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ABSTRACT

Many aspects of plant breeding and related reseavolve dealing with large
volumes of data that are linked over multiple yedrsesearch. Information technology
(IT), including databases, geographic informatigstsms (GIS), and the Internet, offers
researchers promising tools to enhance data mareagemd analysis and to facilitate
collaboration with partners and stakeholders ardnedylobe. Benefits from use of IT
are expected to increase with greater integratiaata sets and linking of data to
software tools.

This report describes internship activities relgtio an exploration of strategies for
enhancing use of data and software in researctoesl orops being conducted at the
Arid Land Agricultural Research Center (ALARC) betUSDA, located in Maricopa,
Arizona. Six interrelated activities were undertalkieat relate to organizing germplasm
collection information, plant breeding records, &etl and laboratory data, and making
the combined data available for subsequent anaysigor viewing via the Internet.

The climate analysis (ecological niche modelingdhaf novel oil crop lesquerella
(Lesquerellaspp.) using the tool DIVA-GIS was conducted basedrequency of
occurrence and the climate variables mean temperafwettest quarter, precipitation of
wettest, driest and coldest quarter. The modelmgigded maps of regions where the
probability of finding or growing lesquerella wagh. Further analysis using soll
characteristics could be used to refine the moddistdbution. Other techniques for
modeling distributions and formally evaluating tiesults also might be pursued.

A database for managing plant breeding recordegnjuerella was developed based
on the Genealogical Management System (GMS) olfntteenational Crop Information
System standards (ICIS). The GMS Search utilityijgied by ICIS was integrated with
the database along with other tools for maintaithegdata.

A custom web interface “LesqulS Web” was develofmednabling the public to
search the lesquerella implementation of ICIS mdorimation on germplasm and to
obtain specific information related to breedinglsas parents, plant type, and oil
characteristics.



To test this “proof of concept” web interface, mgar GMS database for the crop
vernonia Yernonia galamensisess., Asteraceae) was successfully implemented usi
the ICIS standards.

The “VernlS Web” application was created to giveudlic interface to Vernonia
database.

Work was also initiated on a customized Excel wokbfor collecting and
organizing experimental data from field experimefitse base layout was designed, and
an application was partially programmed. Howewverthier development is needed to
complete the tool.

During the internship, various software technolsgiere used, including
programming in Visual Basic, VBA, VBScript, Javaptrand SQL, database
programming using MS-Access and MYSQL server, aedd mrogramming using ASP,
CSS, and XML.
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Chapterl

Introduction:

Many aspects of agricultural research, especiddigtpreeding, require working with
large amounts of data. Frequently, these data baukhked over multiple years of
research and involve diverse locations. Informatemthnology (IT), including databases,
geographic information systems (GIS), and the hdgroffers agricultural researchers
promising tools to enhance data management angisssahd to facilitate collaboration
with partners and stakeholders around the globeets from use of IT are expected to
increase with greater integration of data setsliakahg of data to software tools.

This report describes steps taken to improve dat@agement, analysis and
distribution in a research program that deals witterse types of information from
agricultural research. The specific program dev&lopvel crops and is part of the
recently formed US Arid Land Agricultural Reseaféénter (ALARC), which belongs to
the Agricultural Research Service of USDA. Areagngbortance identified include the
development of an information system for organizilfgrmation from germplasm
collections and managing plant breeding records) ainphasis on genealogies, and the
use of spreadsheets and XML to facilitate dataurand interchange. Most of the work
is related to the development of speciekedquerellaBrassicaceae) as a novel source
of industrial oils and lubricants.

In the following chapters, this work is explaineddetail. Chapter 2 focuses on the
climate analysis of the geographic distribution.ofendleriacrosdJSA and Mexico
using GIS software. Chapter 3 discusses the impiétien of an ICIS database of the
novel crop lesquerella in both standalone and vegbion. Chapter 4 encompasses ICIS
implementation of another novel crop vernonia, atsstandalone and web version.
Finally, chapter 5 focuses on the efforts in caratf an Excel based custom workbook

application for recording field experiments.



Chapter 2
Climate Analysis ofL. fendleri Distribution using DIVA-GIS

Overview:

Every species of fauna or flora requires specifioatic conditions to thrive. In the
case ol_esquerellaspecies, the pattern of collections provides smmieation of its
distribution throughout the US and Mexico, but ithi@rmation is insufficient to identify
the potentially best conditions as well as to ssggeays to maximize yield of the crop.
The geographic distribution desquerellaspecies needs to be characterized in relation to
key environmental factors such as climate and kofendlerihas been collected in
different locations throughout Arizona and neighbgistates plus Mexico, and there
appeared to be scope for analyzing climate spedifitatic variables that might be
especially useful in describing the distributiorLesquerellaspecies or in explaining
geographic variation in key traits such as seeel @il content. Among the different
species of.esquerellanative to North Americd,. fendleriproduces seed containing oils
rich in hydroxy fatty acids (HFA) that have prommigiindustrial properties (Dierig et al.,
2005). The distribution df. fendleriextends from Arizona to Texas and Kansas and
southward into Mexico. The germplasm held by ALARESs largely collected in
Arizona, although there are accessions from neighp®JS states and Mexico
Information on the collection sites provides a gahenpression of growing
requirements of. fendleri A more quantitative analysis using a geograptfiermation
system (GIS) linked to climatic data can providédranformation. Resulting maps
should help in identifying priority regions for ther collections, selecting germplasm
likely to be adapted to temperature extremes, atichding promising production
regions.

