1ABSTRACT
2Background. Different parts of the tree Calophyllum inophyllum L. (nuts, leaves, roots,

3bark. fruits. nut oil and resin ) are used in-thefield-of as traditional medicines and
4cosmetics in most of the Pacific Islands:-its nutsleaves;roots; harkfruits; nutoiland resin.
5The efficacy of the oil as a natural remedy and in the praetice-of traditional cosmetics has
6been described by many throughout the South Pacific, which drew eur-attentionto-finding
7its-diversity both-chemieally-and-bielogieallyled us to investigate C. inophyllum’s chemical
8and genetic diversity. A correlative study of the nut resin and leaf DNA from three distinct
9archipelagos in the South Pacific eould possible show-existing diversity patterns-of-the €
10inephylum-plantin-the-South-Paeifiewas carried out in order to identify diversity patterns
11in Cinophyllum across the South Pacific. Methods. This-study-was-applied-here-on-the-oil-
12resinCallophylum inophyllum plants were sampled from threePaeifie-eountries:-French
13Polynesia, New Caledonia and Fiji in-order-torevealchemieal-and biologieal-diversity. We
ldextractedpay-speeialattentionto-the “ttamanu™ oil (nut oil) resin for chemo-diversity

15studies and sampled leaf tissues for phylogenetiegenetic studies. A-We highlightisthe-
l6applieation-of-aapplied 2 method of analysis designed for kernelsin small quantities (at a

17microscale level), and used HPLC. with co-elution of in house standards. to establish the

18chemo-diversity of tamanu oil resin. ﬂwm&eﬂ%sm—eempweﬂs—e%&nwphyﬂbmr

50el . Lards. This-ebiceti lished-¢ k- the HPLC
21chromatography of plant-extraets-and-byGenetic diversity was assessed using chloroplast

22barcoding markers (the Acetyl-CoA carboxylase (accD) gene and the psaA-ycf3

23intergenicspacer region) u*m*efsa-l—gcﬂﬁnafkefs—ﬁraeel)—aﬂd—PsaA%ﬁ—fo the-genetie-
ee geographieally-

atas Our HPLC

28analyses revealed 11 previously known constituents of tamanu oil, with variability among

29plant samples. We also revealed-here-the-isolation-efisolated and characterized 2 new

30neoflavonoids from tamanu oil resin namely, tamanolide E1 and E2 which are

31diastereoisomers. Although genetic analyses revealed low genetic variation, our




32multivariate (PCA) analysis of the tamanu oil resin chemical profiles revealed

33differentiation -among geographic regions. ¥For-the-first-time;-the-use-of-the-ehloroplast gene
34leei-aceD-for the-di

37prominent at-some-sites, Conclusion. We showed here that chromatographic analyses

38utilizing formalized in-house standards of oil resin compounds for co-elution studies against

390il resin samples can. in the case of C. inophyllum, identify patterns of variation among

40samples and be-highly-discriminateery-and veryinformative-of-underlying-diversity of G-

Alinophylthsn samples from different geographical origins.
42

43INTRODUCTION

445 hestudyChemical and medicinal properties of the-Alexandrian laurel (Calophyilum

a5inophyllum). otherwise known commonly as beach mahogany. hasve been extensively studied
46throughout the world but more so in the Asia-Pacific region (Leguillier, 2015; Pawar et al., 2011;
47Patil et al., 1993). Endowed-with The plant has a myriad of medicinal uses. most of which are-
48torinvolve topical applications, moststudies-have coneentrated-more-on-the-medietnal-aspe

49the-plant. Recent studies such as Leguiller et al.; (2015) and Ansel ef al.- (2016) have managed-to

50focuscd more attention on the cosmetic aspects of the plant in the Pacific region. whiehshews-its
Slimportaneein-theregionOther common names for the plant in some Pacific island countries are
52dPilo (Fiji), Ffetau (Samoa), tamanou de bord de mer (New Caledonia) and F+tamanu in the Cook
53Islands and French Polynesia. (Friday and Okano, 2006). Historically, before the conversion of
54Polynesians to Christianity, the t+amanu trees were considered as sacred. They were planted

