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Background 
 

The mint family history 
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Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

First cross (SL1)   

Parents:          CMEN28 (M.s.)               x             CMEN703 (M.l.) 
Chemotypes:            Carvone                                                    Dihydrocarveol (~70%) 

Vert. resistance:                   high                                                                     high 

 

Second cross (SL2)   

Parents:          CMEN28 (M.s.)               x              CMEN17 (M.l.) 
Chemotypes:            Carvone                                                   Piperitone oxide (73%) 

Vert. resistance:                  high                                                                      high 

 

Third cross (SL3)   

Parents:          CMEN28 (M.s.)               x            CMEN585 (M.l.) 
Chemotypes:            Carvone                                                         Pulegone (78%) 

Vert. resistance:                 high                                                                       high 

 

Fourth cross (SL4)   

Parents:          CMEN28 (M.s.)               x            CMEN635 (M.l.) 
Chemotypes:            Carvone                                                   Piperitenone oxide (77%) 

Vert. resistance:                 high                                                                       high 

 

Crosses by Vining laboratory, OSU 

Status:  oil analyses completed 



Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

                  
                  
Oil Constituent                Parents     SL1 Population     

(population size: 110) 
M. 

suaveolens  
M. longifolia    Group 1 Group 2 Group 3  Group 4 Group 5 

  CMEN28 CMEN703   (29) (16) (23) (12)  (27) 
                  
                  
Limonene ① 11 10   4-8 4-5 0-1 2-8 0-1 
1,8-Cineole ① 3 3   1-6 1-4 1-6 2-5 0-3 
Longifolene ① 0 0   0 0 3-10 0 0 
cis-Dihydrocarvone ① 0 0   0-25 2-12 0-17 0-1 0 
trans-Dihydrocarvone ① 0 0   43-72 25-41 0-9 2-4 0 
Pulegone ① 0 0   0 0 49-72 0 0 
Carvone ① 72 0   0 0 0 0 0 
Dihydrocarveol ② 0 0   0-2 1-12 0 1-20 0 
iso-Dihydrocarveol ② 0 13   2-4 5-8 0 10-15 0 
neoiso-Dihydrocarveol ② 0 54   0-8 15-29 0 39-54 0 
Piperitenone ② 0 0   0 0 0-9 0 0 
Piperitenone oxide ② 0 0   0-8 0 0 0 69-86 
Others 14 20   13-23 12-22 11-25 16-27 12-32 
                  
                  



Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

First cross (SL1)   

 

Parents:       CMEN28 (M.s.)               x                   CMEN703 (M.l.) 
Chemotypes:         Carvone                                                          Dihydrocarveol (~70%) 

Vert. resistance:                high                                                                             high 

 

Group 1:  Oil similar to female parent but one double bond reduced 



Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

First cross (SL1)   

 

Parents:       CMEN28 (M.s.)               x                   CMEN703 (M.l.) 
Chemotypes:         Carvone                                                          Dihydrocarveol (~70%) 

Vert. resistance:                high                                                                             high 

 

Group 2:  Oil has components from both parents (DB of carvone reduced). 

Group 3:  Oil with novel C3-oxygenated constituent (pulegone) 



Group 4:  Oil similar to male parent. 

First cross (SL1)   

 

Parents:       CMEN28 (M.s.)               x                   CMEN703 (M.l.) 
Chemotypes:         Carvone                                                          Dihydrocarveol (~70%) 

Vert. resistance:                high                                                                             high 

 

Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

Group 5:  Oil with novel C3-oxygenated constituent (piperitenone oxide) 



          
          
Oil Constituent                Parents   SL2 Population 

(population size: 94) 
M. 

suaveolens  
M. longifolia    Group 6 

  CMEN28 CMEN17   (94) 
          
          
Limonene ① 11 2   0-1 
1,8-Cineole ① 3 2   0-4 
Carvone ① 72 0   0 
Piperitenone oxide ② 4 0   74-88 
trans-Piperitone oxide ② 0 55   0 
cis-Piperitone oxide ② 0 18   0 
β-Pinene ① 1 1   0-1 
(Z)-β-Ocimene ② 1 1   1-3 
β-Caryophyllene ① 1 2   0-3 
Germacrene D ① 2 5   2-6 
Others 4 14   7-10 
          
          

Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 



Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

Second cross (SL2)   

Parents:          CMEN28 (M.s.)               x              CMEN17 (M.l.) 
Chemotypes:            Carvone                                                   Piperitone oxide (73%) 

Vert. resistance:                  high                                                                      high 

 

Double bond reduction might be recessive trait. 

