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Abstract

White jute (Corchorus capsularis) is a dicotyledonous, annual, bast fiber-producing crop. Under
controlled culture room conditions (27 = 2°C, 16 h light/8 h dark photoperiod) and in a 15 mg/L
hygromycin-B supplemented nutrient medium, one out of 50 tested seeds (2%) exhibited a rare
tricotyledonous seedling phenotype. This is the first documented occurrence of tricotyledon in
white jute during tissue culture selection of the cultivar JRC321 (Sonali). Given the potential
advantages of polycotyledon in other plant species—such as improved vigor, and biomass
accumulation—this finding opens new avenues for investigating the genetic and physiological
mechanisms underlying tricotyledon development in jute. Future studies could explore its

implications for breeding programs aimed at enhancing fiber yield and production.

1. Introduction

Jute is a major bast fiber crop, cultivated extensively in India, Bangladesh, and China, to meet
the global demand for its long, shiny, and biodegradable fibers. Jute belongs to the Malvaceae
family, which comprises approximately 4,225 species. Interestingly, among these, only seven
species (Abutilon theophrasti, Alcea rosea, Gossypium hirsutum, Hibiscus sp., Tilia cordata
subsp. cordata, Tilia europaea, and Corchorus capsularis) have been reported to exhibit
polycotyledons—a rare developmental anomaly where seedlings develop more than two

cotyledons (Fu et al., 2024). Only two jute species are cultivated commercially: white jute
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(Corchorus capsularis) and tossa jute (Corchorus olitorius). A prior report on polycotyledonous
white jute (C. capsularis) was published 71 years ago (Datta, 1954). However, we were unable
to obtain a copy of this report, and no images of tricotyledonous seedlings in jute are available in

digital media or online.

Cotyledons play a crucial role in seedling development, establishment, and survival,
serving as an initial nutrient source and functioning as the first photosynthetic organ (Chandle,
2008). A recent study by Fu et al. (2024) reported that among 1,71,983 dicotyledonous
angiosperm species, only 342 species exhibited polycotyledony. In contrast, 160 out of 618
gymnosperm species displayed this trait, indicating that polycotyledony is more frequent in
gymnosperms than in angiosperms. The highest occurrence has been observed in the Pinaceae
family (122 out of 250 species), followed by the Proteaceae family (25 out of 1,660 species). The
number of cotyledons varies between 3 to 24 in gymnosperms, whereas in angiosperms, it
typically ranges from 3 to 4. The exact causes of polycotyledony remain unknown, but it has
been observed to occur spontaneously in natural populations at frequencies of up to 6% (Ran et
al., 2024; Fu et al., 2024).

During our research on transgenic jute development, we observed an unusual case of
polycotyledony in the white jute cultivar JRC321. A seedling exhibited an additional cotyledon
with degraded chlorophyll (yellowing) under hygromycin-B selection. This represents the first
documented case of polycotyledony in jute. The occurrence of this rare trait under selection
pressure raises important questions about its underlying genetic and environmental influences.
Further studies are required to understand the molecular mechanisms governing cotyledon

development in jute.

2. Materialsand Methods

2.1. Preparation of Germination Medium

For seed germination and transgenic jute seed selection, a culture medium was prepared using
Murashige and Skoog (MS) basal salts and vitamins (HiMedia Lab. Pvt. Ltd., Mumbai, India),
supplemented with 15% sucrose and 15 mg/L Hygromycin-B as a selective agent. The medium
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was solidified with 0.8% agar and adjusted to pH 5.8 before autoclaving (Majumder et al.,
2018a).

2.2. Seed Surface Sterilization and Ger mination

White jute seeds (cultivar JRC321) were surface-sterilized by sequentially treating them with
0.1% Bavistin (carbendazim 50%) fungicide for 10 min, followed by 70% ethanol for 4 min, and
then gently agitating them in a sodium hypochlorite solution for 15 min (Majumder et al.,
2024a). After sterilization, the seeds were thoroughly rinsed five times with sterile distilled water
to remove any residual chemicals. The sterilized seeds were then placed on sterile filter paper to
remove excess moisture before being transferred to the prepared germination medium. Seed
germination was initiated in a 37°C incubator in complete darkness for 48 h, after which the
seedlings were moved to a growth chamber maintained at 27 + 2°C under a 16-h light / 8-h dark
photoperiod for further development.

2.3. Calculation of Germination and Polycotyly Per centages

Seed germination percentage was determined seven days after sowing using the formula:
(Number of germinated seedlings + Total number of seeds in the plates) @ 100. Similarly, the
polycotyledony percentage was calculated based on the proportion of seedlings exhibiting an
additional cotyledon, using the formula: (Number of seedlings with three cotyledons + Total

number of germinated seedlings) @ 100.

3. Reaults

The majority (96%) of seeds germinated successfully, with seedlings exhibiting a mix of healthy
and affected phenotypes (Figure 1A). Seedlings exposed to 15 mg/L hygromycin-B displayed
characteristic stress symptoms, including stem and root browning, chlorophyll degradation in

cotyledons (resulting in yellowing), stunted growth, reduced root development, and necrosis.
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86 Among all germinated seedlings, only one exhibited an unusual tricotyledonous
87  phenotype, while the rest developed the typical dicotyledonous structure (Figure 1B). The

88  observed frequency of tricotyledon development was 2%.