55inside the royal Marae (sacred areas) (Dweck and Meadow, 2002).
56The-Dilo-orTamanu-plant Calophyllum inophyllum belongs to KingdomPlantae; Phytum-

57 ermatonh vt lag PDieotdedonse (V- a NMala

es;Famtbythe flowering plant family

58Calophyllaceae;and-Genus-Calophviinm ( APG, 2009; Prabakaran and Brito, 2012)- MNand is
59native to the Indo-Pacific region (Africa, India, South East Asia, Australia and the Pacific
60islands).; It grows to a height of 8 — 15m and has a large canopy-with-anetworkotbranches. The
61wood is widely used for making cabinet and other furniture, for carving, and for boat and canoe

62building. Furthermore, different parts of the plant have been used in traditional medicine and as



63excellent raw material for cosmetics (Dweck and Meadows, 2002). For example, the oil from

64 hawves been used for medicine against skin infections, as a scar remover as
65well as for other cosmetic uses (Friday and Okano, 2006). In Fiji, the oil is used to cure arthritis
66and joint pain, as an eye wash for conjunctivitis (Cambie and Ash, 1994) and also to prevent
67infantile rash. The resin mixed with strips of bark and leaves is a

68 treatment of sore eyes. The green fruit is used against tuberculosis (Cambie and Ash,
691994). In some islands of Polynesia, the oil has been used as an alternative for candle nut oil in
70lamps and also massaged into hair and used as a common topical application for skin diseases
71and burns (Prabakaran and Brito, 2012). A number of studies have revealed th:e-interesting
72biological activity of the oil. which antibacterial (Yimdjo et al, 2004), antifungal
73(Saravan et al., 2011), anti-inflammatory activity against skin infections (Bhalla ef al.,
741980).Most recently it has proven useful for wound healing (Leguiller et al., 2015). Such is the
75uniqueness of its properties that amanu oil” has been recognised as an active cosmetic
76ingredient and recorded as C. inophyllum seed oil by the International Nomenclature of Cosmetic
77Ingredients (INCI) (Assouvie, 2013; Ansel et al., 2015).

78The bioactive components (belonging to neoflavonoid, xanthone and triterpene secondary
79metabolite groups) in this plant are highly rich recognised as having medicinal
80properties as shown in Table 1. The composition of the main neoflavonoid compounds in the oil
81lare as follows: calophyllolide, inophyllums (C, D, E and P), tamanolides D and P, calanolide Gut
8270, and finally the calanolides A, B and D (Laure, 2005; Leu et.al., 2009; Assouvie, 2013).

83 interest is the efficacy of the-pyranocoumarins from the
84Calophyllum genus (Wang et al., 2006), with recent
85 cicatrization, and as an anti-aging agent (Leguillier et al.,

862015; Ansel et al., 2016).

87 he compound calanolide A, a minor constituent in of C. inophyllum
88resin extract (Ansel et.al., 2016) as
89noted by Wang et al., (2006 the only natural product that has progressed into human
90clinical trials with positive results HIV-1.

91The analysis of the chemical composition of leaves of C. inophyllum from various sites in French
92Polynesia and that of fruits originating from various sites in India has revealed

93 (Laure et al., 2005, Pawar et al. 2010) C. inophyllum



94plants found in-land teand those found closer to the coast. In order to evaluate the chemical
95qualities of the different Ftamanu oils of the South Pacific, phytochemical analyzses are therefore
96necessary. Given that secondary metabolites play a role in the adaptation of plants to biotic and
97abiotic factors, it would be interesting to know if. as revealed by Pawar et al., 2011, abiotic
98factors such as the geography of harvesting sites have an influence on the chemical profile of

99tketamanu oil.

100In addition to these-problemsthe general question of regional influence on the chemical profiles

1010f tamanu oil, #sguestionablewe also were interested in whether dipyranocoumrins and more

102particularly inophyllums can be used, as described by Pawar et al., 2011, as chemotaxonomic
103markers for the identification of C. inophyllum from various geographical areas of the South

104Pacific.-Seuth. FerthisTo address these questions, anapproach-towe characterized genetic

105diversity-is-eondueted in parallel with the phytochemical diversity, following a polyphasic -
106approach. as ebserved-inpolyphaste has been work-applied to some microbial research.