 

Why do all members of population have the same oil composition? 



            
          
Oil Constituent                Parents                SL3 Population 

(population size: 46) 
M. 

suaveolens  
M. longifolia    Group 7 Group 8 

  CMEN28 CMEN585   (21) (21) 
            
          
Limonene ① 11 2   0-1 1 
1,8-Cineole ① 3 4   0-6 0-7 
Pulegone ① 0 78   68-87 20-28 
Carvone ① 72 0   0 0 
Piperitenone ② 0 5   3-5 50-71 
Germacrene D ① 2 1   1-3 1-3 
Others 11 10   8-11 5-8 
            
            

Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 



Group 7:  Oil similar to male parent. 

Group 8:  Oil similar to male parent with additional constituent (piperitenone) 

Third cross (SL3)   

Parents:          CMEN28 (M.s.)               x            CMEN585 (M.l.) 
Chemotypes:            Carvone                                                         Pulegone (78%) 

Vert. resistance:                 high                                                                       high 

Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 



Objective 1: Assess oil characteristics of progeny 

from M. suaveolens x M. longifolia crosses 

Fourth cross (SL4)   

Parents:          CMEN28 (M.s.)               x            CMEN635 (M.l.) 
Chemotypes:            Carvone                                                   Piperitenone oxide (77%) 

Vert. resistance:                 high                                                                       high 

 

Group 9:  Oil similar to male parent. 

          
          
Oil Constituent                Parents   SL4 Population 

(population size: 112) 
M. 

suaveolens  
M. longifolia    Group 9 

  CMEN28 CMEN635   (110) 
          
          
Limonene ① 11 2   1-2 
1,8-Cineole ① 3 0   0-3 
Carvone ① 72 0   0-1 
Piperitenone oxide ② 0 78   76-89 
cis-Piperitone oxide ② 0 10   0 
(Z)-β-Ocimene ② 1 1   0-2 
β-Caryophyllene ① 1 1   1-2 
Germacrene D ① 2 0   1-3 
Other 10 8   6-10 
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Objective 2: Chromosome-level map of M. longifolia 

genome sequence Collaboration with Vining lab, OSU 



Oil biosynthesis genes: chromosome context 

Gene Name Number of Genes Chromosome 

(-)-Isopiperitenone reductase 2 11 

(-)-Isopiperitenone dehydrogenase 2 2 

Menthofuran synthase 1 2 

(+)-Pulegone reductase 3 3 

Limonene synthase 2 5 

(-)-4S-Limonene-3-hydroxylase 4 5,9 

(-)-4S-Limonene-6-hydroxylase 2 9 

(-)-Menthone:(+)-(3S)-neomenthol reductase 1 11 

(-)-Menthone:(-)-(3R)-menthol reductase 1 11 



CHROMOSOME 5  

LS-L3H CLUSTER  
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BLASTN hits to canonical genes 
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Natural antisense transcript 



Objective 3: Perform GWAS to further assess 

correlations between mint genes and traits  

CMEN585 
wilt-resistant 

CMEN584 
wilt-susceptible 

× 

SAF1 

segregating for wilt resistance 

wilt-resistant SAF1 self-pollinated 

SAF2, 92 plants 

Segregating for: 

• Wilt resistance 

• Oil type 

• Male fertility 



Objective 3: Perform GWAS to further assess 

correlations between mint genes and traits  
Principal Component Analysis separates three major oil types 



Objective 3: Perform GWAS to further assess 

correlations between mint genes and traits  

Significant oil-related SNPs 



Objective 3: Perform GWAS to further assess 

correlations between mint genes and traits  

Further analysis of SNPs using MGR genome browser 



Conclusions and Outlook 

1. Inter-species crosses successful and major traits of interest 
analyzed 

2. New assembly/scaffolding produces very high quality 
reference genome, with genes associated with specific 
positions on chromosomes 

3. New assembly reveals multiple copies of monoterpene 
biosynthesis genes, which are now targets for molecular 
marker development.   

4. Analysis of SAF2 population using GWAS is promising to yield 
many novel insights into the genes that correlate with 
specific oil types 

5. GWAS does not show markers associated with Verticillium 
wilt resistance, but re-analysis of gene expression data shows 
genes involved in resistance response  
 

 




