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Estimates of genetic parameters and phenotypic performance of 11 studied traits in the diversity panel of
linseed evaluated over two years.

. — — -~ AG (%)
Trait Meanzstdt Range PCV (%) GCV (%) z

PLH (cm) 32.48
52.148.2 40.21 17.95 16.81 0.88

NBP 31.89
2.1+0.3 1.90 30.34 21.68 0.51

NCP 18.39
28.7+2.6 13.07 27.00 15.54 0.33

CDI (mm) 7.42
6.4+0.2 1.37 444 4.00 0.81

CSN 11.94
8.4+0.5 2.36 7.71 6.69 0.75

TSW (Q) 25.27
3.7£0.5 3.19 16.59 14.26 0.74

YPP (g) 35.13
0.610.1 0.47 37.81 25.42 0.45

SLE (mm) 13.50
4.1+0.3 1.44 7.12 6.83 0.92

SWI (mm) 12.01
2.2+0.1 0.61 6.41 6.11 0.91

OIL (%) 9.23
30.0+1.3 6.96 7.22 5.69 0.62

PRO (%) 5.31
38.3+1.0 4.89 6.02 3.93 0.43
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Phenotypic (upper diagonal) and genetic (lower diagonal) correlation coefficients among agronomic and seed

quality traits on 120 genotypes of linseed over 2 years

Traits PLH NBP NCP CDI CSN TSW YPP SLE SWiI OIL PRO
PLH -0.26™ -0.15™ -0.17ms -0.04ns -0.44™ -0.31™ -0.39™ -0.40™ -0.29™ 0.14ns
NBP -0.44™ 0.45™ 0.17ns -0.17m 0.17ns 0.28™ 0.25" 0.32™ 0.04ns -0.15"
NCP -0.40™ 0.37™ 0.10m -0.10m 0.14ns 0.65™ 0.11ms 0.06" 0.03ns -0.16M
CDI -0.20" 0.31™ 0.16" -0.04ns 0.63™ 0.27™ 0.68™ 0.74™ 0.15m 0.00ms
CSN -0.05" -0.28™ -0.08M -0.10m 0.06" 0.14ns -0.17ns -0.11ms 0.04ns 0.17ms
TSW -0.54™ 0.35™ 0.21" 0.73™ 0.11ns 0.58™ 0.78™ 0.77™ 0.48™ 0.14ns
YPP -0.57™ 0.32™ 0.64™ 0.42" 0.29" 0.69™ 0.36™ 0.34™ 0.35™ 0.04ns
SLE -0.42™ 0.38™ 0.15ns 0.73™ -0.20" 0.88™ 0.50™ 0.84™ 0.36™ 0.03ns
SWI -0.44™ 0.44™ 0.05" 0.82" -0.12m 0.90™ 0.56™ 0.85™ 0.36™ -0.05"
OIL -0.38™ 0.10m 0.00ms 0.19" 0.13ns 0.57™ 0.53™ 0.45™ 0.48™ 0.27™
PRO 0.25" -0.217 -0.20" 0.04ns 0.40™ 0.10m -0.05m 0.03ns -0.08ms 0.19"
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The Euclidean distance among 14 geographical origin of the linseed diversity panel.

NAC AUS CEU EAF EAS NAF NAM NEU RUS SAM SAS SEE SWE WAS WEU Mean
3 AUS 4.68 4.10
22 CEU 3.38 4.50 3.75
5 EAF 2.53 2.73 451 3.79
7 EAS 2.45 3.17 3.05 4.56 4.00
5 NAF 4.92 3.73 4.60 4.36 4.59 4.97
15 NAM 4.86 3.94 3.51 4.40 5.75 4.45 4.58
4 NEU 3.52 3.36 3.08 3.78 5.01 341 4.63 3.96
4 RUS 5.37 4.87 4.30 5.33 741 3.27 4.26 4.56 511
12 SAM 2.80 2.61 2.52 3.05 3.91 4.41 2.74 4.62 4.52 3.53
6 SAS 5.54 4.89 5.92 517 3.99 5.49 4.69 7.30 5.19 4.56 5.55
4 SEE 4.05 3.79 3.91 4.24 5.34 481 3.67 3.91 2.24 5.87 4.64 4.24
5 SWE 3.68 3.43 4.63 3.45 4.66 6.14 441 5.98 2.97 5.22 3.59 4.63 4.59
20 WAS 3.49 2.98 3.51 2.54 2.78 4.00 3.86 6.00 3.61 3.46 4.92 4.32 4.55 4.09
8 WEU 6.73 5.87 5.04 7.02 8.25 5.62 5.72 3.89 5.25 9.42 4.83 7.26 7.79 4.40 6.36
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Factor loadings after Varimax rotation for 11 studied traits in the combination of two
years on 14 geographical origin.