107Polyphasic taxonomy is a consensus building method of taxonomy developed to incorporate
108phenotypic, genotypic and phylogenetic data for micro-organisms (Vandamme et al., 1996).
109Research into encompassingapplving a dialled down version of this method for plant research.
110utilising only a two pronged approach of genotype and phenotype variation for elucidation of
111diversity has been achieved by Pawar et al.- (2011).: Lynch et al. (-2016). and --Hu et al.,
112(2007).SimtarkyAs in te-these previous workstudies, the present study aims to gain more insight
113into the diversity of the plant C. inophyllum in the localities of Fiji, French Polynesia and New
114Caledonia by utilizing genetic data from barcoding universal gene markers in accD and psaA-

115ycf3. UWe expect that by using these as tools to study the-genetic variations and integrating the

1160bserved patterns tewith corresponding existent HPLC chemical profiles from-(phenotypic
117information) for each sample. we can gain new insights that could—An-integration-of these-two-

118pieces-otintormation—would help to-explain current diversity patterns ofin this plant. This

119approach is however different from Pawar ef al.; (2011) as it does not utilise simple sequence

120repeat markers. Instead. we used sequence data from two chloroplast regions that have been

121employed for barcoding: the accD gene and the psaA-ycf3 intergenic spacer region . Fhe-3-major-

122

- The plastid accD gene. which
123encodes for the B-carboxyl transferase subunit of acetyl co-enzyme A carboxylase. is present in

124the plastids of most flowering plants, including non-photosynthetic parasitic plants and is



125involved in fatty acid biosynthesis. Associated with a fast evolving genome region in some
126evolutionary lineages, it has been used in barcoding experiment analyses for Magnoliophyta
127(Lahaye et al., 2007), Mesangiospermae (Lam et al., 2016) and Fabids (Xi et a/, 2012). Studies
128with reinhardtii and higher plants have shown that ycf3 is required for the
129stable accumulation of the Photosystem 1 complex (Boudreau et al., 1997; Ruf et al., 1997)
130appeared to link with psaA

131

132MATERIALS AND METHODS

133

134Sample collection

135 Tamanu were collected during the fruit flushing season of June to August and
136even collected late into the month of December. In New Caledonia, Ftamanu were
137collected under the scientific authorization of the South Province N°2050-2014. In Fiji, all
138samples were collected along theroad-sides at each collection site. At each location, a replicate
139sampling plan was applied as observed in the geodata (Table 2). A total of two leaf samples
140were collected at each tree together with 3-5 . From the leaf composite, one leaf was
141placed in a zip lock bag as a voucher and two leaf samples
142were stored at -80°C or immediately placed into RNA later solution for DNA extraction. The
143 were placed in polyethylene trays and aired to remove moisture for two weeks
144before they were placed into a solar drier and dried for six to eight weeks. In total,
145there were 22 sampled sites and a total of 85 trees sampled from the 3 major collections in Fiji,
146French Polynesia and New Caledonia. Note that due to the nature of collections being conducted
147in isolated locations from both French Polynesia and New Caledonia, limited amount of materials
148were collected and thus vouchers specimens could not be deposited for these two research
149groups. Only the Fiji samples were deposited into a voucher collection in Fiji. kept at the South
150Pacific Regional Herbarium (Table S1).

151

152Microscale Extraction, Purification and HPLC Analyses

153From the collected nuts sampled from each of the 85 tree’s, a set of 3-5 s weighing 7-
15410g were picked from each set and subjected to a small scale cold extraction consisting of

155maceration and grinding of the in a cheese cloth and crushing in a mortar and pestle



156to allow oil absorption. Samples were immersed in EtOAc and sonicated for 5 mins before this
157was partitioned with EtOH at a 1:1 ratio v/v. The EtOH layer was removed and dried in vacuo
158leaving the resin behind. Any remaining oil was de-fatted twice with 40mL hexane in total.
159Resinous extracts were dissolved in EtOAc: cyclohexane at a 1:1 ratio v/v to give a concentration
1600f 10mg/mL for final injection. Chromatographic analyses were performed using an Agilent 1100
161series gradient HPLC fitted with a UV/DAD system. The HPLC column used was a Interchrome
162Modula-Cart QS Uptisphere Sum Si column. and the data were viewed on Agilent Chemstation
163software. The elution conditions were as follows: flow rate 1mL/min, pressure 2500psi max,
164injection volume 4 pL and the step gradient sequence.

