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ABSTRACT

To reduce the country's dependence on fossil ftldsGovernment of Burkina Faso has launched a narogto
promote Jatropha curcas L. Given the enthusiasth@fproduction of biofuels, Jatropha industry hagrablem of
availability of seeds for both quantity and qualifor a better understanding of Jatropha curcasrprove the
capacity of supply raw materials, the study of nhametric characteristics, oil content and the gendiversity of
different local ecotypes was conducted. In a teah$rom the southern Sudan region to sub-Saheéigions of the
country, six sources were characterized. The margdc characteristics of plants and their seedsenevaluated.
The oil content was measured by the Soxhlet meffoel solids content, the mineral, sugars, nitrogempounds
were determined. The molecular characterizatiordiffierent sources was also carried oilihe thickness of the
seeds is related to the gradient while the widtt #re thickness of the seed and their weight vapedding on its
origin. The oil content of sources varies from 48.8Torokoro 1) to 56.7% (Kaya and Boni). On thedBirses
analyzed with 5 primers (OPB-01 OPB-03-05 OPB, @FBLO OPB), each primer has detected a polymorphism
whose average varies from 2 to 7 loci. In additittre source has an effect on the variation of thigmorphism of
the primers. En effet, les échantillons de Boni pmétsenté le plus fort pourcentage de polymorphigbde54%),
tandis que ceux de Imkouka a la plus faible (32,81%nalyse des sources locales leur donne uniatian de la
distance génétique de 0,50 & 0,81. Les écotype#étici sont de bons producteurs de pétrole, ritgisemblent
étre moins diversifié.

Keywords: Jatropha curcad.., biofuel, phytogeographic zones, seeds, geigtersity

INTRODUCTION

Being a sahelian country and not producing oil, kha Faso has a strong dependence on outside thriey
importation of petroleum products. During the pdr2006-2009, oil imports was estimated on averageypar
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over 360 billion CFA francs [1] In addition, the tianal Electricity Company of Burkina (SONABEL),ghmain
company in charge of distributing electricity, hmscoverage rate of only 26% and almost 80% of Huldés
energy consumption is provided the use of woodr2dddition, the price of oil on the world marketdws, large
fluctuations, which weakens the economy of poomtaes. Nowadays, the trend is for the promotiorbiofuels
which production deals in fact with respecting fivetection of the environment. Thus, in many undeedoped
countries (Burkina Faso, Mali, Senegal, etc.) appaa incentive for the cultivation datropha curcad.., species
rich in seed oil [3] and commonly used for biofyebduction [4,5,6]latropha curcads also used in medicinal
preparations [7,8] Introduced in Burkina Faso befaolonization by French missionariedatrophacurcas
constitutes presently a part of the flora. With theolvement of political power in the promotion datropha
curcas its industry is experiencing a great developmpftany associations, entrepreneurs and private gexduare
getting involvedinJatrophaproduction, this to diversify crops or to marketds or for the production of biofuel.
The use of Jatropha biofuel should in a long-tegpiace oil and gas. However, the availability cfdseand or seed
quality is a recurring issue raised by the pronwotdidatropha curcasin Burkina Faso, several studies have been
conducted odatropha curcag$9,10,11], however few studies have concernedtignical composition of the plant
as well as the genetic variability of its ecotyp8s. our study aimed to identify the best variedestypes of J.
curcas in view to allow a better biofuel produntio

MATERIALS AND METHODS

Location and site characteristics

Our study involved six sites that cover a climaradient with rainfall ranging from 500 - 1200 maR]. These
sites are located in the Sub Sahelian, North Sadaamd South Sudanian. The age of the plantatioes from 4 to
8 years.

Sampling and mor phological characterization

For an overview of the diversity of ecotypes @it in Burkina Faso, the fruits afatropha curcas.. were
collected in localities which rainfall and sols a@ntrasting (Table 1). In each plantation, ter) fddung plants are
chosen haphazardly, each young plant separatetllbgsh 10m are randomly selected in each fieldotal six (06)
sources distributed as follows were selected ferstidy:

Table 1: Summary of datas of the locations of thsources collected

Phytogeographical aregs Site origins Years of plants|
Torokoro Torokoro 1 8

South Sudanian zone Torokoro 2 4
Boni Boni 5

. Imkouka | Imkouka 4

North sudanian zone — —
Ziniaré Ziniaré 5

Sub Sahelian zone Kaya Kaya 5

The morphological characteristics of the harvegilaht have been recorded: plant height, root caliameter,
height of the first branch and crown diameter &f ptant.