DIVA-GIS (Hijmans et al., 2005) provides a suitetobls specifically tailored for
analyzing distribution of species (Hijmans et 2005). Data sets containing nineteen
climate variables related to temperature and pitatipn are available through the
DIVA-GIS-Web site. The software facilitates grapdlianalysis of relations among the
climate variables and collection sites, and ittoads for modeling species distribution in

relation to climate or other spatial data. Basegm@himinary consideration of



lesquerella’s annual growth habit, four variablesean temperature of the wettest
guarter and precipitation of the wettest, driest enldest quarters — are studied. Thus,
the geographic distribution &f fendleriaround USA and Mexico was examined using a
GIS to link the collection data to databases fonate. DIVA-GIS software provided

interfaces to load the data in it in the form cdysé files.

Methods and analysis:

Location data foL.. fendleriwere assembled from multiple sources. The primary
source of data was records for germplasm held b&RC. Vascular Plant Herbarium at
Arizona State University (ASU) provided the bulktbé remaining data (Anon., 2003).
The data for fendleri were selected and combinel thie ASU data. The resulting data
had few duplicates and some incomplete data. Dafeliceccords were removed using
SQL, and efforts were made to complete data byaobinig various collectors to provide
the missing information. This work resulted in &@&eapproximately two hundred and
fifty accessions ok. fendlerj which contained, among others, the collection Ipeim
information of the collector, the name of the lezatwhere it was collected, the latitude,
and the longitude.

The DIVA web site provides climate databases ded#nt resolutions (Hijmans et
al., 2004). The one used for this experiment waa ®iminutes of latitude/longitude,
which is roughly equivalent to a cell size (pixglkm square. The climate database
contains monthly and annual temperature range sewpitation for every location by
latitude and longitude. Digital maps of United $&aand Mexico were used to indicate
political boundaries.

An MS-Access database of the lesquerella collectata was created. The data were
then imported into DIVA-GIS using its data impawbt, which requires latitude and
longitude expressed in decimal degree format. DI&IS- displays the collection points
against the maps. Reported collection locationgwbecked using a DIVA-GIS utility
and visually inspecting the maps. Similar to repoftHijmans et al. (1999), common
problems were apparent typographic errors, invarsfdatitudes and longitudes, and
ambiguities relating to whether positions were rded in decimal degrees vs. degrees,

minutes and seconds.



A rectangular area covering all the collection tamas ofL. fendleri,plus
surrounding areas believed to have potential fomroercial production, was selected for
analysis. The rectangle ranged from 21.2 N degi@d$.1 N and from 117.7 W to
96.7 W.

Ecological niche modeling was used to characteheaistribution oL. fendleri
DIVA provides this model using two algorithms, BIQO®™ and DOMAIN (Hijmans et
al., 2005). Both approaches were used in ordeoitgpare their impacts on the modeled
distributions.

The BIOCLIM algorithm extracts climate data fored ef locations specified by the
user (corresponding to collection locations in¢hee of lesquerella). It then finds the
climatic ranges of points for specific climatic \ales and develops a rule that identifies
all areas with climates similar to those of thewndocations (Busby, 1991). It calculates
the mean and standard deviation for each climaiahbla, considering the entire set of
locations specified. Based on percentile rangesutatked from the standard deviation,
the routine produces an area envelope with fiveegdrased on variable percentile

ranges, plus the remaining area.

The DOMAIN algorithm uses Gower distance (Gowei7)9%as the main parameter
to model distribution. The Gower distance is atreéameasure of similarity (Carpenter
et al., 1993; Franco et al., 2005) that is measaseithe sum of the absolute value of the
individual distances divided by the maximum range.
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Domain prediction calculates the Gower distancevben each cell in the map and
the set of locations (collection sites) using eaictihe climate variables chosen and then
uses the mean of the distance to map the similavigy the region. Domain similarity is
calculated as D = (1 —d) * 100 and hence is expressed as a percentagenDieg on
the Gower distance, the geographical area is divia® different percentage ranges and

assigned the prediction result. The Gower distaacebe adjusted by a weighting factor



for missing data for each of the variables. In t@se the weight was not required
because the variables are continuous and withaging data.

Initial inspection of frequencies of values foriwidual climatic variables (e.qg., Fig.
1a, Fig. 1b) confirms the expectation that varialite quarterly periods can provide
good discrimination among regions. Thus, for BIOKL the climatic variables mean
temperature of wettest quarter, precipitation oftest quarter, precipitation of driest
guarter and precipitation of coldest quarter wéresen. Two sets of predictions were
obtained, one using the four variables and anatfitérthe first three.
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Fig. 1a. Frequency of accessiond ofendleri against mean temperature of wettest
guarter. The curve indicates that accessions aghare the mean temperature ranges
from 16 to 28°C during the wettest quarter.
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Fig. 1b. Frequency of accessiond.ofendleri against total precipitation during theedt
guarter. The curve indicates that accessions agbare precipitation ranges from 0 to 60
mm during the driest quarter.
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Results and Discussion

Results using the BIOCLIM and Domain methods artsl geclimate variables are
presented in Figs. 2 to 5, along with locationshefL. fendlericollections. The zones
based on four climate variables (Fig. 2 and 4)auger than those using three variables
(Fig. 3 and 5), indicating that precipitation dygyithe coldest quarter has some influence
on the geographic distribution.

