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 ‘How to Write a Scientific Paper’ (AGORA & OARE) Exercises

1. General Questions and Answers 
2. Reading a Scientific Paper
3. Structured Abstract

4. Keyword Exercises 

5. Submission of Abstract to Appropriate Journal 

Assignment 1:  

Answer the multiple-choice, true/false and matching questions in Appendix 1.
Assignment 2:  

Using one of the five articles in Appendix 2, read an article and write a summary of the key points (no more than 200 words).  Refer to Module 1 (How to Read a Scientific Paper) and use any means to write the summary – that is best for you.  

Assignment 3:  

For one of the articles in Appendix 2, write a 150-200 word ABSTRACT using the applicable components of a Structured Abstract:

OBJECTIVE: Envisioning the Research or Discussion Question

Consider the overall purpose of the research or discussion. What is author(s) trying to learn or to demonstrate or discuss? 

METHODS: Documenting the Research Step

What does the author(s) wants to research or discuss, how the researcher has proceeded?  The METHODS section should accurately, although concisely, summarize how the author will proceed in learning the answer the question(s) in the objective.

RESULTS:  Reporting the Research

What has the author(s) discovered. It will probably report that he or she only made a modest discovery or perhaps some unexpected results.  The RESULTS should be as accurate as possible for the sake of those trying to understand your research method and results.

CONCLUSIONS/RECOMMENDATIONS:

The CONCLUSIONS/RECOMMENDATIONS should not introduce any information or ideas not already described elsewhere in your structured abstracts. Ideally, it should be limited in length, and can include an evaluation of your research and areas for further research.

For more information on Structured Abstracts, go to http://research.mlanet.org/structured_abstract.html
Note:  some Abstracts also include an introductory section titled BACKGROUND.   It would contain a brief statement about previous studies and how this research fits into the body of literature.

Assignment 4:

A.  For one of the articles not used for assignment #3 (Appendix 2), write 4-6 KEYWORDS.  

B. Complete PubMed searches using the keywords you assigned to the specific article(s).  Note if the searches identify the original article or related articles.  You may need to complete several searches with combined keyword terms. 

Keywords are defined as:

significant words in the title, abstract or text of a work; some periodical indexes identify keywords in a separate data field, so that they can be searched without searching the full text of the document. Some indexes use such keywords in place of assigning standard subject headings to items. (http://www.amberton.edu/VL_terms.htm)

An important word in the abstract, title, subject heading, or text of an entry in an electronic database which can be used as a search term.  (www.csuchico.edu/lins/chicorio/glossary.html)

Assignment 5: 

For one of the article abstracts in Appendix 3, decide which journal you would submit the article for publication.  Note three reasons why you have selected this journal.

Appendix 1:  General Questions and Answers
1. Which methods are useful for reading a scientific article?

a. Make sure the authors have an excellent scientific reputation

b. Skim the article without taking notes

c. Re-read the article carefully paying close attention to the ‘Methods’ and ‘Results/Conclusions’ sections

d. Analyze all the methods and results listed

e. Write a summary of the article stressing ‘key points’

f. All of the above

g. B,C,E
h. B,C,D,E
2. An author looks for these qualities in a journal when deciding on where to publish an article.  (check all that apply):

a) Reputation of the journal

b) Use of peer review process 
c) Article format is convenient

d) Fast turn-around time to publication

e) All of the above

3. A reader wants these qualities in a journal. Select all that apply:

a) Ease of access

b) Peer reviewed/referred is required

c) Open access or free

d) Quality information

e) All of the above

4. An author must disclose any conflict of interest and acknowledge the funding source in the article.

True 

False
5. When writing a paper, the order of the names of the authors can vary depending on the discipline.

True

False

6. When listing authors for an article you only should include those who have made an intellectual contribution to the research.

True

False

7.  For the peer review process, ‘questions asked’ by the reviewer include

a. Does the paper fit the standards and scope of the journal it is being considered for?

b. Is the study design, methods and analysis appropriate to the question being studied? Is the study innovative or original? 

c. What are the reputation of the authors?  What have they previously published?

d. Are the methods of statistical analysis and level of significance appropriate?

e. All of the above

f. A, B, D

8. Components of a Paper. Match the definition of the sections of the paper to its purpose:

___Title

___Authors

___Abstract

___Key words

___Introduction

___Methods

___Results

___Discussion

___Acknowledgements

___References

___Appendices

a) Ensures previously published work is recognized

b) Describes the overview of the article

c) Describes the contents of the article in one or two phrases
d) Explains how the data were collected

e) Provides supplemental data for the expert reader

f) Describes what was discovered

g) Discusses the implications of the findings

h) Ensures recognition for the writer(s)

i) Ensures those who helped in the research are recognized

j) Ensures the article is correctly identified in abstracting and indexing services

k) Explains the problem 

9. When writing an abstract, the writer should include the following: check all that apply

a) Authors

b) Methodology 

c) Results 

d) Conclusion

e) Title 

f) All of the above

10. In the introduction section, it is important to detail your methodology with statistics.

True

False

11. In the Methodology section you objectively present your findings and explain what was found.

True

False

12. In the discussion and conclusion sections, a good article will demonstrate how the research has moved the body of scientific knowledge forward, and will outline steps for further study.

True

False

Appendix 2:  Open Access Articles

 (complete articles except for the abstracts, tables – space limitations – and references)
Article:  Food Insecurity—A Risk Factor for HIV Infection  Rollins N PLoS Med 4(10): e301 doi:10.1371/journal.pmed.0040301 October 23, 2007

Funding: The author received no specific funding for this article.

Competing Interests: The author has declared that no competing interests exist.

Copyright: © 2007 Nigel Rollins. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abbreviations: WHO, World Health Organization

Nigel Rollins is with the University of KwaZulu-Natal, Durban, KwaZulu-Natal, South Africa. E-mail: rollins@ukzn.ac.za
Background

HIV and nutrition are linked in at least two important ways. First, the nutritional consequences of HIV have been obvious from the earliest reports of the epidemic in Africa. Patients suffering from the infection in Uganda were said to have “slim disease” [1]. More than 25 years later, we are still grappling with the mechanisms by which HIV causes wasting and defining the macronutrient and micronutrient requirements of adults and children infected with the virus [2]. The World Health Organization (WHO) recommends that energy requirements of HIV-infected individuals increase by about 10% from the time of infection and by 20%–30% when chronic opportunistic infections or HIV-specific conditions are present [3,4]. The WHO also recommends that HIV-infected patients should be assured of at least one recommended daily allowance of most vitamins. In the absence of an adequate diet, this often means that HIV care and treatment programmes must supply multiple micronutrient preparations [3,5].

The second important link between HIV and nutrition is the growing realization that food insecurity (lacking adequate food supply to meet daily needs) may increase HIV risk transmission behaviours and susceptibility to HIV once exposed. Observational studies, for example, have reported an association between communities suffering poor food security and HIV transmission [6]. Poverty, and the concern for dependents, can drive individual behaviour in ways that place health and safety at risk. However, little is known about the specific mechanisms by which food insecurity influences risk-taking behaviour and consequent vulnerability to HIV transmission.
A New Study on Food Insecurity and HIV Risk Behaviour

In a new cross-sectional study published in PLoS Medicine, Sheri Weiser and colleagues collected data on both food security and HIV risk behaviour from population-based samples from five districts in Botswana and all four districts of Swaziland. In total, 2,051 adults were interviewed [7]. The study participants were asked about the adequacy of their food intake over the preceding 12 months, and these data were related to condom usage, sex exchange, and other HIV risk behaviour such as having multiple partners. (For women, sex exchange was defined as exchanging sex for money, food, or other resources over the previous 12 months and for men this was defined as paying for or providing resources for sex over the previous 12 months.) Gender equity was explored through questions assessing aspects of sexual relationships.

The results were striking. Of all the study participants, 32% of women and 22% of men had experienced food insufficiency in the preceding 12 months. Food insufficiency was associated with increased HIV risk behaviour, and this association was much more marked in women than men. Risk behaviour included inconsistent condom use, sex exchange, increased intergenerational sex, and lack of control over sexual relationships.

This is an important study, with major implications for policy makers, although there are some methodological weaknesses that limit how the data can be analysed and interpreted. One year is a long period for accurate recall of food sufficiency and the details of sexual relationships. Categorising household income below and above national averages is a crude indicator of income and does not reflect access to money and economic dependency within the household. And no objective measures of nutritional status were included in the study to substantiate nutritional vulnerability. Nevertheless, the message of the study is clear: in the absence of adequate food for oneself or one's family, individuals will forfeit long-term personal safety to survive today.
Implications

For programme planners, these findings provide an additional rationale, even obligation, to consider hunger alleviation as a central component of HIV prevention programmes. In poverty-stricken communities, the incentive of reducing HIV risk behaviour should be an added reason for national governments and international agencies to invest in reducing hunger by improving infrastructure and development—as outlined in the Millennium Development Goals 1, 4, 5, and 6 (reducing extreme poverty and hunger, reducing child and maternal mortality, and preventing the spread of HIV/AIDS). Accordingly, the Global Fund to Fight AIDS, Tuberculosis and Malaria will need to consider how it deals with requests to provide food, as part of HIV prevention strategies, to populations known to be at high risk of food insecurity and, therefore, at risk of HIV infection.

