Abstract

Methylcobalamin (MeCbl), the natural form of vitamin B12,
has been shown to act as an antioxidant that scavenges
reactive oxygen species (ROS). | hypothesized that under heat
stress, which creates a buildup of ROS, Vigna radiata seeds
primed with MeCbl would germinate faster than seeds
primed with only water due to the neutralization of ROS.

6 groups of 20 seeds were primed for 8 hours in 0%, 3%, and
8% MeCbl solutions diluted with reverse osmosis water (RO
water). The groups were exposed to either 80°F or 98°F
temperatures, and shoot, root, and total lengths were
measured daily for 7 days. My hypothesis was supported
because among the groups under heat stress, those primed
in MeCbl solutions had higher germination rates and
measurements than those primed in only RO water,
consistent with a model in which MeCbl priming reduces the
imbalance between ROS production and neutralization.

Experimental Design

Variables:

e Independent: temperature, MeCbl concentration

e Dependent: seed germination

e Control: seed weight/size, light amount, water amount,
priming time

MeCbl | 80°F 98°F
Groups: 0%  |Group 1|Group 4
e Control: Groups 1, 4 ° roup roup
® Experimental: 3% Group 2 |Group 5
Groups 2, 3, 5, 6 8% Group 3 |Group 6

Background Information

mm seed
oot Vigna radiata
e Vigna radiata seeds (mung beans)
germinate best in the dark.
00t mump. e 80-86°F is the ideal temperature range

for Vigna radiata growth.

ROS

e Reactive oxygen species (ROS) is a natural byproduct of
cellular processes and a type of free radical.

e Antioxidants scavenge and neutralize ROS.

e Oxidative stress occurs when antioxidants are unable to
balance out ROS production and neutralization.

Oxidative Stress

More severe oxidative
stress can cause cell death
(apoptosis or necrosis)

The free radicals
that damage all
components of the cell

Normal cell

Fig. 3: Oxidative Stress
Visual Credit: Helvetica Health Care

Methylcobalamin

e Methylcobalamin (MeCbl) is the natural active form of
vitamin B12. It is water soluble.

e B12is essential for DNA synthesis, red blood cell

production, and metabolism in humans.

e Plants do not produce or naturally contain B12.

e Previous studies have shown that methylcobalamin acts
as an antioxidant to scavenge excess ROS.

The Effect of Methylcobalamin on
Vigna radiata Germination Under Heat Stress

Group 3:
80°F & 8% MeCbl

Group 1:

80°F & 0% MeCbl 80°F & 3% MeCbl

Group 6:
98°F & 8% MeCbl

Group 5:
98°F & 3% MeCbl

Group 4:
98°F & 0% MeCbl

Procedure

1. Primed 6 groups of 20 Vigna radiata seeds: Groups 1 and

4 in RO water, 2 and 5in 3% MeCbl, and 3 and 6 in 8%
MeCbl for 8 hours. Drained.

2. Arranged groups on wet paper towels and covered with
another. Placed groups with no heat stress (1, 2, 3) in
Tray 1. Placed groups with heat stress (4, 5, 6) in Tray 2.
Covered trays with aluminum foil.

3. Maintained a temperature of 80°F for Tray 1 and 98°F for

Tray 2 using heat lamps.

4. Measured shoot, root, and total lengths daily and added

RO water to each paper towel daily for 7 days.

Results
Average Total Length (bean + shoot + root) per Day by Group

y

g | = Group 1

== Group 2
6 Group 3

= Group 4

== Group 5
4 P

Group 6

Average Total Length (cm)
N

Primed for 8 hours and removed
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Germination Rate by Group
Groupl| 100% Group 4 85%
Group 2| 100% Group5 | 100%
Group 3| 100% Group 6 | 100%
Group 1 | Group 2 Group 4 | Group 5
Day 0| 0.65 0.655 0.645 0.63 0.64 0.64
Day 1 2.57 2.365 2.09 1.11 2.225 2.295
Day 2| 3.36 3.19 2.885 1.29 2.72 2.64
Day 3 4.5 4.19 4.045 | 1.3375 3.24 3.1775
Day4| 5.25 4.895 4.695 2.02 4.31 4.155
Day 5 6.1 5.775 6.1 2.72 4.69 4.81
Day 6| 6.65 6.6 6.88 3.065 5.51 5.53
_ |Day7| 7.705 | 7.825 | 7915 | 3.46 | 6205 | 6325

A Comparison of Total Lengths by Group on Day 7: T-Tests

Groups |Significance |Reason

1v?2 p > 0.05 No heat stress — no effect of MeCbl

1v3 insignificant

2v3

4v5 p <0.05 Under heat stress, MeCbl-primed seeds

4v6 significant | had longer total lengths than

water-primed seeds — MeCbl effect

5v6 p > 0.05 Concentration of MeCbl — no effect
insignificant

1v4 p <0.05 Effect of heat stress on water-only groups
significant

Total Length (cm)
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All data in the table above is in centimeters.

Average Length and Standard Deviation on Day 7 by Group
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0% MeCbl

control, only water

3% MeCbl

Priming Solution

. |deal Temperature (80°F)
. Heat Stress (98°F)

8% MeCbl

Conclusion

e My data supports my hypothesis. Vigna radiata seeds
under heat stress germinated faster when primed with
MeCbl than when primed with only water. This was likely
because MeCbl scavenged and neutralized the excess ROS
in Groups 5 and 6, but Group 4 had no defense against
ROS accumulation.

® Group 4 had significantly shorter total lengths than Groups
5 and 6, which were primed with MeCbl. It was the only
group with seeds that did not germinate.

e Control groups 1 and 4 had significant differences in total
length. This was likely because 98°F is above the ideal
temperature range, causing heat stress.

e MeCbl had no effect on groups at 80°F. Groups 1, 2, and 3
at 80°F had no significant differences in total length or
germination rate. This was likely because there was no
excess ROS for the MeCbl to scavenge.

e Differences in MeCbl concentration did not impact
growth or germination rate. This was likely due to
MeCbl’s water solubility. Groups 2 and 3 and Groups 5 and
6 had no significant differences in total length.
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Discussion

Potential sources of error:

e Trays were briefly removed from under the heat lamps to
measure the shoot, root, and total lengths, exposing the
seeds to lower temperatures.

e Vigna radiata should be germinated in the dark, but the
aluminum foil covers were removed to monitor
temperatures and take measurements, exposing the seeds
to light.

® At some points, the temperature within the trays
fluctuated. This may have been due to temperature
changes in the room.

Improvements:

e To maintain consistent temperatures, | could use
incubators or seedling heat mats.

® To observe the effects of heat stress and MeCbl on ROS,
| could measure ROS with fluorescence.

Next step:
® Determine the long-term effects of MeCbl priming by
transplanting sprouts into soil and measuring growth.

Applications

® Priming with MeCbl is an effective, economical and
efficient method of increasing germination rates and
seedling vigor in high-temperature environments. It is a
natural alternative to more toxic fertilizers.

e Extreme heat caused by climate change impairs plant
growth and reduces crop yields, harming both farmers’
income and the global food supply.

e This method would enable farmers worldwide to kick start
germination in a short period of ~8 hours.

e In the long term, farmers would have higher crop yields
with increased financial security, and people worldwide,
especially in climate-vulnerable regions, would have
better food security.

All visuals created by Sophia Hou except Figure 3.



