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Table 2. Genetic diversity different indices of primers under study in 22 canola genotypes
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Marker Forward sequence Reverse sequence groupChr  pang  hicband  PIC

0110-B02 CACGAACGCGAGAGAGAGAG TGCATAAGCTCGAAGAGACG C5 3 2 0.029
BRAS041 CCAGACTCCGATAAAACC ATGCAAGCTTAGACAGAGATT Al 3 3 0.295
BRAS084 ATTGGGTTCTGACCTTTTCTC TTTTCCTTCATCGCTACCAC Al 2 2 0.242
CB10234 CTGATGGACTAGGACCCC TCTGTTGTTTCTCTCGCC Co6 6 6 0.238
CB10597 AAGCGCGCATAACTACAC AACACTGCTCCTTTCCCT Al 3 3 0.398
NalOE02b TCGCGCATGTAATCAAAATC TGTGACGCATCCGATCATAC A5 3 3 0.154
BRMS-036 GGTCCATTCCTTTTTGCATCTG CATGGCAAGGGGTAACAAACAT A7 7 7 0.289
BRAS074a AATTTAAACCTCATTTTCTTC ACCTCCATTGTGTCTGAT Al 3 3 0.139
Nal2-A08a AACACTTGCAACTTCATTTTCC CATTGGTTGGTGAATTGACAG A3 5 5 0.264
Ol12-Flla AAGGACTCATCGTGCAATCC GTGTCAGTGGCTACAGAGAC Al 3 3 0.264
CB10526 ACTCGGCGGTTAGAGAAT TTCTTCTTTCCACCACCA Co6 4 4 0.124
Nal0-CO1f GGAAACTAGGGTTTTCCCTTC TTTTGTCCCACTGGGTTTTC C3 8 5 0.117
CB10003b AAATGGGTCACAGCCGAGAA ACGGTGCCGAATCTCAACG C3 4 2 0.083
Ol11-H06 TCCGAACACTCTAAGTTAGCTCC TTCTTCACTTCACAGGCACG C9 3 3 0.216
FITO133 AACACAACCACCACCAAC AATGGCAAAGTTATTCTACCC C3 2 2 0.087
SR94102 ATCCCCAAACTACCCTCACC AGGATGAGCAAAGGAAAGCA C2 5 5 0.322
sORF73b CGTGGGCCAAGCTTAGATTA CGTTCAAGAAGACACAGATCAAA C5 6 6 0.290
BRAS100 CTCCCACCGCTTTACCTCT GGCTACCACCACCACTCGC Al 6 6 0.141
CB10159b CACAGCTTTACCCAATCG GATCACCATCTGCACCAT Al 9 9 0.189
CB10081c GGCTTTAGCACTGTGATCCT TTGGGAGAGAAAACTATACG Al 6 6 0.254
Nal4-096 TCCCGGTCGCTAAGATATTG TTCCCTTTATTGAGCAAGCTG A3 3 3 0.108
BRAS072a CACTAACCTTCTTGCTACCGT GCCATCTACACATTTATCCC AS 6 6 0.216
CB10143 CATGGGAGGCTGTCTAAA TTGCACCCATACGTTTTC C2 2 2 0.374
NA10-E02b TCGCGCATGTAATCAAAATC TGTGACGCATCCGATCATAC A5 2 2 0.314
BRMS030 GGTCCATTCCTTTTTGCATCTG CATGGCAAGGGGTAACAAACAT A5 6 5 0.166
BRMS-031 TGCCACCAATGACAATGACACTATC GATGCACTGGGACCACTTACATTTT Al 3 3 0.165
BRMS-024 TGAATTGAAAGGCATAAGCA CAGCCTCCACCACTTATTCT Al 3 3 0.165
BRMS-096 AGTCGAGATCTCGTTCGTGTCTCCC TGAAGAAGGATTGAAGCTGTTGTTG Al 3 3 0.128
BRMS-030 TCAGCCTACCAACGAGTCATAA AAGGTCTCATACGATGGGAGTG C5 3 3 0.304
CB10502 GGTGAGCTTCTTCCTTCC TTGAAGAGTGGGGATTCA c6 2 2 0.043
CB10010 ACCCTGTTCCTTCTACTAT TTATCTTTGAATGAGCATCT C6 8 8 0.138
MRO13¢c CGCTACTTCCGCTGATACTTT TCAGAATCGCGACTGTAGTCT A9 6 6 0.288
Pmr52 TCGACATGGATTCTACCAAA GAACTTGCAAGCTGCAATTA C2 3 3 0.139
Nal2-B05 CAAATATCCGTCATCGGAGC CCTGCGGGATATTGAAGACC A8 10 10 0.261
CB10504 CATTGGCATAGGAACAGG GGTGTCCCAACTGTTGAA C8 6 6 0.282
NA14-E08a GCGGATTATGATGACGCAG TTACTATCCCCTCTCCGCAC C4 7 7 0.277