Researchers designing behaviour change strategies to reduce HIV risk may also need to contemplate ways of improving food security in vulnerable groups. Failure to do so may limit the effectiveness of other interventions aimed at improving seemingly unrelated outcomes. Similar to providing condoms and counselling to study participants in prevention trials, researchers may also be ethically obliged to provide support to alleviate acute food insecurity when identified.

Reducing food insecurity is, however, complex, especially in the context of HIV. In Africa, where HIV incidence is high and food insecurity widespread, the logic of linking initiatives is clear. In other regions such as Asia, where HIV prevalence is relatively low, targeted interventions to reduce hunger in order to reduce HIV transmission amidst widespread food insecurity could be practically and ethically difficult to implement. For example, would it be unethical to provide food for the purpose of reducing HIV transmission risk as a way of reducing commercial sex work in poor, food-insecure regions or communities?
Future Research

The magnitude of the increased risk of HIV infection faced by poor and vulnerable women in areas of food insecurity needs to be better quantified, using methodologies that define clearly environmental influences such as drought, food production, and local cash flows as well as the personal interactions of women and men in such communities. Prevention interventions must address both the physical needs of hungry people as well as the autonomy that young women need to exercise their choices. Could conditional grants, for example, giving adolescent girls monthly allowances, be used to reduce gender pressures and HIV incidence in communities with high unemployment and teenage pregnancy rates? Would the economics of hunger reduction satisfy the donors focused on HIV?

Sheri Weiser et al. remind us that recognising and reporting the obvious is not always commonplace. Ignoring such basic issues as food or hunger could be a major stumbling block to HIV prevention strategies.

Article:  Genetically Modified Corn— Environmental Benefits and Risks. Gewin V PLoS Biol 1(1): e8 doi:10.1371/journal.pbio.0000008; October 13, 2003
Abbreviations: APHIS, United States Animal and Plant Health Inspection Service; Bt, Bacillus thuringiensis; CIMMYT, International Maize and Wheat Improvement Center; CINVESTAV, Center for Research and Advanced Studies; EPA, Environmental Protection Agency; GM, genetically modified; ICSU, International Council for Science.
Copyright: © 2007 Virginia Gewin. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Virginia Gewin is a freelance science journalist in Corvallis, Oregon, United States of America. E-mail: gewin@nasw.org.

Background

Corn is one of humankind's earliest innovations. It was domesticated 10,000 years ago when humans learned to cross-pollinate plants and slowly turned a scraggly nondescript grass called teosinte into plump, productive modern corn (Figure 1). As needs change, so does plant breeding. Today, while biotech super-giants manipulate corn genetics to satisfy farmer desires and a global market, indigenous Mexican farmers do so to fulfill individual needs. Although the tools differ, the goal remains the same—to cultivate desirable traits.

Over time, selective breeding modifies teosinte's few fruitcases (left) into modern corn's rows of exposed kernels (right). (Photo courtesy of John Doebley.).

Plant breeding was once restricted to sexually compatible plants, and generations of offspring were selectively bred to create unique varieties. In fact, corn, along with rice and wheat—today's global crop staples—would not exist without such techniques. With the goal of ever-widening the pool of genetic diversity, conventional plant breeding has gotten more technologically savvy in recent years. For example, realizing that natural mutants often introduce valuable traits, scientists turned to chemicals and irradiation to speed the creation of mutants. From test-tube plants derived from sexually incompatible crosses to the use of molecular genetic markers to identify interesting hereditary traits, the divide between engineering and genetics was narrowing long before kingdom boundaries were crossed.

But when geneticists began to explore microorganisms for traits of interest—such as Bacillus thuringiensis (Bt) genes that produce a protein lethal to some crop pests—they triggered an uproar over ethical, scientific, and environmental concerns that continues today. (See Box 1.)

Despite such discord, genetically modified (GM) crops have the fastest adoption rate of any new technology in global agriculture simply because farmers benefit directly from higher yields and lowered production costs.  To date, the two most prevalent GM crops traits are Btderived insect resistance and herbicide resistance.

Since 1987, over 9,000 United States Animal and Plant Health Inspection Service (APHIS) permits have been issued to field-test GM crops. According to APHIS, corn is the most tested plant. The International Service for the Acquisition of Agri-Biotech Applications confirms that biotech corn is the second-most common GM crop (after soybean), with 12.4 million hectares planted in 2002. GM corn starch and soybean lecithin are just two of the ingredients already found in 70% of the processed food supply.  With future incarnations on the horizon, GM corn remains a lightening rod for debate. Embroiled in numerous controversies, corn has become biotech's boon and bane.
Benefits Emerging

As Danforth Center President Roger Beachy, the first to develop a virus-resistant tomato, describes it, the first-generation GM crops were intended to help farmers reduce not only the impact of pests, but also the use of agrochemicals in modern crop production–a legacy of the Green Revolution. After a decade of cultivation, environmental benefits are emerging.

Bt corn reduces the need for pesticides, and while the primary benefit comes largely during a heavy corn-borer infestation, an unpredictable event, a secondary effect is that beneficial insects fare much better under these conditions. The numbers are particularly impressive for Bt cotton: the spraying of almost 2 million pounds of pesticides—roughly 50% of previous usage—has been spared since the large-scale adoption of Bt cotton.

According to Leonard Gianessi, senior research associate at the National Center for Food and Agricultural Policy, farmers who adopt GM crops make more money in tougher times. Indeed, insect- and virus-resistance traits have already saved several industries. Bt cotton is credited with reviving the Alabama cotton industry, hard hit by uncontrollable bollworm infestations. Likewise, genetically engineered papaya, made resistant to the papaya ringspot virus, salvaged Hawaii's fifth largest crop industry.

Herbicide-resistant crops engendered a different reception. While GM critics acknowledge that the use of a more benign herbicide, called by its trade name Roundup, can have environmental benefits, the creation of a market monopoly is a key criticism. However, the increased planting of herbicide-resistant soybeans is an integral, but not sole, factor in the increased adoption of no-till farming— a strategy that reduces soil erosion.

Surprise benefits have also occurred. According to the recent International Council for Science (ICSU) review of GM crops, disease-resistant corn crops may have lower levels of mycotoxins, potentially carcinogenic compounds to humans. They result from fungal activity in insect-infested corn crops. With fewer insect holes in plant tissue, associated fungi are not able to invade and produce toxins.  While there is a growing amount of data documenting the intended environmental benefits of GM crops, the potential risks are more elusive.

Risky Business

After seven years of GM crop production and no apparent health effects, potential environmental risks—particularly gene flow into other species—have eclipsed food safety as a primary concern. As pollen and seeds move in the environment, they can transmit genetic traits to nearby crops or wild relatives. Many self-pollinating crops, such as wheat, barley, and potatoes, have a low frequency of gene flow, but the more promiscuous, such as sugar beets and corn, merit greater concern.

Determining where genes flow is a thriving research avenue, but the real question becomes “so what?” The risks associated with gene flow—such as creating weeds from introduced traits, reducing biodiversity, or harming nontarget species—are similar to those from conventionally bred crops. “I wouldn't dismiss the ecological concerns out of hand, but I think they can be exaggerated,” says Gabrielle Persley, the ICSU report author.

There are few instances of crop plants becoming weeds. Bred so intensely for hundreds of years, most crops cannot survive without human intervention. Increased weediness could be conveyed, however, if the plants are more fit or able to out-compete other crop species by producing more seed, by dispersing pollen or seed further, or by growing more vigorously in a specific environment. In fact, transgenic sunflowers can produce over 50% more seed than traditional varieties. Additionally, recent work shows that, compared to pollen, seeds are more likely to spread GM sugar beet genes into wild relatives in western Europe. Norman Ellstrand, plant geneticist at the University of California at Riverside, has shown that gene flow from many conventionally bred crops increases the weediness of nearby wild relatives.

For many domesticated crops, wild varieties do not exist in current areas of cultivation. Nevertheless, regions where crop species originated are particularly vulnerable to transgenic gene flow into local varieties, or landraces. Some fear that transgenic varieties with a competitive advantage might gradually displace valuable genetic diversity. For these reasons, transgenic corn is prohibited in Mexico, home to over 100 unique varieties.

Despite the ban, transgenes have been found in Mexican corn. “We have in several instances confirmed that there are transgenes in landraces of maize in Oaxaca,” says Ariel Alvarez-Morales, plant geneticist at the Mexican Center for Research and Advanced Studies (CINVESTAV) in Irapuato. The ramifications of this will not be known for some time, but Luis Herrera-Estrella, CINVESTAV's Director of Plant Biotechnology, is convinced that these single gene traits will be of little consequence to native Mexican varieties. “If Bt genes give an advantage to the farmer, they will keep growing it. In that case it will not be bad,” he says of dynamically changing landraces. “Gene flow has been occurring for 50 years from commercial lines to landraces.” While admitting this, Ellstrand points out that “if there are genes that you don't want to get into landraces—this shows how easily they can get there.”

