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INTRODUCTION 
 
Oilseed crops, grown all over the world, are an important source of edible and non-

edible oils and fatty acids [61].  Edible oils constitute an important component of the human 
diet.  They provide a concentrated source of energy and serve as substrate for the biosynthesis 
of other molecules.  The addition of vegetable oils, or their use as a cooking medium, makes 
other foods more palatable and tasty.  There are strong regional preferences for the use of 
vegetable oils in food.  Non-edible oils have been traditionally used to light lamps and as 
lubricants.  In industry they are used for manufacturing soaps, cosmetics, paints, varnishes and 
coatings [30].  The use of vegetable oils for lighting and as lubricants declined with the 
availability of cheaper petroleum products.  However, after the “oil crisis” of the seventies, 
there was considerable interest to develop vegetable oils as a renewable source of 
hydrocarbons and as “Biofuels” [42; 1].  The use of vegetable oils, as a renewable resource of 
starting material for industrial production, is being explored for agricultural diversification in 
food surplus regions. Soybean, cotton seed, sunflower, rapeseed and sesame are the major 
annual crops providing edible oils, while castorbean and linseed oil are the source of non-
edible oils. Cotton is mainly grown for its fibre and is not included under oilseed crops.  
Coconut, oilpalm and olive are the perennial sources of edible oils.  Polyploidy and mutations 
have played a significant role in the evolution of oilseed crops.  In recent years, induced 
mutations have been extensively used for genetic enhancement of the annual oilseed crops, 
and specially to modify the fatty acid composition of Brassica species, sunflower, linseed and 
soybean [35]. The role of mutation breeding for quality improvement of oilseed crops was 
reviewed by [60]. Current information, on oilseed crop cultivars developed by using induced 
mutations, as well as mutants with significant changes in the fatty acid composition, is 
summarised in this review. 
 
 

METHODOLOGY 
 
 The methodology followed is essentially similar to that developed by Kamra (personal 
communication,1997) for the cereals data base.  The data included is based on the information 
appearing in the Mutation Breeding Newsletter Vol. 1 (May 1972) to Vol. 43 (October 1997) 
and in the records of the Plant Breeding and Genetics Section of the Joint FAO/IAEA 
Division. 
 Successful dose can be defined as the dose which led to the selection of mutants which 
will be directly released as mutant varieties. However, considering all the variables, it is 
advantageous to present a dose range which led to successful development of a maximum 
number of new cultivars.  The potential sources of error are: 

- Insufficient or incorrect information provided by the breeders responsible for    
developing the new cultivars 

- Incorrect measurement of the radiation dose. 
 
The dose in chemical mutagen treatments is much more complex.  It is expressed as 

mutagen concentration x time (duration of soaking).  Temperature, pH, post-treatment 
washing and soaking alter the actual mutagen concentration.  Most breeders just mention the 
mutagen concentration without stating the duration of treatment.  Hence, with the available 
information it is not possible to draw any conclusions regarding the successful dose.   
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OILSEED CULTIVARS DEVELOPED WITH THE HELP OF INDUCED MUTATIONS 
 
 Oilseed cultivars developed with the help of induced mutations are listed in Table 1.  
Crops and countries are in alphabetical order, while within a country the listing is based on the 
year of approval in an ascending order.  A total of 163 cultivars have been released in 26 
countries listed in Table 2. Data on the number of cultivars in each crop is summarised in 
Table 3.  Maximum number of cultivars have been released in soybean (58), followed by 
groundnut (43), sesame (16), and linseed (15), rapeseed (14), Indian mustard (8), castorbean 
(4), white mustard (3) and sunflower (1). A number of medium and high oleic acid content 
hybrids have been developed by the seed companies in sunflower, however, the source of the 
trait could not be ascertained in the available information.  
 
 

MUTAGENS USED TO PRODUCE NEW CULTIVARS 
 
 Mutagens used for the development of new cultivars are given in Table 3.  Ninety-five 
cultivars have been developed using radiations, 45 using mutants in hybridization and 20 with 
chemical mutagen treatments.  Considerable variation with respect to the use of induced 
mutations in the development of new cultivars is seen.  In soybean 91% (53/58) of the 
cultivars have been developed as direct mutants and only five by using the mutants in 
crossing.  In groundnut 50% (22/44) of the cultivars have been developed as direct mutants 
and the other half after using the mutants in crossing.  In sesame, rapeseed and Indian mustard 
a majority of the new cultivars have originated as direct mutants.  In linseed ten cultivars have 
been released utilizing two mutants that increase the linoleic acid content by decreasing the 
linolenic content of the oil.  Gamma and x-ray treatment of seeds led to the development of 
83/163 cultivars. 
 