165The HPLC analyses of the samples from all three locations (Fiji: RawDataS1, New Caledonia:
166RawDataS2 and French Polynesia: RawDataS3) were subjected under numerous trials to acquire
167the maximum amount of compounds at the shortest runtime. On completion of the analyses,
168eighty resin samples were chosen from the total of eighty five samples and five were discarded
169due to poor alignment and high signal to noise. A further two samples were discarded due to poor
170alignment therefore a total of seventy eight samples were analysed in HPLC. In order to
171concatenate the chemical data and compare sample chromatograms observed at 280nm (which is
172where most picks were observed in the shortest time) against known compounds retention times,
173the removal of noise, redefining and alignments of all data was necessary in order to identify and
174assign each sample peak against the known compounds isolated in previous works by Leu ef al.,
1752009; Leu, 2009; Laure, 2005 and Laure ef al., 2008. Background fitting and identification of
176major peaks of the raw HPLC data were performed using the R package align DE v2.0.1.
177Chromatograms were aligned using a procedure in Scilab version 5.5.1 (Scilab Enterprises, 2012)
178derived from chromaligner (Wang et al., 2010).

179

180Purification of known compounds from commercial +tamanu oil resin and Isolation of new
181compounds

182A batch of oil resin extract (157g) from commercial +tamanu oil (provided by "Laboratoire de
183Cosmétologie du Pacifique Sud" manufacture) from French Polynesia was first partitioned with
184EtOH and an aqueous alkaline solution of Na,CO; (10%, v/v). Its organic fraction was washed
185with distilled water and then dried with MgSOs to give a neutral fraction (53g) after solvent

186evaporation. This fraction was submitted to flash liquid chromatography on an open column with



187a silica gel (240-300 mesh) using a stepwise gradient from cyclohexane to EtOAc yielding 12
188fractions (Table S2). Fractions having similar R¢ values on silica gel TLC (cyclohexane-acetone,
18960:40, v/v) were combined. Fractions 7, 9 and 11 were submitted to repeated preparative HPLC
190using a Varian Dynamax Si column (250 x 21.4 mm id, Sum with cyclohexane -EtOAc (10:90)
191in isocratic eluent conditions. This chromatographic purification network led to the isolation of
192new compounds tamanolides E1 and E2 as a mixture (2 mg) besides standard known compounds
193namely, calophyllolide, inophyllums (C, D, E, P), calanolides (Gut 70 and A, 12-oxo-calanolide)
194and tamanolides (D, P).

195

196New Compounds Analysis

197New compounds were identified by NMR and were further analyzed with a Bruker Avance
198DRX500 spectrometer (‘H — 500.13 MHz) equipped with a 5 mm triple resonance inverse
199Cryoprobe TXI ('H/*C/"”N) in CDC15-99.8%, (8:y=7.26pm, 813c= 77.16ppm). The HR-ESI-MS
200data were collected using a QStar Elite mass spectrometer (Applied Biosystems SCIEX,
201Concord, ON, Canada) equipped with an ESI source operated in positive ion mode. Optical
202rotations were measured with a Perkin-Elmer 241 polarimeter equipped with a sodium (589 nm)
203lamp and a 1 dm cell. The FTIR spectra were established with a Thermo-Nicolet IR 200
204spectrometer on a KBr cell and 4cm™ resolution.

