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1- Locus
5- Gene flow

2- Genetic variability
6- Biodiesel

3- Genes sequence 4- Genetic drift

7- Molecular farming
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1- Environment-friendly 2- Tubercle

3- Haustorium 4- Oriental tobacco



VY

He S i85 cos ST 5 (Byd 1§59 slaceis) Jl (B p (K55 e95 (o

dddlla 590 oL 5 (B (595 slocuis) (ol =) o>

Table 1. The name of studied oriental and water pipe’s to!

bacco genotypes

« D) o D) e s et d)

\ Kharmanli 163 S VY Samsun 959 (B 4l SPT 412
Y Nevrokop Sy YO Samsun dere (B A Esfahan5
Y Trabozan S Y8 OR-205 B la SPT 420
¥ Krumovgraid i YY OR-345 8 v SPT 430
) Basma.S.31 SBys YA OR-379 v SPT 432
5 Triumph S T C.H.T.209.12¢ vy SPT 433
\ Xanthi Sy ¥ C.H.T.209.12exF.K.40-1 vy SPT 434
A Matianus Gy ¥ C.H.T.266-6 v¥ SPT 436
4 Immni 3000 S ¥Y C.H.T.283-8 \ SPT 439
Ve Melkin 261 S ¥Y C.H.T.273-38 \id SPT 441
AN Tyk-Kula S ¥¥ Basma 12-2 44 Esfahan2
WY Ss-289-2 Sy Y0 Basma 16-10 YA SPT 413
W Ohdaruma S Y5 Basma 104-1 va Esfahani
Y Ploudive 58 i YV Basma 181-8 A+ Jahrom14
A Line 20 i FA Zichna A Borazjan
\s T-B-22 SBys T4 Izmir AY L 16b
\\4 Ts8 oy B P.D.324 AY Balouch
A Alborz23 s 0) P.D.325 A¥ Lengeh
AR F.K.40-1 By oY P.D.406 AD Saderati
Y. Pz17 s OF P.D.328 A Eraghi
Al K.P.Ha s OF P.D.329 AY Shahroudi
Y K.B By b P.D.336 M TK.L
\A) G.D.165 Sy OF P.D.345 A L17
v¥ H.T. Sy OV P.D.364 a. C.H.T.269-12¢
Yo Kramograd N.H.H. 659 By OA P.D.365 0 Samsun 1
\d T.K.23 LA P.D.371 ay Samsun Katenizi
% L 16a By 5 P.D.381

YA Izmir 7 Sy N SPT 403

ya Mutant 3 Sy FY SPT 405
Y. Mutant 4 Sy FY SPT 406
Al Pobeda 1 s Y SPT 408
Y Pobeda 2 By PO SPT 409
T Rustica Sl £F SPT 410

oy Sem g Slalzdl Jloy ig oseil Sl ey 505
5 Slio il ly 40525 (5l ygnil b ales] (sloolss
P ohlhd S e ey glao)lel 2yl
5 oolyls slinl 3yl s plosl A/F a5es SAST jila s
S pm 5 clio "I ke slise 2 s pdacdlyg
g Holland  lwg ddlbaswgy SAS &by L Llys
285 ol (1) o S0

S Lol aBl Ay by
http://www4.ncsu.edu/~jholland/heritability/Inbre
5 ogd s cops sl oL BB ds.html
L (YA) o 5 S gy b p Slao (55
CVg =5 CVp =L)X 100 slaJseys 5l i
460 58p gl » o 545 abre (22) x 100
ole X5 (9] 5 aied sblne Sl oy
G gy (S5 G Gl Cumes S 0 e
035 S dllde j3 onds S5 alayly b ollas duopd Vo i3S
5 dgbe 5 dlal, jl eslizul L (V) o) Ken

