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The quantitative inheritance of capsaicin and dihydrocapsaicin contents in fruits has been studied in
an intraspecific cross of Capsicum annuum L. across two different environments, namely, fruits
developed in spring and summer. A liquid chromatography-electrospray ionization/time-of-flight mass
spectrometry [HPLC-ESI/MS(TOF)] method was used to identify and quantify capsaicin and
dihydrocapsaicin in extracts of pepper fruits. The analytical method used was able to determine the
pungency of genotypes that, using other methods, would have been classified as non-pungent.
Capsaicin and dihydrocapsaicin contents varied largely among families, and families did not respond
similarly in producing these capsaicinoids when their fruits were grown in spring and summer, with
some families showing no increase, whereas in others, the increase was more than 2-fold. Heterosis
for the pungency trait, assessed by the capsaicin and dihydrocapsaicin contents in fruits, was found,
indicating the existence of epistasis, over-dominance, or dominance complementation. Non-pungent
parent alleles contributed to the capsaicin and dihydrocapsaicin contents since transgressive
segregation did occur. Furthermore, the type of gene action varied between capsaicin and
dihydrocapsaicin, and a seasonal effect during fruit development could affect gene action.

KEYWORDS: Capsaicin; dihydrocapsaicin; family ~ —environment interaction; HPLC; intraspecific cross;
mass spectrometry; quantitative inheritance

INTRODUCTION significant differences in pungency were found in double-haploid

Pepper fruits Capsicunspp.) are among the most consumed chili plants grown in five different plots of the same fielt5),

