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ABSTRACT 

 

This study aimed to verify the presence of the causative agent of Lethal Yellowing which is 

phytoplasma in samples provided from infected coconut trees. Study was carried out by using various 

samples like zygotic embryo, young leaves and immature & mature inflorescences. These materials 

were collected from trees at the stage 1 and 2 of the disease development.. Stage 1 of disease 

development is characterized by leaf yellowing and the start of the falling nuts while at the stage 2 of 

disease development, the trees has not bear nuts longer. From infected material, DNA was extracted by 

three different processes and isolated DNA was amplified by PCR. 16S rRNA gene was amplified by 

two specific primers of phytoplama viz P1/P2 and Ghana 813/AKSR. Among the various tested 

materials presence of phytoplasma was reported from the mature inflorescences while the presence of 

the phytoplasma was not reported from the leaves and embryos of the coconut. 
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1 Introduction 

 

Coconut is a perennial crop for which genetic resource 

conservation is mainly based on field collections because of its 

seed size (one of the largest of the plant kingdom) and 

physiology (no dormancy and recalcitrant to storage) (Assy 

Bah et al., 1987). Though field conservation of plant genetic 

resources is possible but during this type of storage, plams 

faced various problems caused by pests, natural calamities and 

diseases (Withers & Engels 1990). Among various coconut 

diseases, the most dreadful disease is the Lethal Yellowing 

Type Syndromes (LYTS).  

 

Lethal Yellowing is caused by a phytoplasma, formerly known 

as mycoplasma-like organisms (MLOs) with small genomes 

localized in the phloem (Beakbane et al., 1972; Dollet & 

Giannotti, 1976; Firrao et al., 2007; Bertaccini & Duduk, 

2010). Phytoplasmas are transmitted to plants during feeding 

activity by their vectors, primarily leafhoppers, planthoppers, 

and psyllids (Weintraub and Beanland, 2006). The disease is 

known by different names in various countries like in Ghana it 

is called Cape Saint Paul Wilt Disease (CSPW) while in Togo, 

it is known by Kaïncopé disease, similarly in Nigeria it is 

Awka and in Cameroon it is known by the name of Kribi 

disease. 

 

Lethal Yellowing led to the loss of many hundreds or 

thousands hectares of coconut palms worldwide, it is causing 

rapid death of trees and the majority of the available accessions 

are susceptible (Oropeza & Zizumbo, 1997). This disease is 

now the gateway to the world's largest collection of coconut 

localized in Côte d’Ivoire (Konan et al., 2013).  

 

It is believed that embryos is containing a fully differentiated 

vascular system, and can be sources of Lethal Yellowing 

propagation or transmission (Harrison et al., 1995; Cordova et 

al., 2003). The exchange of coconut germplasm, usually done 

by embryos, becomes difficult, especially when embryos 

provided from areas where the disease occurs (Jones et al., 

1999). The objective of this work is to detect the presence of 

phytoplasma from the embryo and surrounding materials. This 

work helps in developing the understanding of phytoplasma 

dissemination and identification of Lethal Yellowing (Dollet et 

al., 2009) threatens in global coconut collections. 

 

2 Materials and Methods  

 

2.1 Plant material 

 

The plant material consisted of young leaves, immature (row 1 

to 4) and mature inflorescences (row 5 to 10) were collected 

from infected plants at the first and the second stage of disease 

development. Furthermore mature embryos (10 to 11 months) 

were collected at the first stage of disease development. The 

samples of west African Tall (WAT) accession were supplied 

by Research Station of Sekondi- Takoradi in Ghana in the form 

of endosperm cylinders containing zygotic embryos, young 

leaves and inflorescences. The row of inflorescences is defined 

from the youngest inflorescence which is still in the husk and 

represent as e row 0. The material has identified and marked 

tree by tree for all the sampling trees. For each tree, a total of 5 

to 7 embryos were collected. After receipt, the leaves and 

inflorescence were frozen in liquid nitrogen at -196°C for 5 to 

20 minutes before being stored at -80°C. For embryos, the 

samples were supplied in the form of endosperms cylinders 

containing embryos. After receipt, the embryos are isolated 

and stored without disinfection at the same way like the leaves. 

DNA from these samples, were extracted by several methods. 

