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Abstract: This investigation was carried out to assess the relationships between two Capparis sp. (Capparis
cartilaginea and Capparis spinosa). Molecular markers Random amplified polymorphic DNA (RAPD) and the
inter-simple sequences repeat (ISSR) markers technique were used to determine the genetic relationships
between two Capparis sp. The results suggest that a RAPD marker is the best choice for the evaluation of
diversity and the genetic relationships between two Capparis sp. with high accuracy which revealed 183 band
DNA bands detected across sixteen primers with high polymorphism than ISSR which revealed 76 DNA bands.
The genetic relationship among eight genotypes of two Capparis sp. based on biochemical and molecular data
developed using dendrogram constructed by UPGMA cluster Conservationist may use the information of the
present study to make effective decisions regarding the global protection and management of two Capparis sp.
in Egypt.
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I.  Introduction

Family Capparaceae comprises 39 genera and 650 species distributed through warm regions (Boulos
2009). The following popper user interface control may not be accessible. The genus Capparis comprises 250
species including shrubs, trees and woody clmbers. This genus is represented in Egypt by six species
(Tackholm V 1974). Discords recommended the use of the leaves and roots of Capparis spinosa L. to reduce
swelling and calm the pain of teeth (Gunther 1959). In the Arabian folk medicine, several Capparis sp. have
many uses. The total herb of Capparis cartilaginea Decne. is used for bruises, childbirth, earache, headache,
paralysis, snakebite and swelling. Also the fruits of Capparis decidua (Forssk.) Edgew are used to relieve
difficult breathing as a laxative, anthelimintic and for nervous disorders. Furthermore, the leaves of Capparis
spinosa are used for treating earache, coughs, expelling stomach worms and for diabetes (Shahina 1994).
Capparis spinosa is a wild and cultivated bush which grows mainly in the Mediterranean countries. Caper
shrubs are generally well adapted to dry areas receiving less than 200 mm rainfall annually, as most
economically important commercial crops cannot be grown under such conditions with-out irrigation, therefore
caper shrubs are good candidates for cultivation (Vidaeus 2002). Many countries have given recently greater
attention to caper plant, by listing at least one of the Capparis sp. on their research program. IPGRI mentioned
caper as a wild species with high economic potential both as aromatic plant and as a vegetable (IPGRI 2001).
On the other hand the International Center for Agricultural Research in the Dry Areas (ICARDA) also
considered caper as a medicinal plant that can fill in a gap in the domestic needs of folk medicine and the
pharmaceutical industry in their new proposal (Abou Hadid et al.2004).
Molecular markers have been used to determine to be useful for the diversity assessment in a number of wild
plant species (waugh and powell, 1992). These markers, based on the polymerase chain reaction (PCR)
technique, are the most commonly used for these purposes, several different PCR- based techniques have been
developed during the last decade, each with specific advantages and disadvantages. The first example randomly
amplified polymorphic DNA (RAPD) markers technique is quick, easy and requires no prior sequence
information, which detects nucleotide sequence polymorphisms using a single primer of arbitary nucleotide
sequence (Williams et al., 1993 and Abdel-Mawgood et al., 2006).
The second example technique is Inter-simple sequence repeat (ISSR) markers which permit detection of
polymorphisms in inter- microsatellite loci, using a primer designed from dinucleotide or trinucleotide simple
sequence repeats. ISSR amplifies inter-microsatellite sequences at multiple loci throughout the genome (Li and
Xia, 2005)
In the current study the isolation and identification of Molecular genetic markers and biochemical fingerprint
between two Capparis sp. and studding the diversity to determine the percentage of genetic similarity of them.
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Il.  Materials And Methods
Plant materials
Two species for Capparis (C. cartilaginea and C. spinosa) were collected from five different eco-
geographical localities of the natural habitat in North and South Sinai, Saint Catherine and Red sea coast (Elba
Mountain) and conserved in Egyptian desert GenBank in Egypt.

Biochemical genetic analysis (SDS - PAGE)

Sodium dodeyl sulfate polyacrylamid gel electrophoresis (SDS — PAGE) technique was used to
compare among the studied species from different sites by comparing among poly peptide chains protein
patterns from seeds and leaves which indicated the gene expressions in plant samples. SDS polyacrylamide gel
15% was prepared according to the method of Laemmli (1970).