vegetables in the world. A significant property of this genus is @nd the total capsaicinoid content in ‘Padron’ pepper fruits
pungency, which is caused by the presence of alkaloid com- developed in summer was found to be Iarger_than in those fru!ts
pounds of the capsaicinoid group in the fruit. Capsaicinoids are developed in autumn (16). Also, the production of five capsai-
only found in theCapsicumgenus and are bioactive molecules €inoids in four pepper genotypes was found to depend both on
currently relevant in medical and food sciences (1—3) as well the field location and on the yeat?).
as in the defense weapon industd).(Capsaicinoids occur in Genetic mechanisms underlying the inheritance of pungency
the placental tissue of pepper fruits (5), and their biosynthesis have long been studied, although they are still poorly understood.
depends on a complex and still not fully characterized enzymatic Early studies, employing organoleptic tests, found that the
pathway. The two major capsaicinoids, responsible for up to presence/absence of pungency was controlled by a single
90% of pungency, are capsaicin and dihydrocapsakigufe dominant gene, known &5(18-20). This gene, rename@lnl,
1) (6), with at least nine more minor capsaicinoids occurring in has been mapped to chromosome 2 of the g@€apsicum(21)
pepper fruits (78). The type and amount of each capsaicinoid and encodes the acyl transferase enzjfig(22). The recessive
affect both the degree and the characteristics of pungedcy ( genepunl, with a 2.5 kb deletion spanning the putative promoter
10). Capsaicinoid levels depend on the genotyldg énd also and first exon, results in the absence of pungendgapsicum
change during fruit developmeritZ—14). Moreover, environ- annuum.
mental and nutritional conditions occurring during the cultivation  Other studies have shown that pungency is inherited quan-
of peppers can affect the capsaicinoid content. For instanceitatively. Since in these studies the determination of capsaicinoid
contents is a mandatory requirement, several analytical tech-
* Q(_)rresponding author. Tel.=434976716316; fax:+34976716335; niques and different methods, using paper Chromatography, thin
e'r??;':f,&?amedo@aragon'es' layer chromatography, and high-performance liquid chroma-
*EEAD-CSIC. tography (HPLC) as separation techniques and UV—vis spec-
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investigate the inheritance for capsaicin and dihydrocapsaicin
H A contents in an intraspecific cross 6f annuum, using liquid
q chromatography-electrospray ionization mass spectrometry
80 1 (HPLC-ESI/MS), a highly selective and sensitive technida.(
© ° capsaicin In addition, the interaction familyenvironment was studied,
60 :/ and quantitative results obtained using the HPLC-ESI/MS
method were compared to those obtained from a qualitative
40 pungency assessment.
20 A MATERIALS AND METHODS
- miz: 304.2
s 0 Plant Material. TheC. annuuni. non-pungent bell inbred variety
§ N ~ ‘Yolo Wonder’ (Y; punlpunl) and th€. annuumlL. pungent inbred
£ e} " B line ‘Serrano Criollo de Morelos-334’ (SCM-33Run1Punl) were used
\ as parental lines;Rand B, respectively. Families;HY x SCM-334),
80 1, nternal standard \ Q F., and backcrosses {fx Y and R x SCM-334) were obtained, and
0 dihydrocapsaicin these populations and the parents were grown in 2003 and 2004. The
60 2 number of plants in each family, 7, 7, 26, 32, 18, and 7 for, Fi,
~F F2, BCpy, and BG,, respectively, were evaluated for fruits developed
40 and collected during spring. A different group of plants, 11, 26, 16,
39, 9, and 17 for B P, Fi, F,, BCpy, and BGy, respectively, were
evaluated for fruits developed and collected during summer. Seeds were
20 + germinated in Petri dishes, and when cotyledons were developed, each
miz: 306,2 plant was placed on a Jiffy-7 pot (Clause-Tezier Ibérica). When plants
0 _[f_ : : : : . : : | had three true leaves, each Jiffy pot was planted into a black plastic
0 5 10 15 20 25 30 35 pot (11 cm in diameter). Plants were grown randomly distributed in a
Time (min) climatized greenhouse with a substrate mixture of peat, sands;-clay
loam soil, and Humin Substrat (Klasman-Deilmann) (1:1:1:1, v/v). Two
Figure 1. HPLC-ESI/MS chromatogram at m/z 304.2 (A) and 306.2 (B) grams of Osmocote 16N-4P-9K slow-release fertilizer (Scotts) were
corresponding to the [M — H]~* pseudo-molecular ions of capsaicin and top-dressed on each pot at the beginning of growth. Plants were watered
dihydrocapsaicin, respectively, of a pungent F; fruit extract from an daily to maintain optimum growth. The average minimum and
intraspecific cross of C. annuum L. The chemical structures of capsaicin, maximum temperatures in the greenhouse were2#8#C during spring
dihydrocapsaicin’ and internal standard are also depicted. and 19—27°C during summer. Fruits were harvested from each plant
when they reached maturity. In 2004, fruits were harvested in spring
troscopy as detection techniques, have been empl@3@d (from April to June) from a group of plants and in summer (from July

(
28). An HPLC-UV method developed for the determination of t© October) from the other one. ,
five individual capsaicinoids, including capsaicin and dihydro- _Sample Ppreparation and Capsaicinoid Extraction.Mature red
capsaicin 29), was used to confirm that pungency is inherited [TUits were oven-dried at 55C for 4=5 days and then ground
quantitatively in pepper and also that the biosynthesis of the individually in a Polytron grinder. Ground tissue of each individual

! S . . : fruit was employed for capsaicinoid extraction and qualitative pungenc
five capsaicinoids studied was under different genetic control assessmenf 4 P q pungency
(26).