Indeed, unintended impacts are a primary concern. The potential risk to nontarget organisms took center stage when a 1999 paper in Nature suggested monarch butterfly populations might be adversely affected by Bt transgenes. Corrected by subsequent publications, the field experiments did not support original laboratory results. But effects on other nontarget organisms, such as soil microbes, remain a concern. When microbial genetics research uncovered how genes could be transferred between species in ways other than reproduction, so-called horizontal gene transfer, it not only explained why microorganisms were so diverse, but that microbes could potentially be endowed with GM plant DNA found in the soil. “Although a theoretical possibility, there is no evidence that it happens at any degree of frequency to be meaningful,” says Persley.

Opinions differ on this, however, and seem to follow the United States–European Union divide over the use of GM crops. Kaare Nielsen, microbial geneticist at Norway's University of Tromsø, is one of the few scientists to find examples of horizontal gene transfer. “There are actually very few studies and most of the ones conducted have been on first-generation plants,” Nielsen explains. Given that plant DNA can last in soil for over two years, Nielsen does not believe the possibility can be dismissed and argues that long-term studies are necessary. Work continues in this area in Europe.

The lack of baseline ecological data—even agreeing on what an appropriate baseline is—presents a substantial knowledge gap to environmental impact assessments. Scientists, including Nielsen, wonder whether there could be unexpected risk factors. Allison Snow, weed expert at Ohio State University, agrees with what many feel is the most important risk—the inability to anticipate all the effects. “Do we know all of the right questions we should be asking?” she wonders, adding, “Genes are complicated and can interact.” For these reasons, identifying factors that regulate weed and pest populations and determining how microbial community changes affect larger ecosystems are important areas of research.
Do Risks Differ for Developing Nations?

To two academicians that kindled the biotech revolution, the real GM risks lie in how science is misinterpreted and misused. In fact, much of the currently conducted basic research is not likely to be applied in the near future. Public concerns coupled with corporate consolidation created huge roadblocks, especially in getting the technology to developing nations. While Beachy blames the skyrocketing regulatory costs that “are due to regulators who have not put into context this technology and its relative safety,” Richard Jefferson, chairman and chief executive officer of the Center for the Application of Molecular Biology to International Agriculture in Australia, fears that innovation has been stifled by corporate short-sightedness. “The biggest risk is that [biotechnology] maintains itself as a monolithic, expensive industry with untenable entry barriers for smaller enterprises,” he says.

Indeed, when does the risk of not using available technology factor into the debate?  Many scientists argue that genetic modification can help to ensure food security in developing countries, specifically in Africa. While more than 25% of the 2002 global biotech acreage was grown in countries such as Argentina, China, and India, there is little applied research on crops relevant to famine-prone African countries.

“Food security is not going to come from crops being marketed outside Africa, like wheat or rice,” says John Kilama, Uganda native and president of the Global Bioscience Development Institute. He points out that of traditional staple crops such as cow peas and millet, only cassava has merited some publicly-funded research. Beachy estimates that it takes between US$5 million and US$10 million to bring a GM crop to market. Given regulatory costs, neither industry nor universities can afford to develop products that do not have mass appeal. “If the crop is not worth that much to the seed market, it's likely that we'll never see the varieties because of the cost of regulation,” he says.

To ensure a return on research investments, with the regulatory costs often the biggest ticket item, developing blockbuster traits is a priority. “Given the diversity of environments and cropping systems, there are not many more blockbusters such as Roundup resistance in the wings,” says Jefferson. The alternative, he adds, is to make it cheaper to innovate local varieties in ways that are likely to gain public acceptance. 

“The Green Revolution largely bypassed Africa,” says Josette Lewis, biotechnology advisor for the United States Agency for International Development. Given monetary constraints that prevent access to many biotechnologies, many scientists worry that the Gene Revolution might as well. Looming trade issues coupled with food insecurity shape the debate in Africa. Caught between the United States and European Union trade disputes, sub-Saharan countries are eager to use any technology that will enhance production without jeopardizing trade.

Increasingly, industry is responding to the developing nations' needs. Both newly formed, the industry-focused African Agricultural Technology Foundation and the Public-Sector Intellectual Property Resource for Agriculture are attempting to ease cost restrictions and encourage access to current and future patents. By entering into such agreements, industries will be able to protect patent rights and commercially important markets. Such partnerships are already working. The Syngenta Foundation for Sustainable Agriculture is working together with the International Maize and Wheat Improvement Center (CIMMYT) and the Kenyan Agricultural Research Institute to overcome corn stemborer infestations in Kenya  “CIMMYT hopes to have a handful of local Bt corn varieties in farmers' fields by 2008,” says the admittedly ambitious Dave Hoisington, director of CIMMYT's Applied Biotechnology Center. Collaborations between public and private sectors may be the only way to navigate thorny patent issues and research crop varieties of interest to developing countries.

In an effort to reduce corn stem-borer infestations, corporate and public researchers partner to develop local Bt corn varieties suitable for Kenya. (Photo courtesy of Dave Hoisington/CIMMYT.).

Conclusion

“Agricultural biotechnology is here to stay” read a recent opinion piece by Gianessi. No doubt he is correct. As genetic engineering continues to evolve, transgenic methods will become just one of many tools. In fact, some researchers are currently focusing their work on manipulating an organism's own genetic code to achieve desired traits.

Scientific inquiry will continue to weigh the risks and benefits of such technologies, realizing that there may never be enough evidence to ensure zero risk. Only with data will tolerable levels of environmental risks be determined—case by case.

Indeed, the level of risks and benefits may differ for developing nations, where decisions must be made in the face of food security concerns. To many scientists, the risks associated with forgoing genetic engineering far surpass any environmental risk associated with its use and further development. However, all stakeholders must have access to the tools in order to realize future benefits.

In the quest to feed the world, a few things are clear. Public outcries will continue to vet the need and use of genetic engineering. Private organizations will necessarily focus on research for profit, while exploring collaborative prospects. Public initiatives, however, will provide the critical bridge between science and global food security.

Although genetic engineering cannot be summarily accepted or rejected, any lack of scientific risk now doesn't negate future concerns. And, no matter what direction future research takes, corn will continue to be a bellwether crop.

Article : Unused Natural Variation Can Lift Yield Barriers in Plant Breeding. Gur A, Zamir D  PLoS Biol 2(10): e245 doi:10.1371/journal.pbio.0020245 August 24, 2004

Copyright: © 2004 Gur and Zamir. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abbreviations: B, brix; BY, brix × yield; G × E, genotype × environment; IL, introgression line; ILH, IL hybrid; QTL, quantitative trait loci; Y, yield
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Introduction

Plant evolution under domestication has led to increased productivity, but at the same time it has narrowed the genetic basis of crop species (Ladizinsky 1998). A major objective in modern breeding is to return to the wild ancestors of crop plants and employ some of the diversity that was lost during domestication for the improvement of agricultural yields under optimal as well as stress field conditions (Bessey 1906; Tanksley and McCouch 1997; Lee 1998; Zamir 2001). Most of the genetic variation present in wild species has a negative effect on the adaptation of plants to agricultural environments; hence, the challenge is to identify and utilize the advantageous traits in a breeding program. DNA markers have facilitated quantitative trait loci (QTL) mapping studies in segregating populations, showing that certain genomic regions derived from wild germplasm have the potential to improve yield, e.g. for rice (Septiningshi et al. 2003), wheat (Huang et al. 2003), barley (Pillen et al. 2003), soybean (Concibido et al. 2003), chickpea (Singh and Ocampo 1997), tomato (Bernacchi et al. 1998), and pepper (Rao et al. 2003). In the above studies, and many others that are not cited, plants in the segregating populations generally contained a number of wild-species chromosome segments which masked the magnitude of some of the favorable effects that were clearly identified for certain introgressed alleles. As a result, the yield-promoting QTL did not have a substantial contribution to the phenotype and the best lines were inferior to intensively bred varieties that are in wide commercial cultivation. A major advantage for the above populations is that they can easily lead to the development of introgression lines that are discussed below. The main question addressed in the present study is whether it is possible to incorporate favorable wild-species QTL into genetic backgrounds that will consistently out-perform the leading varieties in the market.

To enhance the rate of progress of breeding based on wild-species resources, we developed a population of tomato segmental introgression lines (ILs). The ILs comprised marker-defined genomic regions taken from the drought-tolerant wild species Solanum pennellii and introduced (through genetic crosses) onto the genetic background of the elite inbred variety M82 (Eshed and Zamir 1995; see Knapp et al. 2004 for the new taxonomic classification of tomato species in the genus Solanum). The ILs constitute an “exotic library” where the entire wild-species genome was partitioned among 76 lines each carrying a single homozygous introgressed segment. Implementation of this resource for QTL mapping is based on the nearly isogenic nature of the lines such that any phenotypic difference between M82 and an IL, or the hybrid of M82 with an IL (ILH), is attributable to the S. pennellii genomic segments (Figure 1). Similar population structures were recently shown to greatly facilitate the detection of naturally occurring variation in inbred mice (Singer et al. 2004).

