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ABSTRACT

The ambrosia beetle Cnestus mutilatus Blandford, 1894 (Coleoptera: Curculionidae: Scolytinae:
Xyleborini) is native to Asia and is currently an exotic species in North America. This study
tested whether this species can be trapped with isopropanol as bait. Lindgren multiple-funnel
traps were deployed in the piedmont of south-central Virginia, USA. The experimental traps had
1sopropanol in the collection cups. For comparison, other traps had ethanol or soapy water.
Both alcohols were effective for trapping C. mutilatus. More specimens were captured using
ethanol. Isopropanol and ethanol may play similar roles in the chemical ecology of ambrosia
beetles.

INTRODUCTION

The ambrosia beetle Cnestus mutilatus Blandford, 1894 (Coleoptera: Curculionidae: Scolytinae:
Xyleborini) is native to Asia but was detected in the southern United States in 1999 (1, 2). The
species has since spread widely and quickly (3), utilizing a suite of adaptive traits: a wide range
of host trees, haplodiploidy, inbreeding, sheltering in wood for most of their life cycle, sub-
sociality, fungus gardening, and the ability to move from tropical to temperate climates (4-6).

It is possible that C. mutilatus will not become a pest in its new geographic range. Most ambrosia
beetles take advantage of the weakened defenses of stressed or dying trees, in which they
typically sow nonpathogenic fungi (7) that contribute to decomposition and nutrient recycling.
However, timber- and tree-associated industries need to remain wary of their destructive
potential. The woody tissues of dying and dead trees ferment residual sugars, producing several
short-chain alcohols such as ethanol (8, 9). A small proportion of these alcohols volatize (10) and
attract the beetles, which will tunnel breeding galleries into the woody tissues. Stressed nursery
trees and many wood products also volatize alcohols, and holes from any resulting beetle
galleries reduce the structural integrity, esthetics, and market value of these products. Examples
include damage to wine or beer casks (8), overwatered or freeze-stressed nursery stock (11),
recently felled timber (12), and freshly sawn lumber (13—15). Cnestus mutilatus has even been
documented boring holes into the plastic walls of ethanol-gasoline containers (16). Ambrosia
beetles could also cause ecological damage by seeding the spread of microbes, including their
primary ambrosia fungus, secondary fungi, nematodes (17), mites, and bacteria (18). Fungi
transported by ambrosia beetles can dramatically alter the natural progression of wood
decomposition (19, 20) and could be phytopathogenic (21, 22). Geosmithia morbida
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(Ascomycota), the fungal pathogen that causes Thousand Cankers Disease in walnut trees
(Juglans spp.), is known to be carried by C. mutilatus (23, 24). Given this potential for both
economic and ecological damage, C. mutilatus merit close monitoring (25, 26).

Traps for ambrosia beetles are typically baited with slow-release ethanol preparations. However,
propan-2-ol (hereafter referred to as isopropanol), while being used in traps as a killing agent and
preservative, seemed to attract C. mutilatus (personal observations). There would be considerable
advantages to having an inexpensive and easy-to-obtain chemical serve all three functions of
attractant, killing agent, and preservative without the need for slow-release mechanisms. The
purpose of this study was to gather experimental evidence that isopropanol can be used as such
in traps for C. mutilatus.

METHODS

Trapping took place at four sites near Lynchburg, Virginia, USA. All trapping sites were in
residential neighborhoods and proximal to water and small patches of deciduous forest. All traps
were multiple-funnel traps hung so the bottom was 1-1.5 m above the ground. Inserted into each
trap’s collection cup was a close-fitting glass jar containing either an alcohol or a control. The
jar’s inner diameter was approximately 10cm, so the liquids were evaporating from a surface of
about 79 cm?.

Sites 1 and 2. On 02 Jan 2021, two 12-funnel Lindgren traps (27) were deployed: one at
37.37379°N, 79.20182°W (Site 1) and another at 37.37396°N, 79.20164°W (Site 2). These traps
were fitted with extended rain shields and secured with rope tethers to limit swaying. Initially,
150 mL of 91% isopropanol was used; this was increased to 200 mL during the warmer months
to compensate for an increased evaporation rate.

