Investigating the leaf anatomy, biochemistry, and physiology of a C, photosynthetic plant
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Introduction Results Results
*  Global food demand is projected to grow 35% to 56% from 1.Microscopic analysis of stomata 2.Leaf-level physiology analysis of photosynthesis rates
1
2071010 20507, Leaves were cut from the plant and immediately placed in a tube with water for The Li-COR Li-6800 was used to measure the photosynthetic rate (A) in response
. The objective of our research is to address food security Imaging using brightfield, fluorescence & confocal microscopy in the Franceschi to intercellular CO, (C,) concentration and photosynthetic photon flux density (PPFD),
under a changing climate by improving photosynthesis. Microscopy and Imaging Center. Initial measurements were done by hand to train a (0-2100 mmol m~2 s~ for C;) and (0-800 mmol m=2 s~ for PPFD).

machine learning algorithm to label and measure stomata in tile sets and images.

»  Photosynthesis in plants converts light energy into food. . . . 35 PR
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. . . . = (A) to CO, response (C)).
succeed under different growth environments, such as the . A tile setimage captures ,, 25 *
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. While significant discoveries related to C, photosynthesis grid-like structure. o lmsersa & U o m 1 nternal CO
have been made, further research is needed to improve C, ol - Conductancze in Fam5-
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Forward genetic screening of mutagenized C, plants without a (C. D) a(n i Vi/T (E. F). In 30 2 EaEricl:lKgl (A?to light (PPFD)y
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Plant materials: This study utilizes the C, plant Setaria viridis with lines), t”Chodme : 0 AtOpoooDoomp © o o capacity IclntFaI;TEISDZZ .
the key C, photosynthetic enzyme phosphoenolpyruvate (?rrowls), an h'S sma . e | | | | comparedto o
carboxylase (PEPC) knocked via CRISPR-Cas9. (triangles) which appear 0 200 400 600 800
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Figure 1: Scheme of the 4

C, pathway for the study. Figure 3 & Table 1: 3. Biochemical analysis of enzyme activity
o 29 K A Microscopy Analysis: Leaf discs were ground by chilled mortar and pestle with extraction buffer. PEPC and
PEPC initiates the first \3 , Ageeuise g non) IR Fluorescent leaf images Rubisco activity were measured via a coupled enzyme assay to visualize NADH
committed step of the \/ | Bt SRR are used (A) and opened consumption on the spectrophotometer. . .
CCMduring C, x R T T using Image). All PEPC Activity Rubisco Activity
: ) — 140/ —~ 14/
photosynthesis. \ o = # stomata are labeled for 'T'm A il 14
. | : TN oo B anewimage (B)."3D ~ 120- M2
Plants lacklljg EEPC | Sl Obijects Counter" is = 100 IE o
cannot survive in ambient - ~Jused to analyze N N
0, (0.04% ).and must be Table 1: stomatal count and area 8 80" 8 81
rescued at high CO, (1%). abte 1. WT AB |PEPC-KO_AB| Fam51 AB | WT AD |PEPC-KO AD| Fam51 AD | alongside an overview E 60 - C_EJ 6-
Countimmz | 150.55 | 96.89 | 107.04 | 191.99 | 101.42 | 161.6 | [Mmage(C). Thiswas 2 40 24
Figure 2: Workflow of characterizing the anatomy, biochemistry, Eorars used to calculate data x x
and physiology of 3 genotypes: wild-type (WT), plants lacking stomata | 319.31 | 405.42 | 336.51 | 229.96 | 259.79 | 277.38 shown in Table 1 é 207 SEJ 2]
Area (pm2) .
PEPC (PEPC-KO) and mutant plants that rescue the PEPC-KO between abaxial (AB) 0- 0-
WT PEPC-KO Fam51 WT PEPC-KO  Fam51
(Fam51). f T Standard | 3.69 | 12.94 | 3.46 2.71 4.40 3.90 and adaxial (AD) side of am am
. E— . , the leaf. Figure 7: Enzyme activity for 3 genotypes. Lack of PEPC activity in Fam51 and PEPC-KO
i 1.1 Supplemental Microscopical analysis ofguard cell (A) suggests PEPC activity does not contribute to higher Ain Fam51. Rubisco assays (B)
— "—'J Figure 4: Confocalimaging of WT plant A: Imaging chlorophyll autofluorescence show varying levels of Rubisco activity across genotypes.
using UV laser and 10x objective showing i
chloroplasts in mesophyll cells below the Conclusion
leaf surface. Stomata are located above -We learned that Fam51 has higher A than PEPC-KO under increasing Ci and PPFD, and that
the dark spots within the vertical lines of this is not due to increased PEPC activity.
chloroplasts (red arrows). -Stomatal size and density vary between genotypes and may play a role in Fam51’s rescue
B: Cutin autofluorescence using UV laser phenotype, but more analysis of anatomical imaging is needed.
and 63x objective. Showing the cuticle and -Future work will utilize machine learning to quantify microscopy images (1) and investigate
highlighting stomata (white arrows). other photosynthetic parameters obtained from physiological measurements (2).
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