Phenotyping is the rate-limiting component in the utilization of such an exotic genetic resource. This is particularly true for quantitative traits where the reproducibility of the phenotype has to be evaluated in different seasons, environments, and genetic backgrounds. Over the past ten years the ILs and their hybrids have been assayed for yield-associated traits, and the data are presented, in silico, in a search engine that displays a range of statistical and graphical outputs that describe the components of the genetic variation (http://zamir.sgn.cornell.edu/; Gur et al. 2004). A review of the tomato QTL data and results of the QTL mapping studies from other species indicate that it is unlikely that a single introgression will induce a striking improvement in a yield-associated phenotype. However, pyramiding a number of independent introgressions in a single genotype, each with a positive effect on the desired trait, could be a strategy to greatly improve performance. The nearly isogenic nature of the ILs provides a relative advantage over other segregating populations in the rapid implementation of a pyramiding approach through crosses and marker analysis. We demonstrate here that the ILs make an efficient reagent for the discovery and utilization of genes that underlie traits of agricultural value and constitute a resource to explore the interactions among independent yield-associated QTL. We show that the pyramiding of independent yield-promoting segments can lead to novel varieties that reproducibly increase productivity relative to leading commercial genotypes both under normal cultivation conditions and in the stress environment of drought.

Results/Discussion

Exotic Variation

In “ketchup tomatoes,” which are used to produce various concentrated products, agricultural yield is made up of the total weight of the fruits harvested per unit area (yield [Y], measured in kg/m2) and their soluble-solids content (mainly the sugars glucose and fructose), which is measured in refractometer brix (B) units (expressed as a percentage). Therefore, agricultural yield of processing tomatoes is the total sugar output per unit area (brix × yield [BY], measured in g/m2); the industry is searching for varieties that excel in BY. Our experiments were conducted in wet and dry fields, where the BY of the control variety M82 in the dry conditions was only 50% of that produced in the wet treatment, which received 10-fold greater irrigation (184 g/m2 and 353 g/m2, respectively; average BY from 3 y).

In this study we focused on three independent introgressions from Chromosome 7 (IL7-5-5), Chromosome 8 (IL8-3), and Chromosome 9 (IL9-2-5) that affect the components of BY. Figure 2 summarizes the data of the yield components from three growing seasons in wet and dry fields. The data from the different years were pooled, as we detected no significant year x genotype interactions. IL7-5-5 was dominant in its effect on Y, as both the homozygous IL and heterozygous ILH increased Y in the wet fields by 30% compared to M82 and by 12% to 22% (nonsignificant) in the dry fields. IL7-5-5 did not affect B, while for BY it was dominant. IL8-3 was greatly inferior to M82 for Y (−55% and −34% for the wet and dry treatments, respectively), but the ILH increased Y by 45% and 25% (wet and dry, respectively). This result indicates a strong overdominant effect for the introgression (d/[a] = 2.5; see “Statistical analyses” for definitions). The homozygous IL had double the effect on B relative to the ILH; this resulted in a strong overdominant effect on BY in both environments (70% and 40% increases relative to M82 in the wet and dry fields, respectively; d/[a] = 5). The reduced Y of IL8-3 was caused by a pleiotropic effect of a leaf necrosis gene that was observed in all lines that were homozygous for this introgression; the necrosis was particularly severe in the dry treatment. IL9-2-5 significantly increased Y only in the homozygous condition in the wet treatment. For B and BY, ILH9-2-5 was intermediate between M82 and the homozygous IL, showing an additive mode of inheritance. The nature of the genes that improve BY in the above introgressions is unknown, with the exception of IL9-2-5, which harbors at least two QTL that affect the components of BY (Fridman et al. 2002). One of the QTL is Brix9-2-5, which resides in a 484-bp interval within the apoplastic invertase (LIN5) that increases sugar content of the fruit as a result of a modification of enzyme functions (Fridman et al. 2000 and unpublished data). LIN5 and three other invertase family members reside on segmental duplications in the near-collinear genomes of tomato and potato. These chromosomal segments are syntenically duplicated in the model plant Arabidopsis and in rice, thus facilitating the research of synteny-based orthologs and their relationship to yield components (Fridman and Zamir 2003).


Pyramiding of S. pennellii Introgressions That Increase Agricultural Yield Components

Introgression lines IL7-5-5, IL8-3, IL9-2-5, and IL789, which combines all three segments, were compared to M82 (percent difference from M82) in a homozygous (IL) and heterozygous (ILH) condition in wet and dry fields (1 plant/m2). The bars represent total yield (Y), brix (B), and brix × yield (BY) means (± standard error) from three growing seasons; these data were pooled, since no season × genotype interactions were found. The base line represents M82, where the mean BY values of M82 from the three seasons were 353 g/m2 in the irrigated treatment (455 g/m2 in 2001, 285 g/m2 in 2002, and 320 g/m2 in 2003) and 184 g/m2 in the dry treatment (244 g/m2 in 2001, 186 g/m2 in 2002, and 122 g/m2 in 2003). The additive effect (a) is half of the difference between each IL and M82. The dominance deviation (d) is the difference between ILH and the mid-value of its parents. Values marked by an asterisk are significant (p < 0.05). The bars in the gray background and their corresponding a and d values represent the expected values of IL789 and ILH789 assuming complete additivity of the introgression effects. Asterisks above the expected-value bars represent significant deviations from the observed means for IL789 or ILH789 as determined by a t test at a confidence level of 95%. All experiments were transplanted in a randomized block design with the following number of replications for each genotype under each irrigation regime: 2001, 10 replications; 2002, 15 replications; 2003, 15 replications.

The three S. pennellii segments were pooled, using marker-assisted selection, into a single M82 line designated IL789 (homozygous for IL7-5-5, IL8-3, and IL9-2-5). IL789 showed a strong interaction with the environment: In the wet treatment it produced a Y similar to that produced by M82, while in the dry fields Y was reduced by 36% as a result of the pleiotropic effect of the recessive leaf necrosis gene on IL8-3. In the heterozygous condition IL789 dramatically increased Y in both field environments, and combined with the increases in B, ILH789 improved BY by 109% in the wet field and 58% in the dry fields. As described in earlier studies (Eshed and Zamir 1995) and demonstrated here for IL789, the positive effects of the wild introgressed segments on yield-associated traits were often more pronounced in the heterozygous condition due to linked deleterious recessive genes originating from S. pennellii.

In a previous study based on the ILs, Eshed and Zamir (1996) showed less-than-additive epistatic interactions for yield QTL. For a large number of lines carrying pairs of different introgressed segments, they detected a trend of lower BY values than were expected based on the sum of the effects of the individual ILs. This phenomenon was more pronounced for combinations of ILs that affected the same component of BY (either B or Y). The less-than-additive mode of interaction was suggested as an underlying genetic model to explain canalized characters, where the phenotype is kept within narrow boundaries despite genetic and environmental disturbances. For quantitative traits affected by a large number of QTL, the less-than-additive interaction ensures that a “loss” of an allele will have a minimal effect on the canalized phenotype. In the present study we compared the observed phenotypic values of IL789 and ILH789 with the expected value based on the assumption of additivity of the effects of the three introgressions that were pyramided into these lines. In the wet treatment all the observed values for IL789 were lower than expected; however, this trend was statistically significant only for B. In the dry fields the recessive leaf necrosis gene on IL8-3 exerted a strong epistatic effect which nullified the contribution of the other introgressions. Thus in all cases the observed values for IL789 were lower than expected and very similar to those for IL8-3. From the plant breeding point of view, it is noteworthy that by pyramiding three heterozygous introgressions that affect the different components of BY, we achieved in ILH789 81% and 70% additivity (wet and dry, respectively) of the effects of the individual ILHs. Thus the heterozygous wild-species introgression pyramid improved BY in the genetic background of M82 by 109% in the wet fields and 58% in the dry fields.

Cultivated Variation

Our breeding program within the Solanum lycopersicum gene pool over the past several years has generated tester inbreds of different origins that give a sampling of the genetic diversity of processing tomatoes. Four testers, whose hybrids with M82 exhibited the highest BY, were selected for this experiment, which was aimed at exploring the breeding potential of the genetic variation within the processing tomato germplasm. The BY values of the inbred testers in the wet and dry treatments were not significantly different from that of M82, whereas the four hybrid combinations with M82 had higher mean BY in both environments (71% in the wet treatment and 51% in the dry treatment.. This improvement over the parents reflects the genetic variation present in the cultivated tomato gene pool, which was expressed as hybrid vigour originating from crossing of the preselected diverse inbreds. As a reference outgroup for the entire experiment we selected the commerical hybrid BOS3155, which has been a processing tomato market leader in California for the past five years (http://www.ptab.org/). BY of BOS3155 was in a range similar to that of our experimental hybrids, indicating that the experiment was conducted in elite genetic backgrounds.


 Contribution of Cultivated and Exotic Variation to BY

(A) The contribution of cultivated and exotic variation to BY in five genetic backgrounds. BY phenotypes in the Akko wide-spacing wet and dry experiments that involved four independent tester inbreds and their hybrids with M82 and IL789 are shown. Included are mean values for a control background of M82 and BOS3155. The four inbreds are represented as horizontal lines with circles in the gray bars. Experiments were transplanted in a randomized block design with 20 replications for each genotype under each irrigation regime. In all cases BY of the hybrids containing the exotic introgressions (IL789 × Testers) was significantly higher than that of their nearly isogenic cultivated tomato hybrids (M82 × Testers; t test, p < 0.01). The exotic effect, which represents the BY differences between the IL789 × Testers hybrids and the M82 × Testers hybrids, was consistent for all genetic backgrounds in each of the irrigation regimes. This was determined by genetic background × exotic effect two-way ANOVA (p for the interaction is 0.75 for the wet treatment and 0.88 for the dry field).