Using BIOCLIM, the highest percentile for the pretchn was 44 with mean
temperature of wettest quarter and precipitatiowettest, driest and coldest quarter. The
range 20-44 percentile has been identified asxbellent candidates for growing L.
fendleriand is highlighted in red in Fig. 2. The highestgentile obtained after
excluding precipitation of coldest quarter is 50eTange for excellent similarity is 20-
50 and is shown in red in Fig 4.

Using the prediction method of the Domain algoritiwith mean temperature of
wettest quarter and precipitation of wettest, drdesl coldest quarter, there were few
locations with a match of 100, which are markedhw&d color in Fig. 3. A good region
had a match of 99-88. The prediction map after rengpprecipitation of coldest quarter

was similar and is shown in Fig. 5.
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Bioclim prediction bazed on mean tempr of wettest quarter and precipitation of wettest and driest quarter
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Fig. 2. Map of areas suitable forfendleribased on BIOCLIM prediction using mean

temperature of the wettest quarter and precipitaticthe wettest and driest quarters.
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Darnain prediction based on mean tempr of wettest quarter and precipitation of wettest and driest quarter
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Fig. 3. Map of areas suitable for fendleribased on DOMAIN prediction using mean

temperature of the wettest quarter and precipitaticche wettest and driest quarters.
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|
Bioclim prediction based on mean tempr of wettest quarter and precipitation of wettest and driest quarter
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Fig. 4. Map of areas suitable for fendleribased on BIOCLIM prediction using mean

temperature of the wettest quarter and precipitaticthe wettest, driest and coldest
quarters.
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Diornain prediction bazed on mean tempr of wettest quarter and precipitation of wettest, driest and coldest quarter
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Fig. 5. Map of areas suitable forfendleribased on DOMAIN prediction using mean
temperature of the wettest quarter and precipitaticthe wettest, driest and coldest
quarters.

Conclusions and Future work

The models identified certain zones as excelléas $or growingd-. fendleri Most of
the collection sites of the species were withiammund these zones. This indicated that
mean temperature and precipitation were likely agrtbe most important factors
influencing the distribution df. fendleri On the other hand, the models identified certain

areas as suitable where collection& ofendleriwere not reported.
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This analysis provides a new direction to undeditamthe ecology of. fendleri
Baseline data for further analysisloffendleri,and related species, based on
environmental factors thought to affect its geobrapglistribution were obtained.

Further improvements to this modeling would reqdingr activities. The first is to
obtain more data on species distribution. For exantpere are reports from herbaria that
L. fendlerioccurs in southeastern Colorado and southwestemsdsaTo obtain these
data for specific location involves contacting @&s responsible for collections lof
fendleri,so as to verify the accuracy of the data.

A second area is to consider additional spatia.da&squerellaspecies occur mainly
on soils high in calcium (e.g., derived from linm®), so the distributions could be
mapped more precisely by considering soil chemistry

Recently, various new methods for modeling spedistsibution have been compared
(Elith et al., 2006). One of the most promising @aches involves machine learning but
requires data both on presence as well as absétioe species being mapped (Hirzel et
al., 2002).

Finally, work is needed on more objective metha<seivaluating mapped
distributions. Elith et al. (2006) provide examptésnethods that could be considered.
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Chapter 3
Lesquerella — LesqulS database and LesqulS Web

Overview:

The novel crop lesquerella has been subject tarelsen ALARC for several years.
Data was largely collected in the form of Excelegusheets and paper notes. In order to
increase the efficiency of ongoing research anagaphe findings to the agriculture
community, there was an urgent need to standatdezdata. International Crop

information System (ICISyww.icis.cgiar.orgMcLaren et al., 2005) provides an

integrated system to mine and maintain crop dateeffort was made to convert all
available lesquerella data into an ICIS databasevkras LesqulS

Collection and breeding data for lesquerella haaendoaded into the existing
database architecture of ICIS (the Internationapdnformation System) (Fox et al.,
2006). The preliminary Genealogy Management Sy¢@mS; McLaren et al., 2006)
established the feasibility of using ICIS for lestglla. However, potential users at
ALARC identified the need to develop user-friendlystom interfaces to assist loading
attributes and additional breeding records intosiystem. This involved analysis of the
germplasm records, pedigree information, breediethods used and correctness of the
data loading process. During every revision, theS=Sdatabase was to be reloaded, and
the loading script needed to be modified to makeate intelligent, comprehensive and
robust.

The Genealogy Management System (GMS) for lesgaasebf considerable interest
to the agricultural community, but the ICIS softevam its standalone form is somewhat
difficult to use. The users need to install thdd@nd do other configurations, making it
difficult to be accessed by stakeholders outsid8LARC. Thus, the need was identified
to make information on lesquerella freely accessii the Internet. A user-friendly web
interface was the most desirable solution wher@a@yvith access to the Internet could
search the crop database for detailed informafibe.proposed web interface would
allow an interested person to search for germpksrassions and view detailed
information on individual accessions, including @ps, source, group, and other

attributes and breeding information plus custons lctegorized by the scientists at
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ALARC, while also maintaining flexibility of the IIS5-Web implementation (Reyes Ulat
et al., 2006) for other crops like rice (McLarerakt 2006) and wheat (Delacy et al.,
2006). The resulting website is known as Lesqul$We

Methods and Implementation:

