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Physiological characteristic analysis of a leaf-yellowing mutant in water-

melon
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Abstract: [Objective] Leaf color mutant, also known as chlorophyll deficiency mutation, directly or in-
directly affects the synthesis and degradation of chlorophyll. In basic research, leaf color mutants are
ideal materials for studying on a series of physiological metabolic processes such as photosynthesis,
photomorphogenesis, hormone physiology and disease resistance mechanism of plants; in breeding, leaf
color variation can be used as a marker characteristic to simplify the breeding and cross production of
improved varieties. This experiment material originates from a natural mutation. The leaf turns yellow
from cotyledon stage and can bear fruit normally. Therefore, the study on its leaf structure, photosynthe-
sis and physiological characteristics can provide theoretical reference for releasing the mutation mecha-
nism of leaf color mutation and its application in leaf color marker breeding. [Methods] The physiologi-
cal characteristics of YL were studied with a leaf-yellow mutant of watermelon. The leaf color during
the whole growing period was yellow. ZK is the parent material of a cultivated species with stable char-
acteristics. The physiological indexes were measured according to three key stages: extending stage,
flowering stage and mature stage. The determination time of Extending stage, Flowering stage and ma-
ture stage were 15 days, 25 days and 50 days after planting, respectively. The leaf ultrastructure, photo-
synthetic pigment content, photosynthetic parameters, antioxidant enzyme activity and MDA content
were analyzed. The ultrastructure of leaves was observed and photographed by means of sectioning un-

der a transmission electron microscope. The photosynthetic parameters were measured by CIRAS-3
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(USA), and the parameters were adjusted according to the measurement environment. The measurement
was carried out at 9:00-11:00 a.m. when the weather was fine. The contents of photosynthetic pigment
and MDA as well as antioxidant enzyme activity were completed according to the guidance of plant
physiological experiment. [Results]Compared with ZK, the chloroplast of YL developed incompletely,
which showed that the number of grana thylakoids in the chloroplast was few, the number of grana la-
mellae in the grana thylakoid was less, the arrangement was disordered and the cell metabolism was
weak. The cells of ZK were rich in chloroplasts, with clear grana structure, dense matrix, and developed
thylakoid membrane system with large number of grana and orderly arrangement. The time, position
and stage of the materials were the same. Starch grains accumulated more in chloroplast, but not in the
yellow leaf mutant. The contents of chlorophyll a, chlorophyll b and carotenoid in the leaves of YL
were 80.95%, 83.87% and 69.87% lower than those of ZK on average. The total chlorophyll content in
the three periods of ZK was 7.35, 4.26 and 5.45 times higher than that of YL, respectively. According to
the difference in photosynthetic pigment ratio of leaf color mutants, predecessors can be divided into
different mutation types. One was that the mutant contained no chlorophyll b or the chlorophyll a/b val-
ue was close to or more than 20, the other was between 6-10. In this study, the chlorophyll a/b was 6.03,
6.38 and 3.18, respectively, which changed with the growth period. So the mutant belonged to the sec-
ond type of mutation, probably being the total chlorophyll deletion type. The assimilation rate, stomatal
conductance and transpiration rate of the leaves near the top and middle of YL were higher than those
of the leaves near the base, and each index of the leaves in the middle was the highest, among which the
assimilation rate was 1.04 times and 1.28 times of the leaves near the top and the base, respectively. The
stomatal conductance and transpiration rate of the leaves near the top and middle of ZK were higher
than those of the leaves near the base. In addition to the CAT activity of the two kinds of materials at
mature stage, the SOD, POD and CAT activities of the mutants were lower than that of the green plants,
among which there was a big difference in the extending stage. At the flowering stage, the average SOD
content of YL mutant was 29.61 U g'-min"'. The POD activity of YL mutant was lower than that of
ZK, about 81.3% of ZK. The change of antioxidant enzyme content indicated that the YL had certain
adaptability to the environment, but its overall growth, resistance to adversity and diseases, insects and
pests were weaker than the normal plants, and its metabolism was disordered in the mature stage. The
content of MDA was 0.56 umol - L', which was significantly higher than that of ZK, but there was no
obvious trend in the other two stages. [Conclusion] The decrease of photosynthetic pigment was the
main cause of yellow leaf color. This experiment material may belong to the mutation type of total chlo-
rophyll and chlorophyll b synthesis reduction. However, the incomplete development of chloroplast af-
fected the light harvesting ability of plants, resulting in the decrease of net photosynthetic rate and me-
tabolism ability of plants. These results could provide basic information for elucidating the mechanism
of watermelon leaf yellowing.
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Fig. 2 Ultrastructural charts of chloroplasts of two kinds of materials
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Fig. 3 Photosynthetic pigment content and relative ratio of two kinds of materials at different growth stages
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Table 1 Comparison of photosynthesis related parameters of two kinds of materials at different leaf positions

e Pl pu RALTRE JidiE] COL ¥ FE el A
o Assimilation rate, A/ Stomatal conductance, G/ Internal CO, concentration, C/ transpiration rate, £/
Material 2 2. 1 - 2.
(pmol-m”-s™) (mmol-m”-s") (mg-kg") (mmol-m*-s")
YL- I 22.5+0.86 b 981.0+£5.57 b 322.0+£8.60 a 9.5+0.50 a
ZK- 1 28.3+2.63 a 2920.0+7.13 a 336.7£2.05 a 9.3+0.39 a
YL-II 23.5+3.82 b 1068.3£7.65b 324.0£6.48 a 9.6+0.87 a
ZK-11 27.145.24 a 3125.0+9.17 a 336.3+£5.51 a 8.9+1.30 a
YL-III 18.3£3.99 b 617.7£691 b 323.3+631a 8.2+1.03 a
ZK-IIT 28.3+3.73 a 1834.0+8.30 a 328.3+4.19a 8.9+0.96 a

VESYLAZK 4P B S e TE AR ARL

I FoR il S e, B T2 R N 45 5010415 FDg .

Note: YL and ZK represent the yellow mutant and normal green leaf material respectively. The increasing numbers of I, II, and Il indicate that

the leaves are from tender to mature. Fifth, tenth and fifteen functional leaves from growth point.
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Table 2 Antioxidant enzymes and total malondialdehyde activities of two kinds of materials at different growth stages

ity MEH fir & iR ]
Enzyme Material Extension stage Flowering stage Mature stage
SOD/(U-g" min") YL 36.22+7.93 b 29.61+4.61 a 48.8746.97 b
ZK 79.87+8.99 a 35.3148.21 a 72.28+8.79 a
POD/ (U-g" min") YL 117.65+5.82 a 123.55+7.92 a 125.33+6.44 a
ZK 150.20+8.86 a 148.63+£9.41 a 154.67£6.93 a
CAT/(U-g"'-min™) YL 3.95+0.77 b 8.40+2.27 a 10.34+1.78 a
ZK 8.00+£0.22 a 9.23+2.08 a 10.74+3.07 a
MDA/(pmol - L) YL 0.56+0.07 a 0.54+0.11 a 0.44+0.29 a
ZK 0.44+0.08 b 0.51+0.05 a 0.51£0.08 a
umol - L, Ry - A K HORERE 2 b S BUH (s A
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