PIC: Polymorphism data contain
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Fig. 2. Mantel test using a similarity matrix derived from molecular data and distance matrix from physiological
traits at drought stress levels in 22 canola genotypes
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Fig. 4. Genotypes clustering based on population genetic structure using the software STRUCTURE
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Table 3. Results of association analysis among physiological traits with molecular markers in 22 canola genotypes under

non- stress (control) conditions using GLM and MLM models

GLM Joo MLM oo

lie Al GLM model MLM model
Traits Marker P-value R? F-value P-value
RWC sORF73b-4 0.0001 0.50 30.58 0.0001
MRO13¢-2 0.0004 0.46 18.96 0.0009
sORF73b-6 0.0015 0.41 16.69 0.0015
DM BRMS-036-4 0.0201 0.07 7.71 0.0168
Chl-a NA14-E08a-1 0.0464 0.22 12.45 0.0042
BRAS041-2 0.0772 0.18 11.47 0.0054
Chl-b CB10597-1 0.0181 0.29 7.48 0.0181
Chl-t NA14-E08a-1 0.046 0.22 11.26 0.0057
BRAS041-2 0.0824 0.17 10.03 0.0081
Car BRAS041-2 0.1232 0.13 7.39 0.0187
NA14-E08a-1 0.0736 0.17 7.39 0.0187
Sugar MRO013c-2 0.0204 0.20 7.31 0.0191
Starch CB10081c-4 0.0462 0.13 10.89 0.0063
CB10504-1 0.0275 0.15 10.10 0.0079
CB10504-4 0.0275 0.15 10.10 0.0079
Nal2-B05-9 0.0425 0.13 8.79 0.0118

Slgime Car ¢ JS Judg IS slgize «Chl-t b L35S slgize :Chl-b @ L3y IS slgime «Chl-a « iz oole DM £ oo ol Slgize RWC

arwlis glgize Starch ¢ Jsloe gloaid slsime Sugar s IS

RWC: Relative water contain; DM: Dry matter; Chl-a: Chlorophyll-a contain; Chl-b: Chlorophyll-b contain; Chl-t: Total
chlorophyll contain: Car: Carotenoeid contain; Sugar: Soluble sugars contain; Starch: Starch contain
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Table 4. Results of association analysis among physiological traits with molecular markers in 22 canola genotypes under
drought stress conditions using GLM and MLM models

GLM Jus MLM Jao

wlie Sl GLM model MLM model
Traits Marker P-value R? F-value P-value
RWC BRAS100-3 0.0157 0.21 9.46 0.0096
BRAS100-5 0.0157 0.21 9.46 0.0096
MRO013c-4 0.0157 0.21 9.46 0.0096
Pmr52-3 0.0157 0.21 9.46 0.0096
DM BRMS030-2 0.0024 0.30 14.57 0.0025
SR94102-2 0.0034 0.29 13.29 0.0034
MRO13c-5 0.0064 0.26 10.85 0.0064
SR94102-1 0.0074 0.25 10.35 0.0074
Ol12-F11a-2 0.0159 0.22 7.86 0.0159
Chl-a BRMS-030-3 0.0043 0.19 12.29 0.0043
BRMS-096-1 0.0039 0.20 10.86 0.0064
BRMS-024-1 0.006 0.18 10.66 0.0068
SR94102-2 0.0335 0.12 9.89 0.0084
CB10159b-6 0.008 0.18 9.32 0.0100
CB10159b-9 0.0106 0.17 9.15 0.0106
BRMS-036-4 0.0168 0.15 7.84 0.0160
CB10159b-8 0.0097 0.17 7.59 0.0175
Chl-b BRMS-096-1 0.0035 0.14 11.88 0.0048
BRMS-030-3 0.0098 0.11 9.41 0.0098
BRMS-024-1 0.0118 0.11 8.80 0.0118
CB10159b-6 0.0157 0.10 7.31 0.0192
MRO013c-2 0.0196 0.10 7.24 0.0196
SR94102-2 0.0573 0.07 7.17 0.0201
Chl-t BRMS-030-3 0.0049 0.17 11.81 0.0049
BRMS-096-1 0.0035 0.18 11.38 0.0055
BRMS-024-1 0.0067 0.17 10.40 0.0073
SR94102-2 0.0368 0.11 9.44 0.0097
CB10159b-6 0.0089 0.16 8.92 0.0113
CB10159b-9 0.0118 0.15 8.78 0.0118
BRMS-036-4 0.018 0.13 7.72 0.0167
Car BRMS-096-1 0.0020 0.21 13.67 0.0031
BRMS-030-3 0.0082 0.17 10.01 0.0082
SR94102-2 0.0359 0.12 9.60 0.0092
BRMS-024-1 0.0102 0.16 9.20 0.0104
CB10159b-8 0.0101 0.16 7.65 0.0171
CB10159b-6 0.0157 0.15 7.52 0.0179
CB10159b-9 0.0187 0.14 7.38 0.0187
Sugar Nal2-A08a-3 0.0090 0.07 9.67 0.009
Starch NA14-E08a-1 0.0036 0.16 13.05 0.0036
BRAS100-3 0.0069 0.14 10.61 0.0069
BRAS100-5 0.0069 0.14 10.61 0.0069
MRO013c-4 0.0069 0.14 10.61 0.0069
Pmr52-3 0.0069 0.14 10.61 0.0069
BRAS041-2 0.0085 0.14 9.86 0.0085
SR94102-2 0.0155 0.12 7.94 0.0155
CB10234-6 0.0187 0.12 7.39 0.0187