The original Lesquerella data were collected is 8itMS Excel workbooks.
Programs were written in Visual Basic for Applicats (VBA) inside MS Access to load
the data into the MS-Access version of ICIS datapatich was named LesqulS. The
dataset is a part of the whole lesquerella datea®e new data from other workbooks
require specifying new breeding methods, the pmdomic had to be modified to
maintain compatibility with the ICIS GMS. To makeeasier for the breeder to load data
into the existing LesqulS system, “Forms” in MS-Ass was used to develop two

custom forms.
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Window for loading new accession reco(lgy. 6):

EE Loading GermPlasm data in access o ] P

FileMarme: I*.xls

Skark Fow: |4

End Row: 340

Process Initial Data Process Hybrid Data

Fig. 6. Screenshot of the custom window developedbfading new accession records

On clicking the “Browse” button, the user seletis Excel workbook to be loaded. In
the “Start Row” and “End Row” fields, the rangedaita is specified. The columns in
different workbooks are defined in a similar manmsertheir names and formats are hard-
coded in the import program. The button “ProcesigalrData” reads and loads data for
initial accessions of lesquerella.

The program first validates that the user has tedes valid Excel file and has
entered correct values for start and end rows. Tirems the subroutine
“ConvertlnitialData”, which uses understandableucoh formats, so that users can make
small changes to the Visual Basic code in casedhenn formats of the workbooks
change. A progress bar is displayed during theihgpdf the data in order to indicate the
percentage of processing completed.

The “Process Hybrid Data” button validates then@dme and rows and then calls the

subroutine “ConvertV6Data”. This subroutine loagsngplasm data and the breeding

20



information into the database. It is designed todtedifferent generative and derivative
methods, according to ICIS terminology, becausddbie for storing pedigree

information varies by methods used in the breegmogess. It was also designed to make
the algorithm more generic so that it can be usedther crops, and the code was

simplified so that users can easily change the bawk layouts in the program.

Window for loading attributes for germplasm recorflse ICIS software allows for

entering attributes as individual values, but thifar too time-consuming for loading
information on large sets of lines. Thus, an agpion window was developed to load

data on attributes of germplasm such as seed wainghoil composition (Fig. 7).

I EE Loading attributes of germplasms - |I:I|5|

FileMarne: I B |

Skart Row: I Column Id of Accession in Excel Sheet I
End R I Column Id of Attribute in Excel Sheet I

Attribute | |

Load Attribukes |

Fig. 7. Screenshot of the window loading attributegermplasm

In the ICIS GMS, attributes store most of the imi@ot characteristics of germplasm
accessions. For lesquerella, these include oileciingenus, species, and subspecies.
Moreover, attributes can be used to create custiagorizations. Thus, we needed a

system to define new attributes and add their waloghe database.
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The browse button opens the standard Windows ojoethow dialog and allows the
user to choose an Excel workbook containing thession number and the
corresponding attributes to be loaded. The coluimtize workbook can be in different
positions. The user only needs to identify the ooia to be loaded, along with the start
and end rows of the data. The user then can ctlibeggarticular attribute from a
dropdown box in the form. This attribute list ispptated from the LesqulS database
table “ATRIBUTS”. On clicking the load attribute than, the program validates user
input and prompts the user for any invalid entri@s.successful validation, it calls the
subroutine “AddAttributes”, which accepts the inparameters FileName, StartRow,
LastRow, Accession Column, Attribute Column andriitite Type. This form also

displays a progress bar to indicate the progresiataf load.

The LesqulS web interface

The LesqulS-Web interface is created using the teefinology by Microsoft Active
Server Pages (ASP). The code uses VBScript andsdapalanguage to generate
dynamic web pages, which are hosted on an “Intdnfetmation Server” under
Windows 2000 operating system. To make the apdicabbust and scalable the
LesqulS database was migrated from MS-Access toQllyserver. MySQL is one of the
most popular open source relational database marmagesystems (RDBMS) and is free
to use. The program was downloaded fitaitp://www.mysgl.comand installed in the
web server hosting the LesqulS-Web. For connedtirige MySQL database “MySQL
ODBC driver 3.51 for windows” was used. To trangfata from MS-Access to MySQL,

the custom tool “Navicat’nttp://www.navicat.com)/was used.

The web interface consists of the following compuse
Main Page: This lets users search a germplasmddgathree different options -
germplasm name, germplasm species or the countheafollection (Fig. 8). It
also allows users to browse six custom germplastst li
0 Released Germplasm: Materials that have been forabescribed as

cultivars or breeding lines.
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o Unimproved Germplasm - Wild Collections: Initiagfd collections of
germplasm.

o Unimproved Germplasm - Increased Accessions: Magetihat have been
increased (reproduced from seed) initially fromdagbllections.

o Improved Germplasm - Interspecific Crosses: Maletlzat were created
by crosses between two or more species.

o Improved Germplasm - Intraspecific Crosses: Maletizat were created
by crosses within a single species.

o Improved Germplasm - Trait Selections: Materialeced for
outstanding levels of specific traits such as seeld, seed oil content, or

levels of a specific fatty acid in the seed.