Immediately after the first C. mutilatus was captured, two control 12-funnel traps were deployed
in the same way, each hung about 2 m from a trap with isopropanol. Control traps often use
ethylene glycol or propylene glycol, but these molecules contain alcohol groups and were
deemed inappropriate for comparison with alcohol baits. Instead, control traps used 150 mL
distilled water with a surfactant (a small shaving of Dove brand fragrance-free bar soap). These
two experimental and two control traps were inspected almost daily. Debris such as spider webs
and fallen leaves was removed, and the isopropanol was topped up if needed. For one year, on
every seventh day, specimens were collected and the alcohol or soapy water was replaced. The
isopropanol traps were emptied and refilled more frequently when Green June Beetles (Cotinis
nitida Linnaeus, 1758) and American Carrion Beetles (Necrophila americana Linnaeus, 1758)
were caught in large numbers.

Sites 3 and 4. Two very different arrangements of Lindgren traps were deployed at two
additional sites from April to October 2021. These traps were inspected twice per week;
specimens were collected and the fluids replaced at least once per week. One site (37.38589°N,
79.24818°W; Site 3) had isopropanol and control traps, as above, but these were four-funnel
traps hung 16 m apart. This size and distance should greatly reduce the control traps' interception
of beetles in flight toward the isopropanol trap. The last site (37.38816°N, 79.25908°W; Site 4)
had three four-funnel traps hung in a line and spaced at 1 m intervals. At either side (thus 2 m
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apart) was a trap baited with 91% isopropanol or 40% ethanol. The position of these two alcohol
traps alternated weekly. The middle trap contained soapy water for control.

Cnestus mutilatus were identified using the key in Gomez et al. (28). All captures were of
females, as this is the only sex that disperses from the galleries. Voucher specimens will be
deposited with the Florida State Collection of Arthropods (contact: Paul Skelley). Weather data
were obtained from the U.S. National Weather Service (weather.gov/wrh/climate?wfo=rnk) and
Weather Underground (wunderground.com). Double sine-wave integrals for Degree-Days were
calculated using the weather data and Excel, and checked against the computations provided by
two online services (uspest.ore/dd/model app and ipm.ucanr.edu/WEATHER/index.html).
Derived variables and statistics were calculated using Excel.

RESULTS

Baits and Captures. Captures are summarized in Table 1. The first capture was on April 11 at
Site 1; at the time, there was only an isopropanol trap deployed there (see Methods), so this
capture was not influenced by the presence of another trap or other C. mutilatus in this trap. At
Sites 1, 2, and 3, which simply compared isopropanol to soapy water control, capture numbers
were significantly higher in isopropanol (binomial tests, each p value < 0.0001). Hundreds were
captured in isopropanol versus a single specimen in soapy water; it is very unlikely that control
traps were regularly intercepting beetles in flight on their way to an isopropanol trap.

TABLE 1. Captures of C. mutilatus by location and bait. Sites 1, 2, and 3 compared Isopropanol
to Soapy Water. Site 4 included a trap with Ethanol for comparison.

Isopropanol Soapy Water Ethanol Total
Site 1 440 0 N/A 440
Site 2 116 1 N/A 117
Site 3 165 0 N/A 165
Site 4 121 6 513 640
Total 842 7 513 1362

Site 4 had an ethanol-baited trap in addition to isopropanol and control. Captures were
significantly higher in ethanol compared to isopropanol (binomial p < 0.0001). Capturing only
six specimens in the control trap, which was hung between the isopropanol and the ethanol traps
at this site, strongly suggests the traps were not regularly intercepting beetles in flight toward
another trap. Using parametric least squares regression, the weekly number of captures in one
alcohol can be predicted from the captures in the other alcohol (Fi,24 = 12.62, * =0.34,p =
0.0016; Ethanol = 3.40*Isopropanol + 3.90; Isopropanol = 0.10*Ethanol + 2.65).

The first captures occurred after only several Degree-Hours of air temperature above 27 °C had
accumulated (Table 2). There were three distinct peaks in the captures: at the end of April, end of
May, and mid-June (Figure 1). The peaks and troughs for isopropanol and ethanol coincided in
time but were smaller in magnitude for the isopropanol traps.
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TABLE 2. Celsius Degree-Days accumulated prior to key dates in 2021. The biofix date is 01
January 2021. Calculations used the double sine wave method. Base 27 °C is included because it
appears to be a threshold for the appearance of C. mutilatus in traps. Base 0 °C and Base 10 °C
are included because they are popular for Degree-Day calculations and could be useful for
predictions. Note that heat input would not be for development because this species overwinters
as adults (cf. 29).