205

206DNA extraction and Amplification

207Plant DNA was extracted from young leaf tissue using a (Macheral) Plant Nucleospin II kit
208according to the manufacturer’s instruction. The leaf samples were first lyophilized in liquid
209nitrogen and crushed before being subjected to the manufacturer’s protocols. Two plant universal
210chloroplast regions were targeted for amplification namely; the Acetyl-CoA carboxylase (accD)
211gene and the psaA-ycf3 intergenic spacer region. The amplifications were performed in a Thermo
212Scientific Arktik Thermo Cycler. The PCR was performed using a Qiagen taq polymerase kit and
213primers were diluted to a concentration of 60pmol before use in the PCR mix. All sample
214amplifications were eluted in distilled milliQ water at 50 uL volumes and tested for yield in 1%
215agarose gel electrophoresis. The PCR program consisted of 92°C of incubation during 2 mins for
2161 cycle and 8 cycles of PCR (denaturation at 92°C for 30sec followed by specific annealing
217temperatures for accD (44°C) and psaA-ycf3 (43°C) all at 30sec, and 72°C for 1min), followed



218by 40 cycles of (92°C for 30sec, extension at primer specific temperature’s accD (46°C) and
219psaA-ycf3 at 30 sec, 72°C for 1 min). A final 5 min extension was then carried out at 72°C and
220for only 1 cycle.

221

222Sequencing Alignment and Data Analysis

223The samples were sequenced by GATC Biotech sequencing services, Germany. Data received in
224ABI1 format were viewed under the Applied Biosystem’s sequencing scanner and corrected for
225contiguous read lengths and miscalled sequence data were removed especially in the beginning
226and at the ends of the raw data files. Files were then aligned using MEGAG6 (Tamura ef al., 2013)
227before they were matched to nucleotide sequences using the BLASTn tool available at
228https://blast.ncbi.nlm.nih.gov/Blast.cgi. Matches Blasted in NCBI using the nucleotide search
229tool. Only outgroup hits with 96-100% similarity were included into the construction of a
230multiple sequence alignment. Sequences were aligned using Clustal W (Thompson et al., 1994)
231and trees were generated using the MEGAG6 phylogeny tools. New haplotypes were deposited
232into the NCBI Genbank using the Bankit tool and accession numbers

233¢tare given in Table S35.

234

235Phylogenetic construction

236All newly determined sequences were checked using the sequencer software for peak intensity
237and also contiguous length. All sequences with contiguous lengths greater than 200bp were
238considered for tree construction using MEGA6. Maximum likelithood (ML) trees were
239constructed for all accD sequences which satisfied our contiguous length criterian. Initial tree(s)
240for a heuristic search were first obtained by applying Neighbor-Joining (Saitou and Nei, 1987)
241and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite
242Likelihood (MCL) approach implemented in MEGA, and tree searches were conducted assuming
243a Tamura-Nei model and a discrete Gamma distribution to model evolutionary rate differences
244among sites (5 categories (+@G, alpha parameter = 0.1523)). The analysis involved 18 nucleotide
245sequences and all positions containing gaps and missing data were eliminated. There was a total
2460f 234 positions in the final dataset. The optimal tree obtained has been drawn to scale, with
247branch lengths indicating the number of substitutions per site . A maximum

248likelihood tree was also constructed for the psaA-ycf3 Fiji sequences data s-only as the Tahiti and



249New Caledonia sequenced data s for this chloroplast region could not be amplified. possibly due
250to DNA deterioration. A Tamura-Nei model (Tamura and Nei, 1993) was assumed. The optimal
251tree has been shown, drawn to scale, with branch lengths the number
2520f substitutions per site. The percentage of trees in which the associated taxa clustered together
253was shown next to the branches. The analysis of this second data set involved 11 nucleotide
254sequences. Positions containing gaps and missing data were eliminated. There was a total of 55
255positions in this dataset.

256

257Statistical Analysis

258Multivariate statistical analysis was applied to all the chemical data in order to reveal the extent
259to which the 12 major compounds making up the chemical compositions of the 47 C. inophyllum
2600il resin samples were geographically distributed. Data were normalized by log transformation
261prior to Principle Component Analysis (PCA). PCA was performed with the package Ade4

262 R version 3.1 software (R Development Core Team, 2018) and a PCA biplot was drawn
263using xcel software. The diversity of chemical compounds that contributed to
264the highest discrimination at a geospatial level were visualized and a scatter plot was generated
265from Microsoft eExcel.