(B) The mean contribution of cultivated and exotic variation to BY in wet and dry fields. BOS3155 is a leading commercial tomato hybrid that was used as a reference. Values of tester inbreds, M82 × Testers, and IL789 × Testers (shown as Δ% from M82) represent the means of the four genotypes included in each group. Base line and the letters attached to it represent M82. Means for each irrigation treatment with different letters are significantly different using a multiple-range means comparison (Tukey-Kramer; p < 0.01). The deduced exotic effect on BY is marked as black bars, and the contribution of the cultivated variation to BY is marked in gray. The absolute BY values of M82 were 303 g/m2 in the wet treatment and 122 g/m2 in the dry treatment.

Combining Exotic and Cultivated Variation

A correct assessment of the potential of exotic QTL is in the context of high-yield genetic backgrounds—those close to the “yield barrier.” This was achieved by crossing IL789 with the four inbred tester lines in a manner that combined the contribution of both the cultivated and the exotic variation. These IL789 × Testers hybrids were nearly isogenic to the M82 × Testers hybrids, and thus the differences between them reflect the effect of the exotic alleles on BY. The effects of the three heterozygous introgressions on BY were consistent in all the hybrid combinations, and no genetic background × exotic effect interactions were found in any of the environments. The mean BY increase of the four IL789 × Testers hybrids, compared to M82, was 170% (wet) and 115% (dry), while the mean contribution of the M82 × Testers hybrids was 71% (wet) and 51% (dry) . Based on the consistent effect of the introgressions in the different genetic backgrounds, we could estimate the contribution of the S. pennellii pyramid as the mean difference between the nearly isogenic hybrid groups: 100% (wet) and 65% (dry). These estimates for the exotic effects on BY are very close to those obtained in the uniform M82 background, indicating additivity of the exotic and cultivated effects.

The highest BY was measured for the hybrid of IL789 with inbred #76. This hybrid was compared with M82 and BOS3155 in six independent experiments that differed in location, planting density, and irrigation regime. The BY advantage of the IL789 × 76 hybrid relative to M82 was not accompanied by other negative traits originating from the wild species and was observed in all field environments, ranging from 60% in Mevo-Hama with wide spacing and wet treatment to 200% in Akko under similar conditions. Significantly, the mean BY improvement of this IL789 × 76 hybrid over the market leader BOS3155 was 67% in the irrigated conditions and 58% in the dry conditions.


BY Phenotypes of M82, BOS3155, and the Best Hybrid Combination (IL789 × 76) in Six Independent Trials

Plants were grown in two locations, under two planting densities and two irrigation regimes. The locations were (i) the Western Galilee Experimental Station in Akko and (ii) Kibbutz Mevo-Hama (MH) in the Golan Heights. The planting densities were (i) single plants (SP; 1 plant per m2) and (ii) plots (14 plants per 4 m2, or 3.5 plants/m2). The irrigation regimes were (i) wet (320 m3 of water per 1,000 m2 of field throughout the growing season) and (ii) dry (30 m3 of water per 1,000 m2 of field). All experiments were transplanted in a randomized block design with the following number of replications: Akko-SP-wet, 15 replications; Akko-SP-dry, 20 replications; Akko-plots-wet, 8 replications; Akko-plots-dry, 8 replications; MH-SP-wet, 15 replications; MH-SP-dry, 15 replications. Means not connected by the same letter are significantly different using a multiple-range means comparison (Tukey-Kramer; p < 0.01).

The results of IL789 × 76 and the control varieties in the different environments provided the means to explore genotype × environment (G × E) interactions and the stability of BY improvement associated with the heterozygous S. pennellii introgressions. Generally, strong G × E interactions of new varieties indicate the lack of a predictable response, which is undesirable in breeding (Dudley and Moll 1969). In the wet fields we detected significant genotypic, environmental, and G × E interaction effects for the varieties tested. However, the IL789 hybrid always had significantly higher BY than the commercial varieties, and the interaction was caused in part by differences between the commercial varieties M82 and BOS3155. In the dry trials there was a highly significant genotypic effect and marginally significant effects for the environment; no interaction between the two components was detected, and IL789 × 76 had higher BY in all experiments. This analysis highlights the potential of wild germplasm to affect yield stability in diverse environments, which has long been recognized as an important objective in plant breeding.

We have demonstrated that an IL population derived from a wild tomato species, with no yield potential, can make a wide array of previously unexplored genetic variation rapidly available to plant breeders to improve crop productivity. The effectiveness of the introgressions in diverse genetic backgrounds indicates that alleles similar to those of the wild species are not present in the cultivated tomato gene pool. The results presented here using the tomato ILs establish a genetic infrastructure to explore the molecular basis underlying yield heterosis. With the coming sequence of the tomato genome it will be easier to isolate those factors that are responsible for the strong overdominant effects, such as those observed for IL8-3 and some additional lines that are described in the IL phenotypic database Real Time QTL (Gur et al. 2004). Finally, our approach of pyramiding beneficial wild-species chromosome segments provides an alternative to the genetically modified organism strategy for crop improvement and offers a new paradigm to revitalize plant breeding (Tanksley and McCouch 1997; Zamir 2001; Morgante and Salamini 2003; Koornneef et al. 2004). Can these results be extrapolated to the breeding of other crop plants? Wild species that are distantly related to crop plants can be viewed as vast naturally mutagenized resources where every gene and regulatory element has been refined and defined by evolution. We propose that for crops that rely on a rather narrow genetic basis (rice, wheat, soybean, etc.) and have rich biodiversity resources, the construction and screening of ILs will lead to dramatic improvements in yield and other quality traits that are important for human well-being (Rosegrant and Cline 2003). As we are able to make a wider range of natural genetic diversity accessible to breeders, we will make progress in improving our global food security.

Materials and Methods

Field trials 

The results presented are from three growing seasons. In 2001 and 2002 all field trials were conducted at the Western Galilee Experimental Station in Akko, Israel, at a wide-spacing planting density of 1 plant per m2. In 2003, trials were conducted in two locations: Akko and Mevo-Hama, in the Golan Heights. In Akko, experiments were both at wide-spacing planting density and in plots of 14 plants per 4 m2 (3.5 plants/m2). In Mevo-Hama all experiments were at the wide-spacing density. The seedlings were grown in a greenhouse for 35–40 d and then transplanted in the field, at the beginning of April in Akko, and at the beginning of May in Mevo-Hama. In all seasons and locations both wet and dry trials were conducted. Both the wet and dry fields started the growing season at “field capacity,” which represents the maximum amount of water that the soil could hold. For the dry treatment only 30 m3 of water was applied per 1,000 m2 of field immediately after transplanting. In the wet treatment 320 m3 of water was applied per 1,000 m2 of field throughout the growing season according to the irrigation protocols in the area. All experiments were transplanted in a randomized block design.

Genotyping and phenotyping 

To ensure the nearly isogenic nature of the ILs, we bred an M82 line that was heterozygous for all three introgressions and used RFLP markers to genotype 128 F2 plants segregating for the three S. pennellii genomic segments (CT252 for IL7-5-5, CT148 for IL8-3, and GP263 for IL9-2-5). Lines homozygous for each of the segments and IL789 homozygous for all three introgressions were selected and verified with RFLP markers that flanked the introgressed segments from both ends (http://www.sgn.cornell.edu/). Phenotyping of the plants for Y, B, and BY was performed according to published protocols (Fridman et al. 2002).

Statistical analyses 

Statistical analyses were performed using the JMP V.5 software package (SAS Institute, Cary, North Carolina, United States). Mean values for the parameters measured for the tested genotypes were compared using the “Fit Y by X” function and “Compare all pairs” (Tukey-Kramer). All calculations were performed with the phenotypic values, while some of the results are presented as the percent difference from M82. The additive effect (a) was half of the difference between each IL and M82, and its significance level was determined by the comparison between the IL and M82. The dominance deviation (d) is the difference between ILH and the mid-value of its parents. Its significance level was calculated by contrasting the ILH (+1) with M82 (−0.5) and the appropriate IL (−0.5). The degree of dominance for each introgression (d/[a]) was calculated by dividing the mean dominance deviation by the mean additive effect. Deviation of the observed yield component values of the pyramided genotypes (IL789 and ILH789) from the expected values based on the assumption of additivity of the effects of the individual introgressions was tested using a t test at p < 0.05. G × E interaction was tested using a two-way ANOVA.
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Background:

Kofi Annan, the Secretary-General of the United Nations, recently called attention to the clear inequalities in science between developing and developed countries and to the challenges of building bridges across these gaps that should bring the United Nations and the world scientific community closer to each other (Annan 2003). Mr. Annan stressed the importance of reducing the inequalities in science between developed and developing countries, asserting that “This unbalanced distribution of scientific activity generates serious problems not only for the scientific community in the developing countries, but for development itself.” Indeed, Mr. Annan's sentiments have also been echoed recently by several scientists, who present overwhelming evidence for the disparity in scientific output between the developing and already developed countries (Gibbs 1995; May 1997; Goldemberg 1998; Riddoch 2000). For example, recent United Nations Educational, Scientific, and Cultural Organization (UNESCO) estimates (UNESCO 2001) indicate that, in 1997, the developed countries accounted for some 84% of the global investment in scientific research and development, had approximately 72% of the world researchers, and produced approximately 88% of all scientific and technical publications registered by the Science Citation Index (SCI). North America and Europe clearly dominate the number of scientific publications produced annually, with 36.6% and 37.5%, respectively, worldwide (UNESCO 2001).