To 1st Capture To Peak To Peak To Peak
On 11 April On 30 April On 28 May On 11 June
Base 0 °C 704.3 975.6 1484.3 1800.3
Base 10 °C 163.1 269.0 508.9 684.9
Base 27 °C 0.5 2.5 11.7 21.1

FIGURE 1. Weekly capture data. The x-axis tick marks are the collection dates in month/day
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Correlations Between Captures and Weather. Correlation coefficients were calculated using
weekly data from the n = 24 weeks of captures between April and October 2021 (with df = 22,
the Critical Value of r at a = 0.05 is £0.4044). “Weekly total captures” was calculated as the sum
of all captures in both alcohols at all four sites. Three different temperature variables were
calculated by averaging (over the week) the daily maximum, minimum, and average
temperatures. As measured, temperature did not correlate with the number of captures: using
maximum temperatures, r = +0.12; minimum temperatures r = -0.09, and average temperatures r
=+0.02.
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Other weather variables were chosen based on the likelihood they might affect either the beetles'
activities or the growth of their ambrosia fungi. Of these, the only variable that significantly
correlated with captures was the total amount of rainfall accumulated over the week prior to the
capture count. (r = +0.55, two-tailed p < 0.01). None of the following variables was significantly
correlated with captures: maximum relative humidity (r = +0.16), minimum relative humidity (r
= -0.13), average relative humidity (r = +0.02), average wind speed (r = +0.19), maximum
barometric pressure (r = +0.12), minimum barometric pressure (r = -0.07), and average
barometric pressure (r = +0.10).

DISCUSSION

The data indicate that C. mutilatus can be trapped with isopropanol. The pattern of weekly
capture numbers was very similar for isopropanol and ethanol, but the number caught with
1sopropanol was consistently smaller. Captures in one alcohol can fairly accurately predict the
number of captures in the other.

Insofar as capture data can be used to infer emergence and flights (see 30), C. mutilatus appears
in late April in large numbers, possibly in response to temperatures remaining above 27 °C for
several hours (cf. 31-33). The initial peak is followed by a trough in mid-May and another,
larger peak (or possibly two) about 30—40 days later in late May to mid June. The separation of
these peaks could reflect varying latencies in the response to springtime conditions (32), but they
are separated by enough time to also be the result of separate broods if the species is bivoltine in
this region (see 34 for phenology information). For comparison, two peaks were also seen in
Mississippi (35) and Georgia (36) using Lindgren traps, but only a single peak was seen in
Kentucky using Baker bottle traps (37).

Isopropanol is known to be bioactive in several contexts. In addition to attracting various insects
into traps (38—46), it is known to volatize from insects (47), stimulate oviposition (48), and
evoke antennal electrophysiological responses (46, 47). Isopropanol also volatizes from some
plants (38, 41, 48-54) and fungi (55, 56). Stress-related processes such as fermentation (57, 58)
and amino acid metabolism (59-61) can result in the production of isopropanol. Thus, the
potential exists that isopropanol, like ethanol, might be volatized by trees under stress and used
by C. mutilatus to locate such trees for their galleries.

Once in the galleries, bark beetles cultivate ambrosia fungi for food. Ethanol volatizing from the
stressed woody tissues is toxic to fungi. The ambrosia fungi survive by using alcohol
dehydrogenase enzymes (ADHs) to bind and detoxify the ambient ethanol (62, 63). Other fungi
in competition with the ambrosia fungi are culled by the ambient ethanol. Isopropanol is
similarly volatile, toxic (64), and able to affect fungal growth (65, 66). Many ADHs that bind
ethanol will also bind isopropanol, and some ADHs have high specificity to isopropanol (60, 67,
68). Thus, it is possible that isopropanol could play similar roles to ethanol in the galleries of
ambrosia beetles.