Slgize Car ¢ JS Judg IS glgizme {Chl-t b J3g,lS" slgize :Chl-b @ J3g,5" slgixe :Chl-a « iz oole DM ¢ o ol Slgize RWC

awlis slgie sStarch ¢ Jolzxe sloaid slyize :Sugar ey, S
RWC: Relative water contain; DM: Dry matter; Chl-a: Chlorophyll-a contain; Chl-b: Chlorophyll-b contain; Chl-t: Total
chlorophyll contain: Car: Carotenoeid contain; Sugar: Soluble sugars contain; Starch: Starch contain



VoYY Sas i byl s s SSR JsSge sl SLii b 1515 Slio 51 ool BL3 )| oo 10502 5 15

sl (el slaasly j5 0)lsalesy; Slaglioo cnl 5l Olgn
5 LAl Gladurer g oz clio nally lulis
Jun et al,, ) Ko 5 52 0,5 colatwl oy, o6
doys bl bl sy 4 45 (laddllas 45 2010
oo b o anlie 3 B napUs s o 5,5 ¢,
5 ol @3S glaati o ond plolid o5 clio
L a5 (Sej lagle 5l oo Sl i &5 W8S Glo
ColSe Jolgs jo ails Sen by le,Silis
Sl sleazi o W3 &S S cle
aps LS ) ol & WS S wlas glulis
Honsdorf et al., ) ;Ko g B)g0uign .l  Dols )|
oS olio blsyl ool adlas s 2010
OB a5 w8 Gl ol ST Sujelerd 5 Suelst)ee
S5 hadd gl Nl (L) Wl e (L)L
SLOBe 4525 (plplo 0l 5,85 b 0 slacarsz (o
@lolid 53 @y 5 4k 328 Wl IS g, Wl oo (LS|

2l Sl g o)) Slio b e e sla Siles

Anderson, J.A., Churchill, G.A., Autrique, J.E.,
Tanksley, S.D., Sorrells, M.E., 1993.
Optimizing parental selection for genetic
linkage maps. Genome. 36, 181-186.

Arnon, D.I., 1949. Copper enzymes in isolated
chloroplasts.  Polyphenoloxidase in Beta
vulgaris. Plant Physiology. 24, 1-15

Ashraf, M., Mehood, S., 1990. Response of four
Brassica  species to  drought  stress.
Environmental and Experimental Botany. 30,
93-100.

Evanno, G., Regnaut, S., Goudet, J., 2005.
Detecting the number of clusters of individuals
using the software structure: a simulation
study. Molecular ecology. 14, 2611-2620.

Dellaporta, S.L., Wood, J., Hicks, J.B., 1983. A
plant DNA minipreparation: Version II. Plant
Molecular Biology Reporter. 1, 19-21.

Donini, P., Stephenson, P., Bryan, G.Y., Kobner,
R.M.D., 1998. The potential of microsatellite
for high throughput genetic diversity
assessment in wheat barley. Genetic Resources
and Crop Evolution. 45, 415- 421.