. L. Capsaicinoids were extracted from ground fruits according to the
~ The large variability in capsaicinoid content found naturally - method described by Garcés-Claver et@)(One hundred milligrams

in pepper genotypes is a critical point in breeding and produc- of dried tissue samples was extracted with 1 mL of pure acetonitrile,
tion. For instance, capsaicin and dihydrocapsaicin contents containing a small amount of the internal standard (4,5-dimethoxy-
ranged from 2 to 6639 mg/kg in eight different pepper genotypes benzyl)-4-methyloctamide (DMBMO). Acetonitrile was used for extrac-
(30). Therefore, there is a requirement for analytical techniques tion because it gives a high extraction rate, whereas impurities were
able to determine very low amounts of capsaicinoids. Also, these kept to a minimum. The final DMBMO concentration wag8l. The
techniques should be capable of determining amounts of theSUspension of drled_ ppwder in acetonitrile was shaken at room
different capsaicinoid molecules, which have very similar [€Mperature for 60 min in an orbital shaker operating at 250 rpm and
chemical structures. These requirements are met by HPLC-Mmshen heated in a water bath without shaking at"8sfor 1 h. The

hni hich h hiah selectivi mixture was then shaken again at room temperature for another 60
(mass spectrometry) techniques, which have a high selectivity min in the conditions indicated previously. Then, the suspension was

and sensitivity and have been used for the determination of centrifuged for 15 min at 16 000g, and the supernatant was collected
capsaicinoids in forensic, medical, and food scien8@s-@3). and brought to a volume of 1 mL with acetonitrile. Finally, the
HPLC-MS methods can determine up to six capsaicinoids with supernatant was filtered successively through a 0.45 and au®22
limits of detection (LODSs) in the range of 0.63 uM, better PVDF membrane filter (Millipore) before analysis.

than those of HPLC-UV methods commonly used in genetic  Qualitative Assessment of PungencyA qualitative assessment to
analysis, which have LOD values of approximately (29). distinguish degrees of pungency was carried out using fruits from plants
The high selectivity and sensitivity of HPLC-MS techniques belonging to the Ffamily. One to five fruits per plant were tasted at
may also reduce the possibility of assigning false negatives (i.e., least by two different persons. When_a single fruit was found pungent
when a pungent individual is considered as a non-pungent One),by the tasters, the genotype was considered pungent, whereas a genotype

allowing for a more accurate phenotyping, an essential step invas considered as non-pungent only when all five fruits were _assessed
R . ! as non-pungent. The degree of pungency was classified into four
capsaicinoid inheritance studies.

> . . categories: 1 for non-pungent, 2 for slightly pungent, 3 for pungent,
So far, only three studies regarding the genetic control of ang 4 for extremely pungent.

quantitative variation for individual capsaicinoids have been  quantitative Analysis of Capsaicin and Dihydrocapsaicin. Chemi-
published. Previous studies made use of interspecific crossesals and ReagentsAll eluents, buffers, and standard solutions were
of C. chinensex C. annuum(26) and C. annuumx C. prepared with analytical grade type | water (Milli-Q Synthesis,
frutescens(27, 28). The aim of the present study was to Millipore). Capsaicin (8-methyN-vanillyl-trans-6-nonenamide)x 97%),
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dihydrocapsaicin (8-methyl-N-vanillylnonamide) (=90%), methanol Tapje 1. CAP, DHC, and Total Capsaicinoid Contents (Results Are
hydroxide monohydrate (99.995%) were purchased from Sigma-Aldrich.
Standard 1 mM stock solutions of capsaicin and dihydrocapsaicin were contents (mg/kg of DW?)
prepared by dissolving the appropriate quantity of each compound in

e

5 mL of acetonitrile. The capsaicin analogue DMBMO was synthesized number of pants cAP - pric total capsaicinoids

according to the method of Cooper et @4) and used as an internal . oa Spring 0a 0a

standard. The identity of DMBMO was confirmed by nuclear magnetic Pi 7 97+39b 07+41b 194+80b

resonance (NMR) spectrometry, and its purity we38%. BCpy 18 126+85bh 85+73b 211+152b
HPLC-ESI/MS(TOF) Analysis of Capsaicin and Dihydrocap- BCr2 7 228+93c 217+7.1c 445+16.3¢

saicin. Capsaicin and dihydrocapsaicin were determined in capsaicinoid F1 26 40.0+£7.1d 306+63cd 706+126cd

extracts using the HPLC-ESI/MS(TOF) analytical method developed F2 32 400+£79d 375+77d  77.5+153d

by Garcés-Claver et al3Q). Analyses were carried out with a BioTOF midparent 49 49 8.7