Isopropanol should be evaluated for use in traps for saproxylic insects as well as their predators
and associates. The purchase of isopropanol is unregulated and it could serve as an all-in-one
attractant, killing agent, and preservative. Isopropanol thus reduces labor and expenses both at
the point of purchase and by eliminating the need for slow-release preparations and mechanisms.


https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.26.568738; this version posted November 27, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

In decomposition processes, isopropanol is either an intermediary or minor end product, and thus
may not be as attractive as the major end products such as ethanol. This limitation might also be
an important advantage: isopropanol-baited traps could still indicate some species’ presence and
patterns of abundance, while making it less likely traps will be overwhelmed by the rapid capture
of large numbers of insects.

ACKNOWLEDGMENTS

Campbell County Public Schools, Lynchburg City Schools Education Foundation, and the ECG
Foundation provided financial support for this work. We are greatly indebted to the Pickering,
Mabery, Rivers, and Styrsky families for assistance and property access. Mark Deyrup, John
Lepri, Katrina Pickering, and Erin Rierson kindly provided valuable feedback that substantially
improved the manuscript.

DATA AVAILABILITY

The data in this study have been deposited in the Harvard Dataverse.
DOI: https://doi.org/10.7910/DVN/HIXSCX
URL: https://dataverse.harvard.edu/api/access/datafile/7568647

REFERENCES

1. Schiefer TL, Bright DE. Xylosandrus mutilatus (Blandford), an exotic ambrosia beetle
(Coleoptera: Curculionidae: Scolytinae: Xyleborini) new to North America. The
Coleopterists Bulletin (2004) 58:431-438.

2. Cognato Al, Bogrdn CE, Rabaglia R. An exotic ambrosia beetle, Xylosandrus mutilatus
(Blandford) (Scolytinae: Xyleborina) found in Texas. The Coleopterists Bulletin (2006)
60:162—-163.

3. Coyle DR, Brissey CL, Gandhi KJK. Species characterization and responses of subcortical
insects to trap-logs and ethanol in a hardwood biomass plantation. Agricultural and Forest
Entomology (2015) 17:258-269.

4. Grousset F, Grégoire J, Jactel H, Battisti A, Beloglavec AB, Hrasovec B, et al. The risk of
bark and ambrosia beetles associated with imported non-coniferous wood and potential
horizontal phytosanitary measures. Forests (2020) 11:342.

5. Jordal BH, Beaver RA, Kirkendall LR. Breaking taboos in the tropics: Incest promotes
colonization by wood-boring beetles. Global Ecology and Biogeography (2001) 10:345-357.

6. Dole SA, Jordal BH, Cognato Al. Polyphyly of Xylosandrus Reitter inferred from nuclear
and mitochondrial genes (Coleoptera: Curculionidae: Scolytinae). Molecular Phylogenetics
and Evolution (2010) 54:773-782.

7. Rabaglia RJ, Cognato Al, Hoebeke ER, Johnson CW, LaBonte JR, Carter ME, et al. Early
detection and rapid response: A ten-year summary of the U.S. Forest Service program of
surveillance for non-native bark and ambrosia beetles. American Entomologist (2019) 65:29—
42.


https://dataverse.harvard.edu/api/access/datafile/7568647
https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.26.568738; this version posted November 27, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

available under aCC-BY-NC-ND 4.0 International license.

. Blandford WFH. Report on the destruction of beer-casks in India by the attacks of a boring

beetle (Xyleborus perforans, Woll.). London: Eyre and Spottiswoode (1893). 48 p.
Kimmerer TW, Stringer MA. Alcohol dehydrogenase and ethanol in the stems of trees:
Evidence for anaerobic metabolism in the vascular cambium. Plant Physiology (1988)
87:693-697.

MacDonald RC, Kimmerer TW. Metabolism of transpired ethanol by Eastern Cottonwood
(Populus deltoides Bartr.). Plant Physiology (1993) 102:173-179.

Ranger CM, Schultz PB, Frank SD, Reding ME. Freeze stress of deciduous trees induces
attacks by opportunistic ambrosia beetles. Agricultural and Forest Entomology (2019)
21:168-179.

McLean JA. Ambrosia beetles: A multimillion dollar degrade problem of sawlogs in coastal
British Columbia. Forestry Chronicle (1985) 61:295-298.

McLean JA, Borden JH. Gnathotrichus sulcatus attack and breeding in freshly sawn lumber.
Journal of Economic Entomology (1975) 68:605-606.