It

5 P
GC=Kxh?x X—x100
X

ISy g el 5o pa s ilel el (4l
A5 oalawl ro)f9l..5 0 o> & Jlaw dLa:ol.\lf 5l ]a:‘).&
SBsad a0y glie jl ol 4y SB L s
e S 4 pS ol L i b bl
S e sl b by (Orobanche cernua)
Slazals By g oad awg SliE 3 o5y sy
Lad Jatie b llS dy ciwy el VY gl & g7
s 13 o3lial e ey 55 i 25 8 31 L5 s sl
odowgy (IawgS 398 AY o b il bl am s
MU XV Y]
@ a5 b gy 5) 009 Job )3 (o) Slles (oolo
posl Lol 5 (3p8 Glapgis Gl dg2se )il
Cullyy sirino (S 0l 3 o) gl 85
25 b ye e D Sid QLT gols 3 g
Sey ¢lis) (FD, day) il gl asle Gilisee wlio
(LAI) S,y o asls (NL) S slas (PH, cm)
0y (FWR, gr) ase) 5 oj9 (FWL, Or) Sy 5 oo
Sy 4 wlen plil 5 455 (DWR, gr) ady, Sis
Sy 4 gl plul Sis 59 (APFW, gr)
» (DLYP, gr) g S, Sis ;5 (APDW, gr)
SpSolul (Jlo —lulyd o 5 tho) bl 1 S y0

1- Sun cured

2- Statistical analysis system

3- Entry mean based
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1- Restricted (or residual, or reduced) maximum likelihood (REML)

3- Discriminant function analysis (DFA)

2- Statistical package for the social sciences
4- Principal component analysis (PCA)
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Table 2. Descriptive statistics for studied traits in oriental and water pipe’s tobacco genotypes under normal (without

Orobanche stress) conditions
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Table 5. Mean squares of studied traits in oriental and water pipe’s tobacco genotypes under Orobanche stress

conditions
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Table 6. Genotypic correlation among studied traits in oriental and water pipe’s tobacco genotypes under normal

(without Orobanche stress) conditions
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Table 7. Genotypic correlation among studied traits in oriental and water pipe’s tobacco genotypes under Orobanche

stress conditions
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Table 8. Ranking the groups identified by cluster analysis based on the mean of studied traits in oriental and water
pipe’s tobacco genotypes under normal (without Orobanche stress) and Orobanche stress conditions
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Table 9. Mean and standard deviation of groups resulted from cluster analysis of oriental and water p(ljpe’s tobacco

genotypes under normal (without Orobanche stress) and Orobanch stress conditions based on the studied traits
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Figure 1. Dendrogram of grouping oriental and water pipe’s tobacco genotypes under normal (without Orobanche
stress) conditions using Ward’s method
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Figure 2. Dendrogram of grouping oriental and water pipe’s tobacco genotypes under Orobanche stress conditions
using Ward’s method
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Figure 3. The results from discriminant function analysis for oriental and water pipe’s tobacco genotypes under
normal (without Orobanch stress) condition using agro-morphological traits
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Figure 4. The results from discriminant function analysis for oriental and water pipe’s tobacco genotypes under
Orobanche stress conditions using agro-morphological traits
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Table 10. Principal component coefficients of studied traits in oriental and water pipe’s tobacco genotypes under
normal (without Orobanche stress) and Orobanch stress conditions.

5 il s dilge o J31 13 3530 Glao & bgyye culps » s

) ” e
APDW APFW DWR FWR  DLYP FWL LAI NL PH FD

I5¥ AN <A ./ AN <IYA Nite YN efee =AY =YY \ by

-IV0 YR R NI oA =Y. = WY Ny SIYE O FA Y Y

/5 vy YD DAY SRY R YE YE ol WNE sle s s

vy e Ve DAY Y XS YA YA Y Y Y

Adyy SS9 (FWR, gr) ada) 5 59 (FWL, gr) Sy 5 059 dLAI) Sy daw (a3l (NL) Sy sl ((PH, cm) &gy glisyl (FD, day) 2u8 &,

(DLYP, gr) &g oSy Sis (459 (APDW, gr) Sy s 4 lon plsl Sis 59 (APFW, gr) Sy s3> & olen plail 5 59 (DWR, gr)

