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LTA 20

Plantsin Space:
A Statistical Analysis of Biological Processes at the Kennedy Space Center

Section 1
Background

NASA isinvestigating systems that will support life away from Earth for extended periods of time. This
would include missons to the International Space Station and living on a base on the Moon or Mars.
Water, oxygen, and food are necessary for human surviva. Though water and oxygen can be created
by mechanical or chemica processes, food can only be provided by plants. Since plants can create dl
three of these products, they are a necessary element in a self-supporting food and waste recycling
System.

In order to understand the effects of microgravity on plants, experiments have been conducted on Earth
and on the Space Shuttle. During these experiments, different environmenta factors are regulated and
then datais collected and anayzed so that the effects of changes can be assessed. Some factors that
can be regulated are carbon dioxide levels, aamaospheric contaminants, humidity, temperature, pressure,
lighting, and the technologies for growing plants, such as hydroponic systems and containers. Among
the data collected isthe yield of the plants, their height, number of days to produce flowers, seed count,
seed Sze, nutritiond content, amount of carbon dioxide processed, oxygen levels produced, and
amount of water condensed.

A key issuefor the NASA stientigsisthe ability of afood plant to reproduce in sufficient quantity to
support human life for an extended period of time. Thus, experiments are designed to investigate the
length of the reproductive cycle of aplant and how it may differ from the cycle of that plant on Earth,
how abundantly the plant reproduces, and whether the food produced provides sufficient nutrition for
humans. One program for conducting these experiments, the Collaborative Ukrainian Experiment—
Teachers and Students Investigating Plants in Space (CUE-TSIPS), was conducted in November of
1997. CUE-TSIPSinvolved the Space Shuttle and studentsin the United States and Ukraine.
Secondary school students in Ukraine and the United States performed an experiment smilar to the one
that the Ukrainian payload specidigt, Leonid Kadenyuk, performed aboard Columbia on misson STS-
87 (Space Transportation System-87).

There were 12 experiments conducted to measure plant height, number of days it took the plant to
produce flowers, seed count, and seed size. The plants used were “AgtroPlants’ (dwarf stock of
Brassica rapa) from the Wisconsan Fast Plants Program.  These plants have arapid growth rate: 35
days from seed to creating seed. Asaresult, students and scientists can study the whole life cycle of a
plant in ashort time period. The experiment on board the Orbiter Columbia was primarily involved with
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in-flight pollination of the plants to seeif there were any abnorma developmentd events during plant
reproduction in the microgravity environment.

The Columbiawas in space for 16 days on the STS-87 misson. The plants taken were 12 days old at
the launch so that they would be flowering and reedy for pallination while in the microgravity
environment. The Ukrainian Agronaut pollinated the plants with “bee sticks’ (imagine taking a hive of
beesin the Orbiter!) and measurements of height and number of seeds produced were taken from these
plants.

There are many examples of biological results that need careful datistical analyss to better understand
the implications for human surviva in space or on other planets. ThisLTA will give you an opportunity
to use some atistica tools to obtain information from plant development data.

Section 2
Descriptive Statistics

Descriptive Statistics comprise concepts and techniques that help us to find patterns in data and extract
information from data. Descriptive Statistics fals into two broad categories - numerica and graphicdl.
In this Section, we show how the T1-83& graphing caculator can be used to find numerica datidtics
and to condruct hisgograms. Using similar procedures, many other graphing calculators can be used to
generate descriptive gatistics.

Procedurefor Calculating Numerical Statisticswith a T1-83™

Y ou can think of the following data as the high temperatures on 15 successive days. Enter the datainto
theligs L50onaTI-83™. To do this, accessthe STAT menu, select 1. Edit, press ENTER, andfill
the list with the data.

{50,53,70,64,72,65,68,72,70,66,54,55,61,67,59 }

Now proceed to the home screen and continue as follows.

Accessthe STAT menu on the TI-83™.

Move over to the CALC menu.

Choose 1:1-Var Stats (This putsthe 1-Var Stats on the main screen).

Before pressng ENTER you will need to “tdll the calculator” the name of theligt, L5, in which you
entered the data. Y ou can do this by pressing 2nd followed by thekey 5. (If you had used another
oneof theligsL1], ..., L6, youwould access it from the keyboard by using the 2nd button and the
appropriate key 1, ..., 6. If you had used any other name for the list, you would accessit from the
menu, LIST. In ather case, paste the name of the list directly after 1-VarStats on the Home
Screen.)