SR94102 BRMS-036 sle,5ilis aalllas ) o
BRMS-096 BRMS-024 .CB1059b BRAS100
- g bl oy 5 i Pmr52 s MRO13¢ BRMS-30

ol (Sis s bl 0 Sojele s Olas Ll
auslgy b,SKlas pl a5 oy sezg Jleax! pl cplpls
Golia glrasly jo oS lgasel 5§ canlio slavails

IS o ,Solas SaS 4y bl e (St 25 4 Jass

4 ooy by wlio (nl 4 bg e by Yozl ail
O%59) 2l 50 sl (e 5 0l (sagigeg,S S0 50 o2
Al dde b ye sle il

e lio b Lk e gl Silis g olgice o] 1 opdle

Slwailuon 5oz J5 (59, 51 5,0 YL R®as PRSI
b Sl sloolSyl o 1, ons plolids g5 s 0,5
4 ax>g L .o, (Alignment) cayo 00 4250 slo Jlgs
Slao gl asls 69) 2 (o) 2090 SLap e (sen &S]
Sl Jiml ulple wsg fie aslllaed 9o Su3els 53

&l
Flakelar, C.L., Luckett, D.J., Howitt, J.A.,
Dorana, G., Prenzler, P.D., 2015. Canola
(Brassica napus) oil from Australian cultivars
shows promising levels of tocopherols and
carotenoids, along with good oxidative
stability. Journal of Food Composition and
Analysis. 42, 179-186.

Ghanbiari, AA., Mousavi, S.H.,
MousapourGorji, A., Rao, 1., 2013. Effect of
water stress on leaves and seed of bean
(Phaseolus vulgaris L.). Turkish Journal of
Field Crops. 18, 73-77.

Gupta, P.K., Rustgi, S., Kulwal, P.L., 2005.
Linkage disequilibrium and association studies
in higher plants: Present status and future
prospects. Plant Molecular Biology. 57, 461-
48.

Hardy, O.J., Vekemans, X. 2002. Spagedi: a
versatile computer program to analyze spatial
genetic structure at the individual or population
levels. Molecular Ecology Notes. 2, 618-620.

Hasan, M., Friedt, W., Pons-Kithnemann, J.,
Freitag, N.M., Link, K., Snowdon, R.J., 2008.
Association of gene-linked SSR markers to
seed glucosinolate content in oilseed rape



YWWAA Glaa; VY ol o elys psle jo Jass slo i

(Brassica napus ssp. napus). Theoretical and
Applied Genetics. 116, 1035-1049.

Honsdorf, N., Becker, H.C., Ecke, W., 2010.
Association mapping for phonological,
morphological, and quality traits in canola
quality winter rapeseed (Brassica napus L.).
Genome. 53, 899-907.

Jannink J.L., Walsh, B., 2002. Association
mapping in plant populations. In: Kang, M.S.
(ed.), Quantitative Genetics, Genomics and
Plant Breeding. CAB International, 59-68.

Jun, Z., Congcong, J., Zhengying, C., Ruiyuan,
L., Yan, L., Sheng, C., Jinling, M., 2010.
Association mapping of seed oil content in
Brassica napus and comparison with
quantitative trait loci identified from linkage
mapping. Genome. 53, 908-916.

Kimber, D.S., Mc Gregor, D.I., 1995. The species
and their origin, cultivation and world
production. In: Kimber, D., McGregor D.I.
(eds.), Brassica Oilseeds: Production and
Utilization. CABI Publishing, Wallingford,
UK, 1-9.

Li, Z., Mei, Sh., Mei, Zh., Liu, X., Fu, T., Zhou,
G., Tu, J., 2014. Mapping of QTL associated
with waterlogging tolerance and drought
resistance during the seedling stage in oilseed
rape (Brassica napus). Euphytica. 197, 341-
353.

Lou, Y., Hu, L., Chen, L., Sun, X., Yang, Y., Liu,
H., Xu, Q., 2015. Association analysis of
simple sequence repeats (SSR) markers with
agronomic traits in tall fescue (Festuca
arundinacea Schreb.). Plos One. 10(7), 1-13.

Mantel, N.A., 1967. The detection of disease
clustering and a generalized regression
approach. Cancer Research. 27, 209-220.

Moghaieb, R.E.A., Mohammed, F.HK,
Youssief, S.S., 2014. Genetic diversity among
some canola cultivars as revealed by RAPD,
SSR and AFLP analyses. Biotechnology. 4,
403-410.

Mohammadi, S.A., Prasanna, B. M. Cudan, C.,
Singh, N.N., 2002. A microsatellite marker
based study of chromosomal regions and gene
effects on yield and yield components in maize.
Cellular and Mo lecular Biology Letters. 7,
599-606.