266

267RESULTS

268

269Chemical composition of extracts

270The fractionation, purification and identification of resin extracts (by spectroscopic methods)
271yielded 11 compounds from commercial t+amanu oil (Fig. 2 A-K), which were identified
272constituents that had been previously reported (Laure et al., 2008; Leu et al., 2009). In addition to
273calophyllolide, inophyllums (C, D, E, P), calanolides (Gut 70 and A, 12-oxo-calanolide) and
274tamanolides (D, P), these analyses also led to the isolation of two new compounds X1 and X2 as
275an epimeric mixture. The presence of these 2 compounds X1 and X2 from the same peak in two
276fractions was clearly shown in 'H theoretical (Fig. 3A) and experimental spectra Fig. 3B).
277As the chemical shifts shown in Table 3 of these compounds were quite similar, their absolute
278presence proven on the 'H NMR revealing more signals then expected from one compound and

279which actually corresponded to two sets of signals for two very close compounds that we



280proposed here as X1: tamanolide E1 and X2: tamanolide E2 (Fig. 2L). The chemical
D

=-19.6
25 C
2820.003, CHCL). FTIR (CCly): 3075, 2979, 2926, 2908, 2877, 2832, 1740, 1695, 1643, 1606, 1575,
2831461, 1382, 1209, 1152, 1121 cm™. '"H NMR (CDCls, 500MHz) and “C (CDCl;, 125 MHz) (see
284Table 3); HR-ESI-MS m/z 383.1850 [M+H]" (calcd. for C;3H2,0s, 383.1853.).
285

281characteristics of tamanolide E1 and E2 are: amorphous yellowish powder; [a]

286Chemical Diversity of C. inophyllum within the 3 regions

287HPLC analysis of was performed to investigate the clustering patterns of
288phytochemical components based on geographical distribution (archipelago). Eleven isolated
289compounds (Fig.4: 1-11), along with two new compounds (Fig.4: 12), were used as
290external standards to qualitatively analyzee four sample of C. inophyllum from three different
291locations, Fiji West (FW1), New Caledonia Noumea (N1 and N3) and Rotuma Fiji (R4). The
292phytochemical components of each sample were identified by comparing the retention time of the
293external standards (Fig. 4).

294The alignment of all samples through R and Scilab provided a matrix containing the integrated
295peak area of the identified features. Data were normalized by log transformation prior to PCA
296analysis. The samples can be discriminated into three main regions (Fig. 5) with the French
297Polynesian population on the left of the graph, the New Caledonia population on the bottom right
298and the Fiji population on the upper right. Within French Polynesia and Fiji, no discrimination
299between the sites or archipelagos was observed with these first two components.

300The different proportions of the compounds leading to biogeographic discrimination of the three
301regions shown in Fig. 6. Compounds calophyllolide and tamanolide E1/E2 were found
302to be negatively loaded on axis 1 which covers 7 to 59% of the total information, the proportion
303of tamanolide E1/E2, Gut 70 calanolide, tamanolide and inophyllum E were the main and
304significant compounds prominent in the composition of the oil resin from French Polynesia,
305while tamanolide P, D and inophyllum C were found to be positively loaded on axis 2 covering
30615-83% of the total information and represented in the Fiji samples
307while New Caledonia appears to be profoundly represented by other constituents such as

308compound P69. which although unknown and unidentified. appeared to be unique from the PCA



309analysis. Outgroups were observed in the chemical diversity of the Tahiti samples namely from
310the Tuamotu’s and Australes as seen in Fig. 5.

311

312Genetic discrimination

313Mega 6 identified the Tamura-Nei model as the best fitting model in ML analyses. Phylogenetic
314relationships assuming this model of substitution for C. inophyllum shown in Fig.
3157A and Fig. 7B for the accD gene and for the psaA-ycf3 spacer region

316Interestingly, only Raiatea from French Polynesia showed a unique genotype, where it produced
317 new haplotypes (T22 and T23) in the accD tree caused by substitutions at positions 134bp
318and 146bp.