Il (Bruker Daltonics) coaxial multipass time-of-flight mass spectrometer Summer

[MS(TOF)] equipped with an Apollo electrospray ionization source P1 1 0a Oa Oa

(ESI) and coupled to a Waters Alliance 2795 HPLC system (Waters). gé 28 266§+2826bc éé% : i'044bc i% : ‘11'869bb

The BioTOF Il was operated with endplate and spray tip potentials at BCE 17 541+99d 385+85¢C 926+179¢

3.0 and 3.5 kV, respectively, in the negative ion mode, with drying f, 16 1093+93e 875+89d 1968 +18.0d

gas (N) and nebulizer pressures of 30 and 60 psi, capillary voltage of F, 39 486+79d 312+60c 798+ 135¢

90 V, and gas drying temperature of 20D. Spectra were acquired in  midparent 48 5.6 10.4

the 100—500 mass/charge ratiom/g) range. The mass axis was

calibrated using lithiumrformate adducts. Samples were chromato- aFruits were from the Py (‘Yolo Wonder’) and P, (‘Serrano Criollo de Morelos-

graphed using a m particle size, 4.6 mmx 250 mm Waters 334") parental lines, their F1 and F, families, and the backcrosses (BCpy and BCpy).

Symmetry Gg column coupled with a xm particle size, 3.9 mnx Means followed by different letters in the same column are significantly different

20 mm Waters Symmetry,gguard column and a gradient of methanol  (p < 0.05). ?DW: dry weight. ¢ Total capsaicinoids considered as the sum of the
and Milli-Q water, using a flow rate gradient between 0.9 and 1.8 mL/ capsaicin and dihydrocapsaicin contents. 9 Content below the limit of detection of
min (30). After each injection, the column was re-equilibrated for 10 the method.
min with 30% water/70% methanol, at a flow rate of 0.9 mL/min. The
total analysis run time was 40 min. The autosampler and column were Regy TS
maintained at 4 and 3TC, respectively, and the injection volume was
20uL. The system was controlled with the software packages BioTOF ~ Genotype and Environmental Effects on PungencyCap-
v. 2.2 (Bruker Daltonics) and Hyphenation Star v. 2.3 (Bruker saicin and dihydrocapsaicin were quantified by HPLC-ESI/MS.
DaltoniK). Data were processed with Data Analysis v. 3.2 software A chromatogram of a pungent, Fruit extract, including the
(Bruker DaltoniK). peaks for capsaicin and dihydrocapsaicin at the corresponding

Capsaicin and dihydrocapsaicin concentrations of the pepper fruit m/z ratios and retention times, is shown Figure 1. In this
extracts were expressed as milligram per kilogram of dry weight (DW) work, the average coefficients of variation for the capsaicin and
fruit. The sum of the capsaicin and dihydrocapsaicin contents was dihydrocapsaicin contents of each individual fruit were 8.7 and
calculated and presented as the total capsaicinoid content. 9.8, respectively. The analysis of variance for capsaicin,

Statistical Analysis. A combined ANOVA for the capsaicin,  dihydrocapsaicin, and total capsaicinoid contents across the two
dihydrocapsaicin, and total capsaicinoid content data for generations environments showed very highly significant differences<(
across the two environments (spring and summer) was carried out0_001) among families and highly significant differencps<(
according to the general Iinez_ar model (G_L_M), using th(_e SAS software 0.01) between environments (Supporting Information). The
package v. 9.1.3 (SAS Institute). Families and en\_nronments’were family—environment interaction was also very highly significant.
considered as fixed effects. Means were compared using Duncan’s LSD S . -