Dobie J. Ambrosia beetles have expensive tastes. Canadian Forestry Service: Pacific Forest
Research Center Publication BC-P-24 (1978) 5p.

Milligan RH. An introduced ambrosia beetle [Xyleborus saxeseni] attacking logs and freshly
sawn timber. New Zealand Forest Service, Forest Research Institute, Research Leaflet No.
22.(1969). 4p.

Carlton C, Bayless V. A case of Cnestus mutilatus (Blandford) (Curculionidae: Scolytinae:
Xyleborini) females damaging plastic fuel storage containers in Louisiana, U.S.A.. The
Coleopterists Bulletin (2011) 65:290-291.

Giblin-Davis RM, Kanzaki N, Davies KA. Nematodes that ride insects: unforeseen
consequences of arriving species. Florida Entomologist (2013) 96:770-780.

Hulcr J, Rountree NR, Diamond SE, Stelinski LL, Fierer N, and Dunn RR. Mycangia of
ambrosia beetles host communities of bacteria. Microbial Ecology (2012) 64:784-793.
Hulcr J, Gomez DZ, Skelton J, Johnson AJ, Adams S, Li Y, et al. Invasion of an
inconspicuous ambrosia beetle and fungus may affect wood decay in southeastern North
America. Biological Invasions (2021) 23:1339-1347.

Skelton J, Jusino MA, Carlson PS, Smith K, Banik MT, Lindner DL, et al. Relationships
among wood-boring beetles, fungi, and the decomposition of forest biomass. Molecular
Ecology (2019) 28:4971-4986.

Carrillo D, Duncan RE, Ploetz JN, Campbell AF, Ploetz RC, Pefia JE. Lateral transfer of a
phytopathogenic symbiont among native and exotic ambrosia beetles. Plant Pathology (2014)
63:54-62.

Wingfield MJ, Barnes I, Wilhelm de Beer Z, Roux J, Wingfield BD, Taerum SJ. Novel
associations between ophiostomatoid fungi, insects and tree hosts: Current status—future
prospects. Biological Invasions (2017) 19:3215-3228.

Moore M, Juzwik J, Miller F, Roberts L, Ginzel MD. Detection of Geosmithia morbida on
numerous insect species in four eastern states. Plant Health Progress (2019) 20:133—139.
Chahal K, Gazis R, Klingeman W, Hadziabdic D, Lambdin P, Grant J, et al. Assessment of
alternative candidate subcortical insect vectors from walnut crowns in habitats quarantined
for thousand cankers disease. Environmental Entomology (2019) 48:882—893.

Olatinwo R, Streett D, Carlton C. Habitat suitability under changing climatic conditions for
the exotic ambrosia beetle, Cnestus mutilatus (Curculionidae: Scolytinae: Xyleborini) in the


https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.26.568738; this version posted November 27, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

southeastern United States. Annals of the Entomological Society of America (2014),
107:782-788.

26. Hale FA, Windham AS, Grant JF, Hensley D, Oliver JB, Powell S. The escalating cost of
high impact invasive pests. SNA Research Conference (2013) 58:108—112.

27. Lindgren BS. A multiple funnel trap for scolytid beetles (Coleoptera). The Canadian
Entomologist (1983) 115:299-302.

28. Gomez DF, Rabaglia RJ, Fairbanks KEO, Hulcr J. North American Xyleborini north of
Mexico: A review and key to genera and species (Coleoptera, Curculionidae, Scolytinae).
ZooKeys (2018) 768:19-68.

29. Addesso KM, Oliver JB, Youssef N, O’Neal PA, Ranger CM, Reding M, et al. Trap tree and
interception trap techniques for management of ambrosia beetles (Coleoptera: Curculionidae:
Scolytinae) in nursery production. Journal of Economic Entomology (2019) 112:753-762.

30. Bentz BJ. Mountain pine beetle population sampling: Inferences from Lindgren pheromone
traps and tree emergence cages. Canadian Journal of Forest Research (2006) 36:351-360.

31. Rudinsky JA. Ecology of Scolytidae. Annual Review of Entomology (1962) 7:327-348.

32. Daterman GE, Rudinsky JA, Nagel WP. Flight patterns of bark and timber beetles associated
with coniferous forests of western Oregon. Corvallis, OR: OSU Agricultural Experiment
Station Technical Bulletin 87 (1965) 46 p.