(e dS o) Jloy kulyd p el 5)90 Slio (2 5l
WS a5 ks 39 Sp 5 i 9 Bg § ()9 Olaw
Sy ghe (23l 5 Sy Gjy Ln S o)y olie
Sy Std gig b 1) ybigae g Cute (Stuen pyiden
Cod sladeds s plool b ol L (e 5,Sles)
Mg 2 09y sbews; Wb 5 w5 g Jly bl
) Jodo sl S 5 Lalpd p3 a8 )S )18 09)8
5 pgd 05,5 4 3 ol Glio HSike i | adides
Slao (1S5ke ololy &5 ditwn olacuis) sl oyl

ABl o wlee g pglie oy 4 e 5 A5 4 cus

0FF syl (Br S e B ol

soon WS o5y Jbp lulyd cov Sl g (88
9 2 3 bewis) o o li Gubly 4jps S
syg0 Slio 4l blod §) 3l 5 a5 g Jloy Ll
Gars oYl )l deg b e (g )lel BMBT )y
Jloy balpd )3 addlae 3)90 Clao o )3 (59) Sl
sdalin Sy Sid g 5 (g Clie Gl W5 G55
Heds iy Jloy bulyd )5 @phcdly coynie a3
A odnlie Sy dlis g wgy glas)) ( aalS Fo,b las y

&l

1. Beikzadeh, H., S.S. Alavi, M. Bayat and A. Ezady. 2015. Estimation of genetic parameters of effective
agronomical traits on yield in some of Iranian rice cultivar. Agronomy Journal (Pajouhesh &
Sazandegi), (104): 73-78 (In Persian).

2. Brandle, J. and D. Bai. 1999. Biotechnology: uses and applications in tobacco improvement. In
Tobacco: Production, Chemistry Technology. Wiley-Blackwell: Oxford, UK. 49-65.

3. Brenner, D., D. Baltensperger, P. Kulakow, J. Lehmann, R. Myers, M. Slabbert and B. Sleugh. 2000.
Genetic resources and breeding of Amaranthus. Plant Breeding Reviews, 19: 227-285.

4. Falconer, D.S. and T.F.C. Mackay. 1996. Introduction to Quantitative Genetics. 4th Edition, Addison
Wesley Longman, Harlow.



wy S 5 o8 15 5 (Byb 095 ozl 5 (B K55 €95 oo

5. Davalieva, K., I. Maleva, K. Filiposki, O. Spiroski and G.D.J.D. Efremov. 2010. Genetic variability of
Macedonian tobacco varieties determined by microsatellite marker analysis. Diversity, 2(4): 439-449.

6. Echevarria-Zomefio, S., A. Pérez-de-Luque, J. Jorrin and A.M. Maldonado. 2006. Pre-haustorial
resistance to broomrape (Orobanche cumana) in sunflower (Helianthus annuus): cytochemical
studies. Journal of Experimental Botany, 57(15): 4189-4200.

7. Eid, M.H.J.1.J.0.G. 2009. Estimation of heritability and genetic advance of yield traits in wheat
(Triticum aestivum L.) under drought condition. International Journal of Genetics and Molecular
Biology, 1(7): 115-120.

8. Eizenberg, H., J.B. Colguhoun and C.A. Mallory-Smith. 2003. Variation in clover response to small
broomrape (Orobanche minor). Weed Science, 51(5): 759-763.

9. FAO. 2017. FAOSTAT. Projections of tobacco production, consumption and trade to the year. Online
available at http://faostat.fao.org/site/567/DesktopDefault. aspx? PagelD=567#ancor.

10. Frankham, R., J.D. Ballou and D.A. Briscoe. 2004. A primer of conservation genetics. Cambridge
University Press.

11. Giannelos, P., F. Zannikos, S. Stournas, E. Lois and G. Anastopoulos. 2002. Tobacco seed oil as an
alternative diesel fuel: physical and chemical properties. Industrial Crops and Products, 16(1): 1-9.

12. Goldwasser, Y., H. Eizenberg, J. Hershenhorn, D. Plakhine, T. Blumenfeld, H. Buxbaum, S. Golan,
and Y. Kleifeld. 2001. Control of Orobanche aegyptiaca and O. ramosa in potato. Crop Protection,
20(5): 403-410.

13. Goldwasser, Y. and Y. Kleifeld. 2004. Recent approaches to Orobanche management. Weed Biology
and Management. Springer, pp: 439-466.