 

2.2 DNA extraction 

 

DNA which used as a template in the polymerase chain 

reaction (PCR) was extracted from fresh sample tissues and 

purified as process described by Doyle & Doyle, 1990, Daire 

et al., 1997 and process proposed by Qiagen Kit (Dneasy® 

plant mini kit 2000). 

 

2.3 PCR Amplification  

 

Two pairs of oligonucleotides viz phytoplasma universal 

primer pairs P1 / P7 (Deng & Hiruki, 1991; Smart et al., 1996.) 

and primer pairs Ghana 813 / Awka SR (AKSR) which is 

specific to the phytoplasma responsible of Lethal Yellowing 

disease in Ghana and Nigeria (West Africa) were used for the 

amplification of ribosomal RNA gene (rRNA) by direct PCR. 

The gene 16S rRNA of Aster Yellow were also used as a 

control because these genes show strong similarities with the 

sequence 16S rRNA of phytoplasma (Harrison et al., 1992 

Harrison et al., 1994a). Acheloplasma which is a mollicute 

(Tymon et al., 1998) was also used as an out group. 

 

PCR was carried out in 50 μl volume reaction mixture. The 

reaction mixture contained for each PCR 1μl DNA from each 

sample, 5μl of 10 X PCR buffer, 2μl of MgCl2 (5 mM), 1μl of 

dNTP (8mm), 1μl of primer "forward" (sense), 1μl of primer 

"reverse" (antisense), 0.25μl of Taq DNA polymerase, 0.25μl 

of Qiagen Kit and 38,75μl of sterilized distilled water. The 

PCR started with the first denaturing of DNA which was 

performed at 94°C for 90 seconds, a denaturing at 94ºC for 30 

seconds, a primer annealing performed on the matrix at 

temperature lower than the reverse primer for 50 seconds. 

Elongation occurs at 72 ° C for 30 seconds. The final extension 

was performed at 72 ° C during 10 minutes, PCR is launched 

for 35 cycles. The amplified material is stored at 4 ° C for 

during several minutes to several hours or overnight. 

 

The sequences of the corresponding primers are: 

 

P1:    AAGAGTTTGATCCTGGCTCAGGATT specific gene 

16S RNA 5 'end, TM = 56  

P7: CGTCCTTCATCGGCTCTT specific RNA 16S 3’ end, 

TM = 56  

Ghana 813: CTAAGTGTCGGGGGTTTCC specific gene 16S 

RNA 5 'end, TM = 60  
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AKSR:  TTGAATAAGAGGAATGTGG specific to the 

sequence of the spacer 16-23S, TM = 52 

 

2.4 Electrophoresis 

 

The PCR products were fractionated on 1% agarose gel by 

using 1X TAE buffer containing 5 μg/ml ethidium bromide. 

Electrophoresis is carried out with agarose gel (Seaken LP) 

1%. The migration is initiated between 100 or 125 volts for 45 

mn to 1 hour. PCR products (850 and 1650 kb) of phytoplasma 

16S rDNA sequence, amplified with the two primers pairs 

P1/P2 and Ghana 813/ASKR were visualized on agarose.    

 

3 Results 

 

Result of the study revealed the presence or absence of 

phytoplasma associated with Lethal Yellowing disease by the 

PCR amplification of 16S rRNA gene in the embryos, leaves 

and inflorescences (mature and immature).  

 

3.1 16S rRNA gene of Phytoplasma from the leaves 

 

 

 

Leaves harvested from infected trees at early stage of diseased 

development (stage 1) have not showing any amplification of 

the corresponding 16S rRNA gene of the phytoplasma by 

using the two pairs of primers P1/ P7 and Ghana G813 / 

AKSR.  

 

3.2 16S rRNA gene of Phytoplasma from the inflorescence 

 

In case of inflorescences DNA amplification, desired segments 

were reported in the older inflorescence with stage 2 of disease 

development. As shown in Figure 1 and 2, lane 3 the presence 

of phytoplasma DNA and it is not depending on the process of 

DNA extraction and primers used. While the DNA extracted 

from young inflorescence (row 5, 6, 7 and 8) was not showing 

the amplification. Two bands of 1650 kb and 850 kb were 

obtained respectively form primers pairs P1/P2 and Ghana 

G813/ASKR with two processes of DNA extraction (Qiagen 

method and the Daire et al. 1997). Figures 1 and 2 show the 

results of three PCR performed by using DNA extracted from 

inflorescences collected at stage 2 of 2 trees identified L12-10 

and L19-4 with the two pairs primers P1/ P7 and G813 / 

AKSR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 First part: PCR results of DNA of inflorescences taken from two infected trees (L12-10 and L19-4) at the second stage of 

disease. 