33. Reding ME, Schultz PB, Ranger CM, Oliver JB. Optimizing ethanol-baited traps for
monitoring damaging ambrosia beetles (Coleoptera: Curculionidae: Scolytinae) in
ornamental nurseries. Horticultural Entomology (2011) 104:2017-2024.

34. Kajimura H, Hijii N. Dynamics of the fungal symbionts in the gallery system and the
mycangia of the ambrosia beetle, Xylosandrus mutilatus (Blandford) (Coleoptera: Scolytidae)
in relation to its life history. Ecological Research (1992) 7:107-117.

35. Stone WD, Nebecker TE. Distribution and seasonal abundance of Xylosandrus mutilatus
(Coleoptera: Curculionidae). Journal of Entomological Science (2007) 42:409—412.

36. Brownell, KA. (2014) Subcortical beetle communities of Georgia. [master’s thesis]. [Athens
(GA)]: University of Georgia

37. Viloria Z, Travis G, Dunwell W, Villanueva R. Seasonal emergence of invasive ambrosia
beetles in Western Kentucky in 2017. Acta Horticulturae (2018) 1212:195-198.

38. Landolt PJ. Trapping the green June beetle (Coleoptera: Scarabaeidae) with isopropanol.
Florida Entomologist (1990) 73:328-330.

39. Dowd PF, Bartelt RJ. Host-derived volatiles as attractants and pheromone synergists for
driedfruit beetle, Carpophilus hemipterus. Journal of Chemical Ecology (1991) 17:285-308.

40. Cherry RH, Klein MG. Attraction of adult Euphoria sepulchralis (Coleoptera: Scarabaeidae)
to aromatic compounds. Florida Entomologist (1992) 75:383-385.

41. Prokopy RJ, Phelan PL, Wright SE, Minalga AJ, Barger R, Leskey TC. Compounds from
host fruit odor attractive to adult plum curculios (Coleoptera: Curculionidae). Journal of
Entomological Science (2001) 36:122—134.

42. Hao S, Chen A, Zhou Y, Wang J, Ma Z, Zhang X. Attraction of short chain alcohols to
scarab beetle, Potosia brevitarsis. Chinese Journal of Pesticide Science (2005) 7:181-184.

43. Reut M, Cowell B, Pszczolkowski MA. Traps baited with isopropanol attract the American
carrion beetle, Necrophila americana (L.) (Coleoptera: Silphidae). The Coleopterists Bulletin
(2010) 64:230-234.


https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.26.568738; this version posted November 27, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

available under aCC-BY-NC-ND 4.0 International license.

Pszczolkowski MA, Johnson DT. Isopropanol attracts the green lacewing, Chrysopa
quadripunctata (Neuroptera: Chrysopidae). Biocontrol Science and Technology (2011)
21:47-50.

Messing, RH. The coffee berry borer (Hypothenemus hampei) invades Hawaii: Preliminary
investigations on trap response and alternate hosts. Insects (2012) 3:640-652.

Chahda JS, Neeraj S, Sun JS, Ebrahim SAM, Weiss BL, Carlson JR. The molecular and
cellular basis of olfactory response to tsetse fly attractants. PLOS Genetics (2019) 15:
e1008005.

Wakamura S, Yasui H, Akino T, Yasuda T, Fukaya M, Tenaka S, et al. Identification of (R)-
2-butanol as a sex attractant pheromone of the white grub beetle, Dasylepida ishigakiensis
(Coleoptera: Scarabaeidae), a serious sugarcane pest in the Miyako Islands of Japan. Applied
Entomology and Zoology (2009) 44:231-2309.

Gothilf S, Levy EC, Cooper R, Lavie D. Oviposition stimulants of the moth Ectomyelois
ceratoniae: The effect of short-chain alcohols. Journal of Chemical Ecology (1975) 1:457—
464.

Stevens KL, Lee A, McFadden WH, Teranishi R. Volatiles from grapes I: Some volatiles
from concord essence. Journal of Food Science (1965) 30:1006—1007.

Shah, BM. (1968) Effects of ripening processes on chemistry of tomato volatiles.
[dissertation].[Logan (UT)]: Utah State University

Binder RG, Flath RA, Mon TR. . Volatile components of bittermelon. Journal of Agricultural
and Food Chemistry (1989) 37:418—420.