Trait Factor 1 Factor 2 Factor 3
PLH (cm) T
NBP 0.90
NCP 0.74 0.55
CDI (mm) 0.88
CSN 0.85
TSW() 0.95
YPP@© 0.55 0.75
SLE (mm) 0.93
SWI (mm) 0.95
OlL (%) 0.73
PRO (%)
Variance proportion
49.52 17.66 11.33
Cumulative (%) 78.51

49.52 67.18




Factor loadings after Varimax rotation for 11 studied traits in 2016, 2017 and combination of two
years on 120 linseed genotypes

2016 2017 Combined
Trait Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

PLH (cm)
NBP 0.717 0.416 0.596
NCP 0.932 0.927 0.899
CDI (mm) 0.795 0.852 0.801
CSN
TSW (9) 0.783 0.848 0.865
YPP(9) 0.729 0.904 0.792
SLE (mm) 0.886 0.896 0.918
SWI (mm) 0.915 0.904 0.934
OIL (%)
PRO (%)
Variance proportion

38.30 15.82 31.96 17.49 37.52 15.40

i 0,
Cumulative (%) 38.30 54.12 31.96 49.45 37.52 52.93
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Geographical origin and summary of quantitative and qualitative characteristics of nine genetic groups derived from
cluster analysis using 50 genotypes of linseed

Qualitative characteristics®

Group No. of Geographical origin®  Seed colour Flower colour Major quantitative characteristics
accessions

1 2 North America All Yellow All blue High YLD, very high LI1O; very low LIN; very low ©3/w6 ratio; low OLE/USAT ratio
(Canada) (2) and very low 10D

2 3 North America (1), Brown (2), Yellow (1) Blue (2), White (1) Low TSW and high PLH, moderate YLD, high OIL and PRO, high LIN and low PAL
Europe (2) and STE, very high USAT/SAT ratio and high 10D

3 3 Asia (2), Europe (1) All brown Blue (1), White (2) Very high PLH; low YLD, high PRO, low PAL; high STE, LIN and 10D

4 8 Asia (2), Europe (4) Brown (6), Yellow (2) Blue (6), White (2) Very low YLD, and low OIL and PRO, low STE; relatively high OLE, high TTC and
and North America (2) high TPC, high USAT/SAT content

5 7 Europe (6), Africa (1)  Brown(6), Yellow(1) Blue (6), White (1) High OLE and low LIN, low TTC and very low TPC, very high ©3/w6 ratio, high

OLE/USAT ratio

6 5 Asia (2), Europe (1), All brown All blue Low PLH, high STE and low OLE, low USAT/SAT content and low OLE/USAT
North America (1) and content
south America (1)

7 15 Asia (7), Europe (3), Brown(13), Yellow(2) Blue (12), White (3) Low PRO, low TPC, mostly moderate trait performance.
North America (2),
South America (2) and
Oceania (1)

8 5 Asia (5) All brown Blue (3), White (2) High TSW, high YLD, very high ®3/w6 ratio, high OIL

9 2 Asia (1), South All brown All blue High TSW, very low PLH, low YLD, high PAL, high OLE, low LIO and LIN, low
America (1) TTC, high TPC, very high ®3/w6 ratio, low USAT/SAT ratio, high OLE/USAT ratio
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Estimates of genetic parameters and phenotypic performance of 16 studied traits in the linseed world collection

Trait Abbreviation X t+ set Range cv Genotype Genetic group
GCV a? GCV a2
Thousand seed weight (g) TSW 3.88 £ 0.06 2.42-7.26 22.52 13.97 0.52 9.91 0.66
Plant height (cm) PLH 50.91+0.72 22.40-84.80 20.01 15.95 0.70 13.11 0.82
Seed yield (T ha?) YLD 0.42 £0.02 0.1-1.36 55.84 52.34 0.92 40.01 0.85
Oil content (%) OIL 31.13+0.17 24.60-37.20 7.95 4.53 0.38 4.50 0.76
Protein content (%) PRO 38.78+0.20 29.16-48.13 7.39 3.38 0.24 4.03 0.73
Palmitic (%) PAL 6.45 £ 0.07 3.76-9.44 16.81 9.21 0.80 8.52 0.84
Stearic (%) STE 6.42 £ 0.04 4.45-7.71 10.79 14.82 0.77 11.76 0.90
Oleic (%) OLE 25.58 +0.19 20.41-35.55 10.89 7.72 0.63 5.17 0.68
Linoleic (%) LIO 17.89 £ 0.67 10.22-63.72 53.41 52.16 0.98 54.24 0.99
Linolenic (%) LIN 43.71 +0.65 2.67-53.93 21.23 19.49 0.94 20.14 0.98
Total tocopherol content (mg/100 g OE) TTC 24.40 £ 0.32 12.56-45.88 19.07 10.06 0.32 6.65 0.47
Total phenolic content (mg GAE g OE) TPC 9.42+0.22 3.82-27.76 33.97 11.15 0.13 10.79 0.51
Linolenic to linoleic ratio ®3/06 2.85+0.06 0.04-4.88 32.64 23.89 0.79 22.43 0.91
Unsaturated to saturated ratio USAT/SAT 6.86 + 0.06 5.11-10.14 13.78 12.22 0.81 10.35 0.87
Oleic to unsaturated ratio OLE/USAT 0.29 £ 0.002 0.24-0.42 11.00 6.60 0.56 5.60 0.78
lodine value 10D 167.24 + 0.65 133.15-184.04 5.52 4.53 0.82 4.43 0.94
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Phenotypic (upper diagonal) and genetic (lower diagonal) correlation coefficients among quantitative traits and seed

oil quality indices on 50 genotypes of linseed over two years.