319

320DISCUSSION

321

322 hemical variability

323Compounds X1 and X2 had a molecular formula of C23H2705 as determined by high-resolution
324mass spectrum (HR-ESI-MS) (m/z 383.1850 [M+H]+, calcd 383.1853) and NMR data implying
32511 degrees of unsaturation (Table 3, Fig. S1-S10). The 13C NMR spectrum gave a total of 23
326separated resonances and the 135-DEPTQ sequence showed the presence of six methyl, one
327methylene, six methine and ten quaternary carbons including a ketone carbonyl at 6 191.7 ppm
328for compounds X1 and X2. The 1H resonances of both compounds (Fig. S1 and S9) were typical
3290f a pyranocoumarin [8] as characterized by the downfield shifted proton at 6 6.16 (1H, s, H-3)
330for an o,B-unsaturated lactone (ring B), and a set of doublet signals [6 6.66 ppm (1H, d, J =
33110.0Hz, H-8), 5.60 ppm (1H, d, J = 10.0Hz, H-7)], and two methyl singlets at  1.54 ppm (3H, s,
332H-19) and 6 1.54 (3H, s, H-20) for the first one (X1) and at 6 1.53 ppm (3H, s, H-19) and & 1.53
333ppm (3H, s, H-20) for the second one (X2), for a pyrane ring (ring C).

334

335Furthermore, the cycle ring D showed a characteristic cis-configuration with a coupling constant
3360f 3.4Hz between H-10 6 4.69 ppm (1H, qd, J = 6.5, 3.4 Hz) and H-11 6 2.68 ppm (1H, qd, J =
3377.2, 3.4 Hz) for X1 and between H-10 6 4.70 ppm (1H, qd, J = 6.5, 3.4 Hz) and H-11 6 2.69 ppm
338(1H, qd, J = 7.2, 3.4 Hz) for X2 and by NOE crosspeaks correlation between the two methyl
339groups H-21 8 1,.42 ppm (3H, d, J = 6.6Hz), H-22  1,.15 ppm (3H, d, J = 7.2Hz) for X1, and H-



34021 6 1,.41 ppm (3H, d, J = 6.6Hz), H-22 6 1,.15 ppm (3H, d, J = 7.2Hz) for X2, like inophyllum
341E.

342With the aid of the COSY experiment, an isobutyl unit was identified by further analysis of the
343remaining 1H resonances [6 3.79 ppm (1H, brsxt, J = 7.0Hz, H-13), 1.75 ppm (1H, m, H-14a),
3441.45 ppm (1H, m, H-14b), 0.95 ppm (3H, t, J = 7.4Hz, H-15) and 1.22 ppm (3H, d, ] = 6.7Hz, H-
34516)] for X1 and 6 3.79 ppm (1H, brsxt, ] = 7.0Hz, H-13), 1.75 ppm (1H, m, H-14a), 1.45 ppm
346(1H, m, H-14b), 0.96 (3H, t, J = 7.4Hz, H-15) and 1.22 ppm (3H, d, J = 6.7Hz, H-16)] for X2.
347This isobutyl moiety was assigned to be at the C-4 position, based on the HMBC crosspeaks
348between H-3 (6 6.16 ppm) and C-13 (6 37.5 ppm), between H-16 (& 1.22 ppm) and C-4 (6 104.7
349ppm), between H-14 (6 1.45, 1.75 ppm) and C-4 (6 104.7 ppm), between H-13 (6 3.79 ppm) and
350the carbons C-3 (& 109.3 ppm) and C-4a (6 104.7 ppm). The rest of the HMBC correlations used
351to obtain a complete assignment of the 1H and 13C NMR chemical shift, have been summarized
352and presented in Table 3. The 1H and 13C NMR of both compounds were almost identical to
353those of inophyllum E with the exception of an isobutyl group at C-4 and tamanolide D with the
354exception of the ring D.

355Complete assignments of X1 and X2 were made based on 1D and 2D NMR experiments, of
356which compound X1 was suggested as tamanolide E1 while compound X2 was the H-13 epimer
3570f X1 and suggested as tamanolide E2. Proton NMR spectrum (Fig. 3) of different HPLC
358fractions revealed X1 and X2 as a mixture from two compounds whose signals were close to each
3590ther with a varied ratio (70/30 to 40/60). The chemical shifts of both compounds are listed in
360Table 3. Different fractions of a collected HLPC peak show a variation of proportion 70/30 next
36140/60 of two close signals in the 1H NMR spectrum (Fig. 3). ssignment of the resonances
362was on the 1D and 2D NMR experiments (1H, 13C-DEPTQ135,
363COSY, HSQCed, HMBC and NOESY). One compound was identified as tamanolide E1 while
364the second compound was concluded to be the H-13 epimer form tamanolide E2.