Now pressENTER
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You will see severd datistics; to see the rest, use the up and down arrows to scroll through the results.
The complete set of one-variable gatisticsis shown below.

Statitical output:
1-Var Stats

X = 63.06666667
a x=946

A x? = 60410
Sx = 7.314043895
sx = 7066037708
n=15

minX =50

Q, =55
Med = 65
Q,=70

maxX =72

Procedurefor Congructing a Histogram with a T1-83™

Wewill now congtruct avisud display, known as a histogram, of the temperature data. Histograms
provide avisud way to compare data sets which otherwise would just be long lists of numbers. The
daily high temperatures which you have dready entered in list L5 are repested below.

{50,53,70,64,72,65,68,72,70,66,54,55,61,67,59 }

Proceed as follows to create a histogram with a TI-83™. Similar procedures can be applied to other
graphing caculators.

Accessthe STATS menu on the TI-83™, and choose 1: Edit.
Name a column by placing the cursor on alist name in the top row, press 2nd INS, type in aname

(Note: the calculator is aready in dphamode.), and pressENTER. Asan dterndtive, you can use
oneof theligsL1, ..., L6.
~  Enter the datain your chosen lis.
- Accessthe STATPLOT menu, select 1:Plot1, and choose On.
Sdect the third Type choice; it looks like a histogram.
For Xlist: typein the name of the list in which you entered the data.
Freq: should beleft at 1.
Next access the WINDOW menu.
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The values you assgn to the WINDOW variables depend on the number of classes you sdlect and

the method you use to determine the class width. The method used in thisLTA is described as

follows
Determine the range of your data and the number of classes you want to divide the data into.
For example, we have 15 items of datawith alow vaue of 50 and ahigh value of 72. If we
want five classes, divide the interva [49.5, 72.5] into five subintervals of equa width. We see
that (72.5—-49.5)/5=4.6. (Note: If the data had been recorded to the nearest one-tenth, we
would have divided the interva [49.95, 72.05] into five subintervals) When setting up the
datistical plot on your caculator, use Xmin = 49.5, Xmax = 72.5 and set Xscl =4.6to
produce a hisogram with 5 classes.

Input the values for Xmin, Xmax, and Xscl (The latter determines the class width).

Input O for Y min, Choose avaue for Y max that makes the “tallest bar” reach amogt to the top of
the screen. Thismay require sometria and error.

The Y sl can be anything youwant. [t just determines the number of tick marks on the y-axis.
Leave Xresat 1.

Next press the GRAPH button and the histogram will appear.

The resulting histogram is shown in Figure 1 below. The class boundaries and the number of itemsin
each class can be produced using the trace key on the TI-83™. In Fgure 1 the number of itemsin
each class have been included in the “bars’; they do not gppear in the“bars’ on the calculator.

A — |

Figure 1. Histogram of 15 temperatures
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Activity 1: Comparison of Plant Heightsin Ukraine and in the United States

Ukrainian and American students measured the heights of their plants at day 14 (the 14th day after they
were sown). Theinformation was collected by the CUE-TSIPS project. The datain Table 1 below
are classroom means, not the raw data.