Omata A, Nakamura S, Yomogida K, Moriai K, Ichikawa Y. Volatile components of TO-
YO-RAN flowers (Cymbidium faberi and Cymbidium virescens). Agricultural and Biological
Chemistry (1990) 54:1029-1033.

Leffingwell JC, Alford ED. Volatile constituents of perique tobacco. Electronic Journal of
Environmental, Agricultural and Food Chemistry (2005) 4:899-915.

Thakeow P, Holighaus G, Schiitz S. "Volatile organic compounds for wood assessment,". In:
Kiies U, editor. Wood production, wood technology, and biotechnological impacts.
Gottingen: Gottingen University Press (2007). p. 197-228.

Gao P, Martin J. Volatile metabolites produced by three strains of Stachybotrys chartarum
cultivated on rice and gypsum board. Applied Occupational and Environmental Hygiene
(2002) 17:430-436.

Hazelwood LA, Daran J, van Maris AJA, Pronk JT, Dickinson JR. The Ehrlich pathway for
fusel alcohol production: A century of research on Saccharomyces cerevisiae metabolism.
Applied and Environmental Microbiology (2008) 74:2259-2266.

Osburn OL, Brown RW, Werkman CH. The butyl alcohol-isopropyl alcohol

fermentation. Journal of Biological Chemistry (1937) 121:685—-695.

Walker GM, Stewart GG. Saccharomyces cerevisiae in the production of fermented
beverages. Beverages (2016) 2:30—42.

Coon MJ. The metabolic fate of the isopropyl group of leucine. Journal of Biological
Chemistry (1950) 187:71-82.

Molinas SM, Altabe SG, Opperdoes FR, Rider MH, Michels PAM, Uttaro AD. The
multifunctional isopropyl alcohol dehydrogenase of Phytomonas sp. could be the result of a
horizontal gene transfer from a bacterium to the Trypanosomatid lineage. The Journal of
Biological Chemistry (2003) 278:36169-36175.


https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.26.568738; this version posted November 27, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

61.

62.

63.

64.

65.

66.

67.

68.

available under aCC-BY-NC-ND 4.0 International license.

Sutak R, Hrdy I, Dolezal P, Cabala R, Sedinovd M, Lewin J, et al. Secondary alcohol
dehydrogenase catalyzes the reduction of exogenous acetone to 2-propanol in Trichomonas
vaginalis. The FEBS Journal (2012) 279:2768-2780.

Ranger CM, Biedermann PHW, Phuntumart V, Beligala GU, Ghosh S, Palmquist DE, et al.
Symbiont selection via alcohol benefits fungus farming by ambrosia beetles. Proceedings of
the National Academy of Sciences (2018) 115:4447-4452.

Lehenberger M, Benkert M, Biedermann PHW. Ethanol-enriched substrate facilitates
ambrosia beetle fungi, but inhibits their pathogens and fungal symbionts of bark beetles.
Frontiers in Microbiology (2021) 11:590111.

Slaughter RJ, Mason RW, Beasley DMG, Vale JA, Schep LJ. Isopropanol poisoning.
Clinical Toxicology (2014) 52:470-478.

Lorenz MC, Cutler NS, and Heitman J. Characterization of alcohol-induced filamentous
growth in Saccharomyces cerevisiae. Molecular Biology of the Cell (2000) 11:183-199.
Chauhan NM, Shinde RB, Karuppayil SM. Effect of alcohols on filamentation, growth,
viability, and biofilm development in Candida albicans. Brazilian Journal of Microbiology
(2013) 44:1315-1320.

Schiitte H, Hummel W, Kula M. Purification and characterization of a nicotinamide adenine
dinucleotide-dependent secondary alcohol dehydrogenase from Candida boidinii. Biochimica
et Biophysica Acta (1982) 716:298-307.

Uttaro AD, Opperdoes FR. Purification and characterisation of a novel iso-propanol
dehydrogenase from Phytomonas sp.. Molecular and Biochemical Parasitology (1997)
85:213-219.


https://doi.org/10.1101/2023.11.26.568738
http://creativecommons.org/licenses/by-nc-nd/4.0/