North America and Europe clearly dominate the number of scientific publications produced annually. 

It is rather obvious that richer countries are able to invest more resources in science and therefore account for the largest number of publications. It is also likely that there is a statistical bias on the part of the SCI as a bibliometric database, since it represents North American and European publications far better than those of the rest of the world (Gibbs 1995; May 1997; Alonso and Fernández-Juricic 2001; Vohora and Vohora 2001). But is the disparity in scientific contributions between the developed and developing worlds actually remaining unchanged or even increasing, as Mr. Annan has implied? A closer look at the trends over the last decade reveals important advances in developing countries. For example, Latin America and China, although representing, respectively, only 1.8% and 2% of scientific publications worldwide, have increased the number of their publications between 1990 and 1997 by 36% and 70%, respectively, which is a much higher percentage than the increments reached by Europe (10%) and industrial Asia (26%). The percentage of global scientific publications from North America actually decreased by 8% over the same period (UNESCO 2001).

Publishing Trends in the Americas

Using the SCI databases produced by the Institute for Scientific Information (ISI), as well as data compiled by the Red Iberoamericana de Indicadores de Ciencia y Tecnología (RICYT), we examined the differences in the number and proportion of scientific publications between the developed world and the developing world from 1990 until 2000, focusing on the Americas as a case study. Not surprisingly, there was a huge disparity in the number of publications from 1990 until 2000, with the United States contributing the lion's share (84.2%), followed by Canada (10.35%). Latin America as a whole contributed only 5.45% to the total number of scientific publications in these ten years (RICYT 2002).



Figure 1. Relative Increase in Scientific Publications in the Americas

This figure shows the relative increase in publication in the Americas measured as the proportional change (%) in the number of SCI publications compared with the number of publications in 1990 (RICYT 2002).

The total number of publications, however, is not necessarily the best measure for assessing scientific productivity or technical advances (May 1997). More relevant measurements for these factors include the proportional change in the number of publications and the total number of publications when corrected for investment in research and development (May 1997). The proportional change in the number of publications, using 1990 as a comparison, revealed that scientific publishing in Latin America increased the most rapidly in the Americas, far outpacing the United States and Canada (Figure 1). Further analyses, correcting the number of overall publications for the amount of money invested in research and development for each region, also show that, in contrast to both Canada and United States, the trend in Latin America has been an increase in relative output throughout the 1990s (Figure 2). Moreover, when taking into account the amount of research money available to researchers, Latin America actually out-published the United States and Canada by the year 2000 (Figure 2). Although the cost of research is undoubtedly cheaper in the developing world due to relatively low researcher salaries, overhead and other work standards, these factors do not explain the substantial increase in the number of publications per amount of money allocated to research and development in Latin America, particularly from 1995 until 2000 (Figure 2).




Figure 2. Number of SCI Publications per Million Dollars

This figure shows the number of SCI publications per million dollars that are invested in research and development in the Americas (RICYT 2002).

Other relative indicators of scientific productivity, such as the number of publications picked up by the SCI in relation to the number of scientists in a particular country, also demonstrate that such developing regions as Latin America are making substantial contributions to science, despite the fact that the average proportion of gross domestic product (GDP) invested in science in Latin America throughout this 10-year period was only 21% of the amount invested in United States (RICYT 2002). Indeed, this scientific productivity is remarkable when we compare it with the relatively low investment in science itself as compared with the GDP of Latin America as a whole. In fact, Albornoz (2001) concluded that, as a group, Latin America could afford to invest a much higher proportion of its resources in scientific research and development. Latin American investment in research and development represented only 0.59% of the regional GDP in 1998, a very weak effort compared with that of the United States (2.84%) and Canada (1.5%).

Among Latin American countries, there is a high degree of variability in publication rate as well as in financial investment in science and technology. Some countries have performed particularly well. For example, Uruguay, Chile, Panama, and Cuba averaged, respectively, 6.8, 5.3, 5.2, and 3.4 publications per million dollars of research and development investment in the 10 years studied, which is notoriously high compared with United States (1.5) and even Canada (3.3) (RICYT 2002). Other countries, such as Costa Rica, Cuba, Brazil, and Chile, have invested a much greater proportion of their GDP in research and development than the other countries of this region (Albornoz 2001).

Why has the number of publications per dollar invested in research and development been increasing in Latin America while decreasing in United States and Canada? 

Explaining the Increase in Publishing Productivity in Latin America

One potential explanation for the increase in scientific productivity in Latin America is that scientific development during the 1990s was particularly strong for many countries of this region. Indeed, this would explain the rapid rise in the number of publications in Latin America compared with the relatively flat increases in the United States and Canada, which were publishing just as well at the beginning of the decade. A potentially more important question, however, is why the number of publications per dollar invested in research and development has been increasing in Latin America while decreasing in the United States and Canada. This pattern could be the result of a variety of factors, none of which are mutually exclusive. It is possible that publishing in international journals as a measure of scientific productivity is becoming more important in Latin America. Increased funding to the most productive scientists from the national science development programs might have been an important stimulus. International cooperation resulting in more scientific collaborations among scientists in Latin America, Europe, and the United States may also have increased the relative number of publications in Latin America. In contrast, the decreasing trends in the number of publications per investment dollar in Canada and United States could reflect a trend towards more costly research in larger scientific programs.

Scientific Impact from Latin America

What, exactly, is the relative impact of such developing regions as Latin America on the scientific community? We used SCI 2001 data to examine the proportion of publications in the area of ecology (including the fields of evolutionary biology, conservation biology, and global change biology) between 1990 and 2002 in both the two top general science journals (Nature and Science; with impact factors of 27.96 and 23.33, respectively) and in the 20 top ecological journals (with impact factors of 10.51–2.47) (ISI 2001a). We credited a region with a publication if any of the authors were affiliated with institutions from that region. Thus, more than one region would receive credit for a single publication if that publication had been written by multiple authors from institutions of different regions.

For the top 20 ecological journals, the American subcontinents of South, Central, and North America accounted for 62% of the publications worldwide. Within the Americas, however, Latin America represented only 6%, while Canada and United States accounted, respectively, for 13% and 82% of the top 20 ecological publications. When we examined the data as contributions to the top 10 ecological journals (impact factors 10.51–3.31) versus the top 11–20 (impact factors 3.28–2.47), the Latin American countries contributed nearly twice as many publications to journals in the second category (8% in the top 11–20 compared with 4% in the top 10). These findings suggest that publications from such developing regions as Latin America are falling short of reaching the top journals. In contrast, the United States contributed somewhat more publications to the top 10 journals (84%) than the top 11–20 journals (79%). The difference in the proportion of publications contributed by the United States to the top 10 and top 20 journals was even more pronounced when we examined it in respect to worldwide publications. In this case, the United States contributed 60% of the publications to the top 10 journals and only 40% of the publications to the top 11–20 journals.

Interestingly, the proportion of publications from Latin America, the United States, and Canada across all subject areas in Science and Nature were nearly identical to those of the top 20 ecological journals. In Science and Nature, Latin America had 7% of the publications within the Americas versus 6% in the top 20 ecological journals, whereas the United States and Canada had 81% versus 82% and 12% versus 13%, respectively. These similarities suggest that the Latin American researchers are not shying away from the two top-ranked general science journals. However, publishing in Science and Nature was not enough to gain prominence, as evidenced by the number of citations of these researchers. The latest list of the 247 most-cited researchers in ecology and environmental sciences emphasizes the overwhelming contributions of authors from North America (73%) and Europe (21%) (ISI 2001b). No researcher working in a Latin American institution was included in the remaining 6%. Overall, these data indicate that the scientific output in the field of ecology in Latin America is having a relatively low impact in the international scientific community and is underrepresented in the top international journals, despite its robust productivity as measured by the number of publications per researcher funding amount. Similar findings were also reported for Asia (Swinbanks et al. 1997) and thus could be a general phenomenon in the developing world.

Although there are outstanding scientific researchers in the developing world who independently are making important contributions to the international scientific community, they are the exception. Why, in general, do Latin American scientists often fail to reach the top journals or become amongst the most cited researchers in their fields? One possibility is that the main research agendas between both regions are somewhat different and that the top journals, which are published in the developed world, respond more to the scientific mainstream of the developed regions. This is not to suggest any sort of conspiracy, but rather it implies that the perception of the most important science is linked to the region and that because the major funding agencies as well as most prominent journals share a similar economic region, they also share the same perception of what science is most interesting to them. Another consideration is that more local journals from developed regions are listed by the SCI than similar journals from developing regions (Gibbs 1995). Consequently, there are more high-profile regional publication opportunities available to scientists from the developed region, whereas much of the research published locally in the developing world is overlooked. But it takes more than publishing good papers to become a highly cited scientist. It requires attending international meetings and introducing novel research findings in multiple scientific forums. Funding these activities, however, requires a greater proportion of research money being spent on meetings for researchers in the developing compared with the developed world.

