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1 1/61 0/35 1/03 0/68 6/34 0/85 19/95 0/06
2 1/45 0/68 1/31 0/94 6/09 1/28 19/05 0/57
3 1/88 0/73 1/68 0/69 3/48 0/71 18/76 0/80
4 1/51 0/68 1/35 0/78 5/25 0/39 19/25 0/51
5 1/18 0/35 1/02 1/03 5/46 172 18/71 0/37
6 1/45 0/53 1/15 0/87 4/56 1/66 18/71 0/53
7 1/15 0/30 172 0/83 5/41 2/78 19/30 0/58
8 0/99 0/19 1/93 0/18 5137 3/34 18/95 1/24
9 1/34 0/33 T 0/93 5/22 1/25 18/59 0/11
10 0/97 0/11 0/42 0/13 5/16 178 19/63 0/69
11 1/91 0/63 0/47 0/06 4/52 1/88 18/96 0/60
12 1/18 0/25 1/52 1/16 4/32 1/15 18/94  0/68
13 2/03 0/27 0/55 0/15 4/58 0/25 18/58 0/50
14 2/11 0/55 0/52 0/23 5/89 1/76 19/69 0/40
15 1/42 0/44 0/42 0/10 5/19 1/44 19/11 071
16 1/22 0/30 0/95 0/48 4/99 1/93 18/40 0/54
17 1/04 0/16 1/62 0/89 5/98 79 18/49 0/48
18 1/09 0/33 0/97 0/90 4/98 2/68 18/76 0/18
19 1/62 0/47 0/97 0/67 5/13 1/82 19/31 0/38
20 2123 0/28 0/38 0/03 4/93 2/58 19/35 0/86
21 2/01 0/71 0/53 0/23 4/64 0/37 19/27 0/18
22 1/83 0/61 0/73 0/21 5/41 0/34 18/54  0/43
23 1/98 0/53 0/50 0/17 4/95 0/83 19/43 0/32
24 0/95 0/09 0/57 0/16 6/00 0/99 19/36 0/82
25 1/65 0/31 0/42 0/03 597 2/71 19/33 1/07
26 1/29 0/43 0/42 0/03 4/55 2102 18/70 0/31
27 2/05 0/10 0/57 0/85 4/83 1/02 19/51 0/83
28 1/28 0/23 0/40 0/00 6/61 0/93 19/10 0/29
29 2/04 0/17 1/33 0/90 4/03 0/36 19/21 0/43
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(55l oY) Basmasseres 31 5 (s, oY) SPT406 35 5l lol>

ho QTL S 03 8 O e Al LOD I R?
s qci1 1 2 1 257 0/19 0/12
o 55 gNi1 1 36 1 1/92 0/15 0/07
Sl gAsl 1 18 1 478 0/20 0127
e qsu3 3 72 1 1/92 0/29 0/07

qsu2 2 24 2 1/92 -0/39 0/07
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LOD: log10 likelihood ratio (likelihood that the effect occurs by linkage/likelihood that the effect occurs by chance). QTL: quantitative trait loci.

05,5 s » QTL & Basma seres 31 x SPT406
PT30346- ¢l Slis o 5 (LG V) 5 Koy
sds olulid QTL il jlad lulis PT30308
Slewdte 30 213 L 1, 0T LOD 5 0/ 550> s
T sls e Ol &S 55 e ol olulis QTL iol53l
1| ool 0 Jize Basma seres 31 Wiy 3l o las
SPLsl pbasd 5l eslinal U [28] OLSes 5 L e
V55 Gacsss o TS Bl pds e
A o o b B e il S ST (350
Slio Gy G ool s S glebs |y S s
S (1K) as Lol QTL oS sl canlllas 3 50
AZE s Bl ) WS b ede s 4 Yol
33 QTL bais Slallas 53 oo 285 plsl S5
Slio sy 4 ey ol5 L Sliv 355 s [26]
3 sgms (oS SIS 055 S kS L ki
i ag S5 i Sl eslizad L [27] 0, Kes 5 Julio
& ;3 ISSR 5 AFLP SCAR SSAP s SiLis
308 15 055 S js il o oY Conax
CehS Wl e ¢l @38 65,512 551, QTL

