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Abstract:  17 

Switchgrass (Panicum Virgatum L.) is a warm-season perennial grass native to North America, it was 18 

used as forage and vegetative filter strips in early days, and have developed into a bioenergy crop in 19 

recent years. In this study, we found that the switchgrass cultivar ‘Alamo’ at elongation stage 4 have 20 

developed inflorescences about 1 cm in length, and in vitro incubation of the shoot apexes harboring 21 

inflorescences on Murashige and Skoog's basal medium supplemented with 3 mg/L 22 

6-benzylaminopurine generated multiple shoot clumps. Anatomical study showed that some of the 23 

regenerated shoots originated from axillary buds on the explants, some of them originated from 24 

adventurous buds and some of them originated from young florets. Further study of shoots originated 25 

from young florets found that the floral organs degenerated or developed into leaf-like organs, and the 26 

flower terminal transformed into a vegetative shoot apical meristem, that’s to say these shoots arise 27 

from flower reversion. In vitro induction of floral reversion provided a novel protocol to manipulate 28 

flower development in switchgrass, which might contribute a fundamental for flower development 29 

study in switchgrass and other plants. 30 
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1 Introduction 33 

Flowering is an important process in plant life, through which hereditary material was transferred to 34 

offspring over sexual reproduction (Scutt & Vandenbussche, 2014). In general, plant species old 35 

enough carry out an irreversible one-way progression: blossom, pollinate, fertilize, and produce seeds 36 

(Irish 2010). However, some florally evoked plants may also reverse developed into an earlier phase or 37 

the vegetative phase if the photoperiod (Zhao et al., 2002; McCullough et al., 2010; Washburn & 38 

Thomas, 2000) or temperature (Day et al., 1994; Moncur, 1992) changed to a certain condition that was 39 

unfavorable for flowering, and it was termed flower reversion. Flower reversion has been described in 40 

many plants including both monocots and dicots (Battey & Lyndon, 1990; Tooke et al., 2005). 41 

According to the difference in reversion pattern, flower reversion was classified as flower reversion, 42 

inflorescence reversion and partial flowering (Battey & Lyndon, 1990).  43 

Many factors have been reported influencing flower reversion, they were summarized in reviews of 44 

Battey and Lyndon (1990) and Tooke et al. (2005), and more recent reports are presented in this article 45 

as an up-date in table 1. Among factors influencing flower reversion, photoperiod and temperature 46 

were best described. For example, Impatiens balsamina is a short-day plant, transferring plants to 47 

continuous long-day after a treatment of 5 short days finally raise up to flower reversion (Tooke et al., 48 

2005), Arabis alpine is a plant that requires 18-24 weeks of low temperature to be able to flower 49 

normally, with insufficient low temperature treatment, the florets on the inflorescence branches will 50 

convert to vegetative growth (Lazaro et al., 2018). Besides, the air humidity was also considered a 51 

factor influencing flower reversion. In Whytockia bijieensis, low temperature and low humidity in the 52 

night is the inductive condition of flower reversion, if the humidity is higher than 75%, the plant will 53 

not reverse developed (Wang, 2001). Plant hormones is another factor affecting flower development. In 54 

I. balsamina, insufficient short day treatment lead to flower reversion, however, exogenous application 55 

of gibberellin will suppress the transition (Nanda et al., 1967).  56 

Switchgrass is a warm-season perennial C4 plant native to North America, it was traditionally used 57 

in animal feed and soil erosion prevention (Parrish et al., 2012; Parrish & Fike, 2005). Due to the 58 

advantage of broad adaptation, drought tolerance, and high production of biomass, it was selected as a 59 

potential bioenergy crop by the United States Department of Energy in the 1980s (Keshwani & Cheng, 60 

2009; Parrish et al., 2012; Parrish & Fike, 2005; Sanderson et al., 2006). In this study, in vitro 61 

incubation of switchgrass immature inflorescence produced flower reversion, and it was further 62 

confirmed by anatomy and histology study. Flower reversion induction provided a novel protocol to 63 

manipulate flower development in switchgrass, it will benefit us in switchgrass flower development 64 

and flower meristem maintain study. 65 

 66 

2 Materials and Methods 67 

2.1 Switchgrass floral reversion induction 68 

The switchgrass cultivar ‘Alamo’ that grew under field conditions in Yangling, Shaanxi, China, was 69 

used as plant material. Shoot apexes of tillers at E3 to E4 stage (Moore et al., 1991; Xi et al., 2009) 70 

were harvested as explants. They were surface sterilized with 70% ethanol (Ante, Anhui, China) for 1 71 

min and then with 8% sodium hypochlorite (Guanghua, Guangdong, China, active chlorine ≥ 5.5%) for 72 

3 min (Burris et al., 2009; Chai et al., 2012). After three times rinse with sterilized reverse osmosis 73 

water, the two ends of each explant were removed 0.5 cm in length. The sterilized explants were 74 

subsequently split longitudinally, each part was placed on shoot induction medium (Chai et al., 2012).  75 

The incubation was conducted under photoperiod of 20 h light 4 h dark and constant temperature of 76 
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25 °C. Four weeks later, the explants were transferred on fresh shoot induction medium for another 30 77 

d of subculture (Chai et al., 2012). 78 

Shoot induction medium: MS basal medium (Murashige & Skoog 1962), supplemented with 3 79 

mg·L-1 BAP (Sanland, Fujian, China), 7.5 g·L-1 agar, and 30 g·L-1 sucrose (Chai et al., 2012). 80 

2.2 Anatomical study of shoots 81 

Shoots emerged from explants were separate from shoot clumps, and then they were distinguished 82 

by the origin and morphology characters. Different kinds of shoots were observed and compared under 83 

a stereoscopic microscope (Nikon SMZ1500, Japan). After that, shoots were split longitudinally with a 84 

scalpel, and the radial section was examined under a stereoscopic microscope as well. 85 

2.3 Histological study of shoots 86 

Shoots distinguished by morphology characters were fixed with formalin, acetic acid, and alcohol 87 

(FAA, formalin:acetic acid:70% alcohol = 5:5:90) stationary liquid for 6 hours, then they were stained 88 

with Ehrlich's hematoxylin (Avwioro, 2011) (Maikun, Shanghai, China) for 3 days and immersed in tap 89 

water for 1 hour for differentiation. Stained materials were further dehydrated with a gradient alcohol 90 

series (20 min each of 70%, 80%, and 90%, followed by 15 min of 100% for twice), cleared with 91 

xylene, and infiltrated with melted paraffin wax (Yang, 1986). Then, they were embedded in a paraffin 92 

block and cut into 10 μm slices using a paraffin microtome (JinHuaHuiYou HY-202A, China). Slices 93 

were dewaxed with xylene, post-mounted with Permount Mounting Medium (HuShi, Shanghai, China), 94 

and analyzed under an optical microscope (Chongqing UOP, UB203i, China). 95 

2.4 The analysis of factors influencing switchgrass flower reversion 96 

The operations of explants harvesting and sterilization were conducted as described above. The BAP 97 

concertation in shoot induction medium was altered to 0, 1, 2, 3, 4 and 5 mg·L-1 in the study of BAP 98 

influencing switchgrass flower reversion. The day length was altered to 10, 12, 14, 16, 18 and 20 hours 99 

in the study of photoperiod influencing switchgrass flower reversion. In the study of in vitro culture 100 

influencing switchgrass flower reversion, the plants was grown in field conditions. Tillers at E3 to E4 101 

stage were selected and sprayed with 0, 1, 3, 10, 20 and 50 mg·L-1 BAP, the heading date and the 102 

morphology of flowers were observed. Ten replicates were used for analyses described above. 103 

 104 

3 Results 105 

3.1 Shoot clumps induced from switchgrass immature inflorescence  106 

At the experimental site (Shaanxi province, China), the switchgrass cultivar ‘Alamo’ sprouting in 107 

late April and heading in middle August. In July, the tillers developed into E3 to E4 stage with 3 or 4 108 

nodes visible (Fig. 1a). Anatomical analysis revealed that an immature inflorescence about 1 cm in 109 

length had developed at the shoot apex (Fig. 1b). Histological study showed that these immature 110 

inflorescences had developed floret meristems, while the pistil and stamens were still missing (Fig. 1b 111 

and 1c). According to the development process of rice inflorescence, it was at the IN6 to IN 7 stage 112 

(Ikeda et al. 2004). 113 

After 30 days of incubation on shoot induction medium, explants developed into shoot clumps. The 114 

number of the shoots reach to 20 or more (Fig. 1d). As can be seen from figure 1d, shoots regenerated 115 

from different parts of explants were different in number and thickness. Shoots emerged from the base 116 

of the explants were stouter, while those emerged from apical side of the explants were thinner. 117 

However, shoots emerged from apical side were more dominant in quantity.  118 

After another 30 days of subculture, the number of shoots emerged from an explant increased to 50 119 

or more. And shoots emerged from different parts of the explants tend to be uniform in size (Fig. 1e). 120 
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3.2 Morphology analysis revealed three kinds of shoots with different origin 121 

To investigate the origin of shoots arise from different parts of the explants, we detached the shoot 122 

clumps and compared the morphology characters of different kinds of shoots under a stereoscopic 123 

microscope, and a total of three kinds of shoots were found. 124 

The first kind of shoots were speculated originated from the axillary buds, the evidence include: (1) 125 

This kind of shoots emerged from the base of the explants, where possessing two or three nodes with 126 

shortened internodes as described in other forage grasses (Fig.1b, Moore et al. 1991), and on the 127 

explants, axillary buds were also observed(Fig. 2a). (2) These shoots have a distinctive main stem and 128 

it was bigger in size compared with other shoots (Fig. 1d, Fig. 2b, c), which indicated that the main 129 

stem formed first while the other shoots formed relatively later. (3) These shoots were connected with 130 

the main stem directly and arranged symmetrically, which indicated that these shoots formed orderly 131 

along with the development of the main stem, which is similarly to the formation of axillary buds on 132 

the switchgrass tiller. To simplify these shoots were named as “AX shoots” in the following 133 

description. 134 

Another kind of shoots were speculated arise from adventitious buds, the evidence include: (1) 135 

Explants used in this experiment were shoot apexes harvested at the E3-E4 stage, they were less 136 

differentiated organs, and callus was observed on explants accompanying with the shoot clumps 137 

formation (Fig. 2d). (2) This kind of shoots grown out from the same position of the explants. As 138 

shown in figure 2e and 2f, about 10 shoots emerged from the node of explant, and they merged together 139 

at the base of the shoot clump, which indicated that they were arise from the callus induced from the 140 

node of the explants. To simplify these shoots were named as “AD shoots” in the following description. 141 

There was another kind of shoots emerged from the explants, they were speculated originated from 142 

flower reversion, the evidence include: (1) Some floret like organs were observed accompanying with 143 

these shoots (Fig. 2g), and they were connected at the base. (2) These shoots arranged different from 144 

AX and AD shoots, they were connect at the base but didn’t merged like AD shoots, and they arranged 145 

dispersedly like florets on a spikelet (Fig. 2g). (3) There are several similarities between the third kind 146 

of shoots and the normal floret of switchgrass (Fig. 2h and 2i). Switchgrass spikelet was two flowered 147 

(Fig. 2i, Martinez-Reyna & Vogel, 1998), which contain a sterile floret with only three stamens and a 148 

fertile floret with three stamens and one pistil (Supplementary Fig. S1). In the regenerated shoots, we 149 

can also recognize two associated shoots grown out (Fig. 2h). At the base of these shoots, we can find a 150 

smallish and shortened tissue (Fig. 2h) which like the pedicel in a normal floret (Fig. 2i). There were 151 

two small leaves bent inward at the base of these shoots (Fig. 2h), they were similar to glumes of a 152 

floret (Fig. 2i). And at the bottom of each shoot, we also observed a bract-like leaf (Fig. 2h) which 153 

corresponding to the lemma in a floret (Fig. 2i). Morphological characters described above inferred that 154 

this kind of shoot might arise from the florets of switchgrass immature inflorescence, and to simplify it 155 

was named as “FL shoots”. 156 

3.3 Histological analysis revealed FL shoots arise from flower reversion 157 

Although we can confirmed that Fl shoots arise from floret, it was difficult to say if FL shoots 158 

initiated from switchgrass flower reversion or somatic embryos from florets due to the pluripotency of 159 

plant cells. For further understanding of the origin of FL shoots, here we analyzed the histological 160 

characteristics of FL shoots. 161 

Figure 3a showed longitudinal section of two concomitant FL shoots. In which the residues of floral 162 

organs like glumes, lemmas and paleae were recognizable. From figure 2h and 3a, we can found that 163 

the concomitant FL shoots were different in size. According to the floral-like leaf arrangement on FL 164 
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shoot and corresponding floral organs arrangement on floret showed in figure 2i, it was recognized that 165 

the stouter FL shoot was initiated from the second floret with both stamens and pistil while the other 166 

one was initiated from the first floret with only stamens (Martinez-Reyna & Vogel, 1998). In FL shoot 167 

initiated from the fertile floret (Fig. 3a, left), the inner whorls tissues stopped develop into floral organs. 168 

The stamens degenerated and shortened stamen-like tissues retained. At the terminal of the floret, pistil 169 

was replaced by a newly-formed tissue without style or stigma. While in FL shoot initiated from the 170 

sterile floret (Fig. 3a, right), the stamens were also degenerated. And at the terminal of the floret, which 171 

was degenerated in normal florets (Supplementary Fig. S1), cells resume growth and formed a bulge, it 172 

was speculated the growing point of the regenerated shoot. No callus or somatic embryos were 173 

observed in FL shoots.  174 

In figure 3b and 3c, we compared the microstructure of florets adjacent to FL shoots (Fig. 2g) and a 175 

normal floret (Fig. 2i). Result showed that florets adjacent to FL shoots displayed partial reversion. In 176 

these florets, the filaments were obviously shortened, and at the inner whorl where pistils should be 177 

grown out, two leaf-like tissue were observed. According to the development of flower organ in rice 178 

(Supplementary Fig. S2, Ikeda et al., 2004), they might developed from the carpel primordium 179 

although they were not fused together like a normal ovary (Fig. 3c). At the center of the normally 180 

developed floret, we can find an ovary with two separately growing styles at the top and an ovule in the 181 

center (Fig. 3c and 3d), yet at the center of the half reversed floret, a globoid tissue with neither style 182 

nor ovule was formed (Fig. 3b). Since it located at the inner whorl of the carpel, we speculated the 183 

globoid tissue was developed from the ovule primordium. Callus and somatic embryos were also not 184 

found in the half reversed florets. 185 

To validate that histological characteristics mentioned above were unique in FL buds and half 186 

reversed florets, we further analyzed the histological structure of AX and AD shoots. In AX shoot 187 

clumps, the growing points of apical bud and axillary buds were small, they were covered by layers of 188 

young leaves (Fig. 3e). This structure was the same as shoot apical meristem in monocot plants like 189 

rice and maize. While in AD shoot clumps, the shoots arranged side by side, and the shoot apical 190 

meristems were also covered by young leaves although they were less compact than that of AX shoots 191 

(Fig. 3f). No floral-shaped tissue or organ was observed in both AX and AD shoots. 192 

Combine results mentioned above we can conclude that FL shoots arise from floret primordium, and 193 

they were initiated from growth pattern change of the floret primordium, which means they were 194 

developed from flower reversion rather than somatic embryo. 195 

3.4 Factors influencing switchgrass flower reversion 196 

Flowering is a complex phenomenon regulated by multiple factors, of which photoperiod, 197 

temperature, and growth regulators have been widely investigated and showed common effects in most 198 

plant species. In this study, the living condition of reverse developed young inflorescences changed in 199 

several aspects compared with the normal ones developed outdoor. To explore the importance of each 200 

factor, we further analyzed their effect on flower reversion independently. 201 

High concentration of BAP facilitated switchgrass flower reversion 202 

To explore the effect of BAP on switchgrass flower reversion induction, we analyzed the number of 203 

three kind of shoots under different concentration of BAP. Results showed that the number of AX shoot 204 

increased significantly when the level of BAP was increased from 0 to 3 mg.L-1, while it changed little 205 

when the BAP concentration increased from 3 to 5 mg.L-1. No AD shoot was induced when the BAP 206 

concentration was lower than 1 mg.L-1, however the number of AD shoot increased observably at 207 

higher BAP concentrations (≥ 2 mg.L-1) and it reached a maximum at 4 mg.L-1 (Fig. 4a). FL shoot was 208 
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not induced when the BAP concentration was lower than 1 mg.L-1. When the BAP level increased to 2 209 

mg.L-1, a small number of FL shoots started to emerge. When it increased to 3 mg.L-1, the number of 210 

FL shoots increased significantly, the average number reach to 8.9 shoots per explant, and it changed 211 

little at higher BAP concentrations (4 and 5 mg.L-1).  212 

The photoperiod have little effect on switchgrass flower reversion 213 

The day length used in this study was elongated to 20 hours compared with the filed condition (14 214 

hours). To explore if the photoperiod played an important role in switchgrass flower reversion, we 215 

analyzed the induction of three kind of shoots under a set of day time from 10 hours to 20 hours. 216 

Results showed that the number of AX, AD and FL shoots changed a little under different photoperiods 217 

(Fig. 4b), which suggesting that the day length was less important in switchgrass flower reversion. 218 

In vitro culture is required for switchgrass flower reversion 219 

The living condition of explants in switchgrass flower reversion induction was different compared 220 

with the plants in filed condition. To explore if the in vitro environment was essential for switchgrass 221 

flower reversion, we analyzed the effect of BAP on switchgrass inflorescence development in filed 222 

condition. As shown in figure 4c, the development of switchgrass inflorescence was not effected by 223 

exogenously supplied BAP, and no flower reversion event was observed on switchgrass inflorescences 224 

under different BAP concentrations. Which suggesting that the in vitro environment was crucial for 225 

switchgrass flower reversion induction.  226 

 227 

4 Discussion 228 

Flower reversion is an abnormal development of floral organs, it was affected by various 229 

physiological and hormonal factors. In this study, we achieved flower reversion in switchgrass by 230 

incubating young inflorescences on shoot induction medium. Anatomical and histological study 231 

showed that shoots emerged from the explants originated in three ways: axillary buds, adventitious 232 

buds and floral buds. And shoots came from floral buds arise from the reverse development of flower 233 

primordia. 234 

Flowering is a complex phenomenon regulated by multiple factors, of which photoperiod, 235 

temperature, and growth regulators have been widely investigated and showed common effects in most 236 

plant species. Over the past decades, many studies have been carried out to reveal the underlying 237 

mechanisms of flower initiation and floral organ determination (Kramer & Hall, 2005; Li et al., 2003; 238 

Purugganan et al., 1995), both environmental factors (e.g., photoperiod and temperature) and internal 239 

factors (e.g., cytokinin, auxin and jasmonic acid) have been demonstrated affect flower formation. In 240 

this study, explants incubated on MS medium without BAP or with low concentration or BAP could not 241 

generate flower reversion, which suggested that the BAP is a key factor promoting flower reversion. 242 

Whereas, it was reported that 50 μM BAP promote flowering in Arabidopsis (D'Aloia et al., 2011), this 243 

is probably because they used a transient treatment of 8 hours while a sustained treatment was used in 244 

this study. The number of three kinds of shoots were not influenced by the photoperiod, which 245 

indicated the photoperiod was not crucial in switchgrass flower reversion despite its important role in 246 

flower initiation (Esbroeck et al., 2003; Schwartz & Amasino, 2013). Moreover, the young 247 

inflorescences in plants were not reverse developed even if high concentration of BAP was 248 

supplemented, which indicated that the BAP was not sufficient for switchgrass flower reversion, and 249 

the rich organic inorganic and matters in the in vitro culture were also necessary factors in switchgrass 250 

flower reversion induction.  251 

The panicles of switchgrass developed basipetally, which means florets near the bottom of the 252 
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inflorescence are younger than those at the top (Martinez-Reyna & Vogel, 1998). In this study, we 253 

found that the recognized floral reversion mostly take place at the base of the immature inflorescence, 254 

which indicated that florets at early developmental stages were easier to reverse than those at a late 255 

stage. Moreover, in the half-reversed florets adjacent to FL shoots, it was found that the pistil showed 256 

reverse development while the stamen developed straightly, as it was well known that the formation of 257 

pistils occurs later than stamens and petals (Zik & Irish, 2003), we can deduced that floral reversion 258 

originated from the youngest tissues in a floret. 259 

Floral reversion is an interesting phenomenon in plant development. However, most of the previous 260 

research concerning flower reversion focused on physiological factors influencing flower development, 261 

while few molecular biology investigations were conducted. The most likely limitation is the instability 262 

of in vivo induction of flower reversion described in previous reports (Battey & Lyndon, 1990; 263 

McCullough et al., 2010; Tooke et al., 2005). The in vitro induction of switchgrass flower reversion 264 

provide us a relatively stable protocol, and might contribute to reveal the underlying mechanisms of 265 

flower reversion and the maintenance of floral organs. 266 
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Figure Captions 377 

Fig. 1 Induction of flower reversion in switchgrass at different stages. (a) Tiller at elongation stage 4; 378 

(b) Shoot apex excised from tiller; (c) Longitudinal section of shoot apex; (d) Shoot clumps emerged 379 

from explants after 30 day of incubation; (e) Shoot clumps emerged from explants after 60 day of 380 

incubation 381 

Fig. 2 Morphology features of shoots from switchgrass shoot apexes. (a) Axillary bud on explants; (b) 382 

Shoots emerged from axillary buds; (c) Longitudinal section of shoots emerged from axillary buds; (d) 383 

Callus emerged from nodes; (e) Shoots emerged from adventitious buds; (f) Longitudinal section of 384 

shoots emerged from adventitious buds; (g) Shoots emerged from flower buds; (h) Shoots separated 385 

from shoot clump emerged from flower buds; (i) A normal floret of switchgrass. Bars = 2 mm 386 

Cl: callus; fo: floret; pd: pedicel; pdl: pedicel-like; gu: glume; gul: glume-like; le: lemma; lel: 387 

lemma-like 388 

Fig. 3 Histological features of shoots from switchgrass shoot apexes. (a) Longitudinal section of shoots 389 

emerged from flower buds; (b) Longitudinal section of half- reversed floret; (c) Longitudinal section of 390 

un- reversed floret; (d) A normal pistil of switchgrass; (e) Longitudinal section of shoots emerged from 391 

axillary buds; (f) Longitudinal section of shoots emerged from adventitious buds. In d and e, bar = 392 

400μm, in other parts, bar = 100μm 393 

Ca: carpel; cal: carpel-like; gul: glume-like; pal: palea-like; lel: lemma-like; sml: stamen-like; pil: 394 

pistil-like; sm: stamen; ov: ovule; ovl: ovary-like; st: style; fi: filament; oy: ovary 395 

Fig. 4 Analysis of factors influencing switchgrass flower reversion. (a) The effect of BAP on shoot 396 

number of three kinds of shoots; (b) The effect of day length on shoot number of three kinds of shoots; 397 

(c) The effect of BAP on switchgrass inflorescence development in plant 398 

  399 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 11, 2019. ; https://doi.org/10.1101/871152doi: bioRxiv preprint 

https://doi.org/10.1101/871152
http://creativecommons.org/licenses/by-nc-nd/4.0/


 12 / 12 

 

Table 1 Plant flower reversion and reversion feature in rencently publications 400 

Species 
Fowering  

conditions 

Reversion 

conditions 
Characteristics of reverted plants Reference 

Dimocarp

us longan 

Low 

temperature 

in winter 

Warm 

temperature and 

high humidity 

The inflorescence stopped 

reproductive growth and developed 

leaves, some of the inflorescence 

converted to vegetative shoots 

(Chen et 

al., 2009) 

Arabidops

is suecica 
Long-day Short-day 

Flowers of this allotetraploid partially 

reversed in long days, and the 

frequency is greatly increased under 

short day condition 

(McCullou

gh et al., 

2010) 

Oryza 

sativa 
Short-day 

double mutation 

of dep and afo 

In the double mutant of dep and afo, 

florets finally developed into shoots  

(Wang et 

al., 2010) 

Glycine 

max 
Short-day Long-day 

By transfer plants grown in short 

days condition to long days condition 

for 2-5 weeks, and then back into 

short days, the flowering time was 

delayed and vegetative growth was 

found in florets and inflorescences 

(Jiang et 

al., 2011) 

Arabis 

alpina 
Vernalization 

Insufficient 

vernalization 

Insufficient vernalization leads to the 

reverse development of flower 

primordia into new branches 

(Lazaro et 

al., 2018) 

Allium  

sativum 

Not flower 

under natural 

condition 

Reverse under 

natural condition 

The inflorescence developed bulblet 

under natural condition  

(Winiarczy

k et al., 

2018) 

Luculia 

gratissima 
Short-day Long-day 

By transfer plants grown in short 

days condition for 2-25days to 

continuous long days, the flower 

buds form vegetative buds, the bracts 

and sepals turned to be leaf-like 

(Wan Y et 

al., 

2018) 

Panicum 

virgatum 
Short-day 

Down-regulate 

expression of 

SPL7 and SPL8 

Down-regulate any one of SPL7and 

SPL8 result in flowering time delay, 

while down-regulate both lead to 

flower reversion  

(Gou et al., 

2019) 
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