Method of collecting seeds: For each plant, tent fruits were selected forghely. Fruits from one plantation were
mixed to form a source. The fruits are dried inghme conditions of temperature and humidity aed ghelled and
stored at room temperature in the laboratory isgl@oxes.

Determination of morpho-metric characteristics of seeds: For each source, three batches of 10 seeds were
randomly selected and their dimensions (lengthttwahd thickness) were determined using an electradliper
and their weight using an electronic balance.

Quantification of the oil content of seeds
The Soxhlet method [13] was used to quantify theantent of seeds with petroleum ether as solvent

Determination of dry matter: The dry matter content is determined on the @dsbeeds according to French
standard (03-603 V).
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Determining the mineral content: The mineral content (MM), or ash is determinedwsight loss of the dry
matter incinerated in a muffle furnace, electricédéated to 550 ° C for three (3) hours (Frenchdsed NF V 03 -
922).

Determination of protein content The protein content is measured by the Kjeldalthoa:

Determination of carbohydrate content The carbohydrate content is determined by difféaénalculus using the
following formula: total carbohydrate content (%180 - (protein + fat + ash) Molecular characterma

Extraction of total DNA: The total genomic DNA from six sources (Torokoraid 2 Boni Imkouka, Kaya and
Ziniaré) was extracted from young leaves freshtked. To do this, the method of the FTA card wasduer DNA
extraction. It is a method to move quickly from teraction of DNA PCR. It involves taking young$h leaves
and crush them on the rough part of the FTA cahe: Jample was dried and 1mm diameter disks thailaced in
Eppendorf tubes are punched. By diskette 20®f FTA buffer is added. The whole is incubated rabm
temperature for 5 minutes. This is repeated thireest by renewing the buffer. At the end rinsed ediskette with
200 pl of TE buffer (10 mMTris-HCI, 0.1 mM EDTA, pH8.0gnd then is dried 5 minutes before transferring
directly to each disc in an Eppendorf tube forB@R reaction.

PCR amplification of genomic DNA: The DNA amplification was performed using the Epgorf Master Cycler
Gradient thermocycler with primer RAPD (0OPB-01, G@® OPB-05, OPB-07, OPB-10) in a volume of 20 ul
containing 1 pl of each primer and 19 pul of ultnargp water and DNA to each tube. To this, add cdantén
Eppendorf tubes (Taq polymerase, dNTPs, Tris-HTI, K1gCl2). A molecular weight marker of 50 bp (bgzairs)

of reference and a control without DNA were uselde Thethod was based primarily on the use of tHenique of
amplification by polymerase chain reaction (PCR)e Thermocycler was programmed for initial dendtoraof 4
min at 94 ° C, followed by 45 cycles of denatunatimf 1 min at 94 ° C, 1 min of annealing at 40°1Cnin of
extension at 72° C and final extension at 72° @, ahold temperature of 4° C at the end.

Electrophoretic separation and visualization of PCR products RAPD fragments were separated electrophoretically
and The PCR products were separated on an agaebsergentration on 1.8% agarose gels in 0.5 x DBfer,
stained with ethidium bromide using fluorescenteading. The migration time was 1:20 minutes andagormed

in 85V and 50 mA (milliamps). The revelation of thmplification products was carried out with ulidet (UV)
light in a dark room and photographs were madegusicamera (Canon Power Shot A620 7.1 Mega Pixel).

Estimation of Genetic Diversity by using RAPD Maker RAPD markers usually lead to a binary coding absday

/ presence (1) to calculate a matrix of presenabsence. Typically is calculated from the matrixpoésence /
absence, the similarity index of each individualigle. The similarity between two individuals i anid calculated

using the Jaccard index [14]. Once the similarigtn obtained, we performed either a classificatiee type is a
principal component analysis.

Data Analysis
Data from the morphological characterization ofhpdaand seeds as well as their chemical compositere entered
in Excel and been analyzed of variance (ANOVA) v8{RATA, SPSS and XL STAT.