Fig. 8. Screenshot of the entry page of LesqulS-Web
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The germplasm search algorithm was implementedyusmctured query language
(SQL). A custom SQL query is dynamically createdataling on the search criteria
entered by the user. The query looks for recordsdbntain the search keyword in the
selected field (name, species, and country). Thebdse tables involved are Germplasm,
Names, Methods, UDFLDS and Location. The SQL qurglves inner, left and self
join of these tables and also the SQL keyword “LIKEhe interface between MySQL
and VBScript was programmed using the Microsofadaicess object library “ActiveX
Data Objects” (ADO). The results of the query doeamed in an ADO recordset which
is similar to a database cursor. The results ane thrmatted in the web page code and

displayed to the user in a friendly manner.

Search Results Page: The web page displays thiésrebthe search criteria the
users entered in the main search page. The resalttisplayed in a tabular form
giving the following information:

o Name
Type
Method

Location

o O O O

Number of records matched
0 Hyperlink to the germplasm details page
An example of the search results for accessiomsrgjawith the characters “19” is

displayed in Fig. 9.
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Fig. 9. Screenshot of the GMS search results ofjl&web.

Germplasm details page: This page displays the maenmformation of the
germplasm record. The data displayed are the gasmpidentifier (GID),
germplasm name and alternative names if any, lmgedethod used to create the
accession, collection date, location, group andcsoaf the collection, and any
attributes. It also displays the pedigree trednefgermplasm. Users can click on

the pedigree tree to get pedigree information efgarents and further.

An example of information retrieved for the accer®96YS19 is shown in Fig. 10.
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Fig. 10 Screenshot of the germplasm details wel pagesqulS-Web.

Future work

The software for loading data was successfully en@nted at ALARC, and the
lesquerella breeder uses the tool for loading nesnglasm records into the main
database. The current LesqulS database has owertleigisand germplasm records and
about forty thousand attribute values.

The LesqulS-Web is being implemented as a publiz sie at ALARC. Once the ip
addresses are obtained, it will be available utft2 ALARC website. The information

will be forwarded to the ICIS community and conaafpersons. The LesqulS database
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will be continually updated with available labongtoesults. The direction is set for
much greater integration of the research assocwitibdesquerella.

Making research outputs readily available will strnen the ability of ALARC to
demonstrate the potential of lesquerella as amaltiwe source of bio-lubricants and
specialty industrial raw materials. The increasaadcern over rising oil and associated
petroleum products has put stress on developmeant afternative product. The LesqulS

database and web interface facilitates increasioign@mtum for research on lesquerella.
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Cheaper 4

Vernonia — VernlS database and VernlS Web

Overview: Vernonia, also known as ironweed, is a wild planirfd in Africa, India,
and parts of America. It contains an oil rich iroryp fatty acids. The epoxy oils are
widely used as plasticizers and additives in flexgmolyvinyl chloride (PVC) resins
(Thompson et al., 1994). The oil content of veraasivery high. It is thus potentially
useful as a vegetable oil. Another potential useeofonia is as a drying agent in
reformulated oil-based or alkyd-resin paints.

In ALARC, research was initiated in 1990 to breedwnia seeds and develop
varieties or lines with a seed of high oil content much greater seed yield. Breeding
records were organized in similar formats as lesgjlae which thus suggested that a
system parallel to LesqulS be developed for vemmoviernlS (Vernonia Information
System). With a successful implementation of IChEablase for lesquerella, the
knowledge obtained was to be applied to the vemndata to create an ICIS
implementation of GMS database. Plant breedingrdscfor vernonia were also
maintained in Excel worksheets similar to thosddsguerella. The program scripts
developed for lesquerella were expected to work witnimal modifications for the
vernonia database.

The vernonia database also needed to be web duleedsius, the lesquerella website
structure was followed and customized for vernohfee resulting web interface was thus

applied to the vernonia data, resulting in Vernlhy

Methods and Implementation

The first step for implementing VernlS was to cecthie GMS database. The Excel
workbooks for the vernonia collection and breedigprds are of similar format to
lesquerella. A copy of the LesqulS database wasdieated and named VernlS. Data
tables were cleared to remove the germplasm infitomaf lesquerella. The form for
loading accessions and attributes was used arghtaevas successfully loaded. This

demonstrated that the programs for loading lesdjaedata worked without any issues or
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modifications and confirmed the robustness of ttoggam, indicating that it can be used

for other crops in future.

The vernonia web interface, VernlS-Web, providesalar interface as lesquerella.

The same code base is used and customized to dlceasynonia database, with a

version of the “VernIS” database then created enMiySQL server. Following the

layout of LesqulS-Web, the web site contains thinegn pages:

Vernonia Search main page (Fig. 11): This letssusearch for vernonia

germplasm records via three options, the germplaame, species or country of

origin. It also facilitates users viewing five cost germplasm lists:

(0]

Released Germplasm: Materials that have been formescribed as cultivars
or breeding lines.

Unimproved Germplasm - Wild Collections: Initia¢fd collections of
germplasm.

Unimproved Germplasm - Increased Accessions: Magetihat have been
increased (reproduced from seed) initially fromdagbllections.

Improved Germplasm - Intraspecific Crosses: Maletizat were created by
crosses within a single species.