14. Habimana, S., K. Murthya, V. Hattia and A. Nduwumuremyib. 2013. Management of Orobanche in
field crops—a review. Crop Science, 2(11): 144-158.

15. Hatami, M.H., G. Karimzadeh, R. Darvishzadeh and R. Alavi. 2012. Genetic variation of oriental
tobaccos using multivariate analysis. Iranian Journal of Field Crops Research, 10(1): 100-106 (In
Persian).

16. Holland, J., W. Nyquist and C. Cervantes. 2003. Estimating and interpreting heritability for plant
breeding: An update. Plant Breeding Reviews Vol. 22.

17. Holland, J.B. 2006. Estimating genotypic correlations and their standard errors using multivariate
restricted maximum likelihood estimation with SAS Proc MIXED. Crop Science, 46(2): 642-654.

18. Hosseinzadeh Fashalami, N., A.R. Mahdavi, N. Moarrefzadeh, S.A. Sajadi and R. Alinejad. 2008.
Investigation of genetic diversity and classification of different air-cured tobacco varieties. Research
Research Workbook of Tirtash Research and Education Center, 105-126 (In Persian).

19. Hosseinzadeh, F.N., M.Z. Shahadati, G. Kiani, M.R. Salavati, P. Zamani, A. Mahdavi and R.
Alinejad. 2015. Investigation of genetic diversity among different oriental tobacco (Nicotiana
tabacum L.) varieties using multivariate methods. Journal of Crop Breeding, 7(15): 126-134. (In
Persian).

20. Jaynes, D., T. Kaspar, T. Colvin and D. James. 2003. Cluster analysis of spatiotemporal corn yield
patterns in an lowa field. Agronomy Journal, 95(3): 574-586.

21. Jiao, F.C., B.G. Xiao, H.Q. Yu, Y.H. ZHANG and X.P.JJ.H.A.U. LU. 2007. Gray correlation
analysis on the main agronomic characters and yield of the flue-cured tobacco. Journal of Gansu
Agricultural University, 33(5): 564.

22. Joel, D.M. 2000. The long-term approach to parasitic weeds control: manipulation of specific
developmental mechanisms of the parasite. Crop Protection, 19(8-10): 753-758.

23. Johnson, D.E. 1998. Applied multivariate methods for data analysts. Duxbury press Pacific Grove,
California.

24. Johnson, H.W., H. Robinson and R. Comstock. 1955. Estimates of genetic and environmental
variability in soybeans. Agronomy Journal, 47(7): 314-318.

25. Khalili, M.N. and Mohammad Reza 2018. Evaluation of Genetic Diversity of Spring Wheat Cultivars
for Physiological and Agronomic Traits under Drought Stress. Journal of Crop Breeding, 10(25): 138-
151 (In Persian).

26. Labrousse, P., M. Arnaud, H. Serieys, A. Bervillé and P. Thalouarn. 2001. Several mechanisms are
involved in resistance of Helianthus to Orobanche cumana Wallr. Annals of Botany, 88(5): 859-868.

27. Laurentin, H. 2009. Data analysis for molecular characterization of plant genetic resources. Genetic
Resources and Crop Evolution, 56(2): 277-292.

28. Lowe, A., S. Harris and P. Ashton. 2009. Ecological genetics: design, analysis, and application. John
Wiley & Sons.

29. Lozano, M., M. Moreno, D. Rubiales and A. Perez-De-Luque. 2007. Medicago truncatula as a model
for non-host resistance in legume-parasitic plants interactions. Plant Physiology, 145: 437-449.

30. Mariam, E.G. and R. Suwanketnikom. 2004. Screening of tomato (Lycopersicon esculentum Mill.)
varieties for resistance to branched broomrape (Orobanche ramosa L.). Kasetsart Journal, 38: 434-
439.

