 G25
Eraghi G88 P.D.345 G58 T.K.23 G26
Shahroudi G89 P.D.364 G59 Samsun katerini G27
T.K.L G90 P.D.365 G60 Izmir 7 G28
L17 G91 P.D.371 G61 Mutant 3 G29
C.H.T.269-12¢ G92 P.D.381 G62 Mutant 4 G30
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Table 2. Characteristics of microsatellite markers used for DNA fingerprinting of oriental-type tobacco genotypes
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Ta  AGCACTTGGACAGGC AAGACAGATTGGTGCG PT3029 15 AGGATTCCTAACGTGTAT TGCCGIGTAAATTTC  pragois
GAATA GAAC TATGTTCT ATTTGG

1a  TCATGTGTGCCAAGCT ACAACAACTACGTTAG PT3031  gap  ACGCATGAAATTGTAAGG AAACAACGTCGAAGC  prg0172
C TGTGAGAAA 9 GC ATTTG

TAa  CGACGAGAGAAGATT TGCTCTGCGTTAGAACA PT3032 o, TATCCAAATCTCCAAAGC TCGAAACCTCGAGGA  prananm
AGTGAAAGA GGA 4 cC CAGTT

TA  GGTGCTAGCAACATCA GATAGGTAGATTATCCT PTH004 1, ATAAGTCCCTTIAATTTA GAACACACGTTCGTC  prypys
TCAAA GCAACA 6 ATTGCG ATTGG

TA  CATAAATAGTTGCTCA TCGTCATITCTTTCTC PT3006 1aa  CCTCTACTTCAACAGGGT ACCTCTGTGGCCGTA  praoses
ATCG TCTCA 1 AAGAAA AGCTA

ATTCGCACCACTTAAT AAGCCTGGTCAGTTATC PTH006 AAAGGGCAATGTGTCTAG AAGTCTCGTGTGGTT

TA CCCA CCcA 7 GA cTC GCTTT PT30241

1a  CCCATCAGGTTGTTGG CGATCGGGTCGTTACA PT3007 1o AGGGTTCTACGCAAGAGA CCGAGAGTTGCATTT  proniss
GTTA CAAT 5 TG GAATTT

GGGTCATGCGTTCGAA AACAAGAACGACGGTT PT3009 CTCAACTCTCGTCGCTCTT CATTTGAACATGGTT
TA TTAT ACGC 4 TA G GGCTG PT30021
1A GGCCGACAATAAAGT TTGTACGTTCCTCGCTG PT3011 TGGAAACAAAGCCATTAC GACGAAACTGAGGAT  pranoss
T ATG 0 cc ATTCCAAA

TA  GATGGACAAGAGTGG CCTAACAGCATTTGCTA PTII3  AC/AGIAT GGAGCTCAGGTTCCAATG GGAACACCACCACCA  prynys

1a  TTTGACATCTCTACTC GCATGCATATGAACAT PT3015 1,  TGCTGGAAATTAGCGAGG CATCATGGCAAGTCA  pranses
TTCCGTTT GGGA ) T CCATC

1A GCACTTGCTCCTTTGT GGTCGATCCACAATTTA PT3020 1,  TTCGAAATAAGTACCTAG GTGATTCCAGCGGAA  pranise
ACCC AACG 5 AGTCGG GACAT

Ta  AATATGGICTATGCCC GGTAGGGTGGAACAAA PT3026 15  GGTTGATCCGACACTATT CGTTGCTTAGTCTCGC  praggos
GCAA TTTATCA 0 ACGA ACTG
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Table 3. Descriptive statistics on the phenotypic traits of 90 studied oriental-type tobacco genotypes
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Figure 1. Results of analyzed population structure of oriental -type tobacco by the Structure program and un-weighted
pair-group method using arithmetic average (UPGMA) dendrogram of genotypesin TASSEL software.
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Figure 2. LD plot generated by SSR marker pairs. The upper diagonal shows D’ among each pair of markers. The
lower diagonal shows the levels of significance between each pair of markers.

b dwglie )3 adgs Jlad g adgd )y (2SS oloj wile
(TY) sl 03505 Dbl Q L K 54d00 (Jod sla Jso
GLM o bl osel condsas golis ¢ guios oyl p
b b sme jlaw blil ojlsnless, K6 V& &S aly LS
5 (PL0.01) )y wwyp dy90 Slao sauiS S olge
Sy olaw s 0aiS J S sloys b ol iy dlass oyl
Sp Jib cho onS JpuS (b b e S (NL)
Gy g)) cdo oaiS S slagi b oo 9> dLL)
Bl Had Cawe oS S oo b oK ke (PH)
b 5, shes Cdio 0aiiS J S slaj b oS )z 5 (SD)
Jgaa) adly s gxe sluw bls,l (D5OF) asl5 /0.
0 ggeome ;0 MLM  Jao wloly bls)l 450 o (F
sloi bogbaine Sl Bl ojlealen, ol
ol 156 03 (PL0.01) wsly ol lho oS’ J s
A Loy Se VGl K 0 les Glas (gl ol
J.Lo u»l.ml PURREALY o LS’L“’L'”) g GLM J.Lc U»L»‘)J
b oS 5 (NL) s ol s b 556 Sy MLM
b oo e PH) i 5] b ol g5 oLL) S b
ol s el (F Jgaa) Lol ol Sewge (D5OF)
S e Gl Slaw oyl oylgaless, 51 Sy adllas
lio L & —PT30159 Silts 4 oo ales 5 L3,