Genomic DNA isolation

Extraction of total DNA was performed using methods for medicinal and aromatic plants according to Anna et
al. (2001). Total genomic DNA was extracted using a modified CTAB method based on the protocol of Doyle
and Doyle (1990). Young leaves were used for DNA extraction from each accession. Quality of DNA was
tested by submerged horizontal agarose gel (0.8 %) electrophoresis and visualized with UV light.

Primers

A set of 16 primers was analyzed for RAPD and 8 primers for ISSR were used as listed in (Table 1&2).

Polymerase chain reaction

PCR amplifications were performed in a programmable thermocycler. Each sample was amplified in a
reaction mixture containing 50 ng genomic DNA, Taq polymerase 1 unit, 10x PCR buffer with 2.5 mM MgCI2
and 200 uM of each dNTP mixture. Cycling parameters for ISSR were adjusted to 5 min at 94 °C for pre-
denaturation, 39 cycles each of 1 min at 94 °C for denaturation, 1 min for annealing at 45/50/55 °C, 2 min at
72 °C for extension and a final extension at 72 °C for 5 min. For RAPD marker analysis, the PCR reaction mix
and program profile were similar to ISSR markers analysis except the annealing temperature which was adjusted
to 37 °C. After cooling to 4 °C, amplified products were stored at —20 °C until electrophoresis. Amplified
products were separated on 1.5 % agarose gel in 1x TAE buffer with 1 Kb plus ladder (Fermentas) to determine
the size of amplified DNA fragments. Gels were run for 4 h at 65V, stained with ethidium bromide and
documented with gel documentation system.

Data analysis

The bands were scored for presence (1) or absence (0) and each band was regarded as locus. Data
analysis Marker index for RAPD and ISSR markers was calculated in order to characterize the capacity of each
primer to detect polymorphic loci among the genotypes. The data obtained by scoring the RAPD and ISSR
profiles with different primers individually as well as collectively were subjected to the construction of
similarity matrix using Jaccard’s (Jaccard, 1908) coefficients. The similarity values were used for cluster
analysis. Data analysis was done using NTSY Spc software 2.02 (Rohlf, 2000).

I11.  Results And Discussion

Markers associated biochemical fingerprint based on SDS-PAGE

Total proteins bands were illustrated in Figure (1, A and B). It gave proteins products from seeds and
leaves of the two types of C. cartilaginea with five plants replications and C. spinosa with three plants
replications. The proteins products with molecular sizes ranged from 12 to 70 kDa in seeds while, molecular
sizes ranged from 2 to 95 kDa in leaves. The positive common bands were 70, 35, 22 and 18 kDa in seeds but in
leaves there were 35 and 25 kDa. The bands 30, 25 and 12 were positive unique bands, which found in C.
cartilaginea and were the same negative bands were found in C. spinosa. The band 45 kDa was the positive
unique band, which was found in C. spinosa and was the same negative unique band, which found in C.
cartilaginea in seeds. On the other hand, in leaves the bands75, 58, 15 and 5 kDa were positive unique bands,
which was found only in C. cartilaginea_and were the same negative bands, which found in C. spinosa. The
bands 95, 85, 65, 40, 30, 10 and 2 kDa were the positive unique bands, which were found in C. spinosa and
were the same negative unique bands, which found in C. cartilaginea.

Cluster analysis of Capparis species based on SDS-PAGE

SDS-PAGE based on coefficients of genetic similarity among the ten DNA samples represented (Table
3). The strongest relationship scored between genotypes C.cartilaginea (3) and C.Cartilaginea (4) about 95%
while genotypes C. cartilaginea (1) and C .spinosa (8) were shown similarity 62%, dendrogram was constructed
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using UPGMA clustering to show the relationships among and between species a shown in figure (2). Results of
this phylogenetic dendrogram indicated two clusters, the first one included all genotypes of C. spinosa (samples
8, 10, 6 and 7), while the second cluster included all genotypes of C. cartilagenea (samples 5, 9, 1, 3, 4 and 2).
In general the SDS-PAGE was efficient in discriminating among the two Capparis sp. under investigation also
it was helpful in characterization of genotypes within the same species.