When considering all analyzed fruits over the families, the

test. Correlation analyses were performed with the PROC Corr I f icin. dihvd . d | .
procedure of the SAS software package using the Pearson correlatio1€an values for capsaicin, dihydrocapsaicin, and total capsai-

test. cinoid contents were in the ranges of 9—110, 9—88, and 19—

To study the quantitative inheritance of pungency, the INTSCALE J_'97 mg_/kg bW, reSpeCtlvel.y _(quportlng Informa.tlon)' Parental
software (35) was used. A joint scaling test and the individual scaling IN€ fruits had total capsaicinoid contents ranging from very
tests A, B, and C were carried out to provide estimates for the mean, oW (not detected with the method LOD of 0.6 mg/kg DW) in
additive effects, and dominance effects. As the family—environment P1t0 21 mg/kg DW in B. Fruits from the [rprogeny had values
interaction resulted significantly, data of each season were consideredfor total capsaicinoids higher than those of the midparent values,
separately for generation mean analysis. Tests evaluated the goodnessand also higher than the; parental line, therefore indicating
of-fit of the three-parameter model [midparental valug),(additive heterosis. For the Jfamily, values for total capsaicinoid
(d), and dominancen effects] to the observed data, assuming that the contents shifted toward the, Parental line values, reaching
sum of squared deviations weighed with the appropriate coefficients h|gher values than the midparent and surpassingim@nta|

follows a chi-squared distribution with three degrees of freed®M,( |ine contents. Both backcrosses had also higher total capsaicinoid
and where a failure of the model is considered as an indication of contents than the-Rparental line.

epistasis. Since the three-parameter genetic model was not adequate to In three families (, BCp1, and BGy), fruits harvested in

explain the data, the six-parameter genetic model for epistasis was usedSummer had higher total capsaicinoid contents than those

incorporating the midparental value (m), additive effect (d), and I di . ble 1), L . . icinoid
dominance If) effect and the three digenic interactions [additive collected in springTable 1). Large increases in capsaicinoi

additive (i), additivex dominance (j), and dominance dominance ~ contents were found in summer in the [2.8-fold), the BG,

1. (2.2-fold), and the B, families (2.1-fold), whereas in the case
To estimate the suitability of the qualitative analysis to distinguish ©f the P2 parental line and theffamilies, the total capsaicinoid

degrees of pungency, ANOVA of capsaicin, dihydrocapsaicin, and total cOntent summer increase was practically nothing.

capsaicinoid content data for the qualitative categories was carried out. The frequency distributions for total fruit capsaicinoid

Means were compared using Duncan’s LSD test. Statistical analysescontents developed in spring and summer from the segregating

were carried out using the SAS software package. families and the Pand R families are shown irFigure 2.
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100 - . Table 2. CAP, DHC, and Total Capsaicinoid Contents (Means + SE,
80 _| Egﬂrf%"nger with n Varying from 12 to 28) of Pepper Fruits from the F, Family of a
60 C. annuum Intraspecific Cross for Each Pungency Category Assigned

by Tasting Fruits?
40
20 content (mg/kg of DW?)
o — categories CAP DHC total capsaicinoid®

100 P, family ' tasted as non-pungent 0.98+0.33a 087+0.30a 1.80+0.61a

- tasted as slightly pungent 352+158b 23.6+105b 58.8+25.8b
80 - tasted as pungent 487+82b 355+6.7b 842+144b
60 tasted as extremely pungent 78.6+99c 63.1+105c 1416+18.7c
40

@Means followed by different letters in the same column are significantly different
20 - (p < 0.05). ®DW: dry weight. ¢ Total capsaicinoid considered as the sum of the
capsaicin and dihydrocapsaicin contents.
100 - F, family

negative additivex additive (i) effects were shown to occur
for capsaicin, dihydrocapsaicin, and total capsaicinoid contents.
Although the dominance effedt)was not significant, its value
was negative and tended to be larger than both the midparental
20 (m) value and the dominance dominancelj effect. In summer,

0 .j-:_-:_-: positive additive (d), additivex dominance (j), and dominance

F, family x dominance (l) effects were significant for capsaicin content.