31. Moghaddam, M., A. Mohammadi-Shoti and M. Aghaei-Sarbarzeh. 1994. Introduction to multivariate
statistical methods. J Sci. Vanguard Publishers, Tabriz. Iran (In Persian).



http://faostat.fao.org/site/567/DesktopDefault

Wy AAR S ol IY¥ olos /ﬁ,m))'b) Jl /L;cl))' oblS Mol asliingg

32. Mohammadi, S., B. Prasanna and N. Singh. 2003. Sequential path model for determining
interrelationships among grain yield and related characters in maize. Crop Science, 43(5): 1690-1697.

33. Mohammadi, S.A. and B. Prasanna. 2003. Analysis of genetic diversity in crop plants—salient
statistical tools and considerations. Crop Science, 43(4): 1235-1248.

34. Moreda-Pineiro, A., A. Fisher and S.J. Hill. 2003. The classification of tea according to region of
origin using pattern recognition techniques and trace metal data. Journal of Food Composition and
Analysis, 16(2): 195-211.

35. Pearson, K. 1901. LIII. On lines and planes of closest fit to systems of points in space. The London,
Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 2(11): 559-572.

36. Pérez-de-Luque, A., C.I. Gonzalez-Verdejo, M.D. Lozano, M.A. Dita, J.I. Cubero, P. Gonzalez-
Melendi, M.C. Risuefio and D. Rubiales. 2006. Protein cross-linking, peroxidase and B-1, 3-
endoglucanase involved in resistance of pea against Orobanche crenata. Journal of Experimental
Botany, 57(6): 1461-1469.

37. Pérez-de-Luque, A., M.D. Lozano, J.l. Cubero, P. Gonzélez-Melendi, M.C. Risueno and D. Rubiales.
2006. Mucilage production during the incompatible interaction between Orobanche crenata and Vicia
sativa. Journal of Experimental Botany, 57(4): 931-942.

38. Perez-De-Luque, A., D. Rubiales, J.I. Cubero, M. Press, J. Scholes, K. Yoneyama, Y. Takeuchi, D.
Plakhine and D. Joel. 2005. Interaction between Orobanche crenata and its host legumes:
unsuccessful haustorial penetration and necrosis of the developing parasite. Annals of Botany, 95(6):
935-942.

39. Pérez-de-Luque, A., M.D. Lozano, M. Moreno, P. Testillano and D. Rubiales. 2007. Resistance to
broomrape (Orobanche crenata) in faba bean (Vicia faba): cell wall changes associated with
prehaustorial defensive mechanisms. Annals of Applied Biology, 151(1): 89-98.

40. Perez de Luque, A., J. Jorrin, J. Sillero, J. Cubero, D. Rubiales, A. Fer, P. Thalouran, D. Joel, L.
Musselman and C. Parker. 2001. Differences in resistance to Orobanche crenata in Pisum spp.
Description at the different developmental stages of the parasite and correlationship with host
peroxidase. In: Proceedings 7th International Parasitic Weed Symposium. Nantes, 235 pp.

41. Petrova Bozhinova, R. 2006. Coefficients for determination of the leaf area in three Burley tobacco
varieties. Journal of Central European Agriculture, 7(1): 7-12.

42. Rispail, N., M.A. Dita, C. Gonzalez-Verdejo, A. Pérez-de-Luque, M.A. Castillejo, E. Prats, B.
Romén, J. Jorrin and D. Rubiales. 2007. Plant resistance to parasitic plants: molecular approaches to
an old foe. New Phytologist, 173(4): 703-712.

43. Roman, B., R. Herndndez, A.J. Pujadas-Salv4, J.I. Cubero, D. Rubiales and Z. Satovic. 2007. Genetic
diversity in two variants of Orobanche gracilis Sm.[var. gracilis and var. deludens (Beck) A.
Pujadas](Orobanchaceae) from different regions of Spain. Electronic Journal of Biotechnology,
10(2): 221-229.

44. Rubiales, D., C. Alcantara and J. Sillero. 2004. Variation in resistance to Orobanche crenata in species
of Cicer. Weed Research, 44(1): 27-32.

45. Salavati, M.R., H. Abbasi, N. Hossinzadeh and R. Alinejad. 2005. Depreciatory ability production
seedling lateral of flue-cured Tobacco using linebreeding. Research Workbook of Tirtash Research
and Education Center, 105-110 (In Persian).