 

SUCCESSFUL DOSE RANGE OF GAMMA/X-RAYS 
 
 Successful dose can be defined as the dose which led to the selection of mutant which 
will be directly released as a new mutant cultivar.  Successful doses for gamma and X-rays are 
listed in Table 4.  The number of cultivars resulting from the dose in Gy are given in brackets.  
The successful dose range shows a wide variation for all crops. Successful dose ranges which 
can be used in future mutation experiments aiming at the development of new cultivars, are 
given.   In soybean where 38 cultivars have been developed as direct mutants, following 
gamma or x-ray treatments, exposures between 100 - 200 Gy resulted in 18 cultivars.  In 
groundnut exposure between 150 - 250 Gy resulted in 11 cultivars  Both rapeseed and Indian 
mustard require higher doses close to 700 Gy.  
 
 

CHARACTERS MODIFIED IN MUTANT CULTIVARS 
 
 The most frequent and other characters of the new cultivars are listed in Table 5.  The 
most common improved traits of the new cvs, after higher yield, are altered plant type, early 
flowering/maturity and oil content.  Mutations affecting fatty acid composition have been 
utilised for the development of new cultivars in rapeseed, linseed and sunflower.  A number of 
other traits have also been altered in the mutant cultivars.  These include increased 
resistance/tolerance to diseases and insect pests, pod shattering and seed coat colour.  Low 
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glucosinolates, low erucic acid and low linolenic acid have contributed to the development of 
“Canola” type rapeseed [60].  In linseed, fatty acid mutants have been utilised to develop 
“Linola” cultivars that yield edible oil suitable for human consumption with 65 to 76% of 
linoleic acid.  The fatty acid composition of “Linola” oil is reported to be similar to the 
premium polyunsaturated oils such as sunflower, safflower and maize [8; 9]  
 
 

MUTATIONS ALTERING FATTY ACID COMPOSITION 
 
 The first induced mutants altering fatty acid composition were reported by Rakow [53].  
Mutants with reduced or increased levels of linolenic acid were isolated in rapeseed.  This and 
subsequent research on induction of mutations for fatty acid composition were discussed by 
Röbbelen [60]. The role of induced mutagenesis in modification of the fatty acid composition 
has been reviewed recently by Velasco et al. [76]. A large number of mutants with altered 
fatty acid composition have been isolated in soybean (Table 6), sunflower (Table 7), Brassica 
species (Table 8), linseed/flax (Table 9), and in minor oil crops (Table 10).  Several such 
mutant lines have been registered as germplasm.  Induced mutants altering the fatty acid 
composition have been extensively used in the breeding programmes to develop new 
cultivars.  However, it was not always possible to ascertain the source of the altered fatty acid 
character in the new cultivars or hybrids, especially those developed by the seed industry, and 
trace it back to the original mutant.  
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TABLE 2. Cultivars of oilseed crops developed with the help of induced mutations in different 
countries 
 
 

Country Released mutant 
cultivars 

Algeria   1 
Argentina   3 
Australia   4 
Bangladesh   5 
Bulgaria   3 
Canada   6 
China 58 
CSFR   1 
Egypt   2 
GDR   1 
Hungary   1 
India 22 
Indonesia   3 
Iraq   3 
Japan   6 
Korea   8 
Myanmar   1 
Pakistan   1 
Sri Lanka   2 
Sweden   5 
Thailand   1 
Turkey   2 
UK   2 
USA   1 
USSR 16 
Vietnam   5 
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TABLE 6. Fatty acid mutants in soybean 
__________________________________________________________________________________ 
Parent cultivar;    Main characteristics   Reference 
mutagen used;  
mutated gene 
__________________________________________________________________________________ 

 
Palmitic acid (16:0) 

 
Parent A1937    Palmitic acid, 12.1% 
NMU 
 
A1937NMU-85 (A21)   Palmitic acid >180 g/kg   Fehr et al. [11] 
fap2-B           Schnebly et al. [64] 
 
NMU173 (A22)    Palmitic acid, 7.7%   Fehr et al. [12] 
fap3            Schnebly et al. [64] 
            Hartman et al. [23] 
 