Tablel: Mean Plant Height (millimeters) per Classroom

us USDATA |[USDATA |USDATA UKRAINE UKRAINE
DATA continued continued | continued DATA DATA
continued
49 450 68.6 50.8 1075 131.3
87.4 435 57.8 38.8 120.0 125.0
20.0 78.0 59.3 394 1525 1525
40 336 355 474 140.0 131.3
30.0 53.0 66.0 37.8 1425 140.0
21 78.0 65.0 40.3 150.0 1225
414 435 35.0 355 1525 175.0
344 67.0 35.0 388 187.0 160.0
37.8 450 26.0 35.0 125.0 175.0
35.6 233 484 39.0 170.0 1375
459 4.3 400 382 132.0 1525
54.7 46,0 20.2 476 189.0 150.0
51.3 19.7 7.1 56.8 130.0 120.0
60.4 289 21.7 353 130.0 1425
738 52.8 339 450 130.0 119.0
79.0 66.0 475 470 130.0 1425
58.1 85.1 215 453 1075 1475
453 411 52.0 442 120.0 118.7
7.8 60.1 315 55.0 1525 123.8
71.0 53.6 16.9 51.9 140.0 1375
51.8 86.7 56.6 74.6 1425 175.0
50.7 775 165 57.3 150.0 1225
7.0 713 58.7 63.0 1525 140.0
619 70.8 319 59.2 187.0 140.0
68.9 26.1 19.9 485 125.0 140.0
62.1 35.7 457 255 125.0 131.3
57.2 61.4 215 40.8 187.0 126.3
32.8 54.2 27 67.2 1525 1375
585 56.6 67.0 58.0 150.0 140.8
108.1 542 50.8 150.0 170.0
126.6 614 51.1 140.0 1475
48.2 3K.7 254 1525 118.8
51.8 26.1 26.6 120.0 1575
60.7 46,9 429 1075 1425
37.8 1095 37.3 130.0 187.0
130.0 132.0
1425 126.3
1525
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Note: Ukrainian and United States datain Table 1 on the previous page are in fact means of plant
heights for each class. However, the number of plants on which the mean heights was based varied
from class to class, and the number of plants used by each classis not available. Hence, thereis
insufficient information to calculate the mean height of dl the plantsin ether the Ukrainian or United
States experiment. Asaresult, for the purposes of thisLTA, we will consider that each datum in Table
1 isthe height of asingle plant grown by the class rather than the mean of the heights of dl the plants
grown by the cdlass. That is, consider that Table 1 provides two samples of plant heights.

1) Using agrgphing caculator or spreadshest, cdculate the mean, median, standard deviation, and
quartiles for the Ukrainian sample and for the United States sample.

2) Condruct a histogram of the United States data and of the Ukrainian data using ether a graphing
caculator or acomputer spreadsheet. Use the range of the data, as found in Exercise 1, to help
you set up the classes.

3) The United States and the Ukrainian samples were drawn from corresponding populations. What
do the distributions of these populations appear to be?

4) Discussthe amilarities and differences between these two samples using both the histograms and
the numerica decriptive Satigtics.

5) Can you suggest reasons that might account for the smilarities between these two samples?

6) Canyou suggest reasons that might account for the differences between these two samples?
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Homework 1: Number of Daysto Flower

Ukrainian and American students measured the number of days to flower for their plants. The
information was collected by the CUE-TSIPS project. The datain Table 2 below are classroom
means, not raw data.

Table2: Mean Number of Daysto Flower per Classroom

USDATA | USDATA | USDATA |UKRAINEDATA | UKRAINE DATA | UKRAINE DATA
continued continued continued continued

13.00 16.00 16.00 15.75 15.75 15.38
18.00 15.00 14.60 15.62 15.75 15.13
26.00 15.00 14.10 15.37 17.00 16.88
26.80 13.80 16.30 14.87 16.00 16.38
12.30 13.60 14.90 15.87 15.38 17.25
13.00 14.40 13.95 15.13 15.63 16.00
14.40 13.30 14.83 15.12 16.75 15.00
13.00 17.30 14.34 15.63 15.75 15.38
13.20 14.90 14.03 15.13 15.00 15.38
12.80 15.00 15,50 15.75 15.00 16.00
16.00 12,00 14.30 16.75 1550 16.00
19.40 12.00 14.60 15.63 16.38 14.00
17.00 10.00 15.50 15.63 16.88 13.75
13.80 15.40 13.12 13.00 15.13

13.70 4.00 19.85 17.38 15.38

15.00 18.60 17.99 15.75 15.60

14.90 17.30 15.80 15.75 1550

13.70 16.40 16.00 15.63 16.75

15.30 16.00 16.00 15.38 16.25

14.20 17.00 16.80 14.88 16.00

14.00 14.70 14.00 15.88 14.75

17.30 15.00 14.20 15.13 16.26

17.70 15.00 20.43 15.25 14.75

1750 14.50 14.96 15.63 15.00

16.00 15.00 15.23 15.13 16.50

26.00 15.00 14.20 15.13 15.75

19.00 14.50 15.30 15.63 17.25

15.00 15.00 15.20 15.12 15.38

11.00 14.70 14.50 15.00 16.00

13.00 15.00 15.00 16.25

17.00 18.50 15.63 1558

Note: Ukrainian and United States datain Table 2 are in fact means of the numbers of daysto flower
for each class. However, the number of plants on which the mean number of daysto flower was based
varied from class to class, and the number of plants used by each classis not available. Hence, thereis
insufficient information to calculate the mean number of days to flower for dl the plantsin ether the
Ukrainian or United States experiment. Asaresult, for the purposes of thisLTA, we will consider that
each datum in Table 2 is the number of days to flower for asingle plant grown by the class rather than
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the mean number of daysto flower for dl the plants grown by the class. That is, congder that Table 2
provides two samples of the number of days for the plants to flower.

