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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.) CMEN703 (M.L) "
Chemotypes: Carvone Dihydrocarveol (~70%)
Vert. resistance: high high

Second cross (SL2)
Parents: CMENZ28 (M.s.) CMEN17 (M.I.)
Chemotypes: Carvone Piperitone oxide (73%)

Vert. resistance: high high

Vert. resistance: high high

o

Third cross (SL3)
Parents: CMENZ28 (M.s.) CMENS585 (M.1.)
Chemotypes: Carvone Pulegone (78%)

|
Fourth cross (SL4) o
Parents: CMENZ28 (M.s.) CMENG35 (M.1.)
Chemotypes: Carvone Piperitenone oxide (77%)

| 6]

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
M.
suaveolens
CMEN28 CMEN703 (29) (16) (23) (27)

(population size: 110) M. longifolia Group 1 Group 2 Group 3 Group 5
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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.) CMEN703 (M.1.)

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)

HO

Parents: CMEN28 (M.s.) CMEN703 (M.1.)
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)

—




Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

First cross (SL1)

HO

Parents: CMEN28 (M.s.) CMEN703 (M.1.)
Chemotypes: Carvone Dihydrocarveol (~70%)

Vert. resistance: high high

Group 4: Oil similar to male parent.

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




Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

Oil Constituent Parents SL2 Population
M.
suaveolens
CMEN28 CMEN17 (94)

(population size: 94) M. longifolia Group 6
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B-Caryophyllene D
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Others
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Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

Second cross (SL2)

Parents: CMEN28 (M.s.) X CMEN17 (M.1.)
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?
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Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

Oil Constituent Parents SL3 Population
M.
suaveolens

CMEN28  CMENS585 (21) (21)

(population size: 46) M. longifolia Group 7 Group 8

Limonene D 2 0-1 1
1,8-Cineole @ 4 0-6 0-7
Pulegone @ .78 688 2028
Carvone D 0 0 0
Piperitenone 5 3-5 5071
GermacreneD 1 1-3 1-3
Others 0 8-11 5-8




Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

Third cross (SL3)

Parents: CMEN28 (M.s.) X CMENS585 (M.l.)
Chemotypes: Carvone Pulegone (78%)
Vert. resistance: high high

Group 7: Oil similar to male parent.
Group 8: Oil similar to male parent with additional constituent (piperitenone)

Piperitenone
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Geranyl (-)-Limonene (-)-trans- (+)-cis- (+)-Pulegone
diphosphate Isopiperitenol Isopulegone



Objective 1. Assess oil characteristics of progeny
from M. suaveolens x M. longifolia crosses

Fourth cross (SL4)
Parents: CMEN28 (M.s.) CMENG35 (M.1.)

Chemotypes: Carvone Piperitenone oxide (77%)
Vert. resistance: high high

Oil Constituent Parents SL4 Population
M.
suaveolens
CMEN28 CMENG635 (110)

(population size: 112) M. longifolia Group 9
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Group 9: Oil similar to male parent.




Objective 2. Chromosome-level map of M. longifolia
genome sequence Collaboration with Vining lab, OSU

Chromosome 1 Chromosome 2 Chromosome 3 Chromosome 4 Chromosome5 Chromosome 6

46,699,537 bp 45,526,029 bp 45,460,755 bp 44,284,954 bp 43,231,337 bp 37,537,474 bp
4,148 genes 3,994 genes 3,861 genes 3,949 genes 3,855 genes 3,657 genes

Chromosome 7 Chromosome 8 Chromosome 9 Chromosome 10 Chromosome 11 Chromosome 12

36,621,300 bp 36,842,082 bp 33,738,042 bp 33,088,173 29,943,784 bp 29,660,084 bp
3,462 genes 3,403 genes 3,175 genes 2,805 genes 2,783 genes 2,284 genes



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

Mlong585_17629 = L3H- Mlong585_ 17637 = L3H-

11,536,824 bp
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> >
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Objective 3: Perform GWAS to further assess
correlations between mint genes and traits

Segregating for:
« Wilt resistance
« QOll type

« Male fertility

SAF1
segregating for wilt resistance
wilt-resistant SAF1 self-pollinated




Objective 3. Perform GWAS to further assess

correlations between mint genes and traits
Principal Component Analysis separates three major oil types
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Objective 3. Perform GWAS to further assess
correlations between mint genes and traits

Significant oil-related SNPs

5NP Chromosome Position Pwvalue maf

59_24903109 24903109 2.3254887050896e-11 0.484375
52_3489935 3689935 4.0350283997089%e-11  0.484375
51_20501613 20501613 6.913531865594%e-10 0.484375
54_44103725 44103725 6.913531865594%e-10 0.484375
59_2505182 2505182 6.913531865594%e-10 0.484375
51_20501628 20501628 6.913531865595e-10 0.484375

54_44102614 44102514 6.9135318655%5e-10 0.484375




Objective 3. Perform GWAS to further assess
correlations between mint genes and traits

Further analysis of SNPs using MGR genome browser

User-created Annotations

| | |
% Mlong585_functional_gff scaffolds_length_43231337 |

> -
Mlong585_16064 Mlong585,
{Rauvolfia serpentina) similar to EXL2: GDSL esterase/lipase EXL2 (Arabidopsis thaliana) Protein o

>
long585_16063 Mlong585_16065
imilar to RPP25L: Ribonuclease P protein subunit p25-like protein... Similar to EXPA1: Expansin-A1 (Oryza sativa subsp. japon

31337
-abinit-gene-7.60-mRNA-1 sp| QSZGUT | EXPAS_ORYSJ

>
aker-scaffold_5_length_43231337-augustus-gene-7.80 sp|Q4PR53 | EXPAS_ORYS)

augustus_masked-scaffold_5_length_43231337:abinit-gene-7. 16-mRMA- sp| Q4PR42 | EXP24_ORYSJ

TRINITY_DN50678_c0_g1 i1 sp| Q94CHT | sp| 048818 | EXPA4_ARATH




Conclusions and Outlook

1.

Inter-species crosses successful and major traits of interest
analyzed

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

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

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

GWAS does not show markers associated with Verticillium

wilt resistance, but re-analysis of gene expression data shows
genes involved in resistance response



| ’ ‘time\