Markers associated molecular genetic fingerprints
RAPD analysis

The RAPD analysis was carried out using decamer primers of different series of OPERON
Technologies® for DNA amplifications through PCR, out of which only 16 primers responded to all the
accessions of Capparis sp. under investigation based DNA analysis of eight plants as five replications plants
from C. cartilaginea and three plants from C. spinosa. All primers used in the present study resulted in the
appearance of PCR products with varied band numbers as shown in (Figure 3 and Table 4). A total of 188 DNA
bands were detected across the sixteen random primers, 172 of them were polymorphic (about 91%), (Table 4).
Primers OP-A20, OP-001 and OP-Z09 yielded the highest (100%) polymorphism across the studied genotypes
and primer OP-O13 was lowest 80% polymorphism The differences in number of amplified fragments and
percent polymorphic fragments between C. cartilaginea and C. spinosa species is due to the difference in
number of plants (Table 4).

Capparis sp. positive specific markers based on RAPD-PCR

The specific markers for two Capparis sp. generated (between and within) based on RAPD-PCR
analysis are shown in (Tables 5). As high as total 42 positive (11 RAPD-PCR positive markers in C.cartilaginea
and 31 in C. spinosa) out of the 188 bands (about 22%) were found to be useful as species - specific markers,
which present in all genotypes for the one species and absent in all genotypes for other species. The results of
the present study revealed that the polymorphism detected by the RAPD assay (91%) was higher than the
polymorphism detected by ISSR assay (89%).

ISSR fingerprinting

ISSR analysis were performed on the eight DNA samples representing the two studied species using
eight ISSR primers composed of short tandom repeat sequences with or without anchor. (Figure 4 and Table 6)
illustrating the ISSR of the two Capparis sp.. A total of 76 amplicons were generated by the tested primers.
ISSR primers HB08 and 814 exhibited the height number of fragments (15 and 11 amplicons, respectively).
While the lowest amplicon numbers were scored by primers 844A with 5 amplicons.

The total number of polymorphic bands was 78 with an average of 8.5 polymorphic amplicons /
primer. This represents a level of polymorphism about of 89% (Table 6). The number of polymorphic markers
varied among the different primers. Primers 17898A and HB15 generated 9 polymorphic bands for each with
100% polymorphism. While primers 814 and HB10 showed low level of polymorphism (81 and 80%,
respectively).

Capparis species—positive specific markers based on ISSR-PCR:

The specific markers for two Capparis sp. generated (between and within) based on ISSR-PCR
analysis are shown in (Table 7). As high as 19 ISSR-PCR positive markers out of the 76 bands (about 25%)
were found to be useful as species-positive specific markers, which presented in all genotypes for one species
and absent in all genotypes for the other species. The largest number of ISSR-PCR species-specific markers was
generated by primer HB10 (6 markers) followed by primers 814 and HB15 (3 markers for each,). On the other
hand, the least number of ISSR-PCR species-positive specific markers was generated by primers 17898A and
HB9 (one marker).

The ISSR technology is sensitive to considerable levels of genetic variation, providing a very useful
molecular tool for studying population genetics on a wide range of plant species, as well as for identifying
species, cultivars, or population of the same species (Wang et al., 2009). ISSR analysis is a PCR-based method
with advantages of low-cost and high-efficiency as compared with other DNA genotyping techniques. The
results indicated that ISSR markers have been successfully utilized for assessing the genetic diversity and
revealed a remarkable molecular discrimination between the two Capparis sp. under study. Moreover, (Galvan
et al. 2003) concluded that ISSR would be a better tool than RAPD for phylogenetic studies. (Nagaoka and
Ogihara 1997) have also reported that the ISSR primers produced several times more information than RAPD
markers. The number of potential ISSR markers depends on the frequency of microsatellites, which changes
with species (Depeiger et al., 1995), So that the potential for integrating ISSR-PCR into plant improvement
program is enormous and their applications in different crop species are sufficiently reviewed (Reddy et al.,
2002).
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Combined cluster analysis of Capparis species based on RAPD and ISSR-PCR:

Phylogenetic relationship was generated using RAPD and ISSR markers. The similarity matrix was
tabulated in Table (8) and the phylogenetic dendrogram was illustrated in Figure (5). The analysis revealed that
the strongest relationship (95%) was between two pairs of genotypes (C.cartiliginea 2 & C. cartiliginea 3),
while genotypes C. cartiliginea (3) and C. spinosa (8) were shown to be medium in genetic relation (76%).