Frequency (%)
8

100- Significant positive additive (d) and dominangedominance
80 - () effects were observed for total capsaicinoid and dihydro-
60 capsaicin contents. The dominance effeb) pad a non-
40 significant positive value that tended to be higher than the

midparental (m) value and lower than the dominance

20 - .
0 . dominance (l) effect.
0 - ‘ : e

Correlation Coefficients between Capsaicin and Dihydro-

100 - BCp. family capsaicin ContentsCorrelation coefficients between capsaicin
80 _ and dihydrocapsaicin contents were highly significant(0.01)
60 and showed a strong positive correlation between both capsai-
0 cinoids, both in spring (= 0.859) and in summer @ 0.982)
(Supporting Information). The average ratio between capsaicin
20 - and dihydrocapsaicin was close to 1:1 in spring, whereas in
0 ‘ summer, the ratio was approximately 1:0.8. A season combined
BC,, family analysis also showed a high positive correlation between both
o %, A 1, capsaicinoids (&= 0.892).
K2 2 %, % 0 Suitability of a Qualitative Assessment to Distinguish the
content (mg/kg) Degree of PungencyMeans of the capsaicin, dihydrocapsaicin,

and total capsaicinoid contents for each qualitative (tasted)
category of pungency are presented @ble 2. Fruits belonging

to the tasted as non-pungent category showed the lowest
capsaicin, dihydrocapsaicin, and total capsaicinoid contents,
whereas the highest contents were found in the tasted as
extremely pungent category. The mean capsaicinoid contents
determined by HPLC-MS were 2, 59, 84, and 142 mg/kg DW
for the tasted as non-pungent, tasted as slightly pungent, tasted
as pungent, and tasted as extremely pungent categories. Values
for the tasted as slightly pungent and tasted as pungent categories
were not significantly different. Furthermore, a significant
number of genotypes in these categories (33 and 39% in the
tasted as slightly pungent and tasted as pungent categories,
respectively) was incorrectly classified by this qualitative test.

Figure 2. Frequency distribution of P,, Fy, F,, BCpy, and BCp, families
for total capsaicinoid content in an intraspecific cross of C. annuum L.
across two environments (spring and summer).

Capsaicin contents were in a wide range, from values below
the LOD to 166 and 174 mg/kg DW in spring and summer,
respectively. Dihydrocapsaicin content ranges varied as broadly
as those of capsaicin in both seasons (data not shown). A
continuous distribution of the values for capsaicin and dihy-
drocapsaicin contents was observed when the individuals of the
F, segregating family were examined.