Moradi, F., Esmacilzadeh Moghadam, M., Zalj,
H., 2016. Production and Remobilization
Soluble Carbohydrates in Wheat. Research

Achivements for Field and Horticulre Crops.
4(2), 141-162 [In Persian with English
Summery]

Nakao Kubo, M.H., 2008. Development and
characterization of simple sequence repeat
(SSR) markers in the. Aquatic Botany. 2164-
2168.

Neale, D.B., Savolainen, O., 2004. Association
genetic of complex traits in conifers. Trend
Plant Science. 9, 325-330.

Piquemal, J., Cinquin, E., Couton, F., Rondeau,
C., Seignoret, E., Doucet, 1., Perret, D.,
Villeger, M.J. Vincourt, P., Blanchard, P.,
2005. Construction of an oilseed rape (Brassica
napus L.) genetic map with SSR markers.
Theoretical and Applied Genetics. 111, 1514-
1523.

Powell, W., Morgante, M., Ander, C., Hanafey,
M., Vogel, J., Tingy, S., Rafalaski, A., 1996.
The comparison of RFLP, APD, AFLP and
SSR (microsatellite) marker for germplasm
analysis. Journal of Molecular Breeding. 2,
225-238.

Qu, C., Hasan, M., Lu, K., Liu, L., Liu, X., Xie,
J., Wang, M., Lu, J., Odat, N., Wang, R., Chen,
L., Tang, Z., Li., J., 2012. Genetic diversity and
relationship analysis of the Brassica napus
germplasm using simple sequence repeat (SSR)
markers. African Journal of Biotechnology.
11(27), 6923-6933.

Rampino, P., Pataleo, S., Gerardi, C., Mita, J.,
Perrotta, C., 2006. Drought stress response in
wheat: physiological and molecular analysis of
resistant and sensitive genotypes. Plant, Cell
and Environment. 29, 2143-2152.

Semgan, K., 2002. Genetic relationships among
ten endod types as revealed by a combination
of morphological, RAPD and AFLP markers.
Heretidas. 137, 149-156.

Sheligl, H.Q., 1986. Die verwertung orgngischer
souren durch chlorella lincht chlorella lincht.
Planta Journal. 47-51.

Singh, S.P., Diwivedi. V.K., 2002. Character
association and path analysis in wheat
(Triticum aestivum L.). Agricultural Science
Digest. 22, 225-547.

Slama, 1., Ghnaya, T., Hessini, K., Messedi, D.,
Savoure, A., Abdelly, C., 2007. Comparative
study of the effects of mannitol and PEG
osmotic stress on growth and solute
accumulation in Sesuvium portulacastrum.



Y4 Sas i byl s s SSR JsSge sl SLii b 1515 Slio 51 ool BL3 )| oo 10502 5 15

Environmental and Experimental Botany. 61,
10-17.

Tabkhkar, N., Rabiei, B., Samizadeh Lahiji, H.,
Hosseini Chaleshtori, M. 2018. Genetic
variation and association analysis of the SSR
markers linked to the major drought yield QTLs
of rice. Biochem Genet. 56(4), 356-374.
doi:10.1007/s10528-018-9849-6.

Tondelli, A., Xu, X., Moragues, M., Sharma, R.,
Schnaithmann, F., Ingvardsen, Ch., Manninen,
0., Comadran, J., Russell, J., Waugh, R., 2013.
Structural and temporal variation in genetic
diversity of European spring two-row barley
cultivars and association mapping of
quantitative traits. The Plant Genome. 6(2), 1-
14.

Yu, J,, Pressoir, G., Briggs, W.H., Vroh Bi, I,
Yamasaki, M,, Doebley, J.F., McMullen, M.D.,
Gaut, B.S., Nielsen, D.M., Holland, J.B.,
Kresovich, S., Buckler, E.S., 2006. A unified

mixed-model method for association mapping
that accounts for multiple levels of relatedness.
Nature Genetics. 38, 203-208.

Zada, M., Zakir, N. Rabbani, M.A. Shinwari,

Z.K., 2013. Assessment of genetic variation in
Ethiopian mustard (Brassica Carinataa. Braun)
germplasm using multivariate techniques.
Pakestanian Journal of Botony. 45, 583-593.

Zali, H., Sofalian, O., Hasanloo, T., Asgharii, A.,

Zeinalabedini, M., 2016. Drought stress effect
on physiological parameter and amino acids
accumulations in canola. Journal of Crop
Breeding. 8, 191-203 [In Persian with English
Summery].

Zali, H., Sofalian, O., Hasanloo, T., Asgharii, A.,

Zeinalabedini, M., 2015. The influence of
drought stress on nutrients uptake and
physiological responses in rapeseed (Brassica
napus L.) lines. Journal of Pure and Applied
Microbiology. 9(2), 425-436.