Improved Germplasm - Trait Selections: Materialeced for outstanding
levels of specific traits such as seed yield, sBlecbntent, or levels of a

specific fatty acid in the seed.
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Fig. 11. VernlS Web main entry page

Search Results Page: The web page displays thiésrebthe search criteria the

users entered in the main search page. The regigidayed in a tabular form,

show the following information:

(0]

o O O O

o

Name

Type

Method

Location

Number of records matched

Hyperlink to the germplasm details page

A screenshot of the VernlS-Web interface showirsyiits for a search of accessions

starting with the character “a” is displayed in E)
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Fig. 12. VernlS Web search results page

Vernonia germplasm details page: This page dispglaysomplete information of
the germplasm record. The data displayed are gasmpidentification (GID),
germplasm name and alternative names if any, maibed, collection date,
location, group and source of the collection ahdh&l attributes. It also displays
the pedigree tree of the germplasm. Users can chdke pedigree tree to get
pedigree information for the parents and their prowrs.

An example of results for the germplasm accessi®@bAs displayed in Fig. 13.
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Fig. 13. VernlS Web germplasm details page foraiteession A395.

Results and Future work

The VernlS-Web has been successfully implementéde ALARC web server and
is in the process of being made publicly availablee LesqulS-Web provides a
hyperlink to vernonia and vice versa. Moreoverwsd links to vernonia search are also
provided in the ALARC home page. As with lesquergtiromotion of vernonia will
benefit from increased exposure by means of thebkcanterfaces, and scientists will

be able to learn about further developments asehesrge. With feedback from the user
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community, the web pages can be further enhancaliiow greater user interaction and

more detailed search capabilities.
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Chapter 5
Excel workbook for data collection and data interctange

Overview: Information systems such as LesqulS and VernlS$naialy intended for
researchers who will be managing large sets ofrglged data on a regular basis. Many
potential data providers will not want to learmtanage such complex software, but they
may still have data that they wish to exchange witter researchers, including having it
loaded into LesqulS or other databases.

The ICASA (International Consortium for Agricultli®@ystems Applications)
standards (Hunt et al., 2001 and 2006) provideejuiés for documenting experiments
with emphasis on providing data for and modelirgpagrowth. The ICASA standards
were initially developed by the International Bemark Sites Network for
Agrotechnology Transfer (IBSNAT) project. The stardks provided a means for using
standardized data formats to describe field expanis) including crop development and
growth, field management, and environmental coodgi Due to the complexity of ICIS,
a need arose for a simpler solution like an Exealelal tool for describing field
experiments. An attempt was made to develop a simpltkbook based on MS-Excel
(Fig. 14), to collect the data and then use théoenized tools inside it to upload the
experiments into a standardized database suchi@&sAQiser can record the information
and then the workbook would validate the entrieséike sure that the data are correct
and complete as per the ICASA norms.

The proposed tool would facilitate collecting thgperiment data and then provide an
interface to load the data into a standard datappaserated by an already developed tool,
DBwrite.

The initial version was also aimed to provide datBbbrmats suitable for modeling
crop growth. The database for storing such infoionat being developed at the
University of Florida, with input from ALARC scieists. A tool named “DBwrite”
written in Visual Basic creates an Access databaskthen imports data from comma
separated data files into the database. The m@ainvas to provide users with an easy to
use application and at the same time, ensure #tatadte entered as correctly and
completely as possible. The workbook would be tisted as an add-in file for MS-

Excel. Users are presented with preformatted weadtsh with key fields already defined,

34



and a custom menu to load the data in an Accesbalsd in the DBwrite format. In
addition, the workbook should have built in toals €xporting data into XML, which can

be used for data interchange among systems omafffplatforms.

Fig. 14. Excel workbook to record field experiments

Methods and Implementation
The workbook provides two custom menu options “L&xgeriment” and “Save
Experiment”. On clicking the first menu, a windosvdisplayed that asks the user to

select the MS-Access database where an experisiembe saved (Fig. 15).
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Fig. 15. Load experiment from database

On clicking browse, the user first gets to selketdatabase and then activate
“Process” to read the experiment from databasdaadlit into the Excel workbook.

The “Save experiment” menu lets user save the Bxagtbook into an Access
database [Fig. 16].

Fig. 16. Save experiment into database

Future Work

Functionalities of the workbook are under developtiit are partially operational.
The layout of the workbook is complete, and it jadlst validates user inputs. Once
complete, it will validate the user entries to makee no invalid data are entered and to
assess completeness of the information. Furthek i8also needed to complete the
import routines that will access these data andigthe Access database. The code base
for this is developed, but it needs further extensvith respect to each entry field and
the structure of the access database.

Converting the data into XML format requires creatof a standard format and use
of available XML object modules such as MSXML towert the worksheet data into an

XML document.
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Hence, further software development is neededdatera robust application that is

ready for testing by stakeholders.
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Chapter 6
Conclusions and future directions:

The GIS analysis using DIVA software gave insighte the model of the crop
distribution. The different collection locationsrapared with the prediction maps gives
the validity of the data collected. For any cortifig results, the best possible option
would be to collect more crop information and mtmeards a more accurate prediction.
Also, other methods provided by DIVA can be usedddhe analysis and that may lead
to more insights into factors determining the dsttion of lesquerella.

The use of information technology in the integnatad different aspects of crop
research has been quite useful. The successfutimgpitation of ICIS database for
lesquerella and vernonia helped establish a trefgkure data collections. With usage of
standardized tools in ICIS for future data addgi@md updates, chances of any mistakes
and complexity of data conversions are minimal.iAg@aith increased effort for
development of newer versions of ICIS tools witktdrefunctionality and increased add-
ins, the implemented LesqulS and VernlS systemisgnehtly benefit stakeholders by
enhancing how data are managed and made acces$sipteved analysis tools will
immensely reduce the time needed for analysisjrammdase focus on reseanér se

The LesqulS-Web and VernIS-Web gives a widely add interface to the
information for ongoing research and field expemniseof the novel crops. With the
update of local ICIS databases, the flow of infatiorawill be dynamic across interested
parties.