Parent Elgin    Palmitic acid, 110 g/kg 
EMS  
 
ElginEMS421(A24)   Palmitic acid >180 g/kg   Fehr et al. [12] 
fap4            Schnebly et al. [64] 
 
A18      Palmitic acid <40 g/kg1, increase  Fehr et al. [12] 
(A22 x C1726)    in oleate. Low palmitate content in Schnebly et al. [64] 

roots, leaves and stem 
 
A19      Palmitic acid >250 g/kg, decrease  Schnebly et al. [64] 
 (A21 x A24)    in oleate and linoleate, high    

palmitate content in vegetative parts 
 
 
A24      High palmitic acid, 17.9%  Schnebly et al. [64] 
fap4 fap4 
 
ELLP2     Low palmitic acid, 6.9%    Stojsin et al. [66] 
fap  
 
ELLP2 x C1762    Low palmitic acid, 4.4%   Stojsin et al. [66] 
fap fap1 
 
Parent Bay     Palmitic acid, 11.4% 
X-rays (210 - 250 Gy)         Takagi et al. [71] 
 
J3      Reduced palmitic acid, 5.3%  Takagi et al. [71] 
sop1  
 
J10      Elevated palmitic acid, 16.0%  Takagi et al. [71] 
sop2 
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Parent Century    Palmitic acid, 11.2% 
EMS 
 
C1726     Palmitic acid, 8.5%   Erickson et al. [10] 
fap1            Wilcox and Cavins, [83] 
            Schnebly et al. [64] 
 
C1727     Increased palmitic acid, 17.7%  Wilcox and Cavins, [83] 
fap2            Nickell et al. [36] 

          Fehr et al. [12] 
 
A22 x C1726    Low palmitic acid, 4.4%   Fehr et al. [11] 
 
(AX5152-34)          Horejsi et al. [25] 
fap1 fap3 
 
A22 x C1726    Low palmitic, 4.4%   Fehr et al. [11] 
(AX5152-105)          Horejsi et al. [25] 
fap1 fap3 
 
Parent FA26315    Palmitic acid, 9.3% 
EMS  
 
PA1      Increased palmitic acid, 15%  Bubeck et al. [5] 
 
Parent FA47437    Palmitic acid, 10% 
EMS 
PA2      Increased palmitic acid, 13.5%  Bubeck et al. [5] 
 
Parent FA47451    Palmitic acid, 9.0% 
EMS 
PA3      Increased palmitic acid, 15.5%  Bubeck et al. [5] 
 
Parent FA 27019    Palmitic acid, 9.0% 
EMS 
PA4      Increased palmitic acid, 13.7%  Bubeck et al. [5] 
(genes not determined)    
       

Stearic acid (18:0) 
 
Parent FA8077    Stearic acid, 4.4% 
Sodium azide 
 
A6      High stearic acid, 28.1%   Hammond and Fehr, [22] 
fasa              
 
Parent Coles    Stearic acid. 4.3% 
EMS 
 
FA41545 (A10)    High stearic acid, 15.5%   Graef et al. [17] 
fasb 
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Parent FA9886    Stearic acid, 3.2% 
EMS 
A81-606085 (A9)    High stearic acid, 18.7%   Graef et al. [17] 
fas 
 
Parent  FA26625    Stearic acid, 5.1% 
EMS 
ST1      High stearic, 28.7%   Bubeck et al. [5] 
 
Parent FA 47394    Stearic acid 3.8% 
EMS 
ST2      High stearic acid, 27.7%   Bubeck et al. [5] 
 
Parent FA 47445    Stearic acid 3.5% 
EMS 
ST3      High stearic acid, 23.5%   Bubeck et al. [5] 
 
Parent FA47437    Stearic acid, 3.3% 
EMS 
ST4      High stearic acid, 22.9%   Bubeck et al. [5] 
 
Parent Bay     Stearic acid, 3.3%  
X-rays (210-250 Gy) 
 
M25      High stearic acid, 17.3%   Rahman et al. [49] 
st2            Rahman et al. [47] 
 
KK2      High stearic, 6.6%    Rahman et al. [47] 
st1 

 
Oleic acid (18:1) 

 
Parent  Bay , Ol    Oleic acid,  22.5% 
X-rays (210-250 Gy) 
 