 

[The pair primers P1/P7 was used in the first part and in the second part to lane 1 to lane 10. First part of the gel: DNA extraction by 

process proposed by QIAGEN. 1: 1kb marker size. 2: water. 3: Aster yellow. 4: Acholeplasma. 5: phytosplame Mozambique. 6: 

Inflorescence at stage two of disease. 7: inflorescence taken from healthy plant. 8: inflorescence rank 9 of tree L12-10. 9, 10, 11, 12, 

inflorescences rank 8, 7, 6 and 5 of tree L12-10; 13 inflorescences rank 4 of tree L12-10. 14: inflorescence rank 10 of tree L19-4. 15, 16, 

17, 18, 19 : inflorescences rank 8, 7, 6, 5 and 4 of tree L19-4. 20: size marker and Second part of the gel: DNA extraction by Daire  et al 

(1997) process. 1:1kb marker size. 2, 3: inflorescences of rank 10 and 9 of tree 10 L-12-10. 4, 5, 6, 7, 8, 9: inflorescences rank 7 5 L12-

10, 8, 6, 4 and 5 of L19-4.] 
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Figure 2 Second Part of PCR results of DNA from inflorescences collected from two infected trees at the second stage of disease. (L12-

10 and L19-4). 

 

[The primers used in the second part of the 10 to 20 and in Figure 2 are primers G813/AKSR. DNA extraction by process proposed by 

QIAGEN Kit.  21: 1KB size marker; 22, 23 inflorescences rank 5 and 4 of tree L12-10. 24: inflorescence rank 10 of tree L19-4. 25, 26, 

27, 28 and 29: inflorescence rank 8, 7, 6, 5 and 4 of tree L19-4. DNA extraction by Daire et al. (1997) process. 30, 31: inflorescence 

rank 9 and 10 of tree L12-10. 32 and 33: inflorescence rank 7 and 5 of tree L12-10. 34, 35, 36 and 37 inflorescences rank 8, 6, 5 and 4 of 

tree L19-4. 38: 1kb size marker. Second part of the gel: DNA extraction by process proposed by QIAGEN. 10: size marker. 11: 

water. 12: Acholeplasma. 13: Aster yellow. 14: Inflorescence rank 9 at the second stage of disease. 15: Q3; 16: inflorescence row 9 L12-

10. 17: inflorescence rank 8 of tree L12-10; 18, 19, 20 inflorescence rank 8, 7 and 6 of tree L12-10.] 

 

3.3 16S rRNA gene of Phytoplasma from the embryos 

 

For embryos, which were taken from early diseased trees 

(stage 1), not reported any band of the desired fragment after 

amplified by PCR.  

 

Discussions 

 

For screening the presence of phytoplasma which caused 

coconut Lethal Yellowing disease in coconut, amplification of 

16S rRNA (ribosomal operon) was done with the help of PCR. 

Among the various screen plant parts and their DNA the 

desired fragment corresponding to the gene 16S rRNA of the 

phytoplasma was amplified in none of the young 

inflorescences, leaves and embryos collected from trees at 

early disease development (stage 1). The presence of the 

desired segments was reported from the older inflorescence 

only.  

 

For the embryo, various studies have focused on the 

amplification of the gene 16S rRNA of Lethal Yellowing 

phytoplasma. Only the work of Harrison et al. (1995) and 

Cordova et al. (2003) showed the possible presence of 

phytoplasma in the embryo. Recently, work of Nipah et al. 

(2007) was also reported the presence of phytoplasma from the 

zygotic embryos while they were working on West African 

Tall (GOA). Cordova et al. (2003) conducted the amplification 

of gene 16S rRNA of the phytoplasma in the embryo by PCR 

while works of Harrison et al. (1995) has been performed with 

40 cycles of PCR on samples collected from Florida that 

require other primers as those specific to the West African 

phytoplasma. Nipah et al. (2007) used the Nested PCR.  