RESULTS

Morphological Characterization agro plants Jatropha curcasL.

The morphological characteristics of the plantsligd vary according to the sources (Table 2). Asialgf variance
showed a significant difference made between teedEvarious sites at the height parameters aflsegs and root
collar diameter (P <0.05). However the height & #letting of the first branch and the crown diamédtenot vary
according to the sources. In addition, the gradfantor phytogeographical has no effect on the mmolgmical

characteristics of the plants studied.
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Table 2: Results of morphological characterizatiorof Jatropha curcas plants

- Height of . Helght Crown
Localités Years of plants Collar diameter of first -
Plants(cm) branch diameter
Torokoro 1 8 236.80+22.5h 10.90+1.8b 13.26+4.4a  253.3#42/1a
Torokoro 2 4 253.80+32.3b 10.78+1.2b 14.28+4.1a  281.2+34|6a
Boni 5 302.90+51.84 12.89+1.5a 10.58 +36a  275.31#6(Q,3a
Imkouka 4 218.70+54.1b 12.03+1.6a,b 9.90+4.1a 250.1455,6a
Kaya 5 233.5+21.7a 10.6+1.3a 10.9+4.3a  239.7+ 3§.7a
Ziniare 5 243.7+27.3a 10.7+1.9a 10.6+4.7a  247.6+38|4a

For each variable, the different letters repressighificantly different values (P <0.05)

Morphological characteristics of seeds

The length of the seeds has a small variationsrdocap to its provenances (Table 3). In additionalgsis of
variance showed no significant differences betwg®wenances. Variable width, thickness and weidhbh® seeds
showed significant differences between provenaee.001). The width of seeds from Kaya (Sub Saheone)
which show the highest value, varies from 0.7 £Mh0 1.1 £ 0.1 cm.

The variation of this parameter is not related limate gradient. The same is true for the variagged weight. In
contrary the thickness of the seed is higher irirsaa Sudan region in northern Sudanian and Sublidah

Table 3: Characterization results of morpho metricseeds

Localités Lenght (cm) | Width (cm) | Thickness(cm)| Weibt(g)
Torokoro1l | 1.67+0.1a 0.79+0.1b 1.02+0.1a 5.39+1.8b
Torokoro 2 1.7z 0.1a 0.81+0.2b 1.01+0.1a 6.35+1.1a
Boni 1.72+0.1a 0.78+0.1b 1.02+0.1a 6.56+.1/5a
Imkouka 1.69+0.1a 0.74+0.1b 1.00+0.1a 6.27+1.Pa
Kaya 1.73+0.1a 1.04+0.2a 0.83+0.1b 6.63+1.la
Ziniare 1.70+0.1a 1.06+0.1a 0.79+0.1c 6.10+1.pa

For each variable, the different letters represgignificantly different values (P <0.05)

Chemical composition of seed

The oil content varies from 48.1 to field 1 Toroado 56% from the Kaya (Table 4). The higher rétdrg matter,
protein, minerals and carbohydrates are held réispbcby Torokoro (for the first two parameter@iniaré and
Imkouka (for the others) while the lowest ratestagkel by the locality of Kaya.

The composition of the seeds that vary accordingrigin does not seem to be related to the Northttsgradient.
Indeed, the analysis of variance gives highly sigant values (P <0.01) of the oil content of drgitber content, the
rate of carbohydrates, protein and mineral matteomling to the sources.

Table 4: Chemical composition of seeds

Localities Qil content Dry matter content | Mineral content | Protein content | Carbohydrates content
Torokoro 1 | (48.8+0.4)%b (5.3+0.2)%a (6.3+0.6)%a (18.4+0.7)%a 32.8+0.3)%a
Torokoro 2 | (52.2+0.4)%l (4.5+0.1)%l (5.3+0.6)%e (17.440.3)%l (30.440.6)%.