M11      High oleic acid >300g/kg   Rahman et al. [46] 
ola      allele dominant over ol of M23   
      Ol allele of Bay completely dominant  

over ola 
M23      High oleic acid, 46.1%   Rahman et al. [48] 
ol      Ol allele of cv. Bay   Rahman et al.  [46] 

partially dominant over ol  Takagi and Rahmam, [72]
          

 
Linolenic acid (18:3) 

 
Parent Bay, Lin    Linolenic acid, 8.3% 
X-rays (210 - 250 Gy)          
 
M5(M923)     Low linolenic acid, 4.8%,  Takagi et al. [70]  
fan(M5)     yield similar to Bay   Rahman et al. [51] 
            Rahman et al. [44] 
            Rahman et al. [43] 
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IL-8      Low linolenic acid, 4.50%  Rahman et al. [50] 
fan(IL-8) 
 
M24      Lower linolenic acid 62 g/kg,  Rahman et al. [43] 
fanxa (M24)     80-90 g/kg of Bay     Wasala et al. [80] 
      
M5 x M24     Linolenic acid, 2.4%   Rahman et al. [43] 
fan(M5) fanxa  
 
B739      High linolenic acid, 18.4%  Rahman et al. [52] 
linh      compared to 9.4% in Bay   Takagi et al. [69] 
 
KL8      Low linolenic acid (6.5%)  Rahman and Takagi [45] 
 fanx(KL8) 1997          Rahman et al. [43] 
 
M5 x KL8  
fan  fanx(KL8)    Low linolenic acid segregants  Rahman and Takagi [45] 

from the cross 1997 
     

Parent C1640    Linolenic acid, 4.3% 
EMS 
 
RG10      Low linolenic acid, <25 g/kg  Stojsin et al. [67] 
mutation at Fan locus   shows additive gene action with  

fan allele from C1640 
 
Parent  Century    Linolenic 8.0% 
EMS 
 
C1640     Low linolenic, 3.8%   Wilcox and Cavins, [82] 
fan (C1640)     Inherited as quantitative trait   Erickson et al. [10] 
      when crossed to PI479750 (FanFan); Wang et al. [79]  
      close to RFLP marker pB194-1 and Nickell et al. [36] 
      PB124 on linkage group B2  Wilcox et al. [84] 
            Brummer et al. [4] 

Linkage group 17, Fas-Fan-Idh2 Rennie and Tanner, [54, 
55, 56]  

21.6 + 1.7 units from Fas  Rennie et al. [57] 
26.2 + 1.2 units from ID2    
 

Parent  9525    Linolenic acid 6.2% 
EMS 
 
A5(M923)     Low linolenic acid, 4.1%   Hammond and Fehr, [21] 
             
      Low in linoleic and linolenic, and Hildbrand and Pfeiffer, [24]
      high in oleic      
      DNA encoding omega-3   Byrum et al. [7] 
      fatty acid desaturase gene is missing 
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Parent A5 
 
A6      Linolenic acid lower than A5  Fu, [16] 
 
A16 (A5 x A23)    Low linolenic acid <25 g/kg  Fehr et al. [13] 
fan (A5) fan3(A23)   continuous distribution, quantitative  
      character 
 
A17 (A5 x A23)    Low linolenic acid <25 g/kg  Fehr et al. [13] 
fan (A5) fan fan3(A23)   continuous distribution, quantitative 
      character 
 
A23      Low linolenic acid 5.6%   Fehr et al. [13]  
 
C1640     Low in linolenic, high linoleic  Wilcox and Cavins, [81] 
 
LOLL      2.7% linolenic acid, yield reduction Wasala et al. [80] 
 
MS382     2.7% linolenic acid, yield reduction Wasala et al. [80] 
 
MOLL     3.7% linolenic acid   Wasala et al. [80] 
(Kl8 x M5) 
 
GLLA (fan fan)    Low linolenic acid    Renie et al. [57] 
 
N83-375     5.5% LNA     Mounts et al. [33] 
 
N89-2009     2.9% LNA     Mounts et al. [33] 
 
N85-2176     1.9% LNA     Mounts et al. [33] 
 
Registered germplasm with changes in fatty acid composition 
 
A5      Low linolenic acid, 4.1%, compared  Hammond and Fehr, [21]  

to 6.3% of the parent, EMS    
      induced mutant 
 
A6      High stearic acid 28.1%, and low Hammond and Fehr, [22] 

     oleic acid 19.8% compared to 4.4%  
      and 42.8% of parent.  Sodium azide  

induced mutant   
 
C1726 (PI 532833)   Palmitic acid, 8.5%   Wilcox and Cavins, [83] 
fap1      EMS induced mutant of cv. Century  
 