The dendrogram tree among the Capparis genotypes for polymorphisms detected according to RAPD and ISSR
is shown in Figure (5). Results of this phylogenetic dendrogram indicated two clusters, the first one included C.
cartilaginea genotypes (2, 3 and 1), while the second cluster included genotypes of C. cartilaginea and C.
spinosa species (6, 7, 4, 5 and 8), which was divided into two sub cluster, the first one contained two C. spinosa
genotypes (6 and 7), while the other sub cluster contain tow C. cartilaginea (4 and 5).

Generally, the results RAPD and ISSR PCR techniques have a sufficient value in determining Capparis
species/genotype-specific markers and Capparis taxonomy.

Considering the data mentioned before as a molecular fingerprinting for the eight studied of Capparis
genotypes, it could be concluded that the employment of RAPD and ISSR banding patterns variation as tools for
the detection of similarities and dissimilarities of the studied Capparis genotypes are inconsiderable useful tools.
The same conclusion was obtained by several authors (EL-Fiky et al., 2002).

IV.  Conclusion
As a conclusion, the current results confirm C. cartilaginea and C. spinosa, wild and cultivated populations
differ from each other because wild populations usually originate from composites with higher genetic
variability and, most of the time, it is difficult to allocate wild composites to well-defined heterotic groups by
phenotypic evaluation. Due to this uniqueness, molecular markers have been very useful in genetic evaluations
and assignment of Capparis plants to heterotic groups. Discussion Similar levels of genetic distance estimates
were obtained using the RAPD and ISSR markers.

Comparison of the genetic distances generated by different molecular markers in diversity studies have
been reported by several authors (Duarte et al., 1999 and Zoghlami et al., 2001) compared different molecular
markers to assess the genetic similarities between wild species and found great differences in the RAPD
similarity clustering pattern. The results obtained in our study showed high agreement between RAPD and ISSR
genetic distance estimates, such estimates having also been highly correlated in other studies (Gilbert et al.,
1999 and Alexander, 2002). Indeed, we found that the RAPD and ISSR markers produced sufficient numbers
of polymorphic bands to produce reliable genetic distance estimates with high correlations between these two
marker systems, the similarity between the results being explainable by the fact that they are similar techniques
based on complementary sequence changes. Our results indicate that, apart from the RAPD markers, the other
DNA marker systems provided consistent information for diversity studies on medicinal plant populations and
produced genetic distance estimates which were in good agreement.

The ISSR system appears to be the most robust marker assay in terms of the amount of polymorphism surveyed,
although, in practice, it is still a very laborious technique. The ISSR markers were promising in terms of the
polymorphism and information content revealed, but may involve some additional initial costs associated with
primer development.

Our results suggest that RAPD markers are the best choice for the evaluation of diversity and assessing the
genetic relationships between two Capparis sp. with high accuracy. RAPD also correlates highly with results
obtained using the ISSR system and is a fast and reliable system capable of supporting a multiplex approach not
requiring previous knowledge of DNA sequencing.

The conservation of wild plants as genetic resources requires an understanding the ways of genetic diversity
maintained in their population. Gene conservation strategies of this species should be designed using in part the
information obtained from this study. The fingerprints were useful not only for investigation genetic variability
but also for further characterizing the wild Capparis sp. by detecting inter and intra-specific polymorphism
constructing dendrogram defining the phylogenetic relationships among these species and identifying molecular
markers for the construction of genetic linkage maps. Furthermore, unique markers distinguished particular
species were successfully identified indicating the PCR based techniques can have great relevance for
taxonomic studies. Conservationist may use the information of the present study to make effective decisions
regarding the global protection and management of Capparis sp. in Egypt.
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Table (1): List of 16 RAPD primers and their nucleotide sequence

primer Sequence 5’to 3’ primer Sequence 5’to 3’

OP A4 5- AATCGGGCTG-3 OP B10 5-CTGCTGGGAC-3

OP A5 5-AGGGGTCTTG-3 OP B15 5-GGAGGGTGTT-3
OP A10 5-GTGATCGCAG-3 OP B20 5-GGACCCTTAC-3

OP Al15 5-TTCCGAACCC-3 OP 01 5-GGCACGTAAG-3
OP A19 5-CAAACGTCGG-3 OP 08 5-CCTCCAGTGT-3

OP A20 5-GTTGCGATCC-3 OP 013 5-GTCAGAGTCC-3
OP B1 5-GTTTCGCTCC-3 OP Z9 5'-CACCCCAGTC-3'
OP B5 5-TGCGCCCTTC-3 OP 716 5-TCCCCATCAC-3