89

90 Figure 1. Seedling phenotypes of white jute cultivar JRC321 grown on hygromycin-B (15 mg/L)
91  supplemented medium. (A) Seedlings after 7 days under hygromycin-B selection stress, showing
92 a mix of healthy and affected phenotypes. The seedling exhibiting tricotyledon is marked with a
93  red asterisk. (B) Close-up view of the tricotyledonous seedling.

94

95

96 4. Discussion

97  Polycotyledony is a rare but naturally occurring phenomenon observed in multiple plant species
98 (Holtorp, 1944). A recently published review by Fu et al. (2024) compiled a list of 160 species
99 from six gymnosperm families and 342 species from 80 angiosperm families exhibiting
100  polycotyly, including a previous report on a tricotyledonous white jute seedling. The earlier
101 report by Datta (1954) on jute tricotyledony is over seven decades old and is not currently
102 available in any accessible media. Over the past decades, concepts and understanding of
103  polycotyledony have evolved, yet some aspects remain unclear, with scientific explanations still

104  pending. In this section, we discuss these aspects while highlighting our findings in jute crops.
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105 How do polycots develop? Previous reports suggest that polycots can occur
106  spontaneously (Ran et al., 2024), be induced by hybridization (Stubbe, 1963) or mutagenesis
107 (Haccius, 1955; Zhang and Wei, 1990), and be influenced by environmental factors such as
108  highly polluted sites (Weiersbye and Witkowski, 2003), common gardens (DeVries, 1909;
109 1910), different climates (Harrison, 1964; Palmer, 1968), and seasonal variations (Sargent,
110 1903). Additionally, polycotyledony has been observed in response to tissue culture media
111  (Homes and Guillaume, 1967) and even the positional arrangement of fruits on a plant, such as
112  in tomatoes (Haskell, 1954). Among the possible influencing factors, our study on jute suggests
113  that tricotyledon development may have occurred either spontaneously or as a response to tissue
114  culture media supplemented with hygromycin-B. Other potential factors can be ruled out, as the
115  jute plants were grown under controlled conditions (27 £ 2°C under a 16-h light / 8-h dark
116  photoperiod).

117 Since 2014, we have used hygromycin-B supplemented media for the selection of
118 transgenic white jute (C. capsularis) cultivar JRC321, starting with our first report on
119  Agrobacterium-mediated transformation standardization using shoot-tip explants (Saha et al.,
120  2014) and more recently with imbibed seed explants (Majumder et al., 2024a). Over the past
121  decade, hygromycin-B has been consistently used for developing multiple transgenic traits in
122  white jute, including insect resistance (Majumder et al., 2025) and pyramided multi-trait
123  resistance to insects, fungi, and herbicides (Majumder et al., 2024b). However, we have never
124  previously observed tricotyledon development. Similarly, no instances of tricotyledony were
125 recorded under other selection pressures, such as kanamycin (Majumder et al., 2020) or the
126  herbicide compound glufosinate ammonium (Majumder et al., 2018b). These selection agents
127  (hygromycin-B, kanamycin, and glufosinate ammonium) are used to identify transgenic plants
128  while eliminating non-transgenic ones, which exhibit phenotypic traits such as stem and root
129  browning, rapid degradation of cotyledon chlorophyll, stunted growth, lack of lateral root
130 formation, and necrosis (Majumder et al., 2018a). Non-transgenic seeds typically fail to
131 germinate on selection media. While these phenotypic responses can be seen in Figure 1,
132  tricotyledony development has never been observed during tissue culture until now. This is the
133  first recorded instance of tricotyledony in JRC321, suggesting that it likely occurred
134  spontaneously at a very low frequency (2%) rather than being induced by hygromycin-B.
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135 Tricotyledony has been reported to offer agricultural advantages over dicotyledony in
136  various following plant species. For instance, in sugar beet (Beta vulgaris), it is linked to larger
137  seed clusters; in castor oil plant (Ricinus communis), tricotyledonous individuals exhibit greater
138  vigor and fertility compared to dicotyledonous ones (Haskell et al., 1954; Litovchenko, 1940).
139  Similarly, in Mexican cypress (Cupressus lusitanica), tricotyledonous seedlings demonstrate
140 improved growth and height, while in Eucalyptus, they tend to be more vigorous than their
141  dicotyledonous counterparts (Griffith, 1953; Venkatesh and Sharma, 1974). Despite these
142  observations, detailed studies exploring the specific agricultural or pharmaceutical implications
143  of tricotyledony within individual species remain limited. In the case of jute, the potential
144  benefits of an additional cotyledon have not yet been analyzed. However, if tricotyledony
145  contributes to increased plant height and growth, it could represent a valuable trait for breeding

146  programs aimed at enhancing jute productivity.

147 The genetic basis of tricotyledony remains an underexplored area of research. However,
148 some studies in Arabidopss thaliana have provided insights into cotyledon development, as
149  reviewed by Chandler (2008). Gene families such as PIN and DRN/DRNL have been identified
150 in Arabidopsis as key regulators of cotyledon formation (Friml et al., 2003; Chandler et al.,
151  2007). Current understanding suggests that cotyledon development is governed by multiple
152  genes and pathways, with auxin playing a crucial role through the STM pathway. Additionally, a
153  study on Arabidopsis mitochondrial iron transporter (MIT) genes revealed that mutations in
154  AtMIT1 and AtMIT2 resulted in tricotyledony, which was considered an abnormal phenotype in
155 the study (Vargas et al., 2023). However, no information is currently available on genes or
156  pathways associated with tricotyledony in jute. This presents a significant opportunity for future

157  research to uncover the genetic mechanisms underlying this rare trait in C. capsularis.
158
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