C1727(PI 532834)    Palmitic acid, 17.2%   Wilcox and Cavins, [83] 
fap2      EMS induced mutant of cv. Century 
 
N79-2007-12    Reduced palmitic acid, 60 mg/g  Burton et al. [6] 
PI 568260     Derived from high oleic acid 
      selection population 
 
 
N87-2122-4     Reduced palmitic acid, 53 mg/g  Burton et al. [6] 
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PI568261     Derived from high oleic acid 
      selection population 
 
 
BARC-12     Low linoleic acid    Leffel, [29] 
PI578058     Selected from cross N85-2176 x   
      N852124  
 
N94275     Palmitic acid, 40 g/kg   Burton et al. [6] 
PI1602455 
 
C1943     Palmitic acid, 40 g/kg   Burton et al. [6] 
PI599811 
__________________________________________________________________________________ 
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TABLE 7. Fatty acid mutants in sunflower 
__________________________________________________________________________________ 
Parent cultivar;    Main characteristics   Reference 
mutagen used;  
mutant gene 
__________________________________________________________________________________ 

Palmitic acid (16:0) 
 

Parent Zarya    Palmitic acid 7.0% (check cv.) 
Gamma rays 
 
275HP     Palmitic acid 25.1%   Ivanov et al. [26] 
 
Parent RHA 274   
NMU/EMS 
 
RHA 274 LP1    Lower palmitic acid 47 g/kg  Vick and Miller, [77] 
fap1            Miller and Vick, [32] 
 
Parent BDS 2-691, P1 p2 p3  Palmitic acid 5.4%     
X-rays 
 
CAS-5 
p1, p2, and p3    High palmitic acid 25.2%  Osorio et al. [40] 

two alleles at each locus with partial Perez-Vich et al. [41] 
      dominance of low palmitic. High  
      palmitic types are homologous for 
      p1 and, at least, one of the other two  
 
Parent BSD-2-423   Palmitic acid 3%, oleic acid 88% 
X-rays 
 
CAS-12     High palmitic acid 30%   Fernandez-Martinez et 
      Reduced oleic acid 56%   al. [14]  
      High palmitoleic acid 7%  Anon. [2] 
            

Stearic acid (18:0) 
 
Parent HA 821           
NMU/EMS 
 
HA821 LS-1    Low stearic acid, 41g/kg   Miller and Vick, [31] 
fas1 
 
Parent RHA 274    Stearic acid 3.8% 
NMU/EMS 
 
M430      Stearic acid 2.0%    Vick and Miller, [77] 
 
RHA 274 LS-2    Low stearic acid 20g/kg   Miller and Vick, [31] 
fasx fas2 
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Parent RDF 1-532   Stearic acid 5.5% 
EMS/NaN3 
 
CAS-3     Stearic acid 26.0%    Osorio et al. [40] 
 
CAS-4     Stearic acid 11.3%    Osorio et al. [40] 
 
CAS-8     Stearic acid 9.9%    Osorio et al. [40] 
 

Oleic acid (18:1) 
 

Parent V1M1K-8931   Oleic acid 35.9% 
DMS 
Pervenets     Oleic acid 79.3%    Soldatov, [65] 
 
Parent HA 382    Oleic acid 18.9% 
EMS/NMU 
 
M4229     Oleic acid 86.2%    Vick and Miller, [77] 
 
Registered  germplasm 
RHA 274 (restorer) 
NMU/EMS 
 
RHA 274(LP1)     Low palmitic    Miller and Vick, [32] 
 
RHA 274 (LP2)    Low palmitic    Miller and Vick, [32] 
 
HA821(maintainer) 
NMU/EMS 
 
HA 821 (LP1)    Low palmitic    Miller and Vick, [32] 
 
RHA 274 (restorer) 
NMU/EMS 
 
RH274 (LS1)    Low stearic     Miller and Vick, [31] 
 
RH274 (LS2)    Low stearic     Miller and Vick, [31] 
 
HA382 (maintainer) 
NMU/EMS  
 
HA 382 (LS1)    Low stearic     Miller and Vick, [31] 
 
HA 382 (LS2)    Low stearic     Miller and Vick, [31] 
 