365Finally, the structures of 11 known compounds are shown (Fig. 2) including the two new
366compounds assigned as tamanolide E1 and E2 after elucidation from exhaustive NMR analysis
367(1H, 13C-DEPTQI135, COSY, HSQCed, HMBC, NOESY), including the comparison of
368experimental and theoretical results (Fig. 3A and B) and by comparison with NMR data

3690f the phenylcoumarin back bone from inophyllum E and tamanolide D.



370Consistent with earlier findings (Prabakaran and Britto, 2012; Laure et al., 2008), calophyllolide
371remains as the dominant major compound in t+amanu resin for all chemotypes isolated.
372Calanolide A which is the most potent of all C. inophyllum compounds with anti-HIV-1
373(Wang et al., 2006) was found as a minor component in C. inophyllum oil. The
374pyranocoumarine’s inophyllum B and P (also active against HIV-1-) isolated
375 . The former is not only the most active but it is also the only natural product undergoing
376clinical trials against HIV-1 (Liang, 2006). As seen in Fig. 4, the 280nm UV spectrum revealed
377the maximum number of peaks and therefore standards and samples were targeted for
378visualization at this wavelength.

379All the standards isolated here as seen in Fig. 4 have been isolated in previous studies from
380French Polynesian C. inophyllum oil (Leu et al., 2009a; Leu et al., 2009b; Laure, 2005). A
381unique characteristic of C. inophyllum oil is the presence of a resin which has been shown

382to contain neoflavonoid biologically active constituents (Ansel et al., 2016). Previous
383studies by McKee et al., 1998 and Li et al., 2007 have indicated the use of HPLC analyses to
384investigate differences in chemical profiles from different populations. In our case, we have
385looked at samples from three localities. The population from New Caledonia was characterised
386by peaks not found in earlier studied populations and these novel peaks suggest new and specific
387chemomarkers. Unique to this study as shown in the biplot on Figure 6 is that we were able to
388show the chemodiversity of amanu resin oil across the three study sites

389 chemical compounds that contribute to the highest discrimination at a geographical
390level from the PCA analysis. This point is important and rather unique in the study as this reveals
391the chemical specificity of compounds in Ftamanu resin by geographical

392]locations across the South Pacific.

393

394DNA variability

395This is the first reported work the universal chloroplast
396barcoding regions, the gene accD and the intergenic region psaA-ycf3 . Low

397levels of genetic variation were found with these markers, and this variation was not functionally
398linked to differences in chemical composition. The absence of genetic variation among Fiji psaA-
399ycf3 regions suggests low genetic variation

400 However, analyses of additional



401chloroplast gene regions or nuclear ISSR markers may yet reveal more discrimination within the

402Fiji archipelago and between populations from different archipelagos.

403

404CONCLUSIONS

405

4060ur results are informative in revealing that chemical differences can be a tool
407for the discrimination of samples . In our case, chromatographic data

408proved to be more informative and highly discriminative thaecn DNA barcoding data. possibly
409owing to low genetic variation in the chloroplast regions utilized. Additional chloroplast
410barcoding regions or utilization of nuclear microsatellites may give a better perspective on

411 pattern . Of interest were haplotypes (T22 and T23) which were
412distinct from the more commonly found C. inophyllum genotype. Polyphasic taxonomy that
413considers both chemical diversity and genetic diversity presents the best approach to delineate
414biological variation across geographical boundaries. However, higher levels of genetic resolution
415are required to the disjunct distribution of C. inophyllum across

416the South Pacific and to bring insight into the diversification processes that have occurred

417following geographic isolation. This diversification novel pyranocoumarins
418compounds tamanolide E1 and E2 (C-13 epimers as a mixture).
419
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