 

All the above said researches have contradictory opinion than 

the present study. These researchers reported the presence of 

phytoplasma DNA from the coconut embryo during the PCR 

amplification which is not reported during present study. 

According to above said authors, pytoplasma DNA is available 

in embryo at very low concentration, so for the detection of 

phytoplasma gene from embryo large number of embryo 

should used during PCR amplification. Harrison et al (1995) 

already suggested that several ultracentrifugation cycles can be 

helpful for amplification of 16S rRNA gene of phytoplasma. 

The use of ultracentrifugation is difficult to implement with the 

embryo because this process requires many quantities of 

samples, which is not be possible with embryos.  

 

This work carried out with several samples taken from various 

plant tissues (leaves, inflorescences, embryos) helped highlight 

the unequal distribution of the phytoplasma in the plant 

(Harrison et al., 1992; Harrison et al., 1995; Escamilla et al., 

1995). The unequal distribution would be a handicap for the 

detection of the phytoplasma in all tissues. Considering all the 

samples tested, it appears that for the same stage of the disease, 
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the desired fragment corresponding to the 16S gene was 

amplified or not depending on the sample, it’s age and of the 

tree from which the sample has been collected. Similar types of 

trends was reported during this study and amplification of the 

desired fragment will vary depending on the development 

stage of the disease for the same tissue. This could justify the 

none amplification of the gene of phytoplasma in embryos of 

the samples used in this study and detection of phytopplame by 

Nipah et al. (2007) in embryos of the GOA. No detection of 

phyoplasma in embryos could be due to a unequal distribution 

of phytoplasma in the various parts of the plant (Harrison et al., 

1992; Harrison et al., 1994b, Harrison et al., 1995, Tymon et 

al., 1998). None amplification of the gene 16S rRNA of the 

phytoplasma cannot be attributed to a faulty method because 

all the samples have been submitted to the same process and 

amplification of the gene has been done with matures 

inflorescences. The use of samples at the second stage of 

disease aimed to ensure and verify the reliability of the process 

used in this study. The presence of phytoplasma in the embryo 

shown by some authors not means necessary that the embryos 

can be a way of Lethal Yellowing disease transmission. The 

nut fall before the appearance of the first symptoms showed 

that the presence of phytoplasma in the embryos may be at 

very low level. According to McCoy et al. (1983) and Cousin 

(2001), transmitting of phytoplasma by the embryo is in 

contradiction with biological principles which certify that the 

seeds do not transmit phytoplasma. Similar type of findings 

was reported by  Nipah et al. (2007); Myrie et al. (2011) who’s 

have shown that in vitro culture of embryos from infected 

plants leads to healthy plants. 

 

Conclusion 

 

Maturity of the tissue can make it a target tissue of 

phytoplasma gene amplificationn, but in addition, the 

accumulation of the phytoplasma can be variable from one 

tissue to another. The absence of PCR amplification of the 

corresponding gene 16S rRNA in the embryo could be due to 

an absence or a low concentration of the phytoplasma in the 

embryo. However, these studies have confirmed the unequal 

distribution of the phytoplasma in different parts of the plant.  

 

The studies failed to show the presence of phytoplasma in the 

embryo. However given the fact that the nuts fall even before 

the onset of symptoms and the in vitro regeneration of embryos 

generate healthy plants, the use of the embryo for the exchange 

of materials can make but some precautions must be taken. The 

most problem is the eradication of this disease. Further studies 

to learn more about the phytoplasma so to eradicate it would be 

the best way to preserve the existing collections. 

 

References  

 

Assy-Bah B, Durand-Gasselin T,  Pannetier C (1987) Use of 

zygotic embryo culture to collect germplasm of coconut 

(Cocos nucifera L.). FAO/IBPGR Plant Genetic Resources 

Newsletter 71: 4–10. 

 

Beakbane AB, Slater CHW, Posnette AF (1972) Mycoplasmas 

in the phloem of coconut, Cocos nucifera L.; with lethal 

yellowing disease. Journal of Horticultural Science 47: 256. 

 

Bertaccini A, Duduk B (2010) Phytoplasma and phytoplasma 

diseases: a review of recent research. Phytopathologia 

Mediterranea 48: 355-378. 

doi:10.14601/Phytopathol_Mediterr-3300. 

