Interpopulation Congruence in Chinese Primula ovalifolia Revealed by Chemical

and Molecular Markers Using Essential Oils and ISSRs
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The chemical composition of the essential oils of five natural populations of P. ovalifolia
from central and southwest China and their interpopulation variability were first analyzed
by using GC-MS. Twenty-two essential oil compounds were obtained, in which eighteen ones
were identified and characterized representing 95% —96% of the oil composition. Three main
chemotypes, i. e., the methyl-acetyl-hydroquinone-rich, hydroquinone-rich, and acetyl-hydro-
quinone-rich chemotypes, were then differentiated, corresponding to the three groups ob-
tained from the cluster analysis based on the essential oil composition percentages. Genetic
variations among the five populations were also investigated using the Inter-Simple Sequence
Repeats (ISSR) markers. Finally, the Mantel test showed that there was a significant correla-
tion between two distance matrices based on the chemical compounds of essential oils and
ISSR markers, confirming the congruence of interpopulation relationships in the P. ovalifolia

revealed by the chemical and molecular markers.
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Introduction

The primrose genus Primula L., the largest genus
in the family Primulaceae, comprises more than 400
species distributed mainly outside of the Asian
highland center of diversity and occupies the moun-
tains or high latitudes of North America, Europe,
and Asia (Richards, 1993). Approximately 75% of
these species are concentrated in the Himalayan
mountain chain and western China (Richards, 1993;
Hu, 1994). For example, P. ovalifolia Franchet dis-
tributed mainly in a band through central China to
southwest China grows in moist shady places with
the altitude between 1200-2500 m, and its natural
populations co-occur with those of other primroses
such as P. obconica (Hu and Kelso, 1996). Up to
now, there are more than 1000 cultivars of Primula
as popular ornamental house plants in the world.
However, a variety of cutaneous reactions have also
been described among many cultivars, particularly
in Europe and the United States (Aplin and Lovell,
2001). Therefore, both the chemical compounds
and genetic variations of Primula have attracted the

attention of phytochemists, horticulturists and ge-
neticists for a long time.

The chemical compounds including the allergic
primin (2 -methoxy-6-pentyl-1, 4-benzoquinone)
and miconidin (2-methoxy-6-pentyl-1, 4-dihydro-
xybenzene) were isolated from leaves, stems and
flowers (including pedicel and calyx) of many cul-
tivars of Primula, especially P. obconica (Horper
and Marner, 1995, 1996; Krebs and Christensen,
1995; Christensen and Larsen, 2000a). More re-
cently, the volatile oil of wild P. obconica collected
from central China was analyzed and compared
with that of some European cultivars (Nan et al.,
2002a). A total of 43 compounds including methyl
2,4-dihydroxy-6-methyl benzoate, methyl 2,6-dihy-
droxy-4-methyl benzoate and hypnone as major
compounds were identified, and the wild P. obco-
nica in China seems to be allergen-free due to the
absence of primin and miconidin (Nan et al,
2002a). The population-level genetic variations of
P. obconia and P. ovalifolia in central and south-
west China were also detected by using the Inter-
Simple Sequence Repeats (ISSR) markers (Nan
et al., 2002b; Nan et al., in press).
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Since the chemical composition of P. ovalifolia
is still poorly known, here we initially investigated
the population-level variability of the essential oils
in P. ovalifolia from central and southwest China,
and further analyzed the genetic relationships
among the populations based on the ISSR mark-
ers. Finally, we examined the congruence of inter-
population relationships in the P. ovalifolia based
on chemical and molecular markers.

Materials and Methods
Sampling

During July and August of 2001, five natural
populations of P. ovalifolia in central (Hubei Prov-
ince) and southwest (Sichuan Province) China
were found and sampled: two populations D1
(31°05" N, 110 °52" E, 1700 m) and D2 (31 °06" N,
110°57" E, 1750m) from Mt. Dalaoling of
Yichang, Hubei, and three populations W1
(29°41" N, 102°52" E, 1360 m), W2 (29 °43" N,
102 °57" E, 1520 m) and W3 (29 °41’ N, 102 °58" E,
1250 m) from Mt. Wawushan, Sichuan. The loca-
tions of the populations are shown in Fig. 1. The
vouchers including seeds of the samples are depos-
ited in South China Institute of Botany, Acade-
mia Sinica.