Quantitative Inheritance of Pungency. The joint three-
parameter scaling test indicated that an addittvdominance
model based on estimates ¥ could be adequate to explain
the variation of capsaicin, dihydrocapsaicin, and total capsai-
cinoid contents in spring and the variation of dihydrocapsaicin DISCUSSION
in summer because these probabilities were 0.05 (Support- A genetic analysis of the inheritance of capsaicin and
ing Information). However, the additive dominance model dihydrocapsaicin has been carried out using an intraspecific cross
was finally not accepted because some of the individual ABC of C. annuumacross two seasons. Capsaicinoids were deter-
scaling tests were significantly different from zero, and therefore, mined using a validated HPLC-ESI/MS method, which allowed
a model with epistatic effects was carried out. A five-parameter reliable identification and quantification of capsaicin and
model could adequately explain the results, showing different dihydrocapsaicin. This analytical method uses for compound
epistatic effects for spring and summer seasons (Supportingdetermination not only a HPLC retention time but also the exact
Information). In spring, significant positive additivel)(and m/z ratios of capsaicinoids, leading to a high selectivity that
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avoids errors in capsaicinoid peak assignment during the analysisBlum et al. 7) found similar results for fruits harvested in
of complex matrices such as pepper fruit extracts. This method summer and winter from an interspecific cro€s &nnuumviaor
also has a high sensitivity (LODs of 0.6 and 3 mg/kg DW for x C. frutescen8G2816). This supports the hypothesis that the
dihydrocapsaicin and capsaicin, respectively), minimizing the identification and selection of plants with high capsaicin contents
possibility of assigning false negatives (individuals with low could be linked to selection based on high dihydrocapsaicin
capsaicinoid contents) in inheritance studies. In this work, 67 contents, regardless of the harvest season. The fact that the ratio
out of 184 pungent individuals had total capsaicinoid contents between capsaicin and dihydrocapsaicin was lower in summer
between 0.6 (LOD of our method) and 30 [LOD of the Collins than in spring deserves further investigation.
etal. @9 method] mg/kg DW. Thus, in this specific cross, 36%  Capsaicin and dihydrocapsaicin quantitative inheritance in
of individuals considered as pungent with our methodology spring and summer cannot be adequately explained by a digenic
would have been considered non-pungent individuals using the model without epistasis (additive dominance model). Instead,
HPLC-UV method applied until now in capsaicinoid quantitative a model with interactions could explain the data. A negative
inheritance genetic studies in pepper (29). additive x additive interaction occurred in spring, whereas both
The highest individual and total capsaicinoid contents cor- positive dominancex dominance and additivee dominance
responded to the jFfamily, and they were higher than the interactions were found in summer for total capsaicinoid content.
midparental values, in agreement with the studies of Zewdie Therefore, genetic control for the two capsaicinoids studied
and BoslandZ6) and Blum et al. 27). The capsaicinoid contents  appears to depend on the season. The type of gene action did
of the R family were also higher than those of the pungent not vary between capsaicin and dihydrocapsaicin in spring,
parental line, a fact that was not observed in previous studieswhereas in summer, different interactions were observed for both
(26,27). This observation would infer the presence of heterosis capsaicinoids. The gene pairs seem to be in a dispersive form
in this cross, which could be attributed to the existence of (37) since both the additive« additive interaction and the
interactions among alleles of different loci (epistasis), to the dominance effect had the same sign for capsaicin and dihydro-
superiority of the heterozygote above the homozygote (over- capsaicin inheritance in spring. Gene interaction is considered
dominance), or to dominance complementati®@)( The total to be complementary when the dominance and dominance
capsaicinoid content of the,Family was higher than that of = dominance estimates have the same sign and to be duplicated
the pungent parental line, indicating transgressive segregation.when the signs differ37). On this basis, whereas duplicate gene
Therefore, non-pungent parental line (“Yolo Wonder’) alleles action was observed for capsaicin, dihydrocapsaicin, and total
could contribute to increase the capsaicinoid content. Transgres-capsaicinoid in spring, complementary action for both capsai-
sive segregation for the pungency trait was also found in the F cinoids and total capsaicinoid was observed in summer.

family in a cross between Maor (a non-pungéht annuum Zewdie and Boslandg) did not find an environmental effect,
parent) and BG2816 (a pungedt frutescenparent), and this  and interactions were also different from those observed in this
was attributed to the Maor allele&7). work. Possible explanations for the differences between both