7) Using agraphing calculator or spreadsheet, calculate the means, medians, standard deviations, and
quartiles for these samples.

8) Draw histograms of each of these data sets using either a graphing calculator or a computer
Spreadsheet.

9) The United States and the Ukrainian samples were drawn from corresponding populations. What
do the distributions of these populations appesr to be?

10) Discuss the smilarities and differences of these two samples using both the histograms and the
descriptive gtatigtics.

11) Can you suggest reasons that might account for the smilarities between these two samples?

12) Can you suggest reasons that might account for the differences between these two samples?

Section 3
Inferential Statistics

In this Section, we will run one-sample and two-sample hypothesis tests with and without the use of the
datistical cgpabilities of a caculator.

One- Sample Hypothesis Tests

In the following examples, Activities, and Homework sets, the data obtained by the CUE-TSIPS
program during the mission of Space Shuttle STS-87 from November 19 through December 5, 1997
will be examined. The plantsthat were used in the Shuttle misson and by the school children were
developed by the Wisconsin Fast Plants Program. The Seed Stock Document (SSD) from the
Wisconsin Fast Plants Program gives information about these AstroPlants. The SSD describes
characterigtics of the plants when they are grown in “standardized” conditions of temperature, humidity,
light, and nutrient solutions.

Example
We begin by comparing the number of daysto first flower for the AstroPlants as characterized by the

Seed Stock Document with the number of days to first flower for AstroPlants grown by studentsin the
United States.
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Table 3: Number of Daysto First Flower

Sample | Range M ean Sandard

Size (n) (days) (days) Deviation (days)
SSD Characterization 5 14.4 0.7
(Population)
UNITED STATES 37 39.3 14.4 2.3

We will apply the following four-step procedure for testing a hypothesis to the summarized
data (dtatigtics) in Table 3:

Step 1 Set up the null and alter native hypotheses.

Our null hypothesisis that “ The mean number of daysto first flower is the same for the two groups’.
We tedt this againg the dternative hypothess that the mean number of daysto firs flower is
different for the two groups.

Ho: m=14.4

Hy mt 144

Step 2. Egtablish adecision rule.
X-n
s /+n’
we believe that the underlying digtribution isnormd. If we havea = 5% as our sgnificance levd,
the critica vaueswill be £1.96. Our decision rule will beto rgect H, if the value of our test
datidic, z, isether larger than 1.96 or amdler than -1.96. Otherwise, we will fail to rgect H,. (It
isworth noting that for every experiment the decison of whether to use z or t needsto be made. If

X" T ndthe

s/ /n

number of degrees of freedomis n- 1. Another decision iswhether the experiment involves one or
two populations. In thisandyss, we use one-sample test statistics when comparing any of the data
with the “standard” group. The “standard” or Seed Stock Document (SSD) group is treated like
our population. On the other hand, when we compare data from 2 populations, we will use 2-
sample test Satistics)

Thetes gatigic wewill useisz =

We are using z because our sample sizeis over 30 and

the sample Sze is 30 or above, then z is used, otherwiset isused where t =

Step 3: Evaluatethetest statistic.
144- 144 _ 0

07/+/37

The value of our test satistic hereis z=

Step 4: Draw a conclusion.

Thevaueof zisnot in the critical region, therefore we fall to rgect H,. We have no evidence that
the average number of daysto flower for the plants grown by the studentsis different from that for
the plants grown in the ideal conditions specified by the Seed Stock Document.
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Y ou can aso perform a hypothesis test with the assstance of a graphing calculator. The following
describes how a TI1-83™ can be gpplied to the satisticsin Table 3.

Accessthe STAT menu onthe TI-83™,

Use the arrows to move over to TESTS.

Choose 1:Z-Test...

The input choice should be Stats (because the data given is summarized and not raw).
Then enter the values for each of the datistics and parameters. m, s, X, .

Choosem ! my < my > my by highlighting the one that matches your Hs,.

Move the cursor to highlight Calculate and press ENTER.