A prototype Excel workbook for recording field expeents has been developed, but
the software requires further efforts in orderreate a user-friendly tool with
widespread utility for agricultural researches. MAew mechanisms available for
updating databases using the web, the workbookeaxtended to directly update a

centralized database as user enters data.
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Appendix 1:

Source code for loading germplasm attributes, and aintaining the ICIS Web

The list of the modules and web pages is givenvibe€lthe actual code is available at

ALARC.

GMS:

frmLoadAccessions: It is part of the ICIS GMS datsd and contains the code for
importing germplasm accession data from Excel sisiezets to the GMS.

frmLoadAttributes: It is part of the ICIS GMS dagsle and contains the code for
importing attributes of germplasm data from Exggkadsheets to the GMS.

ICIS Web:

GMSSearch.asp: It contains the source code fomtdia web page for LesqulS web. The
code for search functionality and results displayia this module.

GPDetails.asp: It contains the source code forayspg the details of a single
germplasm from LesqulS database.

VernSearch.asp: It contains the source code fomine web page for VernlS web. The
code for search functionality and results displayia this module.

VernDetails.asp: It contains the source code fepldiying the details of a single
germplasm from VernlS database.

ADOVBs.asp: It is a common module used for connecto the database from web
pages.

DBConn.asp: It is a common module used for conngdb the database from web
pages.

Functions.asp: It has functions and subroutinesdbdations and data conversion etc.

LesqulS.css: It is the web stylesheet for the entigb.

LesqulS.js: It contains the JavaScript codes usenighout the web.

A copy of the source code can be requested frondddery W. White at
JWhite@uswcl.ars.ag.gov.
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Appendix 2:

Instruction manual for LesqulS-Web and VernlS-Web

The project consists of the following:

a)

b)

d)

Active server page (ASP) web pages written in VB8&nd HTML. Most of the
texts in web pages are in HTML. They can be moditising any HTML editor.
Code that is enclosed within “<%..%>" should be fied by a person having
knowledge of programming in ASP.

Cascaded stylesheets: These are part of HTML, ayah& having knowledge of
HTML should be able to modify these stylesheetsrder to change general

formatting such as color or font sizes.

Picture files: These are image files in differesviniats like jpeg, gif and png.
They are displayed in the web pages. On right-zigglon an image and clicking
on properties, the location of the image can berdehed. For changing any
image, a graphic editor should be used, and a péraaing knowledge of the

material should guide the modifications.

JavaScript code files: These are written in thg#og language JavaScript and
are very important for the application to functiworrectly. They should only be

modified by experienced developers.

Database server in MySQL server. The server isredddo as “localhost” in the
host computer. There is an administrative usethferserver, which is provided to
the owner of this application. Only persons hawatabase skills should perform
maintenance on the database server. The serveepaste databases for each
application. For online help and more informationMySQL, please visit
MySQL home page dtttp://www.mysqgl.com/
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List of web files:
The web site files are located by default in tHddo

“C:\Inetpub\wwwroot\ICISWeb”. In the future, if tHdes are moved to a new computer,
the system administrators should be able to téléfpath remains the same. Basically,

the folder structure remains unchanged.

LesqulS-Web:
These files are located under the folder menticieave.

GMSSearch.asp: This is the web page that allowessop to search for

germplasm records and also displays the searchgesu

GMSDetails.asp: This is the web page displayediigkieg a germplasm in

the search results.

VernlS-Web
These files are located under the folder mentiGisx/e.

VernSearch.asp: This is the web page that alloperson to search for

germplasm records and displays the search results.

VernDetails.asp: This is the web page displayedlicking a germplasm in

the search results.

Image Files
These are located under a separate subfolder “Bhageler the main directory.

Back.png: The arrow for back button.

VernlS_Logo.png: The logo for Vernonia web.

ARS logo_green.png: The logo for ARS in green color
verticalLine.gif: Vertical line image. Should no¢ Imodified.
n_bdfillerorange.qgif: Styling image. Should notrbedified.
ALARC_logo.jpg: Logo of ALARC.
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LesqulS_Logo.png: Preliminary logo for Lesquereleb. Can be replaced
with new logo once one is designed and finalized.

collapsedLastNode.gif: Image used in the pedigess Should not be
modified.

nonFolder.gif: Image used in the pedigree treeufhoot be modified.

noChildrenLastNode.gif: Image used in the pedigree. Should not be
modified.

expandedLastNode.gif: Image used in the pedigese 8hould not be
modified.

blankSpace.gif: Image used in the pedigree treeul@mot be modified.

Lesquerella.jpg: Image of Lesquerella crop.

Welcome.gif: The welcome image at the top of thgliaption

Common Files
These are located under a separate subfolder lasfuunder the main directory

and used by both web applications.

Lesquis.css: This is the cascaded stylesheet ystgkhwhole application.
This is used for general formatting and layouthaf wveb pages.

Lesquis.js: The JavaScript code used in the project

ADOVBS.asp: ASP code to accommodate ActiveX dajaatb in VBScript.
DBConn.asp: ASP code to connect to MySQL databases

Functions.asp: Common ASP subroutines to be usetiy places.