HA 821 (maintainer) 
NMU/EMS 
 
HA 821 (LS1)    Low stearic     Miller and Vick, [31] 
__________________________________________________________________________________ 
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TABLE 8. Fatty acid mutants in Brassica species 
__________________________________________________________________________________ 
Parent cv.     Main characteristics   Reference 
mutagen used  
mutant gene 
__________________________________________________________________________________ 
Brassica napus 

Palmitic acid (16:0) 
 

Parent Wotan    Palmitic acid 4.7% 
EMS 
 
M4963     Palmitic acid 9.0%    Rucker and Röbbelen, [63] 
            

Oleic acid (18:1) 
 
Parent Cascade    Oleic acid 64.8% 
EMS      Linolenic acid 17.6% 
      PUFA 27.4% 
 
X-82      Oleic acid >80.2%    Auld et al. [3] 
      Linolenic acid 3-5% 
      PUFA <6% 
 
Parent Wotan    Oleic acid 60.3% 
EMS      Linolenic acid 9.9% 
 
M457      Oleic acid  71.0%    Rucker and Röbbelen, [63] 
      Linolenic acid 3.1%  
 
M19782     Oleic acid 80.3%    Rucker and Röbbelen, [63] 
      Linolenic acid 6.2%   
 
 
      Linoleic acid (18:2) 
 
Parent Oro     Linoleic acid 21.5% 
EMS 
M11      Linoleic acid 37.9%   Röbbelen and Nitsch, [62]
    

 
Linolenic acid (18:3) 

 
Parent Oro 
EMS/X-rays 
 
M57      Linolenic acid 5.2%   Röbbelen and Nitsch, [62] 
 
M364      Linolenic acid 19.1%   Röbbelen and Nitsch, [62] 
     
M6      Linolenic acid 3.5 %   Röbbelen and Nitsch, [62]
   
Parent M57     Linolenic acid 5.6% 
EMS 
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M47      Linolenic acid 3.2%   Röbbelen and Nitsch, [62]
         
Brassica rapa 
      Linoleic acid (18:1) and linolenic acid (18:3) 
 
Parent R-500    Linoleic acid 11.9% 
EMS      Linolenic acid 8.6%  
 
M30      Linoleic acid 2.1%    Auld et al. [3] 

Linolenic acid 3.0%     
      
Brassica juncea 
      Linolenic acid (18:3) 
 
Parent Zem-1    Linolenic acid 15.0%   
EMS/Gamma rays 
 
446-3      Linolenic acid 9.0%   Oram and Kirk, [39] 
 
Brassica carinata 
 
Parent C-101    Oleic acid 9.4% 
EMS      Linoleic acid 18.3% 
      Linolenic acid 12.9% 
      Erucic acid 44.0% 

 
Oleic acid (18:1) 

   
N2-3591     Oleic acid 23.3%    Velasco et al. [74] 
      Linoleic acid 8.3% 
      Linolenic acid 6.6% 
 
N2-3667     Oleic acid 15.6%    Velasco et al. [74] 
      Linoleic acid 9.1% 

 
Linolenic acid (18:3) 

 
N2-4961     Linolenic acid 6.3%   Velasco et al. [74] 
 

Erucic acid (22:1) 
 
N2-6230     Erucic acid 54.9%    Velasco et al. [75] 
 
N2-7397 Low erucic acid 7.3%   Velasco et al. [73] 
__________________________________________________________________________________ 
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TABLE 9. Fatty acid mutants in linseed 
__________________________________________________________________________________ 
Parent cultivar;    Main characteristics   Reference 
mutagen used;  
mutant gene 
__________________________________________________________________________________ 

Linolenic acid(18:3) 
 
Parent Glenelg    Linolenic acid 34.1%   Green, [18] 
EMS 
Ln11 Ln11 Ln21Ln21 
 
M1589     Linolenic acid 37.1%   Green and Marshall, [20] 
Ln10 Ln10 Ln21Ln21         Green, [18] 
 
M1722     Linolenic acid 21.4%   Green and Marshall, [20 
Ln11 Ln11 Ln20Ln20         Green, [18] 
 
Double zero     Linoleic acid 2.6%    Green, [18] 
(M1589 x M1722)          Dribnenki and Green, [8] 
Ln10 Ln10  Ln20Ln20          
 
Parent Raulinus    Linolenic acid 55.4% 
EMS 
 
Line 1     Linolenic acid 38.9%   Nichterlein et al. [34] 
           