Notice that the calculator display shows z = 0 and p = .9999; it does not tell you whether or not you
reject H,. However, either one of these facts lets you know that you will fall to rgject Hy. Firdt, zisnot
in the critica region because z isnot larger than 1.96 or lessthan -1.96. Second, the value p =.9999 is
not less than the sgnificance level, a = 0.05.

In consdering why there is not a Sgnificant difference between the mean number of daysto first flower
for the two groups, note that 1200 teachers were trained for the project, and they al received the
necessary ingruction for how to best cultivate the plants. Also, the experiments may have been
conducted close to the launch time of STS-87 (November 1997), which is the beginning of winter.
Thus, the wegther was not so humid in most of the country and the temperature was fairly constant since
the schools are heated. In summary, one might think the conditions under which the plants were grown
closdy modedled the ided Situation for growth.

Activity 2: Plant Height on Day 14 - A Hypothesis Test

The Ukrainian payload specidist on Columbia measured the heights of plants on day 14 (14 days after
the seeds were sown). The plants were dready 12 days old when they were brought into space, so
they had only been in amicrogravity environment for 2 days. However, microgravity may ill have
affected the growth of the plants. The question we are asking is. “Isthere evidence of a difference
between the mean height of the 14 day plants on the Space Shuttle and the mean height of the 14-day
plants characterized by the Seed Stock Document (SSD)?

Thefollowing isasummary of the data collected by the Astronaut and the standard (SSD) data.

Table4: Height of the Plants (in millimeters) on Day 14

Sample | Range M ean Standard Deviation
Size (n) (mm) (mm) (mm)
SSD 85 51.5 16.8
Characterization
(Population)
Orbiter 18 29.7 42.2 8.5
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In Exercises 1 - 4, you will be asked to carry out the four-step procedure for a hypothesis test based
on the gatistics in Table 4 without using a grgphing calculator.

1) Set up ahypothesistest for this problem.
Thefirg gep isfor you to write the null hypothesis and its dterndtive.
Ho:

Ha:

2. a8 What test gatigtic should you use? Why?

b) If the sgnificancelevd, a, is 5%, what will the critica vauesbe? Note: When you use atable
to determine the critical value(s), remember that the number of degrees of freedom is one less
than the sample size.

c) Wha isyour decison rule?

3) What vaue do you get for your test statistic?

4. & Whatisyour concluson?
b) Stateit in termsthat a nonSatistician can understand.

5) Depending on your conclusion, suggest red world reasons why thereis or is not adifferencein
mean heights.

In the next Exercise you will be asked to use the Satistical functions of a graphing caculator to assist
with the process of carrying out a hypothesistest. An outline of the procedure for a one-sample t-test
usng aTI-83™ follows. Thisisvery smilar to the procedure for the one-sample

Z-test.

Accessthe STAT menu on the TI-83™.

Use the arrows to move over to TESTS.

Choose 2. T-Test...

The input choice should be Stats (because the data given is summarized and not raw).
Then enter in the vaues for each of the atistics and parameters m, X, S, N.
Choosem ! m, <m, >my by highlighting the one that matches your H,.

Now highlight Calculate and pressENTER.

6) Usethe atidtics functions of a graphing caculator to perform the hypothesis test that
you did in Exercises 1 - 4.
a) What sequence of caculator steps did you use to obtain the vaue of the test-gatistic and the p-
vaue?
b) What isyour concluson?
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c) Explain how you used the results generated by the calculator to make a conclusion about
whether to rgject the null hypothesis or to not reject the null hypothesis.

Homework 2: Number of Seeds per Pod - A Hypothesis Test

In Activity 2, you addressed the question of whether there was a difference between the Columbia
Adtronaut’ s data and standard for plant height. In actudity, NASA was more interested in reproduction
of plants under microgravity. One of the main goas of the experiments on Columbia was to compare
how many seeds are produced after pollination in this microgravity environment to how many seeds are
produced after pollination on Earth. The experiment’s Principa Investigator counted the number of
seeds that were produced by the plants once the plants were returned to Earth. Table 5 below
summarizes the data for number of seeds per pod from Columbia and from the Seed Stock Document
(SSD) population. This homework addresses the question, “Does this data show that there are fewer
seeds produced by the plants on the Orbiter compared to those from the population at the 5%
ggnificance levd?’