Table (2): List of 8 ISSR primers and their nucleotide sequence

primer Sequence 5°to 3°
HBO08 (GA)6 GG
HB09 (GT)6GG
HB10 (GA)6 CC
HB11 (GT)6 CC
HB15 (GTG)3 GC
17898A (CA)6AC
814 (CT)8A
844A (CT)8AC
0 5 10 15 20 25
Hum +-———————— o o o e +
10—
6
5 —
g p—
l —
3
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Figure (2): Dendrogram of the two Capparis sp. Based on SDS-PAGE.

Table (3): Similarity matrix of the two Capparis sp. based on SDS-PAGE.

Figure (1): Individual and bulk total proteins polymorphism of the C. cartilaginea and C. spinosa seeds A and

Capparis sp. 1 2 3 4 5 6 7 8 9 10
1 100
2 76 100
3 85 84 100
4 78 90 95 100
5 75 81 84 79 100
6 65 75 72 75 80 100
7 63 73 74 77 81 91 100
8 62 71 77 79 79 89 92 100
9 83 72 83 89 93 83 89 89 100
10 67 68 73 82 81 94 90 93 91 100

1,2, 3,4 and 5: C. cartilaginea 6, 7 and 8: C. spinosa 9 and 10: Bulk
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Figure (3): DNA polymorphism of the two Capparis sp. using RAPD-PCR with primers.
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Table (4). Number of amplified fragments and specific markers for the two Cappary sp, based ca RAPD-PCR
OpA- | OpA- | OPA-| OpA. [ OPA- | OPA- [ OpB- | OPB- | OpB- | OpB- | OpB. | OpO. | OpO- | OPO. | OPZ- | OPZ ‘ toeal
04 05 10 | 15 19 | 20 | o | o5 | 10| 15 20 or | oo | 13| @ | 16
TAF 12 15 5 | 1 12 B[ 13 | 12 | 1’| 1B 16 10 7 3 10 | 10 | 188
cB__| 2 [ 3 1 T T I o I | 1 T I L
7B 10 13 13 [ 10 [ 1 1 12 113 | 1 15 10 6 3 10 9 [ 172
Capparis Cartilaginea

ClL [AF| 7 7 | 3 1 3 3 3 3 9 7 3 3 3 3 3 S ]
SM 1 1 1 1 3 1 S - : 1 ‘ - ‘ 3
§| C2 [AF| 6 7 6 9 4 4 6 9 3 4 4 g | 6 | 89
| SM | R | | 1 | - |4
§| C3 |AF | 8 5 5 [ 5 3 6 E 5 3 g 3 3 3 8 6 | 16
S fsm) 2| | : I |- | - | . ¢
“I"CI |AF| 6 5 5 2 5 2 3 7 6 ; 5 1 3 3 3 5 | »2
- [sM] 3 1 | : ! . | - : = - : 2 - : 2 7
C3 AF 6 6 £ 6 6 § $ 4 6 10 4 3 4 ‘ § ‘ a4
SM 1 2 2 2 3 2 1 14

Capparis Spinosa |
[SIT AF | 7 6 | 7 8 5 7 | 3 6 6 6 | 71 3 [ 2 2 6 | 88
2 SM 3 . 2 I - . : : : - 1 1 - 1 - 3 9
E[S2| AF 4 5 10 B 3 7 7 7 6 10 4 2 1 [3 99
7z SM B ! 1 2 1 1 2 1 ‘ 15
UlS3| AF [3 g 3 5 3 5 8 10 7 ] 12 2 2 2 S 6 a8
SM 2 5 i | 2 i 2 2 2 ¢ 2 ‘ ‘ 26
= AF 30 S0 b 33 i3 13 53 50 I8 © 63 M 23 22 R 16 695
2 M | 6 10 13 : 5 g 5 4 5 0 8 “ 3 2 ‘ 2 \ 88

TAF: Total amplified fragments CB: Common bands PB: Polymorphic bands
Table (5): Positive specific markers Capparis sp. resulting from RAPD-PCR and their primers
Positive Markers
Capparis cartilaginea Capparis spinosa