.,U.SJS u‘ll““'l"“;’ 393 u.pb;— E) L;’k':“"“;’ C)L»SJ.? Lk.fj{

2 Linkage disequilibrium based association mapping

118

2 ormen 3 Fo Jod 53 a8 oS J s L Sl s
S Lpd e edalin placd s b iy gla fd
RELIE N PR P E R e || PRNGE SO S PR E

oLl jalate SISE sy ¢ 85 4 Subnte Slac s
ol o3 s L sl SSE AL Sl L AS s
o ST G pen Jod sl 53 s S Sl

03 Che S sl aS das e LIS, el S g 553
oy 45 I o3 ezl pllls Sl 5 ol g
J s gla s Sos 5 p5n s 3 Sslee SIS
Sl &S el ol (5 3l sl o 5 LT G
3 e s Sate S 53 a3 ol g8
55 Slho sl sslrie SSE S s el
S5 4 Lol Dlis 0351 SG5 Sy 5l (AU e B
& o S Ol sk a1y sl s JT s oS
5 Srol g i SSE LIS e Sl
55 oy 4 Coslie 50 SO s [24] O, en
sl s is S S S IS

« [16] O,Ken 5 Hatami Maleki Lo 5 i s
S J 2S5 GBQTL Lesl Camise plolid sk
G el b B8 soss S0 IS reas
SN Sl el P2 Carex o lalol LUK



1395 MUARJ/B UL«J g 0,99

o S c@.ﬁi‘é‘_;)‘gu S )

LG1 LG2 LG3 LG4 LGS LG6 LG7
0.0—" PT20281 00 TOS 2 0.0 —=— TOS1-4 0.0 —— UBCB11 0.0 —=— UBCS03:UBCET21 00— FT30186-2 00 :D: UBCBA4+A12:1
o— (11 a5 UBLB34A1Z2
121 —H— TOS1+TOS2-5
178 — PT30168-2 200 TOS1+TOE2-1 e 165 — UBCETS 180 —— FT20292.2
— 1812 UBCERA1 _ ngqd 28— usc i
Tt TOS1+T052-8 q‘%lg___ ey 242 —1 UBCB151
— AT TOS1+T0S2-2 28,6 —— UBCE12-1
350 — UBCS182
44— FT20168-1 ) i
448 TOS1+TOS23 BE FT20167 PRSI ——
528 —— TOS15
57.0 —o— UBCE34+A125
a1.4—- uBce17
a78~1 |- FT30005 ss6—1— UBCS08
B o= ol Bl .
e84 PT20282-1 q5u3
510~ ToS1+ToS2 2 O DROME, 91— 10656
a2s - 1082 1 812 ]~ Fr20223
B8 s 8TE—o— A12
929—o- UBCE34+A12:2 9.4 UBcsasz 922 —1— 10855
1027 ——— TOS1-2
1125 —— 1085-2
1181 —— TOS1-1

u:s;yWij}wy103Lo.l...::ﬂ.:@jL;iwﬁwé‘})jdw)f))ﬁ@@é\f@“@buéuQTL 1&&&
(3l oY) Basmaseres 31 5 (s, (V) SPTA06 356 51 ol

Gk 53 (bl b L QTL bl ol
5 Olgie Sl GLQTL 5 ud LIS il
Sl SaS 4 Sk ol s slaael
slais col (‘)'y G35 slhald ke 4 S eslaxd
S L e ) S 058 g e 55 R0 L
L L;LL‘“,;\’L;-’ 3 gy 6LAJ.<'L:.J 5 i ol sl
Gl sy Sl Olg e s Gime YU S
ol Dbl 5l &S nad pLals iles i

ot S o oalial b a2E S 5 a2 ador |

'in

Ble =0

[1] Narayan RK (1987). Nuclear DNA changes,
genome differentiation and evolution in
Nicotiana (Solanaceae). Plant Systematics and
Evolution, 157: 161-180.

Chaplin JF (1975). Genetic influence on
chemical constituents of tobacco leaf and
smoke. Beitrage Zur Tabacforchunge, 8(4):
233-240.