Table5: Number of Seedsper Pod

Sample | Range Mean Standard
Size(n) (number | (number | Deviation
of seeds | of seeds | (number of seeds
per pod) | per pod) | per pod)
US Students-Population 21.6 13.7 4.8
Orbiter 13 7 4.1 2

7) Show the four-step process you use to test the claim that “there are fewer seeds produced by the
plants on the Orbiter compared to those from the population”. Do the cdculations by hand and
with the caculator. Be sure to describe the steps you used on the graphing caculator.

8) Depending on your conclusion, suggest red world reasons why the Orbiter plants did or did not
produce fewer seeds than the SSD standard plants.

In actudity, NASA Scientigts are not sure why there would be fewer seeds produced on the Orbiter.
Possible explanationsinclude: microgravity, containers that store the experiment on the Orbiter do not
alow for sufficient air flow, the light is not intense enough, or there is a problem with the pollination
process. A amilar experiment has been conducted on MIR, and there was successin pollinating,
harvesting the seed, and growing new plants from the seed. The issue of the effect of microgravity on
plant reproduction and pollination will continue to be studied.
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Two - Sample Hypothesis Tests
We will now look at hypothes's tests involving 2 samples from 2 different populations.
Activity 3: Number of Daysto Flower - A Hypothesis Test
American students around the country collected data about the number of days it took the AstroPlants
to produce their first flower. The information given below is from the data collected by the CUE-

TSIPS Project. Based on thisinformation, would the Project personnd be judtified in believing that the
plant populations studied in two separate areas of the country are different?

Table6: Number of Daysto Flower

Sample | Range Mean Standard
Size(n) (days) (days) Deviation

(days)
Florida 20 1 11 0.25
Ohio 11 1 15.36 0.47

9) Set up ahypothesstest for this problem. Thecdamis “The average number of daysto flower is
different for the plants in the two areas of the country”.
The firgt step isfor you to write the null hypothesis and its dterndtive.
Ho:

Ha:

10.a) What test gatigtic should you use? Why? (Assume that the populations from which the
samples were drawn have equa variances.)
b) If the Sgnificancelevd, a, is 5%, what will the critica vaues be?
c) Wha isyour decison rule?

11. a8 What vaue do you get for your test statistic?
b) What sequence of steps did you use on your caculator to get this value?

12.a) What isyour concluson?
b) State your conclusion in terms that a non-gatistician can understand. What do you think might
be some reasons for this conclusion?
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For this activity, you might want to use the statigtical functions on agraphing caculator. An outline of
the procedure for doing a 2-sample t-test with a TI-83™ is described below. We are using t as our
test Setidtic because the sample szesare smdl. Thereisonly adight difference between the 2-sample
t-test and the 2-sample ztest process.

Accessthe STAT menu onthe TI-83™.

Use the arrows to move over to TESTS.

Choose 4:2-SampTTed...

Theinput is Stats (this is because the data given is summarized and not raw).
Enter the values for each of the statistics X, S, My, X, , Ser M

Choose the correct H, that you used by highlighting the appropriate choice.
Decide if the sandard deviation is Pooled or not. If pooled, highlight yes.
Now highlight Calculate and press ENTER.

Homework 3: Flowering Time- A Hypothesis Test

American students around the country collected data about the number of daysit took the plantsto
produce their firgt flower. The information given below is from the data collected by the CUE-TSIPS
Project through the Wisconsin Fast Plants Project.

13) Based on the information in Table 7, would the Project personnd be judtified in believing thet the
plant populations studied in two separate areas of the country are different at the 5% significance
level? Show dl four steps of your hypothess test.

Table7: Number of Daysto Flower

Sample | Range Mean Standard
Size(n) (days) (days) Deviation

(days)
New Jer sey 32 12 12.34 3.32
California 41 10 14.2 2.7
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Web sites:

For Wisconsin Fast Plants:
Fast Plants Homepage| http://fastplants.ca swisc.edu/main.html
Fast Plants CUE data: | http://fastplants.cal swisc.edu/cuedata htm|
AsgtroPlants Characterization:

http://fastplants.ca s.wisc.edu/Geneti c%20stock s astropl ant%20passport/A stropl ant%20Passp
ort.html

For the CUE-TSIPS data:

CUE homepage: |hitp://atl as.ksc.nasa.gov/education/genera/cue.htm
CUE data [http://atlasksc.nasa.gov/education/genera/quiklook.ntm |
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