 
Parent McGregor    Palmitic acid 6.8% 
EMS      Oleic acid 17.9% 
      Linoleic acid 15.8% 
      Linolenic acid 54.5%  
 
E67      Palmitic 28.4%    Rowland and Bhatty [59] 
      Linolenic acid 54%  
 
E1929     Oleic acid 34.7%    Rowland and Bhatty [59]  

Linoleic acid 30.1%   Ntiamoah and Rowland, 
Linolenic acid 25.2%   [37]  
    

E1747     Linoleic acid  70.3%   Rowland, [58]  
Two independent    Linolenic acid 2.0%   Ntiamoah et al. [38] 
recessive genes 
__________________________________________________________________________________ 
 
Yellow seeded, low linolenic acid cultivars yielding edible oils are referred as Solin culivar in Canada 
[15]. The edible and non-edible cultivars with brown seeds can be easily separated during handling. 
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TABLE 10. Fatty acid mutants in minor oil crops 
__________________________________________________________________________________ 
Crop;     Main characteristics  Reference 
parent cultivar;      
mutagen used;  
mutant gene 
__________________________________________________________________________________ 
 
Cuphea viscosissima 
Inbred line Balough SN 912 
EMS      Caproic acid (6:0) 0.8%  Knapp and Tagliani, [27] 

    Caprylic acid (8:0) 20.7%   
     Capric acid (10:0) 68.6%   
     Lauric acid (12:0) 2.2% 
     Myristic acid (14:0) 0.8% 
 
mcm-1    Eliminates:    Knapp and Tagliani, [27] 
         6:0   0.0%     
       8:0   0.5% 
     10:0   6.7% 
 
cpy-1     Eliminates:    Knapp and Tagliani, [27] 
          6:0   0.0%     
       8:0   3.9% 
     Increases: 
     12:0 14.3% 
     14:0   7.4% 
 
VS-6 (PI 534911)     8:0 175 g/kg   Tagliani et al. [68] 
EMS     10:0 711 g/kg  

12:0   22 g/kg 
14:0     9 g/kg 
Palmitic acid (16:0) 18 g/kg 

 
VS-6-CPR-1   Oil percentage 1 - 2% less  Tagliani et al. [68]  
(PI 574621*)   than VS-6     
       8:0 245 g/kg 
     10:0 383 g/kg   
     12:0   63 g/kg 
     14:0 142 g/kg 
     16:0   82 g/kg 
 
VS-6-CPR-2      6:0    16 g/kg   Knapp et al. [28] 
       8:0  294 g/kg  
     10:0  398 g/kg 
     12:0    63 g/kg 
     14:0  113 g/kg 
 
VS-6-CPR-4   Oil percentage 14% less   Tagliani et al. [68] 
(PI 574622*)   than VS-6 
       8:0 224 g/kg 
     10:0 659 g/kg 
     12:0  28  g/kg 
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VS-6-CPR-5      6:0     21 g/kg   Knapp et al. [28] 
       8:0   295 g/kg  
     10:0  389 g/kg 
     12:0    63 g/kg 
     14:0  110 g/kg 
 
VS-6-CLM-1     6:0    11 g/kg   Knapp et al. [28] 
       8:0  251 g/kg  
     10:0  652 g/kg    
     12:0    16 g/kg 
 
VS-6-CPY-1   Oil percentage 1 - 2% less Tagliani et al. [68] 
(PI 574623*)   than VS-6 
       8:0   39 g/kg    
     10:0 709 g/kg 
     12:0 143 g/kg 
     14:0   74 g/kg 
 
VS-6-MYR-1   Oil percentage 1 - 2% less Tagliani et al. [68] 
(PI 574624*)   than VS-6 

 8:0  205 g/kg  
     10:0 704 g/kg   
     12:0   23 g/kg  
     14:0     3 g/kg 
 
CPR-1 x CLM-1 F3 line    8:0  334 g/kg   Knapp et al. [28] 
VS 320    10:0  396 g/kg  
 
CPR-4 x CPR-5 F3 line    8:0   247 g/kg   Knapp et al. [28] 
VS 321    10:0   361 g/kg  
 
 
Camelina sativa 
CA13X2S-44   
Gamma rays      
M3 lines    Significantly high linolenic  Vollman et al. [78] 

acid up to 40.8% in M3 lines  
compared to 34-36% in  
control, and erucic acid less  
than 2% compared to less than 
4% in control 

______________________________________________________________________________________ 
* These are registered germplasm lines. 
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