Davis DL, Nielsen MT, (1999). Tobacco:
Production, chemistry and technology. Oxford,
UK: CORESTA, Blackwell Science.

[2]

[3]

119

sleesl il 5l eslizad L [28] olKes 5 Xiao
S olis gl QTL sae 7 sl A shla Ll
slold 055 G 5 3 s ey 5 5SS
51 eslizad U [14] o) s 5 Li )f_i_s adlas ;3 .05 S
2305 g 2pms 0SS 5o oS Dlio SO a
wlolis Llie 53.[27] asb . N. tabacum &8 =15
0 e glagslen 4 Cwplie S J S glal)

[32-29] sl o ploil g5 4 05 5

& S 4omts -4
)WMJFSB}MQLMWJ\JW
wL..u\j.l.Z odalin JJJ&JJJ\ABQLMW‘)\JL;M



OLKen 5 50 5,355 23p

[15]Lin TY, Kao YY, Lin RF, Chen CM, Huang
CH, Wang CK, Lin YZ and Chen CC (2001).
A genetic linkage map of Nicotiana
plumbaginifolia/Nicotiana longiflora based on
RFLP and RAPD markers. Theoretical and
Applied Genetics, 103: 905-911.

[L6]Hatami  Maleki H, Karimzadeh G,
Darvishzadeh R, Naghavi MR and Sarrafi A
(2013). Identification of QTLs associated with
low chloride accumulation in oriental tobacco.
Genetika, 45: 855-864.

oS J 28 LQTL Lo (1393) < Js,li e [17]
wlobl . 3,0 iS5 S ST Dliv
gyl R )l lS

[18]Zeng ZB (1993). Theoretical basis of
separation of multiple linked gene effects on
mapping quantitative trait loci. Proceedings of
the National Academy of Sciences, 90: 10972-
10976.

[19]Zeng ZB (1994). Precision mapping of
quantitative trait loci. Genetics, 136: 1457-
1468.

[20]Van Ooijen JW and Voorrips RE (2001).
JoinMap® 3.0, software for calculation of
genetic linkage maps. Plant Research
International, Wageningen. The Netherlands.

[21] Aastveit AH and Aastveit K (1993). Effects of
genotype-environment interactions on genetic
correlation. Theoretical and Applied Genetics,
86: 1007-1013.

[22]Veldboom LR, Lee M and Woodman WL
(1994). Molecular marker-facilitated studies of
morphological traits in an elite maize
population. 2. Determination of QTLs for grain
yield and yield components. Theoretical and
Applied Genetics, 89: 451-458.

[23]Singh M, Singh H, Kumar R, Tank DS, Singh
VP, Singh T and Singh SM (1988). Correlation
and path coefficient analysis of some
morphological and vyield characters in
sunflower. Crop Research, 16: 93-96.

[24] Asghari A, Mohammadi SA, Moghadam M,
Toorchi M and Dabagh-Mohammadi Nasab A
(2005). Mapping cold resistance genes in
rapeseed (Brassica napus L.) using
microsatellite markers. Iranian Journal of Crop
Sciences, 7: 202-211.

[25] Basirnia A, Hatami Maleki H, Darvishzadeh R
and Ghavami F (2014). Mixed linear model
association mapping for low chloride

120

[4] McEvoy ET (1957). The growth and mineral
content of flue-cured tobacco as influenced by
reaction of nutrient solutions with ionic forms
of nitrogen. Canadian Journal of Soil Science,
37: 79-83.

[5] Lamprecht MP, and Botha AH (1975). Genetic
basis of chlorine concentration in flue cured
tobacco. Agroplanta, 7: 25-30.

[6] Darvishzadeh R, Alavi R and Sarrafi A (2011).
Genetic variability for chlorine concentration in
oriental tobacco genotypes. Archive of
Agronomy and Soil Science, 57(2): 167-177.

[7] Darvishzadeh R and Alavi R (2011). Genetic
analysis of chlorine concentration in oriental
tobacco. Journal of Plant Nutrition, 34: 1070-
1078.