A Long Road Yet to Travel

The positive trends in scientific productivity in Latin America should not be misinterpreted as a reason to be unconcerned about the existing gap highlighted by Mr. Annan. There are many compelling reasons for the push to increase scientific input from the developing world (Goldemberg 1998; Annan 2003). One is that science, as a discipline, would benefit from the contributions of many disparate groups around the world, rather than being dominated by two geographic regions. Many scientific problems could be solved much more readily with the cooperation and scientific insight of scientists from developing regions. Climate change and biodiversity research, for example, urgently need the scientific input from those developing regions that are so important for these global processes. It is also critical for the developing world to promote, through research and publications, those areas of concern that are having a proportionally greater scientific and social impact upon them. There are now examples in which research on priority areas for the developing nations can actually become pioneering work in areas neglected by the research agenda of the industrialized world. This has been the case for research on renewable energy sources in Brazil (Goldemberg 1998) and biomedical sciences in Cuba (Castro Díaz-Balart 2002). These examples are important not only for those regions of the developing world, but are also in themselves scientific innovations that can greatly advance the knowledge of the rest of the world.

Climate change and biodiversity research urgently need the scientific input from those developing regions that are so important for global processes. 

Although the evidence presented here demonstrates that there is a long way to go before developing countries contribute a more equitable share to the international scientific community, there are also reasons to be optimistic. The relative increase in the number of publications, especially when corrected for the amount of money available in research and development, demonstrates that many developing countries are heading in the right direction. The extremely high scientific productivity of many developing nations, corrected for and despite the rather limited availability of funds, suggests that increased funding to the sciences will be an excellent investment by developing nations in terms of publications as a measure of scientific output, particularly if these publications can target the journals that have the greatest impact. Although there may still be a long road to travel, we feel optimistic that the bridges mentioned by Mr. Annan are slowly being built.

Appendix 3:  Article Abstracts and Summaries of Journals’ Scope

Article Abstract:

Title:  Ecology Drives the Worldwide Distribution of Human Diseases

Authors: Guernier, V, Hochberg, M, Guegan, JF

Identifying the factors underlying the origin and maintenance of the latitudinal diversity gradient is a central problem in ecology, but no consensus has emerged on which processes might generate this broad pattern. Interestingly, the vast majority of studies exploring the gradient have focused on free-living organisms, ignoring parasitic and infectious disease (PID) species. Here, we address the influence of environmental factors on the biological diversity of human pathogens and their global spatial organization. Using generalized linear multivariate models and Monte Carlo simulations, we conducted a series of comparative analyses to test the hypothesis that human PIDs exhibit the same global patterns of distribution as other taxonomic groups. We found a significant negative relationship between latitude and PID species richness, and a nested spatial organization, i.e., the accumulation of PID species with latitude, over large spatial scales. Additionally, our results show that climatic factors are of primary importance in explaining the link between latitude and the spatial pattern of human pathogens. Based on our findings, we propose that the global latitudinal species diversity gradient might be generated in large part by biotic interactions, providing strong support for the idea that current estimates of species diversity are substantially underestimated. When parasites and pathogens are included, estimates of total species diversity may increase by more than an order of magnitude.
Potential Journals for Submission of Article:

Title:  Journal of Evolutionary Biology
Publisher: Blackwell
Access:  AGORA participating publisher/ content freely available two years of issue publication 
Scope: The Journal of Evolutionary Biology is a bimonthly, peer-reviewed, international journal. It covers both micro- and macro-evolution of all types of organisms. The aim of the Journal is to integrate perspectives across molecular and microbial evolution, behaviour, genetics, ecology, life histories, development, palaeontology, systematics and morphology. 

To fulfill its integrative role, the Journal gives preference to papers that bring together two or more fields. The Journal seeks a balance, even a tension, between theory and data. The Editorial Board reflects the multidisciplinary role of the Journal and its international focus.  It is the journal of the European Society for Evolutionary Biology.  ISI rankings: 2006: 24/114 (Ecology); 12/34 (Evolutionary Biology); 55/131 (Genetics & Heredity)

Title:  Social Science & Medicine

Publisher:  Elsevier

Access:  HINARI participating publisher

Scope: Social Science & Medicine provides an international and interdisciplinary forum for the dissemination of research findings, reviews and theory in all areas of common interest to social scientists, health practitioners and policy makers. The journal publishes material relevant to any aspect of health from a wide range of social science disciplines (eg. anthropology, economics, geography, psychology, social epidemiology, social policy and sociology), and material relevant to the social sciences from any of the professions concerned with physical and mental health, and with health care practice, policy and organization. It is particularly keen to publish findings or reviews which are of general interest to an international readership.  Impact factor 2.749
Title:  Journal of Applied Ecology
Publisher:  Blackwell
Access:  OARE participating publisher/ content freely available two years of issue 

Scope:  Journal of Applied Ecology is an international journal that publishes high-impact ecological research of direct relevance to environmental management. Regular special profiles synthesize the current state-of-the-art in key thematic areas.  The journal publishes novel papers that apply ecological concepts, theories, models and methods to the management of biological resources in their widest sense. The editors encourage contributions that use applied ecological problems to test and develop basic ecological theory.  It is the official journal of the British Ecological Society.  ISI Journal Citation Reports® Ranking: 2006: 9/114 (Ecology) Impact Factor: 4.527
Title:  Ecological Indicators
Publisher:  Elsevier
Access:  AGORA/HINARI participating publisher

Scope:  The ultimate aim of Ecological Indicators is to integrate the monitoring and assessment of ecological and environmental indicators with management practices. The journal provides a forum for the discussion of the applied scientific development and review of traditional indicator approaches as well as for theoretical, modeling and quantitative applications such as index development. Research into the following areas will be published:  All aspects of ecological and environmental indicators and indices, New indicators, and new approaches and methods for indicator development, testing and use, Development and modelling of indices, e.g. application of indicator suites across multiple scales and resources, Analysis and research of resource, system- and scale-specific indicators, Methods for integration of social and other valuation metrics for the production of scientifically rigorous and politically-relevant assessments using indicator-based monitoring and assessment programs.
Article Abstract:

Title:  Mapping the Economic Costs and Benefits of Conservation
Authors:  Naidoo R,  Ricketts T

Resources for biodiversity conservation are severely limited, requiring strategic investment. Understanding both the economic benefits and costs of conserving ecosystems will help to allocate scarce dollars most efficiently. However, although cost-benefit analyses are common in many areas of policy, they are not typically used in conservation planning. We conducted a spatial evaluation of the costs and benefits of conservation for a landscape in the Atlantic forests of Paraguay. We considered five ecosystem services (i.e., sustainable bushmeat harvest, sustainable timber harvest, bioprospecting for pharmaceutical products, existence value, and carbon storage in aboveground biomass) and compared them to estimates of the opportunity costs of conservation. We found a high degree of spatial variability in both costs and benefits over this relatively small (~3,000 km2) landscape. Benefits exceeded costs in some areas, with carbon storage dominating the ecosystem service values and swamping opportunity costs. Other benefits associated with conservation were more modest and exceeded costs only in protected areas and indigenous reserves. We used this cost-benefit information to show that one potential corridor between two large forest patches had net benefits that were three times greater than two otherwise similar alternatives. Spatial cost-benefit analysis can powerfully inform conservation planning, even though the availability of relevant data may be limited, as was the case in our study area. It can help us understand the synergies between biodiversity conservation and economic development when the two are indeed aligned and to clearly understand the trade-offs when they are not.

Potential Journals for Submission of Article:

Title:  Crop Management:  Peer Reviewed Journal of Applied Crop Science
Publisher:  Plant Management Network
Access:  AGORA participating publisher
Scope: Crop Management seeks to serve the crop management profession by providing timely and relevant research information in an easily accessible format.  It is a multidisciplinary science-based journal covering all aspects of applied crop management. Both peer-reviewed and fully citable, the journal is a credible online-only publication. Crop Management is a not-for-profit collaborative endeavor between the Crop Science Society of America and The Plant Management Network, a new initiative in plant management communication.