 

Cordova I, Jones P, Harrison NA, Oropeza C (2003) In situ 

PCR detection of phytoplasma DNA in embryos from coconut 

palms with lethal yellowing disease. Molecular Plant 

Pathology 4:99-108.  

 

Cousin MT (2001) Phytoplasmes et phytoplasmoses : 

caractéristiques, symptômes et diagnostic. Cahiers 

d’Agriculture 10 : 361 – 376.  

 

Daire X, Clair D, Larrue J, Boudon- Padieu E (1997) Survey 

for grapevine yellows phytoplasmas in diverse European 

countries and Israel. Vitis 36: 53-54. 

 

Deng S, Hiruki C (1991). Amplification of 16S rRNA genes 

from culturable and non-culturable mollicutes. Journal of 

Microbiological Methods 14:53-61. 

 

Dollet M, Giannotti J (1976) Maladie de Kaïncopé, présence 

de mycoplasmes dans le phloème de cocotiers 

malades. Oléagineux 31: 169-171 

 

Dollet M, Quaicoe
 
R, Pilet F (2009). Review of Coconut 

“Lethal Yellowing” type diseases diversity, variability and 

diagnosis. OCL 16 : 97–101. 

 

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh 

tissue. Focus 12: 13 – 15 

 

Escamilla JA, Harrison NA, Nunez H, Alpizar L, Cordova I, 

Islas-Flores I, Oropeza C (1995) Practical use of DNA probes 

for the detection of Lethal Yellowing of Cocos nucifera L. in 

Mexico. In:  Oropeza C, Howard FW, Ashburner GR (eds.) 

Lethal Yellowing: Research and Practical Aspects. Kluwer 

Academic Publishers, Dordrecht, Netherlands pp. 183 - 196  

 

Firrao G, Garcia-Chapa M, Marzachì C (2007). Phytoplasmas: 

genetics, diagnosis and relationships with the plant and insect 

host. Frontiers in Bioscience 12:1353-1375. 

 

Harrison NA, Bourne CM, Cox RL, Tsaï JH, Richardson PA 

(1992) DNA probes for detection of mycoplasma like 

organisms associated with Lethal Yellowing disease of palms 

in Florida. Molecular Plant Pathology 82 : 216 – 224. 

 

Harrison NA, Richardson PA, Jones P, Tymon AM, Eden-

Green SJ, Mpunami AA (1994) Comparative investigation of 

MLOs associated with Caribbean and African coconut lethal 

decline diseases by DNA hybridization and PCR assays. Plant 

Disease 78: 507 – 511. 

Isolation of phytoplasma dna from the coconut palms (Cocos nucifera L.) collected from Ghana.                  499 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cordova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20569368
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20569368
http://www.ncbi.nlm.nih.gov/pubmed?term=Harrison%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=20569368
http://www.ncbi.nlm.nih.gov/pubmed?term=Oropeza%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20569368
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1364-3703
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1364-3703
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1364-3703
http://www.sciencedirect.com/science/journal/01677012
http://www.sciencedirect.com/science/journal/01677012
http://www.sciencedirect.com/science/journal/01677012
http://europepmc.org/search?page=1&query=AUTH:%22Firrao+G%22
http://europepmc.org/search?page=1&query=AUTH:%22Garcia-Chapa+M%22
http://europepmc.org/search?page=1&query=AUTH:%22Marzach%C3%AC+C%22
http://europepmc.org/search?page=1&query=ISSN:%221093-9946%22


 

 

_________________________________________________________ 

Journal of Experimental Biology and Agricultural Sciences 

http://www.jebas.org 

 

 

Harrison NA, Richardson PA, Kramer JB, Tsai JH (1994a), 

Detection of the mycoplasma-like organism associated with 

lethal yellowing disease of palms in Florida by polymerase 

chain reaction. Plant Pathology 43: 998–1008. 

doi: 10.1111/j.1365-3059.1994.tb01649.x. 