[8] Chaplin JF and Bruk LG (1977). Genetic
approaches to varying chemical constituents in
tobacco and  smoke.  Beitrage  Zur
Tabacforchunge, 9: 102-106.

[9]1 Movafegh S, Rabiee B, Zare-Feizabadi A and
Taheri G (2009). Mapping QTLs controlling
yield in two Iranian rice cultivars-F2
populations. Iranian Journal of Agricultural
Research, 7: 673-683.

[10]Liu BH (1998). Statistical Genomics; Linkage,
mapping and QTL analysis. CRC Press. 648 Pp

[11]Kato K, Miura H and Sawada H (2000).
Mapping QTLs controlling grain yield and its
components on chromosome 5A of wheat.
Theoretical and Applied Genetics, 101: 1114—
1121.

[12]Collard B, Jahufer M, Brouwer J and Pang E
(2005). An introduction to  markers,
quantitative trait loci (QTL) mapping and
marker-assisted selection for crop
improvement: The basic concepts. Euphytica,
142: 169-196.

[13] Tanksley SD, Ganal MW, Prince JP, Vicente
MC, Bonierbale MW, Broun P, Fulton TM,
Giovannoni JJ, Grandillo S, Martin GB,
Messeguer R, Miller JC, Miller L, Paterson
AH, Pineda O, Roder MS, Wing RA, Wu W
and Young ND (1992). High-density molecular
linkage maps of the tomato and potato
genomes. Genetics, 132: 1141-1160.

[14]Li HL, Chen MX, Zhou DX, Chen SH, Tao
AF, Li YK, Ma HB, Qi JM and Guo YC
(2011). QTL analysis of six important traits in
tobacco (Nicotiana tabacum L.). Acta
Agronomica Sinica, 37: 1577-1584.



13954&‘352‘9/351‘.«&‘751‘9: w).hg".gja‘.{.ﬁb‘_;)‘guwj

Abstracts/Krakow2007-AgroPhyto.pdf). accumulation rate in oriental-type tobacco

. (Nicotiana tabacum L.) germplasm. Journal of
[29] Bai D, R_eeleder R and Brandle JE (1.995)' Plant Interactions, 9(1): 666-672.
Identification of two RAPD markers tightly

linked with the Nicotiana debneyi for [26] Tanksley SD, Young ND, Paterson AH and
resistance to black root rot of tobacco. Bonierbale MW (1989). RFLP mapping in
Theoretical and Applied Genetics, 91(8): 1184- plant breeding: new tools for an old science.
1189. Nature Biotechnology, 7: 257-264.

[30]Nishi T, Tajima T, Noguchi S, Ajisaka H and [27]Julio E, Denoyes-Rothan B, Verrier JL, and
Negishi H (2003) Identification of DNA Dorlhac de Borne F (2006). Detection of QTLs
markers of tobacco linked to bacterial wilt linked to leaf and smoke properties in
resistance. Theoretical and Applied Genetics, Nicotiana tabacum based on a study of 114
106: 765-770 recombinant inbred lines. Molecular Breeding,

[31]Tong Z, Jiao T, Wang F, Li M, Leng X, Gao Y, 18:63-91.

Li Y, Xiao B and Wu W ( 2012). Mapping of [28] Xiao BG, Lu XP, Bai YF, Li YP, Sun'Y, Guo
quantitative trait loci conferring resistance to Z and Jun Z (2007). A genetic linkage map of
brown spot in flue-cured tobacco (Nicotiana the flue—cured tobacco (Nicotiana tabacum L.)
tabacum L.). Plant Breeding, 131: 335-339. and QTL analysis of several agronomic traits

[32] Vontimitta V and Lewis R (2012). Mapping of using a  doubled  haploid  population.

uantitative trait loci affecting resistance to CORESTA Meeting Agronomy-
gh tophthora nicotianae in tobgcco (Nicotiana Phytopathology  Groups, 2007, Krakow,
ytop Poland, Abstr. AP 10

tabacum L.) line Beinhart-1000. Molecular

Breeding, 29: 89-98. (http:/lwww.coresta.org/Meetings/ CORESTA-

121