Title:  Journal of Agricultural Economics
Access:  AGORA/OARE participating publisher

Scope: The Journal of Agricultural Economics is a leading international professional journal, providing a forum for research into agricultural economics and related disciplines such as statistics, marketing, business management, politics, history and sociology, and their application to issues in the agricultural, food, and related industries; rural communities, and the environment.   ISI Journal Citation Reports® Ranking: 2006: 5/9 (Agricultural Economics & Policy); 101/175 (Economics)  Impact Factor: 0.587
Title:  Journal of Environment and Development
Publisher:  Sage
Access:  AGORA participating publisher

Scope: The Journal of Environment & Development enables informed discussion by bridging the parallel dialogue between a variety of disciplines. The journal contains research, analyses and study in such areas as political science; public policy; sociology; development studies & policy; business; environment action & studies; law and environment science and technology.  Each issue of the journal contains a variety of features:  Articles... explore problems and solutions in the environment and development arena and advance our understanding of the issues, through original, peer-reviewed research and analyses.  Policy Analyses... examine current policy issues, often challenging or furthering conventional thinking and opening up new avenues for debate.  Regional Reports... present case studies of problems, programmes or initiatives that have important lessons and\or implications for policy and action elsewhere. Conference Reports... provide important information from conferences or meetings of interest.
Title:  Ecological Economics 
Publisher:  Elsevier
Access:  OARE participating publisher
Scope: The journal is concerned with extending and integrating the study and management of “nature's household” (ecology) and “humankind's household” (economics). This integration is necessary because conceptual and professional isolation have led to economic and environmental policies which are mutually destructive rather than reinforcing in the long term. The journal is transdisciplinary in spirit and methodologically open.  Specific research areas covered include: valuation of natural resources, sustainable agriculture and development, ecologically integrated technology, integrated ecologic-economic modelling at scales from local to regional to global, implications of thermodynamics for economics and ecology, renewable resource management and conservation, critical assessments of the basic assumptions underlying current economic and ecological paradigms and the implications of alternative assumptions, economic and ecological consequences of genetically engineered organisms, and gene pool inventory and management, alternative principles for valuing natural wealth, integrating natural resources and environmental services into national income and wealth accounts, methods of implementing efficient environmental policies, case studies of economic-ecologic conflict or harmony, etc. New issues in this area are rapidly emerging and will find a ready forum in Ecological Economics.  
Article Abstract:

Title:  Troubled Water: The Future of Global Fisheries

Author:  Gewin, V

It is becoming increasingly apparent that the vast blue expanse of ocean—the last frontier—is not as inexhaustible as it once seemed. While we have yet to fully explore the reaches of the sea, technology has granted humans the ability to harvest its wealth. We can now fish anywhere, at any depth, for any species. Like the American frontier range's bison and wolf populations brought to the brink of extinction swordfish and sharks are the ocean's most pursued prizes. The disadvantages associated with the depth and dimensions of this open range, however, have long obscured the real consequences of fishing. Indeed, scientists have the formidable challenge of assessing the status of species whose home covers over 75% of the earth.

Three recent highly publicized papers—a trifecta detailing troubled waters—call attention to overfishing's contributions to the dramatic declines in global fisheries. Delving into the past, Jeremy Jackson and colleagues (2001) combined local historic records with current estimates to detail the ecological impacts of overfishing, Reg Watson and Daniel Pauly (2001) drew attention to distortions of global catches, and Ransom Myers and Boris Worm (2003) highlighted the depletion of the majority of the largest ocean predators. While some have valid criticisms of the assumptions and aggregation of historic data used to assess the global situation, few disagree with the overriding conclusion that humans have drastically altered not only fish biodiversity, but, increasingly, the ocean itself.

Recent reports by the United Nation's Food and Agriculture Organization (FAO) which maintains the world's most complete global fisheries database, appear to validate the conclusions of these studies. The most recent FAO report states that 28% of global stocks are significantly depleted or overexploited, and 47% are either fully exploited or meet the target maximum sustainable yield. Only 24% of global stocks are either under- or moderately exploited. As the sea is increasingly harvested, many ecologists wonder how the ecosystem will continue to function (Jackson et al. 2001). Although economic and social considerations often supercede scientific assessments, science will continuously be called upon to deliver management options that will straddle the needs for conservation and production, even in areas where there is only subsistence fishing (Box 1). As scientists debate the details of global fisheries assessment, they are also including studies of the long-term ecosystem effects and options for recovery efforts. Like was done on the open range, shall we conserve or farm the sea—or both?

Potential Journals for Submission of Article:

Title:  Environmental Biology of Fish
Publisher:  Springer
Access:  AGORA/OARE participating publisher
Scope: Environmental Biology of Fishes is an international journal which publishes original studies on the ecology, life history, epigenetics, behavior, psysiology, morphology, systematics and evolution of marine and freshwater fishes and fishlike organisms. Empirical and theoretical papers are published that deal with the relationship between fishes and their external and internal environment, whether natural or unnatural. The journal concentrates on papers which advance the scholarly understanding of life and which draw on a variety of disciplines in reaching this understanding. Environmental Biology of Fishes publishes editorials, papers, brief communications, essays, critical book reviews, translation proposals, and editorial comment and announcements.

Title:  Journal of Agricultural Economics
Access:  AGORA/OARE participating publisher

Scope: The Journal of Agricultural Economics is a leading international professional journal, providing a forum for research into agricultural economics and related disciplines such as statistics, marketing, business management, politics, history and sociology, and their application to issues in the agricultural, food, and related industries; rural communities, and the environment.   ISI Journal Citation Reports® Ranking: 2006: 5/9 (Agricultural Economics & Policy); 101/175 (Economics)  Impact Factor: 0.587
Title:  Fish and Fisheries
Publisher:  Blackwell

Access:  AGORA/OARE participating publisher

Scope: Fish and Fisheries adopts a broad, interdisciplinary approach to the subject of fish biology and fisheries. It draws contributions in the form of major synoptic review papers and synthesis that lays out new approaches, methods or theory, discussion papers and commentaries from diverse areas, including: fish palaeontology, molecular biology, genetics, biochemistry, physiology, ecology, behaviour, evolutionary studies, conservation, assessment, population dynamics, mathematical modelling, ecosystem analysis and the social, economic and policy aspects of fisheries. ISI Journal Citation Reports® Ranking: 2006: 1/41 (Fisheries) Impact Factor: 4.257
Title:  Fisheries Oceanography
Publisher:  Blackwell
Access:  AGORA/OARE participating publisher

Scope: The international journal of the Japanese Society for Fisheries Oceanography, Fisheries Oceanography is designed to present a forum for the exchange of information amongst fisheries scientists worldwide.  Fisheries Oceanography presents original research articles relating the production and dynamics of fish populations to the marine environment, examines entire food chains - not just single species, identifies mechanisms controlling abundance and explores factors affecting the recruitment and abundance of fish species and all higher marine tropic levels. ISI Journal Citation Reports Ranking: 2006: 6/41 (Fisheries); 14/48 (Oceanography) Impact Factor: 1.832 

Article Abstract:

Title:  Assessing Evidence for a Pervasive Alteration in Tropical Tree Communities
Author:  Chave J, Condit R, Muller-Landau H, Thomas Sean, Ashton P, Bunyavejchewin S

Recent studies have reported major changes in mature tropical forests, with increases in both forest biomass and net primary productivity, as well as shifts in plant species composition that favour fast-growing species over slow-growing ones. These pervasive alterations were attributed to global environmental change, and may result in dramatic shifts in the functioning of tropical forest ecosystems. We reassessed these findings using a dataset of large permanent forest plots on three continents. We found that tree biomass increased at seven of our ten plots, and showed a large decrease at a single plot. Overall, this increase was significant, albeit lower than reported previously for Amazonian forests. At three sites for which we had data for multiple census intervals, we found no concerted increase in biomass gain, in conflict with the increased productivity hypothesis. With the exception of one plot, slow-growing species gained more biomass than either fast-growing species or the tree community as a whole. Hence, our results do not support the hypothesis that fast-growing species are consistently increasing in dominance in tropical tree communities. Overall, our results suggest that our plots may be simultaneously recovering from past disturbances and affected by changes in resource availability.

Potential Journals for Submission of Article:

Title:  Journal of Forest Economics
Publisher:  Elsevier
Access:  AGORA/OARE participating publisher
Scope: The journal covers all aspects of forest economics, and publishes scientific papers in subject areas such as the following: - forest management problems: economics of silviculture, forest regulation and operational activities, managerial economics; - forest industry analysis: economics of processing, industrial organization problems, demand and supply analysis, technological change, international trade with forest products; - multiple use of forests: valuation of non-marketed goods and services, cost-benefit analysis of environment and timber production, external effects of forestry and forest industries; - forest policy analysis: market and intervention failures, regulation of forest management, ownership, taxation; - forestry and economic development: deforestation and land use problem, national resource accounting, contribution to national and regional income and employment.

Title:  Forest Policy and Economics
Publisher:  Elsevier
Access:  AGORA/OARE participating publisher

Scope: Tropical Medicine & International Health is a multidisciplinary journal publishing work throughout the field of tropical medicine and international health, including: infectious and non-infectious disease; parasitology; clinical diseases and medicine of the tropics; epidemiological theory and fieldwork; tropical medical microbiology; medical entomology; tropical public health and community medicine; international health policy; and health economics. Impact factor .907
Title:  Forest Ecology and Management

Publisher:  Elsevier

Access:  AGORA/OARE participating publisher

Scope: Forest Ecology and Management publishes scientific articles that link forest ecology with forest management, and that apply biological, ecological and social knowledge to the management and conservation of man-made and natural forests. The scope of the journal includes all forest ecosystems of the world. A refereeing process ensures the quality and international interest of the manuscripts accepted for publication. The journal aims to encourage communication between scientists in disparate fields who share a common interest in ecology and forest management, and to bridge the gap between research workers and forest managers in the field to the benefit of both.  Impact factor 1.839.

Title:  Trees – Structure and Function
Publisher:  Springer
Access:  AGORA participating publisher

Scope: Trees - Structure and Function publishes original papers on the physiology, biochemistry, functional anatomy, structure and ecology of trees and other woody plants. Also presented are articles concerned with pathology and technological problems, when they contribute to the basic understanding of structure and function of trees. In addition to original papers, the journal publishes reviews on selected topics concerning the structure and function of trees.  Impact factor: 1.461 (2006) Section "Forestry": Rank 7 of 35
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