Boni (55.2+0.4)%a (4.5+0.1)%b (5.0+0.5)%b (13.6+0.3)%d 31.2+0.5)%a
Imkouka (50.7£0.1)%b (4.0+£0.1)%c (4.6+0.4)%c (15.840.3)%c 33.6+0.3)%a
Kaya (56.7+0.5)%a (3.5+0.1)%d (4.4+0.2)%c (13.6+0.2)%d 29.7+0.8)%a
Ziniaré (51.1+0.3)%b (4.5+0.1)%b (6.0+0.3)%a (16.34+0.1)%b 31.1+0.8)%a

Genetic Diversity of Jatropha curcas On 6 sources analyzed with Sprimers (OPB-01 OPB®®PB, 0PB-07-10
OPB =), each primer has detected a polymorphisnse/lawerage varies from 2 to 7 loci (Figure 2).
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OG-0l . . OPL-0%

OPBR-10

OPB-0f " . OPB-4~

Figure 2: Photo(a, b, c) of RAPD with five primers

To read the tapes, we have considered that therioritpresence / absence (1/0). A total of 22 polyhic bands
were scored with five primers. The number of bavaises from 2 to OPB-05 to 7 OPB 07. The averagedbaer
primer were 4.4. From the 22 bands, 15 were polpimior68% polymorphism. The average number of polyrhiz

bands per primer is 3 (Table 5).

Table 5: List of markers and percentage of polymorhism obtained Issue

Number of Primers Séquences number of bands per number of polymorphic bands per Polymorphism
primer ofprimers primer primer (%)

1 0PB-01 GTTTCGCTCC 5 4 80%

2 OPB-03 CATCCCCCTG 4 2 50%

3 OPB-05 TGCGCCCTTC 2 1 50%

4 OPB-07 GGTGACGCAG 6 4 67%

5 OPB-10 CTGCTGGGAC 5 4 80%

total 22 4,4 68%

moyenne 15

In addition, the source has an effect on the vianabf polymorphism primers (Table 6). Indeed sasdrom Boni
have presented the highest percentage (54.54%)e whidse from Imkouka have the lowest percentage of
polymorphism (32.81%).

Table 6: Percentage of polymorphism calculated fronthe number of bands by source (expressed as pertage of polymorphism)

sources number of bands by source percentage of polymorphism

Kaya 11 50,00%
Boni 12 54,54

Imkouka 7 32,81%
Ziniaré 9 40,90%
touroukoro 1 10 45,45%
touroukoro2 8 36,36%
moyenne 9,5 43,18%

Comparative analysis of sources
Factor Analysis on Table Distance (AFTD)
The results of factor analysis on table distandguffe 3) shows that the sources can be groupedtinte groups.
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Group A consists of sources of Kaya and ImkoukauBrB consists of provenance Torokoro2, Boni andaZé.
The third group is made only from the Torokorolt ieviates from others.

Figure 3: Factor Analysis

Variables (axes F1 etF2: 53,22 %)
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Similarity index

The similarity matrix calculated from the Jaccat8@8) dissimilarity index has traced the dendrogddirtie figure.
The distribution of individuals in the dendrograeflects the degree of relationship between thedividuals from
Boni and Kaya are closest genetically and the Tamwk generally shows the greatest genetic disténoce the
other sources (between 0.682 and 0.813), whichircosfthe results of the factor analysis. The obeston of the
dendrogram (Figure 4) allows to distinguish twoug® :

Group 1 consists of provenance Torokoro2 and Zéniar
Group 2 consists of two subgroups A and B.
The subgroup A includes only individuals from Imkau

The subgroup B which includes individuals from Tkomol, Kaya and Boni.

Genetic distances

Genetic distances ranged from 0.50 to 0.81 (Tapl&ht lowest value was obtained from sources ofiRad Kaya
while the more elevated comes from individuals frbamokoroland Ziniaré.