Fig. 1. Distribution (shadow) and sampled populations
of P. ovalifolia in China. W1-W3 represent three pop-
ulations at Mt. Wawushan, Sichuan; D1 and D2 repre-
sent two populations at Mt. Dalaoling, Hubei. For lati-
tudes, longitudes and altitudes of the five populations
see text.

Analysis of essential oils

The essential compounds were extracted from
dried leaves/stems samples (0.5-1g) 2 x with
CH,Cl, (1.5-3.0ml) for 25 min, and filtrated
(Christensen and Larsen, 2000a). Then, the ex-
tracts were stored in a 2-ml glass vial at —20 °C
for gas chromatography-mass spectrometer (GC-
MS) analysis.

The GC-MS analysis was performed on a com-
bined GC-MS instrument (Finnigan Voyager, San
Jose, CA, USA) using a HP-INNOWax (bondable
polyethylene glycol) fused silica capillary column
(30 m length, 0.25 mm diameter, 0.25um film
thickness ). A 1 ul aliquot of oil was injected into
the column using a 15:1 split injection, which tem-
perature was set up at 250 °C. The GC program
was initiated by a column temperature set at 60 °C
for 2 min, increased to 250 °C at a rate of 10 °C/
min, held for 10 min. Helium was used as the car-
rier gas (1.0 ml/min). The mass spectrometer was
operated in the 70 eV EI mode with scanning from
41 to 450 amu at 0.5 s, and mass source was set up
200 °C. The compounds were identified by match-
ing their mass spectral fragmentation patterns with
those stored in the spectrometer database using
the National Institute of Standards and Technol-
ogy Mass Spectral database (NIST-MS).

ISSR-PCR amplification

Total DNA extraction method used was modi-
fied CTAB protocol from Doyle and Doyle
(1987). Fourteen ISSR primers were used for PCR
amplification. Amplifications were performed in
10 ul volume of PCR mixture containing 10 ng of
DNA template, 1 ul of the 10 x reaction buffer,
3 mm MgCl,, 300 um dNTPs, 0.25 um primer, 2%
formamide, and 1U Tag DNA polymerase (Genda
Tech. Corp., Toronto, Canada). All reaction were
overlaid with 1 drop of mineral oil and amplified
in the thermocycler program for 45 cycles of dena-
turing for 45s at 94 °C; annealing for 45s at 51 °C
or 52°C; extension for 1.5min at 72 °C. PCR
products were electrophoresed on a 1.5% agarose
gel, stained with ethidium bromide, and visualized
and photographed under UV light. Molecular
weights were estimated using a 100 bp DNA lad-
der (Shengong Inc., Shanghai, China) (Nan et al.,
2002b).



P. Nan et al. - Interpopulation Congruence in Chinese Primula ovalifolia 59

Data analysis

The Euclidean distance matrix based on the
composition percentages of the essential oils from
the five P. ovalifolia populations was constructed.
The presence of a specific band of the ISSR mark-
ers was scored as 1 or O if absent. Nei (1972)’s
index was used for calculating the genetic dis-
tances among the five populations and the average
genetic differentiation (Gy, ) values were esti-
mated for detecting the genetic diversity among
populations and population groups, both with
POPGENE 1.31 (Yeh et al., 1999). Cluster analysis
of the five populations based on each distance ma-
trix was then performed using the unweighted
pair-group method with arithmetic average
(UPGMA) (Sneath and Sokal, 1973) with PHY-
LIP 3.57 (Felsenstein, 1997). The correlation be-
tween the two distance matrices was investigated
by the Mantel test of matrix correspondence (Man-
tel, 1967; Sokal and Rohlf, 1995) with NTSYSpc 2.0
(Rohlf, 1998). Statistical significance of the Mantel
test was determined by random permutations, with
the number of permutation set to 1000.

Results and Discussion

The essential oils from five natural populations
of P. ovalifolia in China were analyzed for quality
and quantity using GC-MS (Table I). Twenty-two
essential oil compounds were obtained, in which
eighteen ones were identified and characterized
on the basis of the mass spectra fragmentation
pattern. The identified compounds including ho-
mologous series of phenols, hydroquinones, phy-
tols, fatty acides and others ranged from 95% to
96% in the total of 22 compounds.