The family—environment interaction was also found to be studies could be attributed to (i) the different genotypes used
significant, and consequently, the families did not respond [an intraspecific cross betwe&h annuuniSerrano Criollo de
similarly in producing capsaicin and dihydrocapsaicin when Morelos-334’ andC. annuuntYolo Wonder’ in this work and
fruits were developed in spring and summer. The family an interspecific cross betwedd. annuumP1298646 andC.
environment interactions for total and individual capsaicinoids chinenseéHabanero’ in the work of Zewdie and Boslan2g)];
also have been examined by other authors. The contents of(ii) the different environments (spring and summer harvest time
capsaicin, dihydrocapsaicin, and three minor capsaicinoidsin our study and open field and greenhouse growth conditions
behaved differently in two double haploid lines, anHybrid, in their study); and (iii) the different selectivity and sensitivity
and an open-pollinated cultivar when grown in two New Mexico of the analytical methods for capsaicinoid determination [the
locations with either furrow or drip irrigation during 1996 and Garcés-Claver et al30) method in our work and the Collins
1997 (17). In contrast, the famiyenvironment interaction was et al. (29) method in their work]. Therefore, the pungency trait
not significant for major and minor capsaicinoid contents in may be inherited differently in specific environments and
parental lines and families obtained from an interspecific cross genotypes.
when grown either in a greenhouse or in an open fie@).( The pungency inheritance is likely to be polygenic, as
Also, capsaicin and dihydrocapsaicin contents did not show supported by the continuous distribution of thecEpsaicinoid
significant family—environment interactions in fruits harvested contents, the transgressive segregation in thprégeny, and
in summer and winter, using families from another interspecific the different type of gene action between capsaicin and
cross and their parental lines (27). dihydrocapsaicin in summer. However, the number of effective

The environmental factor affected capsaicin and dihydrocap- factors controlling capsaicin and dihydrocapsaicin inheritance
saicin production, and in three of the families (BMCp,, and could not be accurately estimated in this study because of the
F1), fruits grown in summer had markedly higher capsaicinoid presence of a major geneéynl) and the dominance and epistatic
contents than those developed in springtime. Fos:B@d BG, effects, as concluded by Kondra and Toma8)(and Falconer
these differences in the capsaicinoid contents also could have(39).
been affected by the limited segregating families size used since The HPLC-ESI/MS method was much more powerful than
they could have contained a subset of the genetic variation. Anthe qualitative assessment method used to distinguish between
effect of the fruit growing season was observed in previous capsaicinoid contents. First, many genotypes considered as non-
studies. For instance, fruits have been found to have higherpungent had a measurable amount of capsaicinoids. Because
capsaicinoid contents in summer than in autub®)(and the  of this fact, within the tasted as non-pungent category, two types
capsaicin content was increased in the warmer season asf individuals, in both cases not producing an organoleptic
compared to the cooler one (27). pungent sensation, were included: those individuals where no

Positive correlations between the contents of capsaicin andcapsaicinoid was detected and those individuals with certain
dihydrocapsaicin were found both in spring and in summer. low amounts of capsaicin and dihydrocapsaicin that could be
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quantified with the analytical method used. Also, a significant
number of genotypes in the tasted as slightly pungent and tasted
as pungent intermediate categories30% in both cases) were
incorrectly classified by our qualitative test.

In summary, this is the first time that a pungency quantitative
inheritance study in an intraspecific cross ©f annuumwas
carried out using a highly reliable method for the identification
and quantification of capsaicin and dihydrocapsaicin. Capsaicin
and dihydrocapsaicin contents varied largely among families,
and these families did not respond similarly in producing these
capsaicinoids when their fruits were grown in spring and
summer. The contribution of the environment could be only
important in some families (B&, BCp,, and F). The heterosis
for the pungency (capsaicin and dihydrocapsaicin contents) trait
was found, which indicated the existence of epistasis, over-
dominance, or dominance complementation. Also, non-pungent
parent alleles appear to contribute to the capsaicin and dihy-
drocapsaicin contents since transgressive segregation occurred
The selection of genotypes with high capsaicin contents from
the studied population imposes the selection of high dihydro-
capsaicin contents regardless of the fruit growing season. Finally,
the type of gene action varied between capsaicin and dihydro-
capsaicin, and a seasonal effect could suggest additional
differences in gene action.
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