600bp(A4), 615bp(A5), 395bp(A5), | 1645bp(Ad4), 136bp(Ad4), 1735bp(A10), 860bp(ALl0), 2220bp(AlL5),

705bp((A10), 580bp(A19), | 1930bp(AL5), 2170bp(A19), 1435bp(A19), 760bp(A20), 530bp(A20),

1155bp(A20), 1780bp(B5), | 5595bp(B1), 4430bp(B1), 2535bp(B5), 2055bp(B5), 1120bp(B5), 450bp(B5),

665bp(013), 1335bp(Z9), | 3150bp(B10), 2185bp(B10), 500bp(B10), 665bp(B15), 360bp(B15),

910bp(29), 575bp(Z9) 3580bp(B20),  2500bp(B20), 885bp(B20), 460bp(08),  2145bp(Z9),

1815bp(Z9), 3590(Z16), 2200bp(Z16), 1450bp(Z16), 650bp(Z16)

C. cartilaginea C. spinosa C. cartilaginea C. spinosa

M ¥ 2 3 4.5 1 2 3 M1 2 3 4 5 1 2 3
5000
2000
1650

lggﬁ = -
_ 500 i
Primer HBS Primer HB9
C. cartilaginea C. spinosa C. cartilaginea C. spinosa
1 2 3 4 5 1 2 3 M 1 2 &3 4 5 1 2 3

N

-

- e— —— e

— - - By e —
) cmmo g e (UMD Gy D

. e

Primer HB10 Primer HB11
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C. cartilaginea C. spinosa
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Figure (4): DNA polymorphism of the two Capparis sp. using ISSR primers

Table (6): Number of amplified fragments and specific markers for the two Capparis sp.

Specific primers
17898A 814 844A HB10 HB11 HB15 HBS HB9 Total
TAF 9 1 5 10 8 9 15 9 76
CB - 2 1 2 1 - 1 1 8
PB 9 9 4 8 7 9 14 8 68
Capparis cartilaginea
g 1 AF 3 5 2 6 3 3 10 3 35
= SM 1 - 1 - 1 1 - - 4
= 2 AF 4 7 2 6 3 3 9 5 39
3 SM 1 1 - - - - - 1 3
G 3 AF 3 7 2 5 5 1 7 2 32
SM - - - - - - - - -
4 AF 2 7 2 5 6 1 6 2 31
SM 2 - - - - - - 1 3
5 AF 2 5 2 5 4 3 10 5 36
SM - - - - 1 . 4 2 7
Capparis spinosa
3 1 AF 2 5 3 8 3 6 9 4 40
£ SM - 1 - - - 1 1 - 3
@ 2 AF 3 5 3 8 3 5 7 5 39
o SM - 1 - - - - 1 1 3
3 AF 4 5 3 8 3 7 8 5 43
SM 2 2 1 - - 2 3 3 13
= AF 23 46 19 51 30 29 66 31 295
S SM 6 5 2 - 2 4 9 8 36
TAF: Total amplified fragments CB: Common bands PB: Polymorphic bands
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Table (7): Positive specific markers Capparis sp. resulting from ISSR-PCR and their primers

Positive Markers
Capparis cartilaginea Capparis spinosa

420bp(814), 360bp(814) 1100bp(17898A), 560bp(814), 855bp(844A),
1675bp(HB10), 1305bp(HB10), 840bp(HB10),
825bp(HB10), 745bp(HB10), 270bp(HB10),
3430bp(HB11), 1145bp(HB11), 1100bp(HB15),
795bp(HB15), 620bp(HB15), 655bp(HB8),
520bp(HB8), 1355bp(HBY)

=
Lo R S I SRR 4 5

Figure (5): Dendrogram of the two Capparis sp. based on RAPD and ISSR.

Table (8): Similarity matrix of the two Capparis sp. based on RAPD and ISSR.

Capparis sp. 1 2 3 4 5 6 7 8
1 100
2 85 100
3 86 95 100
4 79 89 79 100
5 83 86 82 94 100
6 86 87 88 90 89 100
7 84 81 85 92 9 93 100
8 80 79 76 90 89 89 90 100
1,2,3,4and 5: C. cartilaginea 6, 7 and 8: C. spinosa
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