Table 7: results of the determination of genetic ditances of six local sources

Torokorol | Torokoro2 | Boni | Imkouka | Kaya | Ziniaré
Torokorol 0
Torokoro2 0,692 0
Boni 0,682 0,667 0
Imkouka 0,750 0,750 0,778 0
Kaya 0,667 0,636 0,500 0,556 0
Ziniaré 0,812 0,60( 0,55¢ 0,90¢ 0,78¢ 0
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Figure 4: Dendrogram accessions afatropha curcas L.
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DISCUSSION

The morphological characteristics ddtropha curcasaren't related to phytogeographical area but deépanthe
origin. In addition, the diameter of the crown, thain characteristic influencing fruit productidtb] is invariant in
all provenancesThe analyzes conducted variables have noted signifidifferences (P <0.05) for most of the
morphological, morphometric and chemical compositid the seeds according to the sources. Howewty,tbe
thickness variation seems to follow the North-Sogtiladient. Other parameters do not follow this gratd
Furthermore, these characters do not vary with @ge of the plants. The variability of these chamastics
according to sources may be related to the fattthiese plants grow in zones contrasting climaticditions and
soil types. These changes related to housing Haeebaen observed in many tree species by othbpefl16, 17,
18]. A similar change was also notedAmadirachta indicaand Acacia nilotica[19, 20]. This diversity of seeds
morpho metric characteristics of different ecotypeay not promote a significant potential biofueldaother
byproducts. That is why it seems necessary gesetiction to obtain at the same ecotype, the nmpbitant
morphological characteristics metrics to positivietpact the production of biofuel and other bypragdu

The ecotypes identified are oil producers (48.80%6.7 %). Ecotypes Boni (in south Sudan zone )Ziniré (

north Sudanian zone ), two contrasting climaticesopare producing more oil. These two ecotypesiargar to the
high weight of seeds. In addition, the ecotype poiag less oil contains the highest in sub-prodscish as dry
matter content, the mineral proteins and carbohligdralhis could be an asset to this in the cagearfvery from
other byproducts from the seedslafropha curcasThe valuation of seed cake after extraction ofdumpost, fuel,
animal feed, is a practice increasingly common ictvtgives added value to the Jatropha industhe values
obtained oil contents ranged from 48.8% for Torokbrto 56.7% from Kaya. These values are withinrtrge of
values obtained by other authors for other regadrthe world. The values of oil content rangingvietn 46.22 and
58.12% for sources have been obtained in centgadme of India [17]. Studying the influence of altde on the oll
content of provenances of Jatropha in India, sagsearchers, obtained values ranging from 42.346% (A.3]. In

Senegal studying the oil content of seeds depenalinthe North-South climatic gradient, the valuasging from

42.64 to 58.6%, have been obtained [18].
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The analysis of molecular diversity with Nei paraene showed an average percentage of polymorplaicolo
43.18%. Similar results were observed by otheramstin the Jatropha in the world. Thus, a percentdgt2% [21]
and a polymorphism of 42.46% [16] have been obthimge some researchers. From these results we gathaia
from Boni (54.54%) are the most diverse in plamaies and that of the less diversified Torokor(38.36%).
Factor analysis on table distance allowed to higitlthe strong factors that distinguish the fundatalechanges in
the sources studied. The small variation in gerdistances between 0.50 and 0.81 could be expldiget close
genetic relationship between the six sourddse low genetic distances may be due to the lowodiiction of
species and its important vegetative propagatities& findings were also obtained by a lot of aglip8, 22, 23].
Indeed, with irregular rainfall, the production ddtropha curcasiursery is usually done from cuttings, which have
fast lifted. This method also has the advantagecohomy of seeds acquisition. The reproductiondggds must be
promote in order to permit a better genetic expoesef this species [24, 25]The diversity of analysis was
performed from five RAPD primers with the Jaccanddx brought together the sources into two grouipis @il
contents varied within each group. This of kindritisition was also observed by other authors invtbed shows
that in general these groups are not based oniltkerdgent of seeds. If we consider that the degdim in Figure
brings people according to their degree of simyarve can say that the oil content of the seedwmtsrelated to
genetic factors of the plant; it would be rathemelated to extrinsic factors.

CONCLUSION

Morpho metric seed characteristics studied, ongyttiickness of the seed is related to the clingticlient. Width,
thickness and weight vary depending on sourcesei®ifit provenances have important oil content. diheontent

factor is not related to the climatic gradient. Thest productive local sources of oil are thos®ofi and Kaya.
The ecotype Torokoro though less oil producer, thashighest levels of dry matter, minerals and ggmtwhich

could make her interesting operation in the casthefvaluation of other products in the oil. Thexgféc distance
showed no genetic variability. However, a studyrtgknto account a larger number of ecotypes wdwalde greater
representation of genetic diversity.
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