46. Serghini, K., A.P. de Luque, M. Castejon-Mufioz, L. Garcia-Torres and J.V. Jorrin. 2001. Sunflower
(Helianthus annuus L.) response to broomrape (Orobanche cernua Loefl.) parasitism: induced
synthesis and excretion of 7-hydroxylated simple coumarins. Journal of Experimental Botany
52(364): 2227-2234.

47. Sillero, J., M. Moreno and D. Rubiales. 2005. Sources of resistance to crenate broomrape among
species of Vicia. Plant Disease, 89(1): 23-27.

48. Singh, R. and B. Chaudhary. 1985. Biometrical Methods in Quantitative Genetic Analysis. Ludhiana.
New Delhi: Kalyani Publishers.

49. Stansfield, W.D. 1991. Theory and Problems in Genetics. McGraw-Hill.

50. Torrecilla, G.G., C.L.B. Del and L.A. Pino. 2002. Correlation in guantitative variable ofblack type
tobacco. Cuba Tobacco, 32: 29-36.

51. Troyer, A., S. Openshaw and K. Knittle. 1988. Measurement of genetic diversity among popular
commercial corn hybrids. Crop Science, 28(3): 481-485.



Journal of Crop Breeding Vol. 12, N0 34, SUMMEr 2020 ............ooiiieiiieieeeeierieteeeteteetese s et e s e e e esan e anenennesesneenanenesnasans 114

Study on Genetic Diversity of Some Oriental and Water Pipe’s Tobacco Genotypes
(Nicotiana Tabacum L.) Under Orobanche Stress Conditions by Using Multivariate
Statistical Methods

Maryam Tahmasbali', Amir Fayaz Moghaddam?, Reza Darvishzadeh®and
Hossein Abbasi Holasou*

1- PhD Student in Plant Breeding, Department of Plant Production and Genetics, Faculty of Agriculture and Natural
Resources, Urmia University, Urmia, Iran
2- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
Urmia University, Urmia, Iran, (Corresponding author: a.fmoghaddam@urmia.ac.ir)
3- Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, Urmia
University, Urmia, Iran
4- Graduted PhD Student in Plant Breeding, Department of Plant Breeding and Biotechnology, Faculty of
Agriculture, University of Tabriz, Tabriz, Iran
Received: December 27, 2019 Accepted: April 6, 2020

Abstract

In this research, the genetic diversity of some oriental and water pipe’s tobacco genotypes was
investigated under normal (without Orobanche) and Orobanche stress conditions during 2007-2008 and
2008-2009 at Urmia Tobacco Research Centre with randomized complete block design with three
replications. Combined analysis of variance revealed extent genetic variability among the genotypes for
most of the studied traits. This suggests that there is high genetic variability among tobacco genotypes for
resistance to Orobanche which can be effectively used in biotic resistance breeding programs. A high
genotypic coefficient of variation was seen for studied traits especially for FWL and DLYP in normal and
Orobanche stress conditions. The highest broad-sense heritability was estimated for FD, NL and PH in
both normal and Orobanche stress conditions. The results of the genetic advance calculation showed that
the highest genetic advance was related to LAI, APFW, PH and FWL traits. Based on the results of
genetic correlation coefficients of traits, positive and significant genetic correlations were observed
between DLYP with all studied traits in both normal and Orobanche stress conditions. Cluster analysis
classified all tobacco genotypes into four clusters under normal and stress conditions. In Orobanche stress
condition, ratings the clusters in view of traits average showed that the second and fourth clusters contain
genotypes that are resistant and sensitive to Orobanche stress, respectively. Therefore, by selecting
suitable parents from these groups and crossing them, it will be possible to produce segregated
populations in Orobanche resistance breeding programs and to make desirable changes in tobacco yield.
Results of cluster analysis were confirmed by results of canonical discriminant function results. The
principal component analysis identified two components in each condition which explained more than 75
and 73 percent of the total variation in normal and stress conditions, respectively. Genotypes classified in
the second cluster can be potentially used in the Orobanche infested areas.

Keywords: Biotic Stress, Breeding For Resistance, Heritability, Multivariate Analysis, Obligate Parasite,
Tobacco
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