Slhe L W bl

deng Jls! bloawl (gl TASSEL 2.1 )38l
Jolse Lboojlealonsy syl ple (Bl bl
@S skale cpdy 38 el (sl); Slas oS S
Q (25 Bl L (BLM) gogas (o Jso ol Ll
ok Jo ol e 5 4o e @ oS o
b pbosl Q+ K 55,8 blsd L (MLM) bglses

b ot LI L) 40 ollas
Cazer 3 (lidle o o) clls )d g 244 oo oolatul
Cazer ) ldle demg lyj sl dtily dgng aslllas )90
B ls & bcao caz 55 o2l Jole allo 300
5 Comex JlSlo Jolge S 457 (J)90 50 5 Ll sleisl
Blbd Camer S 5 bl 4 islings L)
laJae (V) sal dnlgd 32 5a gy Cute @l Lgds
blsyl slads 0 y3 QO Cute uls Lials gl el
omisle 4 lgiee dlex ol ) &S 3,5 oo )18 odlizsl 350
oyl Q Jao S5 0 Q Luwyle o K Juo J3b o K
G Jao 92 51 (S 5 85 2o Q4 K 5 Jao 90
e 93 31yt O o gl ials (5 ol b g cunl
& amdy o i Glidss gl (YFFVY) cwl K 5 Q
See Sy (Q + K) aad oSy sl edlal
Slo wyp O cute @l el o (g)b gxe



Ve

S sloggy p ol Olae (bl pbass

dedoay cnl Sae Ciio cpdin o S yide LI de5g
b i 2929 Sl by § Ll (Stoge by (a9 5ed
Sgdi e cge g o3y Vb 1) Sl oluly (i 5 2
oils L nli8l els G che S Ml i o

ol 2l 1y 5500 dives Clas 453

Loy B b ey dlass g (PH) wg glasyl (NL) Sy dlass
Sl Cpiored g5 0Ll -39 Ly (DSOF) L 2al5
5 (SD) dblw 4lad 4 (LL) S Job wlaw L PT30046
G 39y dlaas 5 (SD) dbls ,had law L PT30292 Sl
(¥ Jgse) 0oy olis (Siwes (DSOF) (2415 ss)yd B+

9 CLM GlaJse jlodlital b (3,3 (159 slocaip) )3 (Sjslgdge —(olhj Clio (sl oad olulis SSR (sla SSLis =¥ Jguo

MLM
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Abgtract

Tobacco (Nicotiana tabacum L.) is one of valuable agricultural and industrial crops.
Studying most important traits of tobacco is difficult because of quantitative nature that are
controlled by multiple genes and affected by environmental factors. Among various methods for
the study of quantitative traits, association mapping which utilize phenotypic and DNA markers
information is one of the effective methods for this purpose. In this study, the phenotypic
variability of 100 oriental type of tobacco _?enotypes were evaluated using 10 x 10 simple lattice
design with two replications at Urmia Tobacco Research Center. Several agronomic traits
including plant height (PH), stem diameter (SD), number of days to 50% flowering (D50F),
number of leaves (NL), leaf length (LL), leaf width (LW), fresh leaf yield per plot (FLYP), and
dry leef yield per plot gLYP) were measured. Also, fingerprinting of 90 out of 100 genotypes
was done by using 26 SSR primer pairs. Analysis of population structure of studied germplasm
using Structure software classified the association panel into 3 sub-populations. Linkage
disequilibrium and analysis of association between markers and traits were performed using
TASSEL 2.1 software. The results related to linkage disequilibrium revealed that r* values
ranged from 0.00001 to 0.267 with mean r* value of 0.027 and also, value of D” ranged from
0.0065 to 1 with mean D" value of 0.242. Using association mapping based on GLM and MLM
models, 16 and 10 loci were identified which possessed significant relationship with factors
controlling a%rqnomical traits. In this study, marker PT30159 was common for number of
leaves, plant height and days to 50% flowering traits, marker PT30046 was common for |eaf
length and stem diameter and marker PT30292 was common for stem diameter and days to 50%
flowering traits. Common markers are important and effective in plant breeding activities.
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