Traits TSW YLD PLH oIL PRO STE PAL OLE LIO LIN ®3/06 giﬁw 8;% 10D TTC TPC
TSW 038"  -043™  0.25™ 0.021s 0.33" 0.40" 0.11s 044" 0.017 0.41™ 047 0210 -0.29 0427 -0.25™
YLD 0.36 -0.15™  0.35" 0.26" 0.02 0.15" 019" -017%  0.25™ 0.21s 011 =017 0.13™ -0.14  -0.14"
PH -0.56™  -0.19™ -0.06™  0.20™ 054”012  -0.167  0.10™ 0.26" -0.04"  0.33" 0.2 037" 0.207 -0.12
oIL 0.22 0427  -0.12" 0.18" -0.03  -0.05"  -0.02  -0.20"  0.22% 0.26" 0.05"s -0.02 0.3 044" -0.33"
PRO 0.21  0.40% 041 -0.097 -0.44™ 006" 001" -0.25"  0.33" 0.28" 0.197s -0.04  0.247 -0.02  -0.05™
STE 0.44™ 0.020s -0.63™  0.020 -0.70" 0.150 0.12ns -0.04™  -043"  -003"  -063™  0.24% -0.56™  0.01™ 0.02
PAL 0.52™ 0.17m -0.14™  0.05" 0.09s 0.15" -0.19™ 003 -0.29™  -0.06™  -0.84™ 002  -049™  0.14" -0.09
OLE 0.111 021 011 -0.01™  0.04" 0.141 -0.24r 051" -045  0.26™ 0.097s 0.98™ -0.59"  0.02m 0.03™
LIO 047 -018™  0.10™ -0.15"  -0.42"  -0.03"  0.00™ -0.63" -0.36™  -0.94"  0.05™ -0.53*  0.08" 0.31" 0.18™
LIN -0.06™  0.29" 0.29" 0.130 0.54™ 053" -0.34" -0.33* -0.31* 0.61" 0.43™ 053" 0.88™ -0.36" -0.16™
©3/06 0.44™ 0.230 -0.08™  0.207 0.35" -0.03® 006"  0.41™ -0.98™ 057 0.05"s 0.26" 0.207 -0.40™ 0217
USAT/SAT -0.61™  -0.12%  0.39™ -0.04™  0.30" 063  -0.85" 0.1 0.02s 052" 0.05"s 041 0.66™ -0.09  0.10™
OLE/USAT  0.25" -0.18™ 019 0.01 0.007s 0.28 -0.04™  0.98™ 0.65™  -0.44" 042" -0.117 072" 0.04 0.02
10D 041~ 0130 0.40™ 0.04ns 0.36" -0.63”  -053"  -050"  0.14™ 0.87" 0.11"s 0.73™ -0.67" -0.24  -0.06™
TTC 050" -0.16™ 032" -0.59™  0.10 041 0.2 -0.07 0.43" -0.38™  -053"  0.00™ -0.03"  -0.16™ 0.58™
TPC -0.31* 021 049 0427 -0.42%  -011% 025"  -0.07 0.26 0.02% =022 031" -0.10"  0.16" 0.95™
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ARTICLE INFO ABSTRACT

Nﬁd_e history: Environmental temperature directly influences the lipid profile produced by oilseeds. If growing tem-
Received 1 May 2013 peratures increase, as is predicted by current models, the precise profile of lipids produced are likely
Received in revised form 27 August 2013 to change. This paper develops models to predict lipid profiles as a function of growing temperature.
Accepted 28 August 2013

Data relating to lipid profiles of soybean (Glycine max), spring canola (Brassica napus), spring camelina
(Camelina sativa), and sunflower (Helianthus annuus) were gathered from the literature and evaluated
:__(:-Vn;:’c ‘gmﬁle to examine the influence of temperature on relative production of oleic, linoleic, and linolenic acid. For

each crop, a set of linear regressions was used to correlate temperature during the grain fill, defined

g,';ﬁ;:r;t:xd aa as 30 days before harvest, with the molar percentages of oleic, linoleic, and linolenic acid present. An
Brassica napus increase in temperature from 10 to 40°C resulted in an increase in the production of oleic acid and a
Camelina sativa decrease in the production of linoleic and linolenic acid in soybeans, canola, and sunflowers. Over the
Helianthus annuus range of data available, the lipid profile of camelina was temperature insensitive. To test the validity

of the correlations, the four crops were grown in a field study in Manhattan, Kansas simultaneously, in
the same environment, in 2011. The correlations accurately predicted the field data for soybean, canola,

oleic acid and over-predicted the molar amount of linoleic acid. This study indicates increasing growing
temperatures from 10 to 40°C will result in more monounsaturated oils and less polyunsaturated oils in
soybean, canola, and sunflower.
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