Database servefhe MySQL server can be administered by opensdouais

available at the homepage or using third partysttiké Navicat

(http://www.navicat.com Also, anyone with good knowledge of Structured

Query Language (SQL) can use its query interfagtinister and maintain the
two databases. The lesquerella database is nantedsapiis_central”’, and the
vernonia one is “Vernis_Central”. There are threerwaccounts right now — root

(the administrator account created by default) guéS (user account used by
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lesquerella web to query the database) and Veud& @ccount used by vernonia
web to query the database). The “root” accountfllbpermission and should be
used by administrator only.

In the future, if data need to be added, it wowddbst to assign a database
developer/administrator to perform this job. Or s@me might self-train or be

trained in database operations to perform this job.
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Appendix 3:

Specific recommendations for future enhancements andirections regarding ICIS-
Web.

The ICIS-Web for lesquerella and vernonia has luiesmeeloped with the main aim of
making data available to the public. At the clotéhes internship, the web interface is in
its infancy, providing only basic search functiatyalAs the awareness of the databases
grow among the agricultural research communityretlie a great potential to enhance the
web to have better pedigree information, custonontspcustomer feedback, images of
species, scientific reports, etc.

As indicated in the instruction manual, much of pn@ject maintenance requires a
software developer knowledgeable in web and datateedinologies. So, it will be
advisable to have a permanent person to maintaiagplication and enhance it. As the
collection of lesquerella and vernonia grows alwiitty the breeding information every
season, the databases will continue to grow.ithrtant to establish a plan for regular
updates of the databases as new information becavadable. These tasks require
technical expertise in database administrationrevwihg a permanent person responsible
for all these functions will ensure that the syste&an be maintained efficiently.

The stakeholders of the application should expertméth the application and come
up with suggestions to make it more attractiveubligc. As the main aim is to promote
crops like lesquerella and vernonia, the appearanddunctionality (“look and feel”) of
the web site can play an important role. Allowingrencomplex user interaction such as

guerying by any attribute is a logical startingrgoi
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Appendix 4:

Source code and development notes for the Excel IGR workbook.

This document lists the work completed in develgmn Excel workbook for
recording field experiment data, following the ICA8ata standards for agricultural field
experiments. Since this work was not completedgessigons for future work are
provided. The list of the modules and web pagesvisn below.

1. Workbook: It has codes for loading the custom mamdi dropdown lists for
specific cells in the workbook.

2. frmBrowse: This form is displayed when user trestport or export data to
and from the workbook. It also contains the codsawe workbook data into
the database.

3. modCommon: It contains the common subroutines tlsedighout the

workbook.

A copy of the source code can be requested frondddery W. White at

JWhite@uswcl.ars.aqg.gov

Dr. Jeff White developed the outline of the workkdxy creating a series of
worksheets and indicating the various fields whiculd normally be completed in the

course of a field experiment.

A custom menu “ICASA Menu” was developed for addingctionality like
importing and exporting data. The menu items aneell to VBA functions integrated
with the workbook. This menu can be extended bybgimodifying the subroutine

“AddMenus” in the VBA code module “modCommon”.

Other functions like validating data, generatingpo in XML format, etc can be

added to this module. These functions would beeddllom menu items that are added.
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The subroutine “CreateDropdown” creates dropdowtioap in specified cells in a
worksheet. The subroutine is currently implemermtely for “Management”, but it can
be extended as required simply by adding otherdibvom lists and specifying cell
ranges. The existing code will serve as a modebtioer types of formatting. An
unresolved issue is how to control formatting drdadion rules if a user adds new lines
of data to a worksheet. For worksheets with mudtiolws of headings, it would be much
easier to create separate worksheets for eachrigeadd apply the formatting or

validation to an entire column of data.

The VBA form “frmBrowse” prompts the user to seldw source/target MS-Access
database. It uses the Microsoft common dialog obtdrprovide directory and file
browsing functionality and to allow the user toesla file. This form can be extended

for similar needs, e.g., exporting to XML file asng validation messages to a text file.

The procedure “cmdGo_Click” would save data from Excel sheets into a
“‘DBWRITE” database. To connect to the databaseysesthe module “Microsoft
ActiveX Data Objects 2.6 Library”. The code for omating to the database and saving
and querying the data has been tested and appeawsk as required. The procedure
needs to be extended to read all of the data redjfiom the worksheets and then to
populate the tables of the database. The existdg ceads a sample of cell values from

worksheets and can save them into a specified.table

Other developments that would enhance the appicaticlude validating the data
that the user entered in the spreadsheet. Foralh#te cells having data in the workbook
need to be considered, and a validation subrouteels to be written to check those
values. The validation rules are yet to be defifidn: validation results can be shown in

a new form and an option can be given to the wseither print it or save to a file.
Another functionality that is expected is the dpito export the data in XML. An

XML format needs to be defined after consultinghvitie stakeholders. The format can

be embedded in the code. The use of XSLT (extensilylesheet language template) to
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define the format is a promising option. The stigket definition can be saved inside a
VB class as an object. To convert the Excel dadtaan XML, the “MSXML” object
library can be used. Once the data are loadecaimdML DOM (document object
model), simple file I/O methods (available in VBégn be called to save the XML
contents to a file. Similarly, the suggestion wasdmthat the workbook might be used to
upload data to a database accessible through tireén.

As the work progresses on implementing these fanatities, other requirements
might arise and similar approach can be followeddamomplish objectives.
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