The composition analysis of the essential oils
shows that phenolics have significant implications.
Among the five populations, the percentages of
phenolics over the total compounds in the five
populations were 29%, 35%, 57%, 57%, and 62%,
respectively (Table I). In particular, methyl acetyl
hydroquinone varied from 0.2% in W3 to 58% in
W1, diisobutyl phenol from 0.2% in W1 to 0.3%
in W3, hydroquinone from 30% in W2 to trace
quantities (< 0.1% detected) in W1, and acetyl hy-
droquinone from 0.2% in W3 to 55% in D2. How-
ever, dimethoxy phenol and methoxy phenol were

Table I. Chemical compo-

Population® sition (%) of the essential
Compound oils of five populations of
W1 W2 W3 D1 D2 P. ovalifolia in China.

Tetramethyl hexadecen-1-ol 9.91 17.44 7.91 14.61 11.85

Trimethyl pentadecanone 0.28 0.36 0.27 0.17 0.30

Methyl acetyl hydroquinone 58.21 3.86 0.20 0.39 0.36

Dimethoxy phenol 0.96 tr tr tr tr

Diisobutyl phenol 0.19 0.25 0.29 0.20 0.28

C1H602 0.36 0.18 0.20 0.28 0.17

Methoxy phenol 1.42 tr tr tr tr

Dodecanoic acid 0.18 0.45 0.55 0.28 0.32

C5sH,503 0.17 0.29 0.10 0.13 0.20

Phytol 1.52 3.34 2.79 1.89 2.37

Myristic acid 0.40 0.67 0.69 0.44 0.55

Palmitic acid 5.49 8.56 9.47 6.55 6.41

Hexadecenoic acid tr 0.87 3.28 0.87 0.81

Hydroquinone tr 30.37 28.29 6.21 1.43

Squalene 5.39 13.58 24.51 5.23 3.54

Acetyl hydroquinone 0.74 0.53 0.20 46.88  55.02

Octadecanoic acid 1.62 2.20 2.67 1.38 1.34

Octadecenoic acid 2.46 2.56 2.72 2.86 3.41

Octadecadienoic acid 4.55 4.32 5.58 3.28 3.42

C3sH360, 1.12 2.19 1.27 1.16 2.97

Octadecatrienoic acid methyl ester 3.14 5.26 7.03 4.06 3.48

Ci4Ho, 1.89 2.70 1.97 3.20 1.77

Phenolices 61.51 3503 2897  53.69  57.09 * tr: trace quantities

(< 0.1% detected).
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Table II. Two distance matrices of five pop-

Wi w2 W3 D1 D2 ulations of P. ovalifolia in China. The

above diagonal shows Nei’s genetic dis-

Wi 0 0.1921 0.2081 0.2049 0.1976 tances based on the ISSR markers; the di-

w2 0.1275 0 0.0806 0.1851 0.2025 ; :
agonal shows below Euclidean distances

w3 0.1356 0.0392 0 0.1986 0.1965 based on the essential oil percentages.

D1 0.1506 0.1087 0.1141 0 0.0937 ’

D2 0.1605 0.1285 0.1323 0.0211 0

found only in W1. When using the essential oil
profiles in the five populations of P. ovalifolia,
there appeared to may be three chemotypes: the
methyl-acetyl-hydroquinone-rich (W1), hydroqui-
none-rich (W2 and W3), and acetyl-hydroquinone-
rich (D1 and D 2) chemotypes. In addition, primin
and related phenols such as miconidin and miconi-
din methyl ether (3,4-dimethoxy —5-pentylphenol)
have been detected in many cultivars of at least 20
Primula species and reported as a cause of allergic
contact dermatitis (Christensen, 2000a, 2000b;
Aplin and Lovell, 2001). These allergic com-
pounds, however, were not found in this study, im-
plying the wild P. ovalifolia in China might provide
a potential genetic resource for horticultural uses
of primin-free Primula. Since the primin secre-
tions of Primula, e.g., P. obconica, were reported
to be related with the morphological characters
and the growing temperature of some cultivars
(Higuchi et al., 1999, 2000), further studies on bio-
chemical diversity within P. ovalifolia are also
needed.

The Euclidean distances among the five popula-
tions of P. ovalifolia ranged from 0.0211 to 0.1605
(Table II). The dendrogram of the populations
based on the Euclidean distances and hierarchal
cluster analysis further reveal the interpopulation
relationships of P. ovalifolia (Fig.2). Two pairs of
populations, i.e., D1 and D2, and W2 and W3,
formed two groups, and W1 is distinctly related to
them. More importantly, the three groups exactly
correspond to the above-mentioned three chemo-
types, marked as M, H, and A, respectively. This
is compatible with that the secondary products of
plants, e. g., essential oils, can be a type of useful
markers for inferring interpopulation relationships
of plants (Egerton-Warburton et al., 1998; De-
metzos et al., 2002).

On the other hand, the Nei’s genetic distances
among the five populations of P. ovalifolia based
on ISSR markers ranged from 0.0806 to 0.2081
(Table II). The ISSR dendrogram constructed

using Nei’s genetic distances and UPGMA cluster
analysis is likely congruent with that based on the
chemical compounds (Fig. 2). The estimate of G,
was 0.5733, indicating that 57% of the total genetic
variation existed among the five populations of P.
ovalifolia. Considering two population groups ac-
cording to their locations, i.e., Hubei -group (D1
and D2) and Sichuan-group (W1, W2, and W3),
the estimate of Gy was 0.2325. The higher level of
genetic differentiation among the populations
than that between the population groups might ex-
plain why W1 is distinctly related to the other four
populations, regardless of their locations.

The Mantel test showed that there was a signifi-
cant correlation between the two distance matrices
based on the chemical compounds of essential oils
and ISSR markers (r = 0.9455, p < 0.030). It con-
firms that there is a congruence of interpopulation
relationships of P. ovalifolia in China revealed by
the chemical and molecular markers. Usually, mo-
lecular markers that show differences in the whole
plant genome are not necessarily related to a spe-
cific plant secondary compound. Our study sug-
gests that ISSR markers can be found linked to the

M wi
. w2
I w3
N D1
I D2 l
0.01 0.01

Fig. 2 Two congruent dendrograms of five populations
of P. ovalifolia in China generated using the unweighted
pair-group method with arithmetic average (UPGMA).
The left one is based on the chemical compounds of
essential oils. M, H, and A represent the methyl-ace-
tyl-hydroquinone-rich chemotype, hydroquinone-rich
chemotype, and acetyl-hydroquinone-rich chemotype,
respectively; the right one is based on the ISSR markers.



P. Nan et al. - Interpopulation Congruence in Chinese Primula ovalifolia 61

essential oil compounds of P. ovalifolia. Obviously,
further examination on the actual heritability of
some essential oil compound is necessary to deter-
mine the actual linkage (Skoula et al., 1999; Vieira
et al., 2001).

Acknowledgements

We would like to thank Professors Chi-Ming Hu
and Gang Hao for their help in specimen identifi-

Aplin C.-G. and Lovell C.-R. (2001), Contact dermatitis
due to hardy primula species and their cultivars. Con-
tact Dermatitis 44, 23-29.

Christensen L.-P. and Larsen E. (2000a), Direct emission
of the allergen primin from intact Primula obconica
plants. Contact Dermatitis 42, 149-153.

Christensen L.-P. and Larsen E. (2000b), Primin-free
Primula obconica plants available. Contact Dermatitis
43, 45-46.

Demetzos C., Anastasaki T. and Perdetzoglou D. (2002),
A chemometric interpopulation study of the essential
oils of Cistus creticus L. growing in Crete (Greece).
Z.. Naturforsch. 57 ¢, 89-94.

Doyle J.-J. and Doyle J.-L. (1987), A rapid DNA isola-
tion procedure for small quantities of fresh leaf tissue.
Phytochem. Bull. 19, 11-15.

Egerton-Warburton L.-M., Ghisalberti E.-L. and Con-
sidine J.-A. (1998), Infraspecific variability in the vola-
tile leaf oils of Chamelaucium uncinatum (Myrta-
ceae). Biochem. Syst. Ecol. 26, 873 -888.

Felsenstein J. (1997), PHYLIP: Phylogeny inference
package, version 3.572. University of Washington,
Seattle, WA, USA.

Higuchi Y., Kitajima A., Ogiwara 1., Hakoda N. and Shi-
mura I. (1999), Morphological characteristics of
trichomes of primin-secreting and primin-free culti-
vars in Primula obconica. J Japan. Soc. Hort. Sci. 68,
614-621.

Higuchi Y., Kitajima A., Ogiwara 1., Hakoda N. and Shi-
mura I. (2000), Effect temperature regimen at the
seedling stage of Primula obconica on primin secre-
tion. J. Japan. Soc. Hort. Sci. 69, 744—748.

Horper W. and Marner E-J. (1995), Phenols and qui-
nones from leaves of Primula obconica. Nat. Prod.
Lett. 6, 163—170.

Horper W. and Marner FE-J. (1996), Biosynthesis of
primin and miconidin and its derivatives. Phytochem-
istry 41, 451-456.

Hu C.-M. (1994), On the geographical distribution of the
Primulaesas. J. Trop. Subtrop. Bot. 2, 1-14.

Hu C.-M. and Kelso S. (1996), Primulaceae. In: Flora of
China, Myrsinaceae through Loganiaceae (Wu C.-Y.,
Raven P.-H., eds.), Vol. 15. Beijing, Science Press, and
St. Louis, Missouri Botanical Garden, 145.

cation, Zien Zhao, Yafu Yuan and Yinying Shi for
fieldwork, Shuguang Jian, Fengxiao Tan, Yuguo
Wang, Yalin Peng, Yaqing Du, Yidong Lei, Chun-
jie Tian and Tian Tang for technical assistance, and
Mr. Yaoming Hu for GC-MS analysis. This work
was supported by National Natural Science
Foundation of China (39899370), Academia Sinica
(STZ-01-36), and Ministry of Science and Tech-
nology of China High-Tech (863) project
(2002A A231041).

Krebs M. and Christensen L.-P. (1995), 2-Methoxy-6-
pentyl-1, 4-dihydroxybenzene (miconidin) from Prim-
ula obconica-a possible allergen. Contact Dermatitis
33, 90-93.

Mantel N.-A. (1967), The detection of disease clustering
and a generalized regression approach. Cancer Res.
27, 209-220.

Nan P, Peng S., Zhang Y. and Zhong Y. (2002a), Com-
position of volatile oil of poison primrose (Primula
obconica Hance) in Hubei, China. Nat. Prod. Lett. 16,
249-253.

Nan P, Peng S., Ren H., Shi S, Tian C. and Zhong Y.
(2002b), Genetic diversity of Primula ovalifolia from
central and southwest China based on ISSR markers.
J Genet. Molec. Biol. 13, 119-123.

Nan P, Shi S., Peng S., Tian C. and Zhong Y. Genetic
diversity of Primula obconica (Primulaceae) from
central and southwest China as revealed by ISSR
markers. Ann. Bot. (in press).

Nei M. (1972), Genetic distance between populations.
Amer. Nat. 106, 283-292.

Richards J. (1993), Primula. Timber, Portland. OR.

Rohlf F-J. (1998), NTSYSpc: numerical taxonomy and
multivariate analysis system, version 2.02. Exeter
Software, Setauket, NY, USA.

Skoula M., Hilali I.-E. and Makris A.-M. (1999), Evalua-
tion of the genetic diversity of Salvia fruticosa Mill.
clones using oil RAPD markers and comparison with
the essential oil profiles. Biochem. Syst. Ecol. 27,
559-56.

Sneath P.-H.-A. and Sokal R.-R. (1973), Numerical Tax-
onomy. Freeman, San Francisco, CA.

Sokal R.-R. and Rohlf F.-J. (1995), Biometry. W. H.
Freeman, New York.

Vieira R.-F., Grayer R.-J.,, Paton A. and Simon J.-E.
(2001), Genetic diversity of Ocimum gratissimum L.
based on volatile oil constituents, flavoids and RAPD
markers. Biochem. Syst. Ecol. 29, 287-304.

Yeh F.-C,, Boyle T., Yang R.-C., Ye Z. and Xiyan J.-M.
(1999), POPGENE, the user friendly shareware for
population genetic analysis, version 1.31. University
of Alberta and Centre for International Forestry Re-
search, Edmonton, AB, Canada.