 

Harrison NA, Richardson PA, Tsaï JH (1995b) Detection and 

diagnosis of Lethal Yellowing : conventional methods and 

molecular techniques. In:  Oropeza C, Howard FW, Ashburner 

GR (eds.) Lethal Yellowing research and practical aspects, 

Developments in Plant Pathology, Springer Netherlands pp 79 

- 91 

 

Jones P, Tymon AM, Mpunami AA (1999) Detection and 

diagnosis of African Lethal Yellowing like diseases. In: 

Oropeza C, Verdeil JL, Ashburner GR, Cardeña R, Santamaría 

J (eds) Current Advances in Coconut Biotechnology, Kluwer 

Academic Publishers (Dordrecht/ Boston/London) pp.197-220. 

 

Konan JLK, Allou K, Diallo HA, Yao DS, Koua B, Kouassi N, 

Benabid R, Michelutti R, Scott J, Arocha-Rosete Y (2013) 

First report on the molecular identification of the phytoplasma 

associated with a Lethal Yellowing-type disease of coconut 

palms in Côte d’Ivoire. New Disease Reports 28:3 DOI 

10.5197/j.2044-0588.2013.028.003. 

 

Myrie W, Oropeza C, Sáenz L, Harrison N, Roca MM (2011) 

Reliable improved molecular   detection of coconut lethal 

yellowing phytoplasma and eduction of associated disease 

through field management strategies. Bulletin of Insectology 

64: 203-204 

 

Nipah JO, Jones P, Hodgetts J, Dickinson M (2007)  Detection 

of phytoplasma DNA in embryos from coconut palms in 

Ghana, and kernels from maize in Peru. Bulletin of Insectology 

60: 385-386, 

 

McCoy RE, Howard FW, Tsai JH, Donselman HM, Thomas 

D, Basham HG, Atilano RA, Eskafi FM, Britt L, Collins ME 

(1983) Lethal Yellowing of palms. University of Florida 

Agricultural Experiment Stations Bulletin 834, Gainesville, 

Florida, USA. 

 

Oropeza C, Zizumbo D (1997) Elmina, Ghana. In: Eden-Green 

SJ, Ofori F (Eds) Natural Resources Institut, Chatham, UK Pp. 

69-76 

 

Smart CD,  Schneider B,  Blomquist CL,  Guerra LJ,  Harrison 

NA,  Ahrens U,  Lorenz KH, Seemüller E,  Kirkpatrick BC 

(1996) Phytoplasma-specific PCR primers based on sequences 

of the 16S-23S rRNA spacer region. Applied and 

Environmental Microbiology 62:2988-2993.  

 

Tymon AM, Jones P, Harrison NA (1998) Phylogenetic 

relationships of coconut phytoplasmas and the development of 

specific oligonucleotide PCR primers. Annals of Applied 

Biology 132: 437–452. doi: 10.1111/j.1744-

7348.1998.tb05220.x 

 

Weintraub PG, Beanland L (2006) Insect vectors of 

phytoplasmas. Annual Review of Entomology 51: 91-111.  

 

Withers LA, Engels JMM (1990) The test tube genebank – a 

safe alternative to field conservation. BPGR Newsletter for 

Asia and the Pacific 3: 1-2. 

 

500                              N’Nan et al

                                                                                   

 

http://cabdirect.org/search.html?q=au%3A%22Konan%2C+J.+L.+K.%22
http://cabdirect.org/search.html?q=au%3A%22Allou%2C+K.%22
http://cabdirect.org/search.html?q=au%3A%22Allou%2C+K.%22
http://cabdirect.org/search.html?q=au%3A%22Allou%2C+K.%22
http://cabdirect.org/search.html?q=au%3A%22Yao%2C+D.+S.%22
http://cabdirect.org/search.html?q=au%3A%22Koua%2C+B.%22
http://cabdirect.org/search.html?q=au%3A%22Kouassi%2C+N.%22
http://cabdirect.org/search.html?q=au%3A%22Benabid%2C+R.%22
http://cabdirect.org/search.html?q=au%3A%22Michelutti%2C+R.%22
http://cabdirect.org/search.html?q=au%3A%22Scott%2C+J.%22
http://cabdirect.org/search.html?q=au%3A%22Arocha-Rosete%2C+Y.%22
http://dx.doi.org/10.5197/j.2044-0588.2013.028.003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smart%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smart%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blomquist%20CL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guerra%20LJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20NA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahrens%20U%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenz%20KH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seem%26%23x000fc%3Bller%20E%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kirkpatrick%20BC%5Bauth%5D

