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Abstract

2 -caryophyllene is a ubiquitous secondary metabolite found in many plant species, including cotton. Several studies
have reported that ? -caryophyllene affects the activities of insect pests in various crops. While 2 -caryophyllene is
present in most cotton species, including commercial upland cultivars, 2 -caryophyllene derivatives are not.
Interestingly, the diploid cotton species Gossypium armourianum, G. harknessii and G. turneri have been
reported to produce three unique 2 -caryophyllene derivatives identified as 12-hydroxy-2 -caryophyllene, 12-
hydroxy-? -caryophyllene acetate, and 12-hydroxy-? -caryophyllene-4,5-oxide acetate. Furthermore, these diploid
species have been reported to possess resistance to various biotic and abiotic stresses. Hence, these wild cotton
species may be used to produce new cotton hybrids with resistance to multiple pests and adverse environmental
conditions. USDA recently developed several tri-species cotton lines having G. armourianum or G.turneri in their
genetic background. The tri-species hybrids are HAA ((G. hirsutum x G. arboreum)* x G. armourianum), HHA ((G.
hirsutum x G. herbaceum)? x G. armourianum ), and HAT ((G. hirsutum x G. arboreum)? x G. turneri). Backcrosses
with G. hirsutum have resulted in promising hybrids with good agronomic characteristics. However, the trait for the
production of 2 -caryophyllene derivatives is not always expressed in subsequent progeny. As such we have
developed a chemotypic method using 12-hydroxy-2 -caryophyllene and 12-hydroxy-? -caryophyllene acetate as
biomarkers to aide in the identification of hybrids containing the genes responsible for their production. Gas
chromatography-mass spectrometry (GC-MS) was used for the separation and identification of 2 -caryophyllene
extracted from terminal leaves of hybrid plants. Initially, the presence of 12-hydroxy-? -caryophyllene acetate in G.
armourianum was confirmed by using the molecular weight and fragmentation patterns obtained from GC-MS
analysis. Tri-species hybrids were developed and grown under both greenhouse and field conditions. The terminal
leaves of plants were analyzed for the presence of 12-hydroxy-? -caryophyllene and 12-hydroxy-? -caryophyllene
acetate, and plants containing these compounds have been selected for further breeding efforts. Given the ease,
sensitivity and reproducibility of this GC-MS analytical procedure, breeding efforts may be expedited to fulfill
industry needs for cotton cultivars with multiple pest resistance platforms and appealing agronomic traits.

Introduction

Cotton plants (Gossypium spp.) produce secondary metabolites known as terpenoids, such as 2 -caryophyllene (Fig.
1), that protect the plants from insect pests. 2 -caryophyllene is a component of the volatile profile of many plant
species. The role of 2 -caryophyllene on the activities of entomophages and herbivores in cotton has been reviewed
by Langeheim in 1994. 2-caryophyllene was observed to be an attractant for the adult predatory green lacewings
(Chrysopa carnea), but toxic to the tobacco budworm. Interestingly, Williams et al. (1997) identified three diploid
cotton species, Gossypium armourianum, G. harknessii and G. turneri, that have three unique 2 -caryophyllene
derivatives. These derivatives were identified as 12-hydroxy-? -caryophyllene, 12-hydroxy-? -caryophyllene acetate,
and 12-hydroxy-? -caryophyllene-4,5-oxide acetate (Fig. 2). Due to the specific presence of these compounds in
these three wild cotton species, they are ideal biomarkers in breeding efforts in the introgression of various
resistance traits found in these three species. For example, diploid cotton species G. armourianum, G. turneri and
G. herbaceum have been reported to possess resistance to insect and bacterial diseases, as well as resistance to
abiotic stress factors (Gotmare et al. 2000). Currently, USDA has developed various tri-species cotton
cultivars with the goal of producing cotton germplasm lines that have resistance to a wide range of pests, while
still maintaining good agronomic traits. The tri-species hybrids are HAA ((G. hirsutum x G. arboreum)® x G.
armourianum), HHA ((G. hirsutum x G. herbaceum)® x G. armourianum ), and HAT ((G. hirsutum x G. arboreum)?
x G. turneri). Backcrosses of the tri-species hybrids with G. hirsutum have resulted in several promising hybrid
lines with good agronomic characteristics.
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One drawback of traditional breeding methodologies is that they abide by mendelian genetics, meaning that all the
progeny will not necessarily express the desired traits. One way to verify the presence or absence of a desired trait
is to use various genetic tools to analyze the expression of a particular set of genes. Tools such PCR and Western
blotting are usually employed for this analysis. While extremely effective, they involve tedious sample preparation
steps and expensive reagents. Herein, we describe and test a method involving the detection and identification of 2 -
caryophyllene derivatives using Gas Chromatography-Mass Spectrometry (GC-MS). This method involves
extraction of secondary metabolites from cotton terminal leaves and direct injection of the extract for GC-MS
analysis.
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Figure 1. Structure of 2 -caryophyllene.
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Figure 2. Structures of 2 -caryophyllene derivatives found in Gossypium armourianum, G. harknessii and G. turneri.

Materials and Methods

A G. armourianum plant was initially analyzed by GC-MS for the presence of 12-hydroxy-? -caryophyllene acetate
in terminal leaves and compared to a commercial upland cotton cultivar (Fibermax 966). G. armourianum is known
to have various caryophyllene derivatives present in terminal leaf tissue, while no such compounds are found in
upland cotton. One terminal leaf was excised from each plant and immediately frozen until extraction of
metabolites was performed. The extraction of ?-caryophyllene derivatives was carried out by pulverizing the
terminal leaf material in a 1.5 ml microcentrifuge tube followed by the addition of 1 ml of dichloromethane. The
mixture was then vortexed for 10 seconds and placed in an ultrasonic water bath for 20 min. The samples were then
centrifuged for 10 min at 3000 rpm, and the extract was decanted into a separate 1.5 ml tube. The remaining leaf
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material was extracted again as previously described. The second extract was pooled with the first extract and
concentrated to dryness under room temperature conditions in a fume hood. Once dried the extract was reconstituted
in 0.5 ml of dichloromethane and transferred to a GC-MS vial fitted with a volume reducing insert. The extract was
then submitted for GC-MS analysis.

GC-MS analysis was carried out using a Shimadzu GCMS-QP2010 Ultra (Shimadzu Scientific Instruments,
Columbia, MD) equipped with a Zebron ZB-WAX plus (30 m length X 0.25 mm [.D. x 0.25 um film thickness;
(Phenomenex, Torrence CA, USA). The carrier gas was helium at a flow rate of 1.2 ml min"!. The temperature of
the injection port was 220°C and a 1uL. sample was injected in a split-less mode. The column temperature program
consisted of an initial temperature of 100°C, held for 5 min followed by a 10 °C/min ramp to 220°C and held for 10
min. The program was ended with a 40°C/min ramp to an ending temperature of 250°C. The mass spectrometry
conditions were: electron impact ionization (EI); interface temperature of 250 °C; and ion source temperature of
200°C. Identification of cotton volatile compounds was made by comparison of mass spectra of experimental
samples to those stored in the National Institute of Standards and Technology (NIST) and Wiley Registry (10th
Edition) libraries, in addition to verification of reported molecular mass and fragmentation patterns.

Over 20 tri-species hybrid lines developed at USDA-ARS were screened for the presence of 12-hydroxy--
caryophyllene and 12-hydroxy-? -caryophyllene acetate. An example of a typical chromatogram of a tri-species
hybrid is presented in Figure 3. Several hundred greenhouse grown plants were screened and plants that expressed
the two caryophyllene derivatives or only 12-hydroxy-?-caryophyllene acetate were selected for further back
crossing experiments. It is important to note that the trait of interest is the expression of 12-hydroxy-? -caryophyllene
acetate, but plants having both caryophyllene derivatives were also selected because 12-hydroxy-? -caryophyllene is
a precursor molecule of the acetate form. Hence, the presence of both metabolites in the leaf extracts may indicate
that the biosynthesis of the acetate from the alcohol was not complete. Selected plants were used for further
backcrossing experiments. Backcrossed 2 selfed (BC,S1) and backcross 3 (BC;) seeds from selected plants were
used for field trials. Seeds were germinated in Jiffy-7 peat pellets and transplanted into the field. About 50 plants
from each line were transplanted and assessed for the presence of 12-hydroxy-? -caryophyllene and 12-hydroxy-2 -
caryophyllene acetate by GC-MS as outlined above.
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Figure 3. Chromatogram of a tri-species hybrid illustrating the presence 12-hydroxy-2 -caryophyllene derivatives.
Results and Discussion

The initial analysis of a G. armourianum plant confirmed the presence of 12-hydroxy-? -caryophyllene acetate. In
comparison, this acetate derivative was not found in the commercial upland cotton cultivar (Fig. 4).
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Figure 4. Chromatogram illustrating the“preserice 12;hydrox‘y—2 —cafyoph?llene acetate in G. armourianum and its
absence in commercial upland cotton.

Table 1. GCMS screening results for 2 - caryophyllene derivatives in cotton tri-species breeding lines
grown in College Station, TX. Result presented as percentage of plants having or lacking specific 2 -
caryophyllene derivatives.

B-Caryophyllene Acetate Alcohol Acetate & No Ac.or

Row Row ID Gen. n (%) Only (%) Only (%) Alcohol (%) Alc. (%)
1 13-3 HAA (x) BC,S1 34 100 14.7 23.5 23.5 38.3
2 13-3 HAA (x) BC,S1 42 100 23.8 30.9 11.9 33.4
3 13-4 HAA (x) BC,S1 38 100 39.4 26.3 121 22.2
4 13-5 HAA (x) BC,S1 36 100 16.6 33.3 16.6 33.5
5 13-9 HAA (x) BC,S1 43 100 30.2 18.6 27.9 23.3
6  13-27 HHA (x) BC,S1 43 100 441 4.5 23 49.1
7 13-6 HAT (x) BC,S1 44 100 0 63.6 0 36.4
8 13-8 HAT (x) BC,S1 31 100 0 64.5 0 35.5
9 13-7 HAT (x) BC,S1 30 100 0 70 0 30
10 13-7 HAT (x) BC,S1 37 100 0 70.2 0 29.8
11 14-16 HAT (x) BC,S1 46 100 0 0 0 100
12 14-16 HAT (x) BC,S1 44 100 0 0 0 100
13 16-28 HAT (x) BC,S1 48 100 31.2 229 29.1 16.8
14 BAR-32x13-3 BC, 48 100 8.3 39.5 6.2 46
15 BAR-32x13-4 BC, 44 100 14.6 24.3 24 58.7
16 BAR-32x13-5 BC, 39 100 16.3 25.6 25 56.6
17 BAR-32x13-9 BC, 39 100 12.8 23.1 12.8 51.3
18 BAR-32x13-27 BC, 49 100 0 6.1 4.1 89.8
19 BAR-32x14-4 BC, 49 100 14.2 22.4 12.2 51.2
20 BAR-32x14-8 BC, 48 100 16.6 35.4 12.5 35.5
21 BAR-32x 16-12 BC, 37 100 2.7 48.6 18.9 29.8
22 BAR-32 x 16-26 BC, 48 100 12.5 35.4 10.4 41.7
23 BAR-32 x 16-28 BC, 45 100 17.7 24.4 13.3 44.6
24 BAR-32x16-7 BC, 49 100 18.36 32.6 4.1 44.94

The results of the screen are presented as percent of plants containing the particular metabolite.

The results of the screening of field grown lines are presented in Table 1. 2 -caryophyllene was present in all plants
analyzed. Conversely, depending on the breeding line, the caryophyllene derivatives were either present or absent.
It is also important to note that some lines in the field trial were replicated, and the data presented in Table 1 shows
similarities in percentages of metabolites between rows, indicating that the analytical method is reliable and
reproducible. Furthermore, the sensitivity of this methods is illustrated by the fact that only one terminal leaf from
each plant is utilized from analysis. The analytical method described in this study offers the advantage of being
simple, sensitive, and accurate. Additionally, compared to genetic analytical methods it is also considerably less
expensive to perform. Genetic analytical methods such as PCR can give misleading results, due to the fact that
while certain genes may be expressed, translation of the desired trait may not always occur. Western blotting is
much more accurate for the analysis of translated traits, but it is considerably much more time consuming and
expensive compared to our method. Results of this investigation indicate that chemotypic analysis of leaf tissue (via
GC-MYS) is a simple, sensitive and reproducible approach for determining which progeny may possess a desired



2019 Beltwide Cotton Conferences, New Orleans, LA, January 8-10, 2019

trait. As such, this technique may be used to expedite breeding efforts by selecting only plants that express the
desired chemical profile needed for resistance

Conclusions
The GC-MS analytical method presented here is a reliable and reproducible tool that can be used to expedite
breeding efforts to produce cotton cultivars that are resistant to a variety of pests and are agronomically desirable.
Currently there are many insect and microbial pest plaguing the cotton industry. As such, there is an urgency to
develop cotton cultivars that have more resistance to both biotic and abiotic.

References

Gotmare, V., P. Singh, and B. N. Tule. (2000). Wild and Cultivated Species of Cotton. CICR Technical Bulletin
No:5

Langenheim (1994). Higher Plant Terpenoids: A Phytocentric Overview of their Ecological Roles. Journal of
Chemical Ecology 20 (6): 1223- 1280.

Williams et al. (1997). 2 -Caryophyllene Derivatives from the Wild Cottons. Natural Product Letters , 11(1): 25-30

471




<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>



    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /Magnification /FitPage

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